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(57) ABSTRACT

The present invention is generally provides recombinant
microorganisms comprising engineered metabolic pathways
capable of producing C3-C5 alcohols under aerobic and
anaerobic conditions. The invention further provides ketol-
acid reductoisomerase enzymes which have been mutated or
modified to increase their NADH-dependent activity or to
switch the cofactor preference from NADPH to NADH and
are expressed in the modified microorganisms. In addition,
the invention provides isobutyraldehyde dehydrogenase
enzymes expressed in modified microorganisms. Also pro-
vided are methods of producing beneficial metabolites under
aerobic and anaerobic conditions by contacting a suitable
substrate with the modified microorganisms of the present
invention.
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ENGINEERED MICROORGANISMS

CAPABLE OF PRODUCING TARGET

COMPOUNDS UNDER ANAEROBIC
CONDITIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Application Ser. No. 61/110,543, filed Oct. 31, 2008; U.S.
Provisional Application Ser. No. 61/121,830, filed Dec. 11,
2008; U.S. Provisional Application Ser. No. 61/184,580, filed
Jun. 5, 2009; U.S. Provisional Application Ser. No. 61/184,
605, filed Jun. 5, 2009; and U.S. Provisional Application Ser.
No. 61/239,618, filed Sep. 3, 2009. This application is related
to U.S. patent application Ser. No. 12/263,442, entitled
“Methods for the Economical Production of Biofuel Precur-
sors that is also a Biofuel from Biomass,” filed Oct. 31, 2008.
This application is also related to the U.S. patent application
Ser. No. 12/263,436, entitled “Methods for the Economical
Production of Biofuel from Biomass,” filed Oct. 31, 2008.
Accordingly, this application incorporates by reference in its
entirety all subject matter of the above-referenced applica-
tions to the extent such subject matter is not inconsistent
herewith.

STATEMENT REGARDING FEDERALLY
FUNDED RESEARCH

[0002] This invention was made with government support
under contract DE-FG02-07ER84893, awarded by the
Department of Energy. The government has certain rights in
the invention.

FIELD OF THE INVENTION

[0003] The present invention is generally related to geneti-
cally engineered microorganisms, methods of producing
such organisms, and methods of using such organisms for the
production of beneficial metabolites, including C3-C5 alco-
hols such as isobutanol.

BACKGROUND

[0004] Biofuels have a long history ranging back to the
beginning of the 20th century. As early as 1900, Rudolf Diesel
demonstrated at the World Exhibition in Paris, France, an
engine running on peanut oil. Soon thereafter, Henry Ford
demonstrated his Model T running on ethanol derived from
corn. Petroleum-derived fuels displaced biofuels in the 1930s
and 1940s due to increased supply, and efficiency at a lower
cost.

[0005] Market fluctuations in the 1970s coupled to the
decrease in US oil production led to an increase in crude oil
prices and a renewed interest in biofuels. Today, many interest
groups, including policy makers, industry planners, aware
citizens, and the financial community, are interested in sub-
stituting petroleum-derived fuels with biomass-derived bio-
fuels. The leading motivations for developing biofuels are of
economical, political, and environmental nature.

[0006] One is the threat of ‘peak 0il’, the point at which the
consumption rate of crude oil exceeds the supply rate, thus
leading to significantly increased fuel cost results in an
increased demand for alternative fuels. In addition, instability
in the Middle East and other oil-rich regions has increased the
demand for domestically produced biofuels. Also, environ-
mental concerns relating to the possibility of carbon dioxide

Jun. 10, 2010

related climate change is an important social and ethical
driving force which is starting to result in government regu-
lations and policies such as caps on carbon dioxide emissions
from automobiles, taxes on carbon dioxide emissions, and tax
incentives for the use of biofuels.

[0007] Ethanol is the most abundant biofuel today but has
several drawbacks when compared to gasoline. Butanol, in
comparison, has several advantages over ethanol as a fuel: it
can be made from the same feedstocks as ethanol but, unlike
ethanol, it is compatible with gasoline at any ratio and can
also be used as a pure fuel in existing combustion engines
without modifications. Unlike ethanol, butanol does not
absorb water and can thus be stored and distributed in the
existing petrochemical infrastructure. Due to its higher
energy content which is close to that of gasoline, the fuel
economy (miles per gallon) is better than that of ethanol.
Also, butanol-gasoline blends have lower vapor pressure than
ethanol-gasoline blends, which is important in reducing
evaporative hydrocarbon emissions.

[0008] Isobutanol has the same advantages as butanol with
the additional advantage of having a higher octane number
due to its branched carbon chain. Isobutanol is also useful as
a commodity chemical. For example, it is used as the starting
material in the manufacture of isobutyl acetate, which is
primarily used for the production of lacquer and similar coat-
ings. In addition, isobutanol finds utility in the industrial
synthesis of derivative esters. [sobutyl esters such as diisobu-
tyl phthalate (DIBP) are used as plasticizer agents in plastics,
rubbers, and other dispersions.

[0009] A number of recent publications have described
methods for the production of industrial chemicals such as
isobutanol using engineered microorganisms. See, e.g.,
W0O/2007/050671 to Donaldson et al., and WO/2008/098227
to Liao et al., which are herein incorporated by reference in
their entireties. These publications disclose recombinant
microorganisms that utilize a series of heterologously
expressed enzymes to convert sugars into isobutanol. How-
ever, the production of isobutanol using these microorgan-
isms is feasible only under aerobic conditions and the maxi-
mum yield that can be achieved is limited.

[0010] There is a need, therefore, to provide modified
microorganisms capable of producing isobutanol under
anaerobic conditions and at close to theoretical yield. The
present invention addresses this need by providing modified
microorganisms capable of producing isobutanol under
anaerobic conditions and at high yields.

SUMMARY OF THE INVENTION

[0011] The present invention provides recombinant micro-
organisms comprising an engineered metabolic pathway
capable of producing one or more C3-CS5 alcohols under
aerobic and anaerobic conditions. In a preferred embodiment,
the recombinant microorganism produces the C3-C5 alcohol
under anaerobic conditions at a rate higher than a parental
microorganism comprising a native or unmodified metabolic
pathway. In another preferred embodiment, the recombinant
microorganism produces the C3-C5 alcohol under anaerobic
conditions at a rate of at least about 2-fold higher than a
parental microorganism comprising a native or unmodified
metabolic pathway. In another preferred embodiment, the
recombinant microorganism produces the C3-C5 alcohol
under anaerobic conditions at a rate of at least about 10-fold,
of at least about 50-fold, or of at least about 100-fold higher
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than a parental microorganism comprising a native or
unmodified metabolic pathway.

[0012] In various embodiments described herein, the
C3-C5 alcohol may be selected from 1-propanol, 2-propanol,
1-butanol, 2-butanol, isobutanol, 2-methyl-1-butanol, 3-me-
thyl-1-butanol, and 1-pentanol. In a preferred embodiment,
the C3-C5 alcohol is isobutanol. In another preferred embodi-
ment, isobutanol is produced at a specific productivity of at
least about 0.025 gl=' h™* OD™*.

[0013] In one aspect, there are provided recombinant
microorganisms comprising an engineered metabolic path-
way for producing one or more C3-C5 alcohols under anaero-
bic and aerobic conditions that comprises an overexpressed
transhydrogenase that converts NADH to NADPH. In one
embodiment, the transhydrogenase is a membrane-bound
transhydrogenase. In a specific embodiment, the membrane-
bound transhydrogenase is encoded by the E. coli pntAB
genes or homologues thereof.

[0014] In another aspect, there are provided recombinant
microorganisms comprising an engineered metabolic path-
way for producing one or more C3-C5 alcohols under anaero-
bic and aerobic conditions that comprises an NADPH-depen-
dent glyceraldehyde-3-phosphate dehydrogenase. In one
embodiment, the NADPH-dependent glyceraldehyde-3-
phosphate dehydrogenase is encoded by the Clostridium
acetobutylicum gapC gene. In another embodiment, the
NADPH-dependent glyceraldehyde-3-phosphate dehydro-
genase is encoded by the Kluyveromyces lactis GDP1 gene.
[0015] In yet another aspect, there are provided recombi-
nant microorganisms comprising an engineered metabolic
pathway for producing one or more C3-C5 alcohols under
anaerobic and aerobic conditions that comprises one or more
enzymes catalyzing conversions in said engineered metabolic
pathway that are not catalyzed by glyceraldehyde-3-phos-
phate dehydrogenase, and wherein said one or more enzymes
have increased activity using NADH as a cofactor. In one
embodiment, said one or more enzymes are selected from an
NADH-dependent ketol-acid reductoisomerase (KARI) and
an NADH-dependent alcohol dehydrogenase (ADH). In vari-
ous embodiments described herein, the KARI and/or ADH
enzymes may be engineered to have increased activity with
NADH as the cofactor as compared to the wild-type E. coli
KARI IIvC and a native E. co/i ADH YqhD, respectively. In
some embodiments, the KARI and/or the ADH are modified
or mutated to be NADH-dependent. In other embodiments,
the KARI and/or ADH enzymes are identified in nature with
increased activity with NADH as the cofactor as compared to
the wild-type E. coli KARI llvC and a native E. coli ADH
YqhD, respectively.

[0016] Invarious embodiments described herein, the KARI
and/or ADH may show at least a 10-fold higher catalytic
efficiency using NADH as a cofactor as compared to the
wild-type E. coli KARI IIvC and the native ADH YghD,
respectively. In a preferred embodiment, the KARI enhances
the recombinant microorganism’s ability to convert acetolac-
tate to 2,3-dihydroxyisovalerate under anaerobic conditions.
In another embodiment, the KARI enhances the recombinant
microorganism’s ability to utilize NADH from the conversion
of acetolactate to 2,3-dihydroxyisovalerate.

[0017] The present invention also provides modified or
mutated KARI enzymes that preferentially utilize NADH
rather than NADPH, and recombinant microorganisms com-
prising said modified or mutated KARI enzymes. In general,
these modified or mutated KARI enzymes may enhance the
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cell’s ability to produce beneficial metabolites such as isobu-
tanol and enable the production of beneficial metabolites such
as isobutanol under anaerobic conditions.

[0018] In certain aspects, the invention includes KARIs
which have been modified or mutated to increase the ability to
utilize NADH. Examples of such KARIs include enzymes
having one or more modifications or mutations at positions
corresponding to amino acids selected from the group con-
sisting of: (a) alanine 71 of'the wild-type E. colillvC (SEQ ID
NO: 13); (b) arginine 76 of the wild-type E. coli NC; (c) serine
78 of the wild-type E. coli 1lvC; and (d) glutamine 110 of the
wild-type E. coli IlvC, wherein 1lvC (SEQ ID NO: 13) is
encoded by codon optimized E. coli ketol-acid reductoi-
somerase (KARI) genes Ec_ilvC_coEc (SEQ ID NO: 11) or
Ec_ilvC_coSc (SEQ ID NO: 12).

[0019] In one embodiment, the KARI enzyme contains a
modification or mutation at the amino acid corresponding to
position 71 of the wild-type E. coli 1lvC (SEQ ID NO: 13). In
another embodiment, the KARI enzyme contains a modifica-
tion or mutation at the amino acid corresponding to position
76 of the wild-type E. coli 1lvC (SEQ ID NO: 13). In yet
another embodiment, the KARI enzyme contains a modifica-
tion or mutation at the amino acid corresponding to position
78 of the wild-type E. coli 1lvC (SEQ ID NO: 13). In yet
another embodiment, the KARI enzyme contains a modifica-
tion or mutation at the amino acid corresponding to position
110 of the wild-type E. coli llvC (SEQ ID NO: 13).

[0020] Inoneembodiment, the KARI enzyme contains two
or more modifications or mutations at the amino acids corre-
sponding to the positions described above. In another
embodiment, the KARI enzyme contains three or more modi-
fications or mutations at the amino acids corresponding to the
positions described above. In yet another embodiment, the
KARI enzyme contains four modifications or mutations at the
amino acids corresponding to the positions described above.

[0021] In one specific embodiment, the invention is
directed to KARI enzymes wherein the alanine at position 71
is replaced with serine. In another specific embodiment, the
invention is directed to KARI enzymes wherein the arginine
at position 76 is replaced with aspartic acid. In yet another
specific embodiment, the invention is directed to KARI
enzymes wherein the serine at position 78 is replaced with
aspartic acid. In yet another specific embodiment, the inven-
tion is directed to KARI enzymes wherein the glutamine at
position 110 is replaced with valine. In yet another specific
embodiment, the invention is directed to KARI enzymes
wherein the glutamine at position 110 is replaced with ala-
nine. In certain embodiments, the KARI enzyme contains two
or more modifications or mutations at the amino acids corre-
sponding to the positions described in these specific embodi-
ments. In certain other embodiments, the KARI enzyme con-
tains three or more modifications or mutations at the amino
acids corresponding to the positions described in these spe-
cific embodiments. In an exemplary embodiment, the KARI
enzyme contains four modifications or mutations at the amino
acids corresponding to the positions described in these spe-
cific embodiments. In additional embodiments described
herein, the KARI may further comprise an amino acid sub-
stitution at position 68 of the wild-type E. coli llvC (SEQ ID
NO: 13).

[0022] Inone embodiment, the modified or mutated KARI
is selected from group consisting of SEQ ID NO: 17, SEQ ID
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NO: 19, SEQ ID NO: 23, SEQ ID NO: 25, SEQ ID NO: 34,
SEQ ID NO: 36, SEQ ID NO: 38, SEQ ID NO: 40, SEQ ID
NO: 42 and SEQ ID NO: 44.

[0023] Further included within the scope of the invention
are KARI enzymes, other than the . coli 1lvC (SEQ ID NO:
13), which contain alterations corresponding to those set out
above. Such KARI enzymes may include, but are not limited
to, the KARI enzymes encoded by the S. cerevisiae ILVS
gene, the KARI enzyme encoded by the E. co/i ilvC gene and
the KARI enzymes from Piromyces sp., Buchnera aphidi-
cola, Spinacia oleracea, Oryza sativa, Chlamydomonas rein-
hardtii, Neurospora crassa, Schizosaccharomyces pombe,
Laccaria bicolor, Ignicoccus hospitalis, Picrophilus torridus,
Acidiphilium cryptum, Cyanobacteria/Synechococcus sp.,
Zymomonas mobilis, Bacteroides thetaiotaomicron, Metha-
nococcus maripaludis, Vibrio fischeri, Shewanella sp, Gra-
mella forsetti, Psychromonas ingrhamaii, and Cytophaga
hutchinsonii.

[0024] In certain exemplary embodiments, the KARI to be
modified or mutated is a KARI selected from the group con-
sisting of Escherichia coli (GenBank No.: NP__ 418222, SEQ
ID NO 13), Saccharomyces cerevisiae (GenBank No:
NP_013459, SEQ ID NO: 70), Methanococcus maripaludis
(GenBank No: YP_ 001097443, SEQ ID NO: 71), Bacillus
subtilis (GenBank Nos: CAB14789, SEQ ID NO: 72), Piro-
myces sp (GenBank No: CAA76356, SEQ ID NO: 73), Buch-
nera aphidicola (GenBank No: AAF13807, SEQID NO: 74),
Spinacia oleracea (GenBank Nos: Q1292 and CAA40356,
SEQ ID NO: 75), Otyza sativa (GenBank No:
NP__ 001056384, SEQ ID NO: 76) Chlamydomonas rein-
hardtii (GenBank No: XP_ 001702649, SEQ ID NO: 77),
Neurospora crassa (GenBank No: XP_ 961335, SEQ ID NO:
78),  Schizosaccharomyces pombe (GenBank No:
NP__ 001018845, SEQ ID NO: 79), Laccaria bicolor (Gen-
Bank No: XP_ 001880867, SEQ ID NO: 80), Igricoccus
hospitalis (GenBank No: YP__ 001435197, SEQ ID NO: 81),
Picrophilus torridus (GenBank No: YP_ 023851, SEQ ID
NO: 82), Acidiphilium cryptum (GenBank No:
YP__ 001235669, SEQ ID NO: 83), Cyanobacteria/Synecho-
coccus sp. (GenBank No: YP_ 473733, SEQ ID NO: 84),
Zymomonas mobilis (GenBank No: YP__ 162876, SEQ ID
NO: 85), Bacteroides thetaiotaomicron (GenBank No:
NP_ 810987, SEQ ID NO: 86), Vibrio fischeri (GenBank No:
YP_205911, SEQID NO: 87), Shewanella sp (GenBank No:
YP_ 732498, SEQ ID NO: 88), Gramella forsetti (GenBank
No: YP__862142, SEQ ID NO: 89), Psychromonas ingrha-
maii (GenBank No: YP_ 942294, SEQ ID NO: 90), and
Cytophaga hutchinsonii (GenBank No: YP__ 677763, SEQ ID
NO: 91).

[0025] Invarious embodiments described herein, the modi-
fied or mutated KARI may exhibit an increased catalytic
efficiency with NADH as compared to the wild-type KARI.
In one embodiment, the KARI has at least about a 5%
increased catalytic efficiency with NADH as compared to the
wild-type KARI. In another embodiment, the KARI has at
least about a 25%, at least about a 50%, at least about a 75%,
or at least about a 100% increased catalytic efficiency with
NADH as compared to the wild-type KARI.

[0026] In some embodiments described herein, the cata-
Iytic efficiency of the modified or mutated KARI with NADH
is increased with respect to the catalytic efficiency with
NADPH of the wild-type KARI. In one embodiment, the
catalytic efficiency of said KARI with NADH is at least about
10% of'the catalytic efficiency with NADPH of the wild-type
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KARI. In another embodiment, the catalytic efficiency of said
KARI with NADH is at least about 25%, at least about 50%,
or at least about 75% of the catalytic efficiency with NADPH
of the wild-type KARI. In some embodiments, the modified
or mutated KARI preferentially utilizes NADH rather than
NADPH.

[0027] In one embodiments, the invention is directed to
modified or mutated KARI enzymes that demonstrate a
switch in cofactor preference from NADPH to NADH. In one
embodiment, the modified or mutated KARI has at least about
a 2:1 ratio of k_,, with NADH over k_,, with NADPH. In an
exemplary embodiment, the modified or mutated KARI has at
least about a 10:1 ratio of k_,, with NADH over k_,, with
NADPH.

[0028] In one embodiments, the invention is directed to a
modified or mutated KARI enzyme that exhibits at least about
a 1:10 ratio of catalytic efficiency (k_,/K,,) with NADH over
catalytic efficiency with NADPH. In another embodiment,
the modified or mutated KARI enzyme exhibits at least about
a 1:1 ratio of catalytic efficiency (k_,/K,,) with NADH over
catalytic efficiency with NADPH. In yet another embodi-
ment, the modified or mutated KARI enzyme exhibits at least
about a ratio of catalytic efficiency (k_,/K,,) with NADH
over catalytic efficiency with NADPH. In an exemplary
embodiment, the modified or mutated KARI enzyme exhibits
at least about a 100:1 ratio of catalytic efficiency (k_, /K,
with NADH over catalytic efficiency with NADPH.

[0029] In some embodiments, the modified or mutated
KARI has been modified to be NADH-dependent. In one
embodiment, the KARI exhibits at least about a 1:10 ratio of
K, for NADH over K, , for NADPH.

[0030] Inadditional embodiments, the invention is directed
to modified or mutated KARI enzymes that have been codon
optimized for expression in certain desirable host organisms,
such as yeast and £. coli. In other aspects, the present inven-
tion is directed to recombinant host cells (e.g. recombinant
microorganisms) comprising a modified or mutated KARI
enzyme of the invention. According to this aspect, the present
invention is also directed to methods of using the modified or
mutated KARI enzymes in any fermentation process where
the conversion of acetolactate to 2,3-dihydroxyisovalerate is
desired. In one embodiment according to this aspect, the
modified or mutated KARI enzymes may be suitable for
enhancing a host cell’s ability to produce isobutanol and
enable the production of isobutanol under anaerobic condi-
tions. In another embodiment according to this aspect, the
modified or mutated KARI enzymes may be suitable for
enhancing a host cell’s ability to produce 3-methyl-1-butanol.
[0031] According to this aspect, the present invention is
also directed to methods of using the modified or mutated
KARI enzymes in any fermentation process where the con-
version of 2-aceto-2-hydroxy-butyrate to 2,3-dihydroxy-3-
methylvalerate is desired. In one embodiment according to
this aspect, the modified or mutated KARI enzymes may be
suitable for enhancing a host cell’s ability to produce 2-me-
thyl-1-butanol and enable the production of 2-methyl-1-bu-
tanol under anaerobic conditions.

[0032] In another aspect, there are provided recombinant
microorganisms comprising an engineered metabolic path-
way for producing one or more C3-C5 alcohols under anaero-
bic conditions, wherein said engineered metabolic pathway
comprises a first dehydrogenase and a second dehydrogenase
that catalyze the same reaction, and wherein the first dehy-
drogenase is NADH-dependent and wherein the second dehy-
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drogenase is NADPH dependent. In an exemplary embodi-
ment, the first dehydrogenase is encoded by the E. coli gene
maeA and the second dehydrogenase is encoded by the E. coli
gene maeB.

[0033] In another aspect, there are provided recombinant
microorganisms comprising an engineered metabolic path-
way for producing one or more C3-C5 alcohols under anaero-
bic conditions, wherein said engineered metabolic pathway
comprises a replacement of a gene encoding for pyk or
homologs thereof with a gene encoding for ppc or pck or
homologs thereof. In another embodiment, the engineered
metabolic pathway may further comprise the overexpression
of the genes mdh and maeB.

[0034] In various embodiments described herein, the
recombinant microorganisms may further be engineered to
express an isobutanol producing metabolic pathway compris-
ing at least one exogenous gene that catalyzes a step in the
conversion of pyruvate to isobutanol. In one embodiment, the
recombinant microorganism may be engineered to express an
isobutanol producing metabolic pathway comprising at least
two exogenous genes. In another embodiment, the recombi-
nant microorganism may be engineered to express an isobu-
tanol producing metabolic pathway comprising at least three
exogenous genes. In another embodiment, the recombinant
microorganism may be engineered to express an isobutanol
producing metabolic pathway comprising at least four exog-
enous genes. In another embodiment, the recombinant micro-
organism may be engineered to express an isobutanol produc-
ing metabolic pathway comprising five exogenous genes.
[0035] Invarious embodiments described herein, the isobu-
tanol pathway enzyme(s) may be selected from the group
consisting of acetolactate synthase (ALS), ketol-acid reduc-
toisomerase (KARI), dihydroxyacid dehydratase (DHAD),
2-keto-acid decarboxylase (KIVD), and alcohol dehydroge-
nase (ADH).

[0036] In another embodiment, the recombinant microor-
ganism further comprises a pathway for the fermentation of
isobutanol from a pentose sugar. In one embodiment, the
pentose sugar is xylose. In one embodiment, the recombinant
microorganism is engineered to express a functional xylose
isomerase (XI). In another embodiment, the recombinant
microorganism further comprises a deletion or disruption of a
native gene encoding for an enzyme that catalyzes the con-
version of xylose to xylitol. In one embodiment, the native
gene is xylose reductase (XR). In another embodiment, the
native gene is xylitol dehydrogenase (XDH). In yet another
embodiment, both native genes are deleted or disrupted. In
yet another embodiment, the recombinant microorganism is
engineered to express a xylulose kinase enzyme.

[0037] In another embodiment, the recombinant microor-
ganisms ofthe present invention may further be engineered to
include reduced pyruvate decarboxylase (PDC) activity as
compared to a parental microorganism. In one embodiment,
PDC activity is eliminated. PDC catalyzes the decarboxyla-
tion of pyruvate to acetaldehyde, which is reduced to ethanol
by alcohol dehydrogenases via the oxidation of NADH to
NAD+. In one embodiment, the recombinant microorganism
includes a mutation in at least one PDC gene resulting in a
reduction of PDC activity of a polypeptide encoded by said
gene. In another embodiment, the recombinant microorgan-
ism includes a partial deletion of a PDC gene resulting in a
reduction of PDC activity of a polypeptide encoded by said
gene. In another embodiment, the recombinant microorgan-
ism comprises a complete deletion of a PDC gene resulting in

Jun. 10, 2010

areduction of PDC activity of a polypeptide encoded by said
gene. In yet another embodiment, the recombinant microor-
ganism includes a modification of the regulatory region asso-
ciated with at least one PDC gene resulting in a reduction of
PDC activity of a polypeptide encoded by said gene. In yet
another embodiment, the recombinant microorganism com-
prises a modification of the transcriptional regulator resulting
in a reduction of PDC gene transcription. In yet another
embodiment, the recombinant microorganism comprises
mutations in all PDC genes resulting in a reduction of PDC
activity of the polypeptides encoded by said genes.

[0038] In another embodiment, the recombinant microor-
ganisms of the present invention may further be engineered to
include reduced glycerol-3-phosphate dehydrogenase (GPD)
activity as compared to a parental microorganism. In one
embodiment, GPD activity is eliminated. GPD catalyzes the
reduction of dihydroxyacetone phosphate (DHAP) to glyc-
erol-3-phosphate (G3P) via the oxidation of NADH to NAD™.
Glycerol is produced from G3P by Glycerol-3-phosphatase
(GPP). In one embodiment, the recombinant microorganism
includes a mutation in at least one GPD gene resulting in a
reduction of GPD activity of a polypeptide encoded by said
gene. In another embodiment, the recombinant microorgan-
ism includes a partial deletion of a GPD gene resulting in a
reduction of GPD activity of a polypeptide encoded by the
gene. In another embodiment, the recombinant microorgan-
ism comprises a complete deletion of a GPD gene resulting in
a reduction of GPD activity of a polypeptide encoded by the
gene. In yet another embodiment, the recombinant microor-
ganism includes a modification of the regulatory region asso-
ciated with at least one GPD gene resulting in a reduction of
GPD activity of a polypeptide encoded by said gene. In yet
another embodiment, the recombinant microorganism com-
prises a modification of the transcriptional regulator resulting
in a reduction of GPD gene transcription. In yet another
embodiment, the recombinant microorganism comprises
mutations in all GPD genes resulting in a reduction of GPD
activity of a polypeptide encoded by the gene.

[0039] In various embodiments described herein, the
recombinant microorganisms of the invention may produce
one or more C3-C5 alcohols under anaerobic conditions at a
yield which is at least about the same yield as under aerobic
conditions. In additional embodiments described herein, the
recombinant microorganisms of the invention may produce
one or more C3-C5 alcohols at substantially the same rate
under anaerobic conditions as the parental microorganism
produces under aerobic conditions. In the various embodi-
ments described herein, the engineered metabolic pathway
may be balanced with respect to NADH and NADPH as
compared to a native or unmodified metabolic pathway from
a corresponding parental microorganism, wherein the native
or unmodified metabolic pathway is not balanced with
respect to NADH and NADPH.

[0040] In another aspect, the present invention provides a
method of producing a C3-C5 alcohol, comprising (a) pro-
viding a recombinant microorganism comprising an engi-
neered metabolic pathway capable of producing one or more
C3-CS5 alcohols under aerobic and anaerobic conditions; (b)
cultivating the recombinant microorganism in a culture
medium containing a feedstock providing the carbon source,
until a recoverable quantity ofthe C3-C5 alcohol is produced;
and (c) recovering the C3-C5 alcohol. In one embodiment, the
recombinant microorganism is cultured under anaerobic con-
ditions. In a preferred embodiment, the C3-C5 alcohol is
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produced under anaerobic conditions at a yield which is at
least about the same yield as under aerobic conditions.

[0041] In various embodiments described herein, a pre-
ferred C3-C5 alcohol is isobutanol. In one embodiment, the
microorganism produces isobutanol from a carbon source at a
yield of at least about 5 percent theoretical. In another
embodiment, the microorganism is selected to produce isobu-
tanol at a yield of at least about 10 percent, at least about 15
percent, about least about 20 percent, at least about 25 per-
cent, at least about 30 percent, at least about 35 percent, at
least about 40 percent, at least about 45 percent, at least about
50 percent, at least about 55 percent, at least about 60 percent,
at least about 65 percent, at least about 70 percent, at least
about 75 percent, at least about 80 percent theoretical, at least
about 85 percent theoretical, at least about 90 percent theo-
retical, or at least about 95 percent theoretical. In one embodi-
ment, the C3-C5 alcohol, such as isobutanol, is produced
under anaerobic conditions at about the same yield as under
aerobic conditions.

[0042] In another aspect, the present invention provides a
recombinant microorganism comprising a metabolic path-
way for producing a C3-C5 alcohol from a carbon source,
wherein said recombinant microorganism comprises a modi-
fication that leads to the regeneration of redox co-factors
within said recombinant microorganism. In one embodiment
according to this aspect, the modification increases the pro-
duction of a C3-C5 alcohol under anaerobic conditions as
compared to the parental or wild-type microorganism. In a
preferred embodiment, the fermentation product is isobu-
tanol. In one embodiment, the re-oxidation or re-reduction of
said redox co-factors does not require the pentose phosphate
pathway, the TCA cycle, or the generation of additional fer-
mentation products. In another embodiment, the re-oxidation
or re-reduction of said redox co-factors does not require the
production of byproducts or co-products. In yet another
embodiment, additional fermentation products are not
required for the regeneration of said redox co-factors.

[0043] In another aspect, the present invention provides a
method of producing a C3-C5 alcohol, comprising providing
a recombinant microorganism comprising a metabolic path-
way for producing a C3-C5 alcohol, wherein said recombi-
nant microorganism comprises a modification that leads to
the regeneration of redox co-factors within said recombinant
microorganism; cultivating the microorganism in a culture
medium containing a feedstock providing the carbon source,
until a recoverable quantity of said C3-C5 alcohol is pro-
duced; and optionally, recovering the C3-C5 alcohol. In one
embodiment, said microorganism is cultivated under anaero-
bic conditions. In another embodiment, the C3-C5 alcohol is
produced under anaerobic conditions at about the same yield
as under aerobic conditions. In a preferred embodiment, the
C3-C5 alcohol is isobutanol.

[0044] In various embodiments described herein, the
recombinant microorganisms may be microorganisms of the
Saccharomyces clade, Saccharomyces sensu stricto microor-
ganisms, Crabtree-negative yeast microorganisms, Crabtree-
positive yeast microorganisms, post-WGD (whole genome
duplication) yeast microorganisms, pre-WGD (whole
genome duplication) yeast microorganisms, and non-fer-
menting yeast microorganisms.

[0045] In some embodiments, the recombinant microor-
ganisms may be yeast recombinant microorganisms of the
Saccharomyces clade.
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[0046] In some embodiments, the recombinant microor-
ganisms may be Saccharomyces sensu stricto microorgan-
isms. In one embodiment, the Saccharomyces sensu stricto is
selected from the group consisting of S. cerevisiae, S. kudria-
vzevii, S. mikatae, S. bayanus, S. uvarum. S. carocanis and
hybrids thereof.

[0047] In some embodiments, the recombinant microor-
ganisms may be Crabtree-negative recombinant yeast micro-
organisms. In one embodiment, the Crabtree-negative yeast
microorganism is classified into a genera selected from the
group consisting of Kluyveromyces, Pichia, Hansenula, or
Candida. In additional embodiments, the Crabtree-negative
yeast microorganism is selected from Kluyveromyces lactis,
Kluyveromyces marxianus, Pichia anomala, Pichia stipitis,
Hansenula anomala, Candida utilis, Issatchenkia orientalis
and Kluyveromyces waltii.

[0048] In some embodiments, the recombinant microor-
ganisms may be Crabtree-positive recombinant yeast micro-
organisms. In one embodiment, the Crabtree-positive yeast
microorganism is classified into a genera selected from the
group consisting of Saccharomyces, Kluyveromyces,
Zygosaccharomyces, Debaryomyces, Candida, Pichia and
Schizosaccharomyces. In additional embodiments, the Crab-
tree-positive yeast microorganism is selected from the group
consisting of Saccharomyces cerevisiae, Saccharomyces
uvarum, Saccharomyces bayanus, Saccharomyces para-
doxus, Saccharomyces castelli, Saccharomyces kluyveri,
Kluyveromyces thermotolerans, Candida glabrata, 7. bailli,
Z. rouxii, Debaryomyces hansenii, Pichia pastorius,
Schizosaccharomyces pombe, and Saccharomyces uvarum.
[0049] In some embodiments, the recombinant microor-
ganisms may be post-WGD (whole genome duplication)
yeast recombinant microorganisms. In one embodiment, the
post-WGD yeast recombinant microorganism is classified
into a genera selected from the group consisting of Saccha-
romyces or Candida. In additional embodiments, the post-
WGD yeast is selected from the group consisting of Saccha-
romyces cerevisiae, Saccharomyces uvarum, Saccharomyces
bayanus, Saccharomyces paradoxus, Saccharomyces cas-
telli, and Candida glabrata.

[0050] In some embodiments, the recombinant microor-
ganisms may be pre-WGD (whole genome duplication) yeast
recombinant microorganisms. In one embodiment, the pre-
WGD yeast recombinant microorganism is classified into a
genera selected from the group consisting of Saccharomyces,
Kluyveromyces,  Candida,  Pichia, = Debaryomyces,
Hansenula, Pachysolen, Issatchenkia, Yarrowia and
Schizosaccharomyces. In additional embodiments, the pre-
WGD yeast is selected from the group consisting of Saccha-
romyces kluyveri, Kluyveromyces thermotolerans, Kluyvero-
myces marxianus, Kluyveromyces waltii, Kluyveromyces
lactis, Candida tropicalis, Pichia pasto ris, Pichia anomala,
Pichia stipitis, Debaryomyces hansenii, Hansenula anomala,
Pachysolen tannophilis, Yarrowia lipolytica, Issatchenkia
orientalis, and Schizosaccharomyces pombe.

[0051] In some embodiments, the recombinant microor-
ganisms may be microorganisms that are non-fermenting
yeast microorganisms, including, but not limited to those,
classified into a genera selected from the group consisting of
Tricosporon, Rhodotorula, or Myxozyma.

[0052] In certain specific embodiments, there are provided
recombinant microorganisms comprising an engineered
metabolic pathway for producing one or more C3-C5 alco-
hols under anaerobic conditions, wherein the recombinant
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microorganism is selected from GEVO1846, GEVO1886,

GEVO1993, GEVO2158, GEV02302, GEVO01803,
GEVO2107, GEVO2710, GEVO2711, GEVO02712,
GEVO2799, GEVO2847, GEVO02848, GEV02849,

GEV02851, GEV02852, GEV02854, GEVO02855 and
GEVO02856. In another specific embodiment, the present
invention provides a plasmid is selected from the group con-
sisting of pGV1698 (SEQ ID NO: 112), pGV1720 (SEQ ID
NO: 115), pGV1745 (SEQ ID NO: 117), pGV1655 (SEQ ID
NO: 109), pGV1609 (SEQ ID NO: 108), pGV1685 (SEQ ID
NO: 111), and pGV1490 (SEQ ID NO: 104).

[0053] Inyetanother aspect, the present invention provides
methods for the conversion of an aldehyde with three to five
carbon atoms to the corresponding alcohol is provided. The
method includes providing a microorganism comprising a
heterologous polynucleotide encoding a polypeptide having
NADH-dependent aldehyde reduction activity that is greater
than its NADPH-dependent aldehyde reduction activity and
having NADH-dependent aldehyde reduction activity that is
greater than the endogenous NADPH-dependent aldehyde
reduction activity of the microorganism; and contacting the
microorganism with the aldehyde.

[0054] Inanother embodiment, amethod for the conversion
of'an aldehyde derived from the conversion of a 2-ketoacid by
a 2-ketoacid decarboxylase is provided. The method includes
providing a microorganism comprising a heterologous poly-
nucleotide encoding a polypeptide having NADH-dependent
aldehyde reduction activity that is greater than its NADPH-
dependent aldehyde reduction activity and having NADH-
dependent aldehyde reduction activity that is greater than the
endogenous NADPH-dependent aldehyde reduction activity
of the microorganism; and contacting the microorganism
with the aldehyde. In various embodiments described herein,
the aldehyde may be selected from 1-propanal, 1-butanal,
isobutyraldehyde, 2-methyl-1-butanal, or 3-methyl-1-buta-
nal. In a preferred embodiment, the aldehyde is isobutyralde-
hyde.

[0055] In another embodiment, an microorganism include
aheterologous polynucleotide encoding a polypeptide having
NADH-dependent aldehyde reduction activity that is greater
than its NADPH-dependent aldehyde reduction activity and
having NADH-dependent aldehyde reduction activity that is
greater than the endogenous NADPH-dependent aldehyde
reduction activity of the microorganism is provided. The
microorganism converts an aldehyde comprising three to five
carbon atoms to the corresponding alcohol.

[0056] In another embodiment, an isolated microorganism
is provided. The microorganism includes a heterologous
polynucleotide encoding a polypeptide having NADH-de-
pendent aldehyde reduction activity that is greater than its
NADPH-dependent aldehyde reduction activity and having
NADH-dependent aldehyde reduction activity that is greater
than the endogenous NADPH-dependent aldehyde reduction
activity of the microorganism. The microorganism converts
an aldehyde derived from a 2-ketoacid by a 2-ketoacid decar-
boxylase. In one embodiment, the polypeptide is encoded by
the Drosophila melanogaster ADH gene or homologs
thereof. In a preferred embodiment, the Drosophila melano-
gaster ADH gene is set forth in SEQ ID NO: 60. In an
alternative embodiment, the Drosophila melanogaster alco-
hol dehydrogenase is set forth in SEQ ID NO: 61. In another
embodiment, the polypeptide possesses 1,2 propanediol
dehydrogenase activity and is encoded by a 1,2 propanediol
dehydrogenase gene. In a preferred embodiment, the 1,2-
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propanediol dehydrogenase gene is the Klebsiella preumo-
niae dhaT gene as set forth in SEQ ID NO: 62. In an alterna-
tive embodiment, the 1,2-propanediol dehydrogenase is set
forthin SEQID NO: 63. In another embodiment, the polypep-
tide possesses is encoded by a 1,3-propanediol dehydroge-
nase gene. In a preferred embodiment, the 1,3-propanediol
dehydrogenase gene is the Escherichia coli fucO gene as set
forth in SEQ ID NO: 64. In an alternative embodiment, the
1,3-propanediol dehydrogenase is set forth in SEQ ID NO:
65.

[0057] Inyetanother aspect, the present invention provides
arecombinant microorganism producing isobutanol, wherein
said recombinant microorganism i) does not overexpress an
alcohol dehydrogenase; and ii) produces isobutanol at a
higher rate, titer, and productivity as compared to recombi-
nant microorganism expressing the S. cerevisiae alcohol
dehydrogenase ADH2.

BRIEF DESCRIPTION OF THE DRAWINGS

[0058] Illustrative embodiments of the invention are illus-
trated in the drawings, in which:

[0059] FIG. 1 illustrates an exemplary metabolic pathway
for the conversion of glucose to isobutanol via pyruvate.
[0060] FIG. 2 illustrates a metabolic pathway for the con-
version of glucose to isobutanol via pyruvate in which a
transhydrogenase converts NADH from glycolysis to
NADPH

[0061] FIG. 3 illustrates a metabolic pathway for the con-
version of glucose to isobutanol via pyruvate in which an
NADPH-dependent glyceraldehyde-3-phosphate dehydro-
genase converts generates NADPH during glycolysis.
[0062] FIG. 4 illustrates a Transhydrogenase cycle convert-
ing NADH to NADPH

[0063] FIG. 5 illustrates an exemplary isobutanol pathway;
on the left native conversion of PEP to pyruvate; on the right
bypass of pyruvate kinase.

[0064] FIG. 6 illustrates an amino acid sequence alignment
among various members of the KARI enzyme family.
[0065] FIG. 7 illustrates the structure alignment of E. coli
KARI with rice KAR1.

[0066] FIG. 8 illustrates growth of GEVOI1859 under
anaerobic shift conditions over the course of the fermenta-
tion.

[0067] FIG. 9 illustrates isobutanol production of
GEVO1859 under anaerobic shift conditions over the course
of the fermentation.

[0068] FIG. 10 illustrates that microorganisms featuring an
overexpressed E. coli pntAB operon (pGV1745) increased in
ODj( from 6 hto 24 h by 0.2-1.1 under anaerobic conditions,
while microorganisms lacking E. coli pntAB (pGV1720)
decreased in ODg, by 0.5-1.2.

[0069] FIG. 11 illustrates that microorganisms featuring an
overexpressed E. coli pntAB operon (pGV1745) continued
isobutanol production under anaerobic conditions until the
fermentation was stopped at 48 hours while microorganisms
lacking E. coli pntAB (pGV1720) did not produce isobutanol
between 24 and 48 hours

[0070] FIG. 12 illustrates that for strains GEVO1886,
GEVO1859 and GEVO1846 stable OD values can be
observed under anaerobic shift conditions over the course of
the fermentation

[0071] FIG. 13 illustrates that over-expression of E. coli
putAB in either strain GEVO1846 or GEVO1886 leads to an
improvement in isobutanol production over the course of the
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fermentation compared to the control strain GEVO1859
which does not over-express E. coli pntAB.

[0072] FIG. 14 illustrates that a strain lacking zwf without
E. coli pntAB (Azwt) grew to an OD of about 3, whereas the
samples featuring £. coli pntAB (Azwi+pntAB) reached OD
values of about 5-6.

[0073] FIG. 15 llustrates an SDS PAGE of crude extracts of
E. coli BL21(DE3) and GEVO1777 containing overex-
pressed KARI from plasmids pGV1777 and pET22[ilvC_
co], respectively. The arrow highlights the KARI band. The
protein marker (M) was an unstained 200 kDa ladder from
Fermentas.

[0074] FIG. 16 illustrates an SDS PAGE of crude extract
(C), purified KARI over a linear gradient (1), purified KARI
over a step gradient (2), and PageRuler™unstained protein
ladder (M, Fermentas). KARI was enriched to high purity
with just one purification step.

[0075] FIG. 17 illustrates the structure alignment of . coli
KARI with spinach KAR1.

[0076] FIG. 18 illustrates the characterization of E. coli
IlvC and three variants resulting from the site saturation
libraries: from top to bottom: Specific activities in U/mg, k_,,,
in 1/s, and catalytic efficiencies in M~"*s~!, All proteins were
purified over a nickel sepharose histrap column.

[0077] FIG. 19 illustrates the characterization of
Ec_llvCZ*% and Ec_IIVCPR7ISHise  compared  to
Ec_IlvC™S,  Ec 1lvC@10% 756 Fe [lvCO1o4-76  and
EC_HVCWSD_MS6.

[0078] FIG. 20 illustrates a protein gel of cell lysates from
the production strain GEVO1780 harboring the plasmids
pGV1490, or pGV1661.

[0079] FIG. 21 illustrates plasmid pGV1102 (SEQ ID NO:
101).
[0080]
103).
[0081]
104).
[0082]
[0083]
105).
[0084]
106).
[0085]
107).
[0086]
108).
[0087]
[0088]
109).
[0089]
110).
[0090]
111).
[0091]
112).
[0092]
113).
[0093] FIG. 35 illustrates plasmids pGV1705-A,
pGV1748-A, pGV1749-A, and pGV1778-A carrying the
ADH genes Ec_yghD, Ec_fucO, Dm_ADH, and Kp_dhaT,
respectively.

[0094] FIG. 36 illustrates plasmids pGV 1748, pGV1749,
and pGV1778 carrying the ADH genes Ec_fucO, Dm_ADH,
and Kp_dhaT, respectively.

FIG. 22 illustrates plasmid pGV 1485 (SEQ ID NO:
FIG. 23 illustrates plasmid pGV1490 (SEQ ID NO:

FIG. 24 illustrates plasmid pGV1527.
FIG. 25 illustrates plasmid pGV1572 (SEQ ID NO:

FIG. 26 illustrates plasmid pGV1573 (SEQ ID NO:
FIG. 27 illustrates plasmid pGV1575 (SEQ ID NO:
FIG. 28 illustrates plasmid pGV1609 (SEQ ID NO:

FIG. 29 illustrates plasmid pGV1631.
FIG. 30 illustrates plasmid pGV1655 (SEQ ID NO:

FIG. 31 illustrates plasmid pGV1661 (SEQ ID NO:
FIG. 32 illustrates plasmid pGV1685 (SEQ ID NO:
FIG. 33 illustrates plasmid pGV1698 (SEQ ID NO:

FIG. 34 illustrates plasmid pGV1711 (SEQ ID NO:
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[0095]
114).
[0096]
115).
[0097] FIG. 39 illustrates plasmid pGV 1730 (SEQ ID NO:
116) and linearization for integration by Nrul digest (SEQ ID
NO: 116).

[0098] FIG. 40 illustrates plasmid pGV 1745 (SEQ ID NO:
117).
[0099]
[0100]
118).
[0101] FIG. 43 illustrates plasmids pGV 1824, pGV1994,
pGV2193, pGV2238, and pGV2241 carrying the KARI
genes Ec_ilvC_coSc, Ec_ilvC_coSc®#, Ec_ilvC_coSc™?P
niss, Be_ilvC_coScP2Pt-41%556 - and Ee_ilvC_coScOZ67%9,
respectively.

[0102] FIG. 44 illustrates plasmid pGV1914 (SEQ ID NO:
119).

[0103] FIG. 45 illustrates plasmids pGV1925, pGV1927,
pGV1975 and pGV1776 carrying the Ec_fucO in combina-
tion with KARI genes Ec_ilvC_coEc, Ec_ilvC_coEc*782,
Ec_ilvC_coEc®%® and Ec_ilvC_coEc*#'°, respectively.
[0104] FIG. 46 illustrates plasmid pGV1936 (SEQ ID NO:
120).
[0105]
[0106]
121).
[0107]
122).
[0108] FIG. 50 illustrates plasmids pGV2227 (SEQID NO:
123), pGV2242 (SEQ ID NO: 125) carrying the KARI genes
Ec_ilvC_coScQ110V and Ec_ilvC_coSc”*P!, respectively.

FIG. 37 illustrates plasmid pGV1716 (SEQ ID NO:

FIG. 38 illustrates plasmid pGV1720 (SEQ ID NO:

FIG. 41 illustrates plasmid pGV1772.
FIG. 42 illustrates plasmid pGV1777 (SEQ ID NO:

FIG. 47 illustrates plasmid pGV1938.
FIG. 48 illustrates plasmid pGV2020 (SEQ ID NO:

FIG. 49 illustrates plasmid pGV2082 (SEQ ID NO:

DETAILED DESCRIPTION
Definitions

[0109] As used herein and in the appended claims, the
singular forms “a,” “an,” and “the” include plural referents
unless the context clearly dictates otherwise. Thus, for
example, reference to “a polynucleotide” includes a plurality
of such polynucleotides and reference to “the microorgan-
ism” includes reference to one or more microorganisms, and
so forth.

[0110] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood to one of ordinary skill in the art to which this
disclosure belongs. Although methods and materials similar
or equivalent to those described herein can be used in the
practice of the disclosed methods and compositions, the
exemplary methods, devices and materials are described
herein.

[0111] Any publications discussed above and throughout
the text are provided solely for their disclosure prior to the
filing date of the present application. Nothing herein is to be
construed as an admission that the inventors are not entitled to
antedate such disclosure by virtue of prior disclosure.
[0112] The term “microorganism” includes prokaryotic
and eukaryotic microbial species from the Domains Archaea,
Bacteria and Eukarya, the latter including yeast and filamen-
tous fungi, protozoa, algae, or higher Protista. The terms
“microbial cells” and “microbes” are used interchangeably
with the term microorganism.
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[0113] The term “prokaryotes” is art recognized and refers
to cells which contain no nucleus or other cell organelles. The
prokaryotes are generally classified in one of two domains,
the Bacteria and the Archaea. The definitive difference
between organisms of the Archaea and Bacteria domains is
based on fundamental differences in the nucleotide base
sequence in the 168 ribosomal RNA.

[0114] The term “Archaea” refers to a categorization of
organisms of the division Mendosicutes, typically found in
unusual environments and distinguished from the rest of the
prokaryotes by several criteria, including the number of ribo-
somal proteins and the lack of muramic acid in cell walls. On
the basis of ssrRNA analysis, the Archaea consist of two
phylogenetically-distinct groups: Crenarchaeota and Eur-
yarchaeota. On the basis of their physiology, the Archaea can
be organized into three types: methanogens (prokaryotes that
produce methane); extreme halophiles (prokaryotes that live
at very high concentrations of salt (NaCl); and extreme (hy-
per) thermophiles (prokaryotes that live at very high tempera-
tures). Besides the unifying archaeal features that distinguish
them from Bacteria (i.e., no murein in cell wall, ester-linked
membrane lipids, etc.), these prokaryotes exhibit unique
structural or biochemical attributes which adapt them to their
particular habitats. The Crenarchaeota consist mainly of
hyperthermophilic sulfur-dependent prokaryotes and the
Euryarchaeota contain the methanogens and extreme halo-
philes.

[0115] “Bacteria”, or “eubacteria”, refers to a domain of
prokaryotic organisms. Bacteria include at least 11 distinct
groups as follows: (1) Gram-positive (gram+) bacteria, of
which there are two major subdivisions: (1) high G+C group
(Actinomycetes, Mycobacteria, Micrococcus, others) (2) low
G+C group (Bacillus, Clostridia, Lactobacillus, Staphylo-
cocci, Streptococci, Mycoplasmas); (2) Proteobacteria, e.g.,
Purple photosynthetic+non-photosynthetic Gram-negative
bacteria (includes most “common” Gram-negative bacteria);
(3) Cyanobacteria, e.g., oxygenic phototrophs; (4) Spiro-
chetes and related species; (5) Planctomyces; (6) Bacteroi-
des, Flavobacteria; (7) Chlamydia; (8) Green sulfur bacteria;
(9) Green non-sulfur bacteria (also anaerobic phototrophs);
(10) Radioresistant micrococci and relatives; (11) Thermo-
toga and Thermosipho thermophiles.

[0116] “Gram-negative bacteria” include cocci, nonenteric
rods, and enteric rods. The genera of Gram-negative bacteria
include, for example, Neisseria, Spirillum, Pasteurella, Bru-
cella, Yersinia, Francisella, Haemophilus, Bordetella,
Escherichia, Salmonella, Shigella, Klebsiella, Proteus,
Vibrio, Pseudomonas, Bacteroides, Acetobacter, Aerobacter,
Agrobacterium, Azotobacter, Spirilla, Serratia, Vibrio,
Rhizobium, Chlamydia, Rickettsia, Treponema, and Fusobac-
terium.

[0117] “Gram positive bacteria” include cocci, nonsporu-
lating rods, and sporulating rods. The genera of gram positive
bacteria include, for example, Actinomyces, Bacillus,
Clostridium, Corynebacterium, Erysipelothrix, Lactobacil-
lus, Listeria, Mycobacterium, Myxococcus, Nocardia, Sta-
phylococcus, Streptococcus, and Streptomyces.

[0118] Theterm “genus” is defined as a taxonomic group of
related species according to the Taxonomic Outline of Bac-
teria and Archaea (Garrity, G. M., Lilburn, T. G., Cole, J. R,
Harrison, S. H., Euzeby, J., and Tindall, B. J. (2007) The
Taxonomic Outline of Bacteria and Archaea. TOBA Release
7.7, March 2007. Michigan State University Board of Trust-
ees. [http://www.taxonomicoutline.org/]).
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[0119] The term “species” is defined as a collection of
closely related organisms with greater than 97% 168 riboso-
mal RNA sequence homology and greater than 70% genomic
hybridization and sufficiently different from all other organ-
isms so as to be recognized as a distinct unit.

[0120] The terms “modified microorganism,” “recombi-
nant microorganism” and “recombinant host cell” are used by
inserting, expressing or overexpressing endogenous poly-
nucleotides, by expressing or overexpressing heterologous
polynucleotides, such as those included in a vector, by intro-
ducing a mutations into the microorganism or by altering the
expression of an endogenous gene. The polynucleotide gen-
erally encodes a target enzyme involved in a metabolic path-
way for producing a desired metabolite. It is understood that
the terms “recombinant microorganism” and “recombinant
host cell” refer not only to the particular recombinant micro-
organism but to the progeny or potential progeny of such a
microorganism. Because certain modifications may occur in
succeeding generations due to either mutation or environ-
mental influences, such progeny may not, in fact, be identical
to the parent cell, but are still included within the scope of the
term as used herein.

[0121] The term “wild-type microorganism™ describes a
cell that occurs in nature, i.e. a cell that has not been geneti-
cally modified. A wild-type microorganism can be geneti-
cally modified to express or overexpress a first target enzyme.
This microorganism can act as a parental microorganism in
the generation of a microorganism modified to express or
overexpress a second target enzyme. In turn, the microorgan-
ism modified to express or overexpress a first and a second
target enzyme can be modified to express or overexpress a
third target enzyme.

[0122] Accordingly, a “parental microorganism” functions
as a reference cell for successive genetic modification events.
Each modification event can be accomplished by introducing
a nucleic acid molecule into the reference cell. The introduc-
tion facilitates the expression or overexpression of a target
enzyme. It is understood that the term “facilitates™ encom-
passes the activation of endogenous polynucleotides encod-
ing a target enzyme through genetic modification of e.g., a
promoter sequence in a parental microorganism. It is further
understood that the term “facilitates™ encompasses the intro-
duction of heterologous polynucleotides encoding a target
enzyme in to a parental microorganism.

[0123] The term “mutation” as used herein indicates any
modification of a nucleic acid and/or polypeptide which
results in an altered nucleic acid or polypeptide. Mutations
include, for example, point mutations, deletions, or insertions
of single or multiple residues in a polynucleotide, which
includes alterations arising within a protein-encoding region
of'a gene as well as alterations in regions outside of a protein-
encoding sequence, such as, but not limited to, regulatory or
promoter sequences. A genetic alteration may be a mutation
of any type. For instance, the mutation may constitute a point
mutation, a frame-shift mutation, an insertion, or a deletion of
part or all of a gene. In addition, in some embodiments of the
modified microorganism, a portion of the microorganism
genome has been replaced with a heterologous polynucle-
otide. In some embodiments, the mutations are naturally-
occurring. In other embodiments, the mutations are the
results of artificial mutation pressure. In still other embodi-
ments, the mutations in the microorganism genome are the
result of genetic engineering.
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[0124] The term “biosynthetic pathway”, also referred to as
“metabolic pathway”, refers to a set of anabolic or catabolic
biochemical reactions for converting one chemical species
into another. Gene products belong to the same “metabolic
pathway” if they, in parallel or in series, act on the same
substrate, produce the same product, or act on or produce a
metabolic intermediate (i.e., metabolite) between the same
substrate and metabolite end product.

[0125] The term “heterologous™ as used herein with refer-
ence to molecules and in particular enzymes and polynucle-
otides, indicates molecules that are expressed in an organism
other than the organism from which they originated or are
found in nature, independently on the level of expression that
can be lower, equal or higher than the level of expression of
the molecule in the native microorganism.

[0126] On the other hand, the term “native” or “endog-
enous” as used herein with reference to molecules, and in
particular enzymes and polynucleotides, indicates molecules
that are expressed in the organism in which they originated or
are found in nature, independently on the level of expression
that can be lower equal or higher than the level of expression
of the molecule in the native microorganism. It is understood
that expression of native enzymes or polynucleotides may be
modified in recombinant microorganisms.

[0127] The term “carbon source” generally refers to a sub-
stance suitable to be used as a source of carbon for prokary-
otic or eukaryotic cell growth. Carbon sources include, but
are not limited to, biomass hydrolysates, starch, sucrose, cel-
Iulose, hemicellulose, xylose, and lignin, as well as mono-
meric components of these substrates. Carbon sources can
comprise various organic compounds in various forms,
including, but not limited to polymers, carbohydrates, acids,
alcohols, aldehydes, ketones, amino acids, peptides, etc.
These include, for example, various monosaccharides such as
glucose, dextrose (D-glucose), maltose, oligosaccharides,
polysaccharides, saturated or unsaturated fatty acids, succi-
nate, lactate, acetate, ethanol, etc., or mixtures thereof. Pho-
tosynthetic organisms can additionally produce a carbon
source as a product of photosynthesis. In some embodiments,
carbon sources may be selected from biomass hydrolysates
and glucose. The term “substrate” or “suitable substrate”
refers to any substance or compound that is converted or
meant to be converted into another compound by the action of
an enzyme. The term includes not only a single compound,
but also combinations of compounds, such as solutions, mix-
tures and other materials which contain at least one substrate,
or derivatives thereof. Further, the term “substrate” encom-
passes not only compounds that provide a carbon source
suitable for use as a starting material, such as any biomass
derived sugar, but also intermediate and end product metabo-
lites used in a pathway associated with a modified microor-
ganism as described herein.

[0128] The term “volumetric productivity” or “production
rate” is defined as the amount of product formed per volume
of medium per unit of time. Volumetric productivity is
reported in gram per liter per hour (g/L/h).

[0129] The term “specific productivity” is defined as the
rate of formation of the product. To describe productivity as
an inherent parameter of the microorganism or microorgan-
ism and not of the fermentation process, productivity is herein
further defined as the specific productivity in gram product
per unit of cells, typically measured spectroscopically as
absorbance units at 600 nm (OD, or OD) per hour (g/L/h/
OD).
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[0130] Theterm “yield” is defined as the amount of product
obtained per unit weight of raw material and may be
expressed as g product per g substrate (g/g). Yield may be
expressed as a percentage of the theoretical yield. “Theoreti-
cal yield” is defined as the maximum amount of product that
can be generated per a given amount of substrate as dictated
by the stoichiometry of the metabolic pathway used to make
the product. For example, the theoretical yield for one typical
conversion of glucose to isobutanol is 0.41 g/g. As such, a
yield of butanol from glucose 0f 0.39 g/g would be expressed
as 95% of theoretical or 95% theoretical yield.

[0131] The term “titre” or “titer” is defined as the strength
of a solution or the concentration of a substance in solution.
For example, the titre of a biofuel in a fermentation broth is
described as g of biofuel in solution per liter of fermentation
broth (g/L).

[0132] The term “total titer” is defined as the sum of all
biofuel produced in a process, including but not limited to the
biofuel in solution, the biofuel in gas phase, and any biofuel
removed from the process and recovered relative to the initial
volume in the process or the operating volume in the process.
[0133] A “facultative anaerobic organism” or a “facultative
anaerobic microorganism” is defined as an organism that can
grow in either the presence or in the absence of oxygen.
[0134] A “strictly anaerobic organism” or a “strictly
anaerobic microorganism” is defined as an organism that
cannot grow in the presence of oxygen and which does not
survive exposure to any concentration of oxygen.

[0135] An “anaerobic organism” or an “anaerobic micro-
organism” is defined as an organism that cannot grow in the
presence of oxygen.

[0136] “Aerobic conditions” are defined as conditions
under which the oxygen concentration in the fermentation
medium is sufficiently high for an aerobic or facultative
anaerobic microorganism to use as a terminal electron accep-
tor.

[0137] In contrast, “Anaerobic conditions” are defined as
conditions under which the oxygen concentration in the fer-
mentation medium is too low for the microorganism to use as
a terminal electron acceptor. Anaerobic conditions may be
achieved by sparging a fermentation medium with an inert gas
such as nitrogen until oxygen is no longer available to the
microorganism as a terminal electron acceptor. Alternatively,
anaerobic conditions may be achieved by the microorganism
consuming the available oxygen of the fermentation until
oxygen is unavailable to the microorganism as a terminal
electron acceptor. “Anaerobic conditions” are further defined
as conditions under which no or small amounts of oxygen are
added to the medium at rates of <3 mmol/L/h, preferably <2.5
mmol/L/h, more preferably <2 mmol/L./h and most prefer-
ably <1.5 mmol/L/h. “Anaerobic conditions” means in par-
ticular completely oxygen-free (=0 mmol/L/h oxygen) or
with small amounts of oxygen added to the medium at rates of
e.g. <0.5 to <1 mmol/L/h.

[0138] “Dissolved oxygen,” abbreviated as “DO” is
expressed throughout as the percentage of saturating concen-
tration of oxygen in water.

[0139] “Aerobic metabolism™ refers to a biochemical pro-
cess in which oxygen is used as a terminal electron acceptor
to make energy, typically in the form of ATP, from carbohy-
drates. Aerobic metabolism occurs e.g. via glycolysis and the
TCA cycle, wherein a single glucose molecule is metabolized
completely into carbon dioxide in the presence of oxygen.
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[0140] In contrast, “anaerobic metabolism” refers to a bio-
chemical process in which oxygen is not the final acceptor of
electrons contained in NADH. Anaerobic metabolism can be
divided into anaerobic respiration, in which compounds other
than oxygen serve as the terminal electron acceptor, and
substrate level phosphorylation, in which the electrons from
NADH are utilized to generate a reduced product via a “fer-
mentative pathway.”

[0141] In “fermentative pathways,” NAD(P)H donates its
electrons to a molecule produced by the same metabolic
pathway that produced the electrons carried in NAD(P)H. For
example, in one of the fermentative pathways of certain yeast
strains, NAD(P)H generated through glycolysis transfers its
electrons to pyruvate, yielding lactate. Fermentative path-
ways are usually active under anaerobic conditions but may
also occur under aerobic conditions, under conditions where
NADH is not fully oxidized via the respiratory chain. For
example, above certain glucose concentrations, crabtree posi-
tive yeasts produce large amounts of ethanol under aerobic
conditions.

[0142] The term “fermentation product” means any main
product plus its coupled product. A “coupled product” is
produced as part of the stoichiometric conversion of the car-
bon source to the main fermentation product. An example for
a coupled product is the two molecules of CO, that are pro-
duced with every molecule of isobutanol during production of
isobutanol from glucose according the biosynthetic pathway
described herein.

[0143] The term “byproduct” means an undesired product
related to the production of a biofuel. Byproducts are gener-
ally disposed as waste, adding cost to a biofuel process.
[0144] The term “co-product” means a secondary or inci-
dental product related to the production of biofuel. Co-prod-
ucts have potential commercial value that increases the over-
all value of biofuel production, and may be the deciding factor
as to the viability of a particular biofuel production process.
[0145] The term “non-fermenting yeast” is a yeast species
that fails to demonstrate an anaerobic metabolism in which
the electrons from NADH are utilized to generate a reduced
product via a fermentative pathway such as the production of
ethanol and CO, from glucose. Non-fermentative yeast can
be identified by the “Durham Tube Test” (J. A. Barnett, R. W.
Payne, and D. Yarrow. 2000. Yeasts Characteristics and Iden-
tification. 3" edition. p. 28-29. Cambridge University Press,
Cambridge, UK.) or by monitoring the production of fermen-
tation productions such as ethanol and CO.,.

[0146] The term “polynucleotide” is used herein inter-
changeably with the term “nucleic acid” and refers to an
organic polymer composed of two or more monomers includ-
ing nucleotides, nucleosides or analogs thereof, including but
not limited to single stranded or double stranded, sense or
antisense deoxyribonucleic acid (DNA) of any length and,
where appropriate, single stranded or double stranded, sense
or antisense ribonucleic acid (RNA) of any length, including
siRNA. The term “nucleotide” refers to any of several com-
pounds that consist of a ribose or deoxyribose sugar joined to
a purine or a pyrimidine base and to a phosphate group, and
that are the basic structural units of nucleic acids. The term
“nucleoside” refers to a compound (as guanosine or adenos-
ine) that consists of a purine or pyrimidine base combined
with deoxyribose or ribose and is found especially in nucleic
acids. The term “nucleotide analog” or “nucleoside analog”
refers, respectively, to a nucleotide or nucleoside in which
one or more individual atoms have been replaced with a
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different atom or with a different functional group. Accord-
ingly, the term polynucleotide includes nucleic acids of any
length, DNA, RNA, analogs and fragments thereof. A poly-
nucleotide of three or more nucleotides is also called nucleo-
tidic oligomer or oligonucleotide.

[0147] It is understood that the polynucleotides described
herein include “genes” and that the nucleic acid molecules
described herein include “vectors™ or “plasmids.” Accord-
ingly, the term “gene”, also called a “structural gene” refers to
apolynucleotide that codes for a particular sequence of amino
acids, which comprise all or part of one or more proteins or
enzymes, and may include regulatory (non-transcribed) DNA
sequences, such as promoter sequences, which determine for
example the conditions under which the gene is expressed.
The transcribed region of the gene may include untranslated
regions, including introns, 5'-untranslated region (UTR), and
3'-UTR, as well as the coding sequence.

[0148] The term “expression” with respect to a gene
sequence refers to transcription of the gene and, as appropri-
ate, translation of the resulting mRNA transcript to a protein.
Thus, as will be clear from the context, expression of a protein
results from transcription and translation of the open reading
frame sequence.

[0149] The term “operon” refers two or more genes which
are transcribed as a single transcriptional unit from a common
promoter. In some embodiments, the genes comprising the
operon are contiguous genes. It is understood that transcrip-
tion of an entire operon can be modified (i.e., increased,
decreased, or eliminated) by modifying the common pro-
moter. Alternatively, any gene or combination of genes in an
operon can be modified to alter the function or activity of the
encoded polypeptide. The modification can result in an
increase in the activity of the encoded polypeptide. Further,
the modification can impart new activities on the encoded
polypeptide. Exemplary new activities include the use of
alternative substrates and/or the ability to function in alterna-
tive environmental conditions.

[0150] A “vector” is any means by which a nucleic acid can
be propagated and/or transferred between organisms, cells, or
cellular components. Vectors include viruses, bacteriophage,
pro-viruses, plasmids, phagemids, transposons, and artificial
chromosomes such as YACs (yeast artificial chromosomes),
BACs (bacterial artificial chromosomes), and PLACs (plant
artificial chromosomes), and the like, that are “episomes,”
that is, that replicate autonomously or can integrate into a
chromosome of a host cell. A vector can also be a naked RNA
polynucleotide, a naked DNA polynucleotide, a polynucle-
otide composed of both DNA and RNA within the same
strand, a poly-lysine-conjugated DNA or RNA, a peptide-
conjugated DNA or RNA, a liposome-conjugated DNA, or
the like, that are not episomal in nature, or it can be an
organism which comprises one or more of the above poly-
nucleotide constructs such as an agrobacterium or a bacte-
rium.

[0151] “Transformation” refers to the process by which a
vector is introduced into a host cell. Transformation (or trans-
duction, or transfection), can be achieved by any one of a
number of means including electroporation, microinjection,
biolistics (or particle bombardment-mediated delivery), or
agrobacterium mediated transformation.

[0152] The term “enzyme” as used herein refers to any
substance that catalyzes or promotes one or more chemical or
biochemical reactions, which usually includes enzymes
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totally or partially composed of'a polypeptide, but can include
enzymes composed of a different molecule including poly-
nucleotides.

[0153] The term “protein” or “polypeptide” as used herein
indicates an organic polymer composed of two or more amino
acidic monomers and/or analogs thereof. As used herein, the
term “amino acid” or “amino acidic monomer” refers to any
natural and/or synthetic amino acids including glycine and
both D or L optical isomers. The term “amino acid analog”
refers to an amino acid in which one or more individual atoms
have been replaced, either with a different atom, or with a
different functional group. Accordingly, the term polypeptide
includes amino acidic polymer of any length including full
length proteins, and peptides as well as analogs and fragments
thereof. A polypeptide of three or more amino acids is also
called a protein oligomer or oligopeptide

[0154] The term “homologs™ used with respect to an origi-
nal enzyme or gene of'a first family or species refers to distinct
enzymes or genes of a second family or species which are
determined by functional, structural or genomic analyses to
be an enzyme or gene of the second family or species which
corresponds to the original enzyme or gene of the first family
or species. Most often, homologs will have functional, struc-
tural or genomic similarities. Techniques are known by which
homologs of an enzyme or gene can readily be cloned using
genetic probes and PCR. Identity of cloned sequences as
homolog can be confirmed using functional assays and/or by
genomic mapping of the genes.

[0155] A protein has “homology” or is “homologous™to a
second protein if the nucleic acid sequence that encodes the
protein has a similar sequence to the nucleic acid sequence
that encodes the second protein. Alternatively, a protein has
homology to a second protein if the two proteins have “simi-
lar” amino acid sequences. (Thus, the term “homologous
proteins” is defined to mean that the two proteins have similar
amino acid sequences).

[0156] The term “analog” or “analogous” refers to nucleic
acid or protein sequences or protein structures that are related
to one another in function only and are not from common
descent or do not share a common ancestral sequence. Ana-
logs may differ in sequence but may share a similar structure,
due to convergent evolution. For example, two enzymes are
analogs or analogous if the enzymes catalyze the same reac-
tion of conversion of a substrate to a product, are unrelated in
sequence, and irrespective of whether the two enzymes are
related in structure.

The Microorganism in General

[0157] Microorganism Characterized by Producing C3-C5
Alcohols from Pyruvate Via an Overexpressed Metabolic
Pathway

[0158] Native producers of butanol, and more specifically
1-butaanol, such as Clostridium acetobutylicum, are known,
but these organisms generate byproducts such as acetone,
ethanol, and butyrate during fermentations. Furthermore,
these microorganisms are relatively difficult to manipulate,
with significantly fewer tools available than in more com-
monly used production hosts such as E. coli. Additionally, the
physiology and metabolic regulation of these native produc-
ers are much less well understood, impeding rapid progress
towards high-efficiency production. Furthermore, no native
microorganisms have been identified that can metabolize glu-
cose into isobutanol in industrially relevant quantities or
yields.
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[0159] The production of isobutanol and other fusel alco-
hols by various yeast species, including Saccharomyces cer-
evisiae is of special interest to the distillers of alcoholic bev-
erages, for whom fusel alcohols constitute often undesirable
off-notes. Production of isobutanol in wild-type yeasts has
been documented on various growth media, ranging from
grape must from winemaking (Romano, et al., Metabolic
diversity of Saccharomyces cerevisiae strains from spontane-
ously fermented grape musts, 19:311-315, 2003), in which
12-219 mg/L isobutanol were produced, supplemented to
minimal media (Oliviera, et al. (2005) World Journal of
Microbiology and Biotechnology 21:1569-1576), producing
16-34 mg/L isobutanol. Work from Dickinson, et al. (J Biol.
Chem. 272(43):26871-8, 1997) has identified the enzymatic
steps utilized in an endogenous S. cerevisiae pathway con-
verting branch-chain amino acids (e.g., valine or leucine) to
isobutanol.

[0160] A number of recent publications have described
methods for the production of industrial chemicals such as
C3-CS5 alcohols such as isobutanol using engineered micro-
organisms. See, e.g., W0O/2007/050671 to Donaldson et al.,
and WO/2008/098227 to Liao et al., which are herein incor-
porated by reference in their entireties. These publications
disclose recombinant microorganisms that utilize a series of
heterologously expressed enzymes to convert sugars into
isobutanol. However, the production of isobutanol using
these microorganisms is feasible only under aerobic condi-
tions and the maximum yield that can be achieved is limited.
[0161] Recombinant microorganisms provided herein can
express a plurality of target enzymes involved in pathways for
the production isobutanol from a suitable carbon source
under anaerobic conditions.

[0162] Accordingly, “engineered” or “modified” microor-
ganisms are produced via the introduction of genetic material
into a host or parental microorganism of choice thereby modi-
fying or altering the cellular physiology and biochemistry of
the microorganism. Through the introduction of genetic
material the parental microorganism acquires new properties,
e.g. the ability to produce a new, or greater quantities of, an
intracellular metabolite under anaerobic conditions. As
described herein, the introduction of genetic material into a
parental microorganism results in a new or modified ability to
produce isobutanol under anaerobic conditions. The genetic
material introduced into the parental microorganism contains
gene(s), or parts of genes, coding for one or more of the
enzymes involved in a biosynthetic pathway for the produc-
tion of isobutanol under anaerobic conditions and may also
include additional elements for the expression and/or regula-
tion of expression of these genes, e.g. promoter sequences.
[0163] An engineered or modified microorganism can also
include in the alternative or in addition to the introduction of
a genetic material into a host or parental microorganism, the
disruption, deletion or knocking out of a gene or polynucle-
otide to alter the cellular physiology and biochemistry of the
microorganism. Through the reduction, disruption or knock-
ing out of a gene or polynucleotide the microorganism
acquires new or improved properties (e.g., the ability to pro-
duce a new metabolite or greater quantities of an intracellular
metabolite, improve the flux of a metabolite down a desired
pathway, and/or reduce the production of undesirable by-
products).

[0164] Microorganisms provided herein are modified to
produce under anaerobic conditions metabolites in quantities
not available in the parental microorganism. A “metabolite”
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refers to any substance produced by metabolism or a sub-
stance necessary for or taking part in a particular metabolic
process. A metabolite can be an organic compound that is a
starting material (e.g., glucose or pyruvate), an intermediate
(e.g., 2-ketoisovalerate), or an end product (e.g., isobutanol)
of metabolism. Metabolites can be used to construct more
complex molecules, or they can be broken down into simpler
ones. Intermediate metabolites may be synthesized from
other metabolites, perhaps used to make more complex sub-
stances, or broken down into simpler compounds, often with
the release of chemical energy.

[0165] Exemplary metabolites include glucose, pyruvate,
and C3-CS5 alcohols, including isobutanol. The metabolite
isobutanol can be produced by a recombinant microorganism
engineered to express or over-express metabolic pathway that
converts pyruvate to isobutanol. An exemplary metabolic
pathway that converts pyruvate to isobutanol may be com-
prised of a acetohydroxy acid synthase (ALS) enzyme
encoded by, for example, alsS from B. subtilis, a ketolacid
reductoisomerase (KARI) encoded by, for example ilvC from
E. coli, a dihyroxy-acid dehydratase (DHAD), encoded by,
for example ilvD from E. coli, a 2-keto-acid decarboxylase
(KIVD) encoded by, for example kivd from L. /actis, and an
alcohol dehydrogenase (ADH), encoded by, for example, by
a native E. coli alcohol dehydrogenase gene, like Ec_yqhD.

[0166] Accordingly, provided herein are recombinant
microorganisms that produce isobutanol and in some aspects
may include the elevated expression of target enzymes such
as ALS (encoded e.g. by the ilvIH operon from E. coli or by
alsS from Bacillus subtilis), KARI (encoded e.g. by ilvC from
E. coli), DHAD (encoded, e.g. by ilvD from E. coli, or by
ILV3 from S. cerevisiae, and KIVD (encoded, e.g. by, ARO10
from S. cerevisiae, THI3 from S. cerevisiae, kivd from L.
lactis).

[0167] The recombinant microorganism may further
include the deletion or reduction of the activity of enzymes
that (a) directly consume a precursor of the product, e.g. an
isobutanol precursor, (b) indirectly consume a precursor of
the product, e.g. of isobutanol, or (¢) repress the expression or
function of a pathway that supplies a precursor of the product,
e.g. of isobutanol. These enzymes include pyruvate decar-
boxylase (encoded, e.g. by PDC1, PDC2, PDC3, PDCS5, or
PDC6 of S. cerevisiae), glycerol-3-phosphate dehydrogenase
(encoded, e.g. by GPD1 or GPD2 of S. cerevisiae) an alcohol
dehydrogenase (encoded, e.g., by adhE of . coli or ADHI1,
ADH2, ADH3, ADH4, ADHS5, ADH6, or ADH7 of S. cerevi-
siae), lacate dehydrogenase (encoded, e.g., by IdhA of E.
coli), fumarate reductase (encoded, e.g., by frdB, frdC or
frdBC of E. coli), FNR (encoded, e.g. by for of E. coli),
2-isopropylmalate synthase (encoded, e.g. by leuA of E. coli
or by LEU4 or LEU9 of S. cerevisiae), valine transaminase
(encoded, e.g. by ilvE of E. coli or by BAT1 or BAT2 of S.
cerevisiae), pyruvate oxidase (e.g. encoded by poxB of E.
coli), Threonine deaminase (encoded, e.g. by ilvA of E. coli
or CHALI or ILV1 of S. cerevisiae), pyruvate-formate-lyase
(encoded, e.g. by pfiB of E. coli), or phosphate acetyltrans-
ferase (encoded, e.g. by pta of E. coli), or any combination
thereof, to increase the availability of pyruvate or reduce
enzymes that compete for a metabolite in a desired biosyn-
thetic pathway.

[0168] In yeast microorganisms, pyruvate decarboxylase
(PDC) is a major competitor for pyruvate. During anaerobic
fermentation, the main pathway to oxidize the NADH from
glycolysis is through the production of ethanol. Ethanol is
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produced by alcohol dehydrogenase (ADH) via the reduction
of acetaldehyde, which is generated from pyruvate by pyru-
vate decarboxylase (PDC). Thus, most of the pyruvate pro-
duced by glycolysis is consumed by PDC and is not available
for the isobutanol pathway. Another pathway for NADH oxi-
dation is through the production of glycerol. Dihydroxyac-
etone-phospate, an intermediate of glycolysis is reduced to
glycerol 3-phosphate by glycerol 3-phosphate dehydroge-
nase (GPD). Glycerol 3-phosphatase (GPP) converts glycerol
3-phosphate to glycerol. This pathway consumes carbon from
glucose as well as reducing equivalents (NADH) resulting in
less pyruvate and reducing equivalents available for the
isobutanol pathway. These pathways contribute to low yield
and low productivity of C3-C5 alcohols, including isobu-
tanol. Accordingly, deletion or reduction of the activity of
PDC and GPD may increase yield and productivity of C3-C5
alcohols, including isobutanol.

[0169] Reduction of PDC activity can be accomplished by
1) mutation or deletion of a positive transcriptional regulator
for the structural genes encoding for PDC or 2) mutation or
deletion of all PDC genes in a given organism. The term
“transcriptional regulator” can specify a protein or nucleic
acid that works in trans to increase or to decrease the tran-
scription of a different locus in the genome. For example, in S.
cerevisiae, the PDC2 gene, which encodes for a positive
transcriptional regulator of PDC1,5,6 genes can be deleted; a
S. cerevisiae in which the PDC2 gene is deleted is reported to
have only ~10% of wildtype PDC activity (Hohmann, Mo/
Gen Genet, 241:657-666 (1993)). Alternatively, for example,
all structural genes for PDC (e.g. in S. cerevisiae, PDC1,
PDCS, and PDC6, or in K. /actis, PDC1) are deleted.

[0170] Crabtree-positive yeast strains such as Saccharomy-
ces cerevisiae strain that contains disruptions in all three of
the PDC alleles no longer produce ethanol by fermentation.
However, a downstream product of the reaction catalyzed by
PDC, acetyl-CoA, is needed for anabolic production of nec-
essary molecules. Therefore, the Pdc-mutant is unable to
grow solely on glucose, and requires a two-carbon carbon
source, either ethanol or acetate, to synthesize acetyl-CoA.
(Flikweert M T, de Swaaf M, van Dijken J P, Pronk J T. FEMS
Microbiol Lett. 1999 May 1; 174(1):73-9. PMID:10234824
and van Maris A J, Geertman J M, Vermeulen A, Groothuizen
MK, Winkler A A, Piper M D, van Dijken J P, Pronk J T. Appl
Environ Microbiol. 2004 January; 70(1):159-66. PMID:
14711638).

[0171] Thus, in an embodiment, such a Crabtree-positive
yeast strain may be evolved to generate variants of the PDC
mutant yeast that do not have the requirement for a two-
carbon molecule and has a growth rate similar to wild type on
glucose. Any method, including chemostat evolution or serial
dilution may be utilized to generate variants of strains with
deletion of three PDC alleles that can grow on glucose as the
sole carbon source at a rate similar to wild type (van Maris et
al., Directed Evolution of Pyruvate Decarboxylase-Negative
Saccharomyces cerevisiae, Yielding a C2-Independent, Glu-
cose-Tolerant, and Pyruvate-Hyperproducing Yeast, Applied
and Environmental Microbiology, 2004, 70(1), 159-166).
[0172] Another byproduct that would decrease yield of
isobutanol is glycerol. Glycerol is produced by 1) the reduc-
tion of the glycolysis intermediate, dihydroxyacetone phos-
phate (DHAP), to glycerol-3-phosphate (G3P) via the oxida-
tion of NADH to NAD* by Glycerol-3-phosphate
dehydrogenase (GPD) followed by 2) the dephosphorylation
of glycerol-3-phophate to glycerol by glycerol-3-phos-
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phatase (GPP). Production of glycerol results in loss of car-
bons as well as reducing equivalents. Reduction of GPD
activity would increase yield of isobutanol. Reduction of
GPD activity in addition to PDC activity would further
increase yield of isobutanol. Reduction of glycerol produc-
tion has been reported to increase yield of ethanol production
(Nissen et al., Anaerobic and aerobic batch cultivation of
Saccharomyces cerevisiae mutants impaired in glycerol syn-
thesis, Yeast, 2000, 16, 463-474; Nevoigt et al., Method of
modifying a yeast cell for the production of ethanol, WO
2009/056984). Disruption of this pathway has also been
reported to increase yield of lactate in a yeast engineered to
produce lactate instead of ethanol (Dundon et al., Yeast cells
having disrupted pathway from dihydroxyacetone phosphate
to glycerol, US 2009/0053782).

[0173] In one embodiment, the microorganism is a crab-
tree positive yeast with reduced or no GPD activity. In another
embodiment, the microorganism is a crab-tree positive yeast
with reduced or no GPD activity, and expresses an isobutanol
biosynthetic pathway and produces isobutanol. In yet another
embodiment, the microorganism is a crab-tree positive yeast
with reduced or no GPD activity and with reduced or no PDC
activity. In another embodiment, the microorganism is a crab-
tree positive yeast with reduced or no GPD activity, with
reduced or no PDC activity, and expresses an isobutanol
biosynthetic pathway and produces isobutanol.

[0174] In another embodiment, the microorganism is a
crab-tree negative yeast with reduced or no GPD activity. In
another embodiment, the microorganism is a crab-tree nega-
tive yeast with reduced or no GPD activity, expresses the
isobutanol biosynthetic pathway and produces isobutanol. In
yet another embodiment, the microorganism is a crab-tree
negative yeast with reduced or no GPD activity and with
reduced or no PDC activity. In another embodiment, the
microorganism is a crab-tree negative yeast with reduced or
no GPD activity, with reduced or no PDC activity, expresses
an an isobutanol biosynthetic pathway and produces isobu-
tanol.

[0175] Any method can be used to identify genes that
encode for enzymes with pyruvate decarboxylase (PDC)
activity. PDC catalyzes the decarboxylation of pyruvate to
form acetaldehyde. Generally, homologous or similar PDC
genes and/or homologous or similar PDC enzymes can be
identified by functional, structural, and/or genetic analysis. In
most cases, homologous or similar PDC genes and/or
homologous or similar PDC enzymes will have functional,
structural, or genetic similarities. Techniques known to those
skilled in the art may be suitable to identify homologous
genes and homologous enzymes. Generally, analogous genes
and/or analogous enzymes can be identified by functional
analysis and will have functional similarities. Techniques
known to those skilled in the art may be suitable to identify
analogous genes and analogous enzymes. For example, to
identify homologous or analogous genes, proteins, or
enzymes, techniques may include, but not limited to, cloning
a PDC gene by PCR using primers based on a published
sequence of a gene/enzyme or by degenerate PCR using
degenerate primers designed to amplify a conserved region
among PDC genes. Further, one skilled in the art can use
techniques to identify homologous or analogous genes, pro-
teins, or enzymes with functional homology or similarity.
Techniques include examining a cell or cell culture for the
catalytic activity of an enzyme through in vitro enzyme
assays for said activity, then isolating the enzyme with said
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activity through purification, determining the protein
sequence of the enzyme through techniques such as Edman
degradation, design of PCR primers to the likely nucleic acid
sequence, amplification of said DNA sequence through PCR,
and cloning of said nucleic acid sequence. To identify
homologous or similar genes and/or homologous or similar
enzymes, analogous genes and/or analogous enzymes or pro-
teins, techniques also include comparison of data concerning
a candidate gene or enzyme with databases such as
BRENDA, KEGG, or MetaCYC. The candidate gene or
enzyme may be identified within the above mentioned data-
bases in accordance with the teachings herein. Furthermore,
PDC activity can be determined phenotypically. For example,
ethanol production under fermentative conditions can be
assessed. A lack of ethanol production may be indicative of a
yeast microorganism with no PDC activity.

[0176] Any method can be used to identify genes that
encode for enzymes with glycerol-3-phosphate dehydroge-
nase (GPD) activity. GPD catalyzes the reduction of dihy-
droxyacetone phosphate (DHAP) to glycerol-3-phosphate
(G3P) with the corresponding oxidation of NADH to NAD+.
Generally, homologous or similar GPD genes and/or homolo-
gous or similar GPD enzymes can be identified by functional,
structural, and/or genetic analysis. In most cases, homolo-
gous or similar GPD genes and/or homologous or similar
GPD enzymes will have functional, structural, or genetic
similarities. Techniques known to those skilled in the art may
be suitable to identify homologous genes and homologous
enzymes. Generally, analogous genes and/or analogous
enzymes can be identified by functional analysis and will
have functional similarities. Techniques known to those
skilled in the art may be suitable to identify analogous genes
and analogous enzymes. For example, to identify homolo-
gous or analogous genes, proteins, or enzymes, techniques
may include, but not limited to, cloning a GPD gene by PCR
using primers based on a published sequence of a gene/en-
zyme or by degenerate PCR using degenerate primers
designed to amplify a conserved region among GPD genes.
Further, one skilled in the art can use techniques to identify
homologous or analogous genes, proteins, or enzymes with
functional homology or similarity. Techniques include exam-
ining a cell or cell culture for the catalytic activity of an
enzyme through in vitro enzyme assays for said activity, then
isolating the enzyme with said activity through purification,
determining the protein sequence of the enzyme through
techniques such as Edman degradation, design of PCR prim-
ers to the likely nucleic acid sequence, amplification of said
DNA sequence through PCR, and cloning of said nucleic acid
sequence. To identify homologous or similar genes and/or
homologous or similar enzymes, analogous genes and/or
analogous enzymes or proteins, techniques also include com-
parison of data concerning a candidate gene or enzyme with
databases such as BRENDA, KEGG, or MetaCYC. The can-
didate gene or enzyme may be identified within the above
mentioned databases in accordance with the teachings herein.
Furthermore, GPD activity can be determined phenotypi-
cally. For example, glycerol production under fermentative
conditions can be assessed. A lack of glycerol production may
be indicative of a yeast microorganism with no GPD activity.
[0177] The recombinant microorganism may further
include metabolic pathways for the fermentation of a C3-C5
alcohols from five-carbon (pentose) sugars including xylose.
Most yeast species metabolize xylose via a complex route, in
which xylose is first reduced to xylitol via a xylose reductase
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(XR) enzyme. The xylitol is then oxidized to xylulose via a
xylitol dehydrogenase (XDH) enzyme. The xylulose is then
phosphorylated via an xylulokinase (XK) enzyme. This path-
way operates inefficiently in yeast species because it intro-
duces aredox imbalance in the cell. The xylose-to-xylitol step
uses NADH as a cofactor, whereas the xylitol-to-xylulose
step uses NADPH as a cofactor. Other processes must operate
to restore the redox imbalance within the cell. This often
means that the organism cannot grow anaerobically on xylose
or other pentose sugar. Accordingly, a yeast species that can
efficiently ferment xylose and other pentose sugars into a
desired fermentation product is therefore very desirable.
[0178] Thus, in one aspect, the recombinant microorgan-
ism is engineered to express a functional exogenous xylose
isomerase. Exogenous xylose isomerases functional in yeast
are known in the art. See, e.g., Rajgarhia et al,
US20060234364, which is herein incorporated by reference
in its entirety. In an embodiment according to this aspect, the
exogenous xylose isomerase gene is operatively linked to
promoter and terminator sequences that are functional in the
yeast cell. In a preferred embodiment, the recombinant
microorganism further has a deletion or disruption of a native
gene that encodes for an enzyme (e.g. XR and/or XDH) that
catalyzes the conversion of xylose to xylitol. In a further
preferred embodiment, the recombinant microorganism also
contains a functional, exogenous xylulokinase (XK) gene
operatively linked to promoter and terminator sequences that
are functional in the yeast cell. In one embodiment, the xylu-
lokinase (XK) gene is overexpressed.

[0179] The disclosure identifies specific genes useful in the
methods, compositions and organisms of the disclosure; how-
ever it will be recognized that absolute identity to such genes
is not necessary. For example, changes in a particular gene or
polynucleotide comprising a sequence encoding a polypep-
tide or enzyme can be performed and screened for activity.
Typically such changes comprise conservative mutation and
silent mutations. Such modified or mutated polynucleotides
and polypeptides can be screened for expression of a func-
tional enzyme using methods known in the art.

[0180] Due to the inherent degeneracy of the genetic code,
other polynucleotides which encode substantially the same or
a functionally equivalent polypeptide can also be used to
clone and express the polynucleotides encoding such
enzymes.

[0181] As will be understood by those of skill in the art, it
can be advantageous to modify a coding sequence to enhance
its expression in a particular host. The genetic code is redun-
dant with 64 possible codons, but most organisms typically
use a subset of these codons. The codons that are utilized most
often in a species are called optimal codons, and those not
utilized very often are classified as rare or low-usage codons.
Codons can be substituted to reflect the preferred codon usage
of'the host, a process sometimes called “codon optimization”
or “controlling for species codon bias.”

[0182] Optimized coding sequences containing codons
preferred by a particular prokaryotic or eukaryotic host (see
also, Murray et al. (1989) Nucl. Acids Res. 17:477-508) can
be prepared, for example, to increase the rate of translation or
to produce recombinant RNA transcripts having desirable
properties, such as a longer half-life, as compared with tran-
scripts produced from a non-optimize sequence. Translation
stop codons can also be modified to reflect host preference.
For example, typical stop codons for S. cerevisiae and mam-
mals are UAA and UGA, respectively. The typical stop codon

Jun. 10, 2010

for monocotyledonous plants is UGA, whereas insects and E.
coli commonly use UAA as the stop codon (Dalphin et al.
(1996) Nucl. Acids Res. 24: 216-218). Methodology for opti-
mizing a nucleotide sequence for expression in a plant is
provided, for example, in U.S. Pat. No. 6,015,891, and the
references cited therein.

[0183] Those of skill in the art will recognize that, due to
the degenerate nature of the genetic code, a variety of DNA
compounds differing in their nucleotide sequences can be
used to encode a given enzyme of the disclosure. The native
DNA sequence encoding the biosynthetic enzymes described
above are referenced herein merely to illustrate an embodi-
ment of the disclosure, and the disclosure includes DNA
compounds of any sequence that encode the amino acid
sequences of the polypeptides and proteins of the enzymes
utilized in the methods of the disclosure. In similar fashion, a
polypeptide can typically tolerate one or more amino acid
substitutions, deletions, and insertions in its amino acid
sequence without loss or significant loss of a desired activity.
The disclosure includes such polypeptides with different
amino acid sequences than the specific proteins described
herein so long as they modified or variant polypeptides have
the enzymatic anabolic or catabolic activity of the reference
polypeptide. Furthermore, the amino acid sequences encoded
by the DNA sequences shown herein merely illustrate
embodiments of the disclosure.

[0184] In addition, homologs of enzymes useful for gener-
ating metabolites are encompassed by the microorganisms
and methods provided herein.

[0185] As used herein, two proteins (or a region of the
proteins) are substantially homologous when the amino acid
sequences have at least about 30%, 40%, 50% 60%, 65%,
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% identity. To determine the percent
identity of two amino acid sequences, or of two nucleic acid
sequences, the sequences are aligned for optimal comparison
purposes (e.g., gaps can be introduced in one or both of a first
and a second amino acid or nucleic acid sequence for optimal
alignment and non-homologous sequences can be disre-
garded for comparison purposes). In one embodiment, the
length of a reference sequence aligned for comparison pur-
poses is at least 30%, typically at least 40%, more typically at
least 50%, even more typically at least 60%, and even more
typically at least 70%, 80%, 90%, 100% of the length of the
reference sequence. The amino acid residues or nucleotides at
corresponding amino acid positions or nucleotide positions
are then compared. When a position in the first sequence is
occupied by the same amino acid residue or nucleotide as the
corresponding position in the second sequence, then the mol-
ecules are identical at that position (as used herein amino acid
or nucleic acid “identity” is equivalent to amino acid or
nucleic acid “homology”). The percent identity between the
two sequences is a function of the number of identical posi-
tions shared by the sequences, taking into account the number
of gaps, and the length of each gap, which need to be intro-
duced for optimal alignment of the two sequences.

[0186] When “homologous” is used inreference to proteins
or peptides, it is recognized that residue positions that are not
identical often differ by conservative amino acid substitu-
tions. A “conservative amino acid substitution” is one in
which an amino acid residue is substituted by another amino
acid residue having a side chain (R group) with similar chemi-
cal properties (e.g., charge or hydrophobicity). In general, a
conservative amino acid substitution will not substantially
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change the functional properties of a protein. In cases where
two or more amino acid sequences differ from each other by
conservative substitutions, the percent sequence identity or
degree of homology may be adjusted upwards to correct for
the conservative nature of the substitution. Means for making
this adjustment are well known to those of skill in the art (see,
e.g., Pearson et al., 1994, hereby incorporated herein by ref-
erence).

[0187] The following six groups each contain amino acids
that are conservative substitutions for one another: 1) Serine
(S), Threonine (T); 2) Aspartic Acid (D), Glutamic Acid (E);
3) Asparagine (N), Glutamine (Q); 4) Arginine (R), Lysine
(K); 5) Isoleucine (I), Leucine (L), Methionine (M), Alanine
(A), Valine (V), and 6) Phenylalanine (F), Tyrosine (Y), Tryp-
tophan (W).

[0188] Sequence homology for polypeptides, which is also
referred to as percent sequence identity, is typically measured
using sequence analysis software. See, e.g., the Sequence
Analysis Software Package of the Genetics Computer Group
(GCG@G), University of Wisconsin Biotechnology Center, 910
University Avenue, Madison, Wis. 53705. Protein analysis
software matches similar sequences using measure of homol-
ogy assigned to various substitutions, deletions and other
modifications, including conservative amino acid substitu-
tions. For instance, GCG contains programs such as “Gap”
and “Bestfit” which can be used with default parameters to
determine sequence homology or sequence identity between
closely related polypeptides, such as homologous polypep-
tides from different species of organisms or between a wild
type protein and a mutein thereof. See, e.g., GCG Version 6.1.
[0189] A typical algorithm used comparing a molecule
sequence to a database containing a large number of
sequences from different organisms is the computer program
BLAST (Altschul, S. F., et al. (1990) “Basic local alignment
search tool.” J. Mol. Biol. 215:403-410; Gish, W. and States,
D.J. (1993) “Identification of protein coding regions by data-
base similarity search.” Nature Genet. 3:266-272; Madden, T.
L., et al. (1996) “Applications of network BLAST server”
Meth. Enzymol. 266:131-141; Altschul, S. F., et al. (1997)
“Gapped BLAST and PSI-BLAST: a new generation of pro-
tein database search programs.” Nucleic Acids Res. 25:3389-
3402; Zhang, J. and Madden, T. L. (1997) “PowerBLAST: A
new network BLAST application for interactive or automated
sequence analysis and annotation.” Genome Res. 7:649-656),
especially blastp or tblastn (Altschul, S. F., et al. (1997)
“Gapped BLAST and PSI-BLAST: a new generation of pro-
tein database search programs.” Nucleic Acids Res. 25:3389-
3402). Typical parameters for BLASTp are: Expectation
value: 10 (default); Filter: seg (default); Costtoopenagap: 11
(default); Cost to extend a gap: 1 (default); Max. alignments:
100 (default); Word size: 11 (default); No. of descriptions:
100 (default); Penalty Matrix: BLOWSUMG62.

[0190] When searching a database containing sequences
from a large number of different organisms, it is typical to
compare amino acid sequences. Database searching using
amino acid sequences can be measured by algorithms other
than blastp known in the art. For instance, polypeptide
sequences can be compared using FASTA, a program in GCG
Version 6.1. FASTA provides alignments and percent
sequence identity of the regions of the best overlap between
the query and search sequences (Pearson, W. R. (1990)
“Rapid and Sensitive Sequence Comparison with FASTP and
FASTA” Meth. Enzymol. 183:63-98). For example, percent
sequence identity between amino acid sequences can be
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determined using FASTA with its default parameters (a word
size of 2 and the PAM250 scoring matrix), as provided in
GCG Version 6.1, hereby incorporated herein by reference.
[0191] Itis understood that a range of microorganisms can
be modified to include recombinant metabolic pathways suit-
able for the production of C3-C5 alcohols, including isobu-
tanol. In various embodiments, microorganisms may be
selected from bacterial or yeast microorganisms. Microor-
ganisms for the production of C3-C5 alcohols, including
isobutanol may be selected based on certain characteristics:
[0192] One characteristic may include the ability to
metabolize a carbon source in the presence of a C3-CS5 alco-
hol, including isobutanol. A microorganism capable of
metabolizing a carbon source at a high isobutanol concentra-
tion is more suitable as a production microorganism com-
pared to a microorganism capable of metabolizing a carbon
source at a low isobutanol concentration. Another character-
istic may include the property that the microorganism is
selected to convert various carbon sources into C3-C5 alco-
hols, including isobutanol. Accordingly, in one embodiment,
the recombinant microorganism herein disclosed can convert
a variety of carbon sources to products, including but not
limited to glucose, galactose, mannose, xylose, arabinose,
lactose, sucrose, and mixtures thereof.

[0193] Another characteristic specific to a yeast microor-
ganism may include the property that the microorganism is
able to metabolize a carbon source in the absence of pyruvate
decarboxylase (PDC). In an embodiment, it is preferable that
the yeast microorganismis able to metabolize 5- and 6-carbon
sugar in the absence of PDC. In one embodiment, it is even
more preferred that a yeast microorganism is able to grow on
5- and 6-carbon sugars in the absence of PDC.

[0194] Another characteristic may include the property that
the wild-type or parental microorganism is non-fermenting.
In other words, it cannot metabolize a carbon source anaero-
bically while the yeast is able to metabolize a carbon source in
the presence of oxygen. Non-fermenting yeast refers to both
naturally occurring yeasts as well as genetically modified
yeast. During anaerobic fermentation with fermentative
yeast, the main pathway to oxidize the NADH from glycoly-
sis is through the production of ethanol. Ethanol is produced
by alcohol dehydrogenase (ADH) via the reduction of acetal-
dehyde, which is generated from pyruvate by pyruvate decar-
boxylase (PDC).

[0195] Thus, in one embodiment, a fermentative yeast can
be engineered to be non-fermentative by the reduction or
elimination of the native PDC activity. Thus, most of the
pyruvate produced by glycolysis is not consumed by PDC and
is available for the isobutanol pathway. Deletion of this path-
way increases the pyruvate and the reducing equivalents
available for the isobutanol pathway. Fermentative pathways
contribute to low yield and low productivity of isobutanol.
Accordingly, deletion of PDC may increase yield and pro-
ductivity of isobutanol. In one embodiment, the yeast micro-
organisms may be selected from the “Saccharomyces Yeast
Clade”, defined as an ascomycetous yeast taxonomic class by
Kurtzman and Robnett in 1998 (“Identification and phylog-
eny of ascomycetous yeast from analysis of nuclear large
subunit (26S) ribosomal DNA partial sequences.” Antonie
van Leeuwenhoek 73: 331-371, see FIG. 2 of Leeuwenhook
reference). They were able to determine the relatedness of
yeast of approximately 500 yeast species by comparing the
nucleotide sequence of the D1/D2 domain at the 5' end of the
gene encoding the large ribosomal subunit 26S. In pair-wise
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comparisons of the D1/D2 nucleotide sequence of S. cerevi-
siae and the two most distant yeast in the Saccharomyces
clade: K. lactic and K. marxianus, yeast from this clade share
greater than 80% identity.

[0196] An ancient whole genome duplication (WGD) event
occurred during the evolution of hemiascomycete yeast was
discovered using comparative genomics tools (Kellis et al
2004 “Proof and evolutionary analysis of ancient genome
duplication in the yeast S. cerevisiae.” Nature 428:617-624.
Dujon et al 2004 “Genome evolution in yeasts.” Nature 430:
35-44. Langkjaer et al 2003 “Yeast genome duplication was
followed by asynchronous differentiation of duplicated
genes.” Nature 428:848-852. Wolfe and Shields 1997
“Molecular evidence for an ancient duplication of the entire
yeast genome.” Nature 387:708-713.) Using this major evo-
Iutionary event, yeast can be divided into species that
diverged from a common ancestor following the WGD event
(termed “post-WGD yeast” herein) and species that diverged
from the yeast lineage prior to the WGD event (termed “pre-
WGD yeast” herein).

[0197] Accordingly, in one embodiment, the yeast micro-
organism may be selected from a post-WGD yeast genus,
including but not limited to Saccharomyces and Candida. The
favored post-WGD yeast species include: S. cerevisiae, S.
uvarum, S. bayanus, S. paradoxus, S. castelli, and C. gla-
brata.

[0198] In another embodiment, a method provided herein
includes a recombinant organism that is a Saccharomyces
sensu stricto yeast microorganism. In one aspect, a Saccha-
romyces sensu stricto yeast microorganism is selected from
one of the species: S. cerevisiae, S. cerevisiae, S. kudriavzevii,
S. mikatae, S. bayanus, S. uvarum, S. carocanis or hybrids
thereof.

[0199] In another embodiment, the yeast microorganism
may be selected from a pre-whole genome duplication (pre-
WRBD) yeast genus including but not limited to Saccharomy-
ces, Kluyveromyces, Issatchenkia, Candida, Pichia,
Debaryomyces, Hansenula, Pachysolen, Yarrowia and,
Schizosaccharomyces. Representative pre-WGD yeast spe-
ciesinclude: S. Kuyveri, K. thermotolerans, K. marxianus, K.
waltii, K. lactis, C. tropicalis, P. pastoris, P. anomala, P.
stipitis, D. hansenii, H. anomala, P. tannophilis, I. orientalis,
Y lipolytica, and S. pombe.

[0200] A yeast microorganism may be either Crabtree-
negative or Crabtree-positive. A yeast cell having a Crabtree-
negative phenotype is any yeast cell that does not exhibit the
Crabtree effect. The term “Crabtree-negative” refers to both
naturally occurring and genetically modified organisms.
Briefly, the Crabtree effect is defined as the inhibition of
oxygen consumption by a microorganism when cultured
under aerobic conditions due to the presence of a high con-
centration of glucose (e.g., 50 g-glucose L™"). In other words,
ayeast cell having a Crabtree-positive phenotype continues to
ferment irrespective of oxygen availability due to the pres-
ence of glucose, while a yeast cell having a Crabtree-negative
phenotype does not exhibit glucose mediated inhibition of
oxygen consumption.

[0201] Accordingly, in one embodiment the yeast microor-
ganism may be selected from a yeast with a Crabtree-negative
phenotype including but not limited to the following genera:
Kluyveromyces, Pichia, Issatchenkia, Hansenula, and Can-
dida. Crabtree-negative species include but are not limited to:
K. lactis, K. marxianus, P. anomala, P. stipitis, H. anomala, I.
orientalis, and C. utilis.
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[0202] In another embodiment, the yeast microorganism
may be selected from a yeast with a Crabtree-positive pheno-
type, including but not limited to Saccharomyces, Kluyvero-
myces, Zygosaccharomyces, Debaryomyces, Pichia and
Schizosaccharomyces.  Crabtree-positive yeast species
include but are not limited to: S. cerevisiae, S. uvarum, S.
bayanus, S. paradoxus, S. castelli, S. Kluyveri, K. thermotol-
erans, C. glabrata, Z. bailli, Z. rouxii, D. hansenii, P. pasto-
rius, and S. pombe.

[0203] Bacterial Microorganisms may be selected from a
number of genera, including but not limited to Arthrobacter,
Bacillus, Brevibacterium, Clostridium, Corynebacterium,
Cyanobacterium, Escherichia, Gluconobacter, Lactobacil-
lus, Nocardia, Pseudomonas, Rhodococcus, Saccharomyces,
Shewanella, Streptomyces, Xanthomonas, and Zymomonas.
In another embodiment, such hosts are Corynebacterium,
Cyanobacterium, E. coli or Pseudomonas. In another
embodiment, such hosts are E. coli W3110, E. coli B,
Pseudomonas oleovorans, Pseudomonas fluorescens, or
Pseudomonas putida.

[0204] One exemplary metabolic pathway for the conver-
sion of a carbon source to a C3-C5 alcohol via pyruvate
begins with the conversion of glucose to pyruvate via glyco-
lysis. Glycolysis also produces 2 moles of NADH and 2 moles
of ATP. Two moles of pyruvate are then used to produce one
mole of isobutanol (PCT/US2006/041602, PCT/US2008/
053514). Alternative isobutanol pathways have been
described in International Patent Application No PCT/
US2006/041602 and in Dickinson et al., Journal of Biologi-
cal Chemistry 273:25751-15756 (1998).

[0205] Accordingly, the engineered isobutanol pathway to
convert pyruvate to isobutanol can be, but is not limited to, the
following reactions:

1. 2 pyruvate—acetolactate+CO,

2. acetolactate+4NADPH—2,3-dihydroxyisovalerate+
NADP*

3. 2,3-dihydroxyisovalerate—alpha-ketoisovalerate

4. alpha-ketoisovalerate—isobutyraldehyde+CO,

5. isobutyraldehyde+NADPH—isobutanol+NADP*

[0206] These reactions are carried out by the enzymes 1)
Acetolactate Synthase (ALS), 2) Ketol-acid Reducto-
Isomerase (KARI), 3) Dihydroxy-acid dehydratase (DHAD),
4) Keto-isovalerate decarboxylase (KIVD), and 5) an Alcohol
Dehydrogenase (ADH).

[0207] Inanother embodiment, the microorganism is engi-
neered to overexpress these enzymes. For example, ALS can
be encoded by the alsS gene of B. subtilis, alsS of L. lactis, or
the ilvK gene of K. preumonia. For example, KARI can be
encoded by the ilvC genes of E. coli, C. glutamicum, M.
maripaludis, or Piromyces sp E2. For example, DHAD can be
encoded by the ilvD genes of E. coli, L. lactis, or C.
glutamicum, or by the ILV3 gene from S. cerevisiae. KIVD
can be encoded by the kivd gene of L. /actis. ADH can be
encoded by ADH2, ADH6, or ADH7 of S. cerevisiae, by the
adhA gene product of L. Jactis, or by an ADH from D. mela-
nogaster.

[0208] The microorganism of the invention may be engi-
neered to have increased ability to convert pyruvate to a
C3-CS5 alcohol, including isobutanol. In one embodiment, the
microorganism may be engineered to have increased ability
to convert pyruvate to isobutyraldehyde. In another embodi-
ment, the microorganism may be engineered to have
increased ability to convert pyruvate to keto-isovalerate. In
another embodiment, the microorganism may be engineered
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to have increased ability to convert pyruvate to 2,3-dihy-
droxyisovalerate. In another embodiment, the microorganism
may be engineered to have increased ability to convert pyru-
vate to acetolactate.

[0209] Furthermore, any of the genes encoding the forego-
ing enzymes (or any others mentioned herein (or any of the
regulatory elements that control or modulate expression
thereof)) may be optimized by genetic/protein engineering
techniques, such as directed evolution or rational mutagen-
esis.

[0210] Itisunderstood that various microorganisms can act
as “sources” for genetic material encoding target enzymes
suitable for use in a recombinant microorganism provided
herein. For example, In addition, genes encoding these
enzymes can be identified from other fungal and bacterial
species and can be expressed for the modulation of this path-
way. A variety of eukaryotic organisms could serve as sources
for these enzymes, including, but not limited to, Drosophila
spp., including D. melanogaster, Saccharomyces spp., includ-
ing S. cerevisiae and S. uvarum, Kluyveromyces spp., includ-
ing K. thermotolerans, K. lactis, and K. marxianus, Pichia
spp., Hansenula spp., including H. polymorpha, Candida
spp., Trichosporon spp., Yamadazyma spp., including Y stipi-
tis, Torulaspora pretoriensis, Schizosaccharomyces spp.,
including S. pombe, Cryptococcus spp., Aspergillus spp.,
Neurospora spp., or Ustilago spp. Sources of genes from
anaerobic fungi include, but not limited to, Piromyces spp.,
Orpinomyces spp., or Neocallimastix spp. Sources of
prokaryotic enzymes that are useful include, but not limited
to, Escherichia coli, Klebsiella spp., including K. preumo-
niae , Zymomonas mobilis, Staphylococcus aureus, Bacillus
spp., Clostridium spp., Corynebacterium spp., Pseudomonas
spp., Lactococcus spp., Enterobacter spp., and Salmonella

spp.
Methods in General
Gene Expression

[0211] In another embodiment a method of producing a
recombinant microorganism that converts a suitable carbon
substrate to C3-C5 alcohols such as isobutanol is provided.
The method includes transforming a microorganism with one
or more recombinant polynucleotides encoding polypeptides
that include but are not limited to, for example, ALS, KARI,
DHAD, KIVD, ADH and a transhydrogenase. Polynucle-
otides that encode enzymes useful for generating metabolites
including homologs, variants, fragments, related fusion pro-
teins, or functional equivalents thereof, are used in recombi-
nant nucleic acid molecules that direct the expression of such
polypeptides in appropriate host cells, such as bacterial or
yeast cells. It is understood that the addition of sequences
which do not alter the encoded activity of a polynucleotide,
such as the addition of a non-functional or non-coding
sequence, is a conservative variation of the basic nucleic acid.
The “activity” of an enzyme is a measure of its ability to
catalyze a reaction resulting in a metabolite, i.e., to “func-
tion”, and may be expressed as the rate at which the metabo-
lite of the reaction is produced. For example, enzyme activity
can be represented as the amount of metabolite produced per
unit of time or per unit of enzyme (e.g., concentration or
weight), or in terms of affinity or dissociation constants.

[0212] Those of skill in the art will recognize that, due to
the degenerate nature of the genetic code, a variety of DNA
compounds differing in their nucleotide sequences can be
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used to encode a given amino acid sequence of the disclosure.
The native DNA sequence encoding the biosynthetic
enzymes described herein are referenced herein merely to
illustrate an embodiment of the disclosure, and the disclosure
includes DNA compounds of any sequence that encode the
amino acid sequences of the polypeptides and proteins of the
enzymes utilized in the methods of the disclosure. In similar
fashion, a polypeptide can typically tolerate one or more
amino acid substitutions, deletions, and insertions in its
amino acid sequence without loss or significant loss of a
desired activity. The disclosure includes such polypeptides
with alternate amino acid sequences, and the amino acid
sequences encoded by the DNA sequences shown herein
merely illustrate embodiments of the disclosure.

[0213] The disclosure provides nucleic acid molecules in
the form of recombinant DNA expression vectors or plas-
mids, as described in more detail below, that encode one or
more target enzymes. Generally, such vectors can either rep-
licate in the cytoplasm of the host microorganism or integrate
into the chromosomal DNA of the host microorganism. In
either case, the vector can be a stable vector (i.e., the vector
remains present over many cell divisions, even if only with
selective pressure) or a transient vector (i.e., the vector is
gradually lost by host microorganisms with increasing num-
bers of cell divisions). The disclosure provides DNA mol-
ecules in isolated (i.e., not pure, but existing in a preparation
in an abundance and/or concentration not found in nature) and
purified (i.e., substantially free of contaminating materials or
substantially free of materials with which the corresponding
DNA would be found in nature) forms.

[0214] Provided herein are methods for the expression of
one or more of the genes involved in the production of ben-
eficial metabolites and recombinant DNA expression vectors
useful in the method. Thus, included within the scope of the
disclosure are recombinant expression vectors that include
such nucleic acids. The term expression vector refers to a
nucleic acid that can be introduced into a host microorganism
or cell-free transcription and translation system. An expres-
sion vector can be maintained permanently or transiently in a
microorganism, whether as part of the chromosomal or other
DNA in the microorganism or in any cellular compartment,
such as a replicating vector in the cytoplasm. An expression
vector also comprises a promoter that drives expression of an
RNA, which typically is translated into a polypeptide in the
microorganism or cell extract. For efficient translation of
RNA into protein, the expression vector also typically con-
tains a ribosome-binding site sequence positioned upstream
of the start codon of the coding sequence of the gene to be
expressed. Other elements, such as enhancers, secretion sig-
nal sequences, transcription termination sequences, and one
or more marker genes by which host microorganisms con-
taining the vector can be identified and/or selected, may also
be present in an expression vector. Selectable markers, i.e.,
genes that confer antibiotic resistance or sensitivity, are used
and confer a selectable phenotype on transformed cells when
the cells are grown in an appropriate selective medium.

[0215] The various components of an expression vector can
vary widely, depending on the intended use of the vector and
the host cell(s) in which the vector is intended to replicate or
drive expression. Expression vector components suitable for
the expression of genes and maintenance of vectors in E. coli,
yeast, Streptomyces, and other commonly used cells are
widely known and commercially available. For example, suit-
able promoters for inclusion in the expression vectors of the
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disclosure include those that function in eukaryotic or
prokaryotic host microorganisms. Promoters can comprise
regulatory sequences that allow for regulation of expression
relative to the growth of the host microorganism or that cause
the expression of a gene to be turned on or off in response to
a chemical or physical stimulus. For E. coli and certain other
bacterial host cells, promoters derived from genes for biosyn-
thetic enzymes, antibiotic-resistance conferring enzymes,
and phage proteins can be used and include, for example, the
galactose, lactose (lac), maltose, tryptophan (trp), beta-lacta-
mase (bla), bacteriophage lambda PL,, and TS promoters. In
addition, synthetic promoters, such as the tac promoter (U.S.
Pat. No. 4,551,433), can also be used. For E. coli expression
vectors, it is useful to include an E. coli origin of replication,
such as from pUC, p1P, p1, and pBR.

[0216] Thus, recombinant expression vectors contain at
least one expression system, which, in turn, is composed of at
least a portion of PKS and/or other biosynthetic gene coding
sequences operably linked to a promoter and optionally ter-
mination sequences that operate to effect expression of the
coding sequence in compatible host cells. The host cells are
modified by transformation with the recombinant DNA
expression vectors of the disclosure to contain the expression
system sequences either as extrachromosomal elements or
integrated into the chromosome.

[0217] Moreover, methods for expressing a polypeptide
from a nucleic acid molecule that are specific to yeast micro-
organisms are well known. For example, nucleic acid con-
structs that are used for the expression of heterologous
polypeptides within Kluyveromyces and Saccharomyces are
well known (see, e.g., U.S. Pat. Nos. 4,859,596 and 4,943,
529, each of which is incorporated by reference herein in its
entirety for Kluyveromyces and, e.g., Gellissen et al., Gene
190(1):87-97 (1997) for Saccharomyces. Yeast plasmids have
aselectable marker and an origin of replication, also known as
Autonomously Replicating Sequences (ARS). In addition
certain plasmids may also contain a centromeric sequence.
These centromeric plasmids are generally a single or low
copy plasmid. Plasmids without a centromeric sequence and
utilizing either a 2 micron (S. cerevisiae) or 1.6 micron (K.
lactis) replication origin are high copy plasmids. The select-
able marker can be either prototrophic, such as HIS3, TRP1,
LEU2, URA3 or ADE2, or antibiotic resistance, such as, bar,
ble, hph, or kan.

[0218] A nucleic acid of the disclosure can be amplified
using cDNA, mRNA or alternatively, genomic DNA, as a
template and appropriate oligonucleotide primers according
to standard PCR amplification techniques and those proce-
dures described in the Examples section below. The nucleic
acid so amplified can be cloned into an appropriate vector and
characterized by DNA sequence analysis. Furthermore, oli-
gonucleotides corresponding to nucleotide sequences can be
prepared by standard synthetic techniques, e.g., using an
automated DNA synthesizer.

[0219] It is also understood that an isolated nucleic acid
molecule encoding a polypeptide homologous to the enzymes
described herein can be created by introducing one or more
nucleotide substitutions, additions or deletions into the nucle-
otide sequence encoding the particular polypeptide, such that
one or more amino acid substitutions, additions or deletions
are introduced into the encoded protein. Mutations can be
introduced into the polynucleotide by standard techniques,
such as site-directed mutagenesis and PCR-mediated
mutagenesis. In contrast to those positions where it may be
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desirable to make a non-conservative amino acid substitu-
tions (see above), in some positions it is preferable to make
conservative amino acid substitutions. A “conservative amino
acid substitution” is one in which the amino acid residue is
replaced with an amino acid residue having a similar side
chain. Families of amino acid residues having similar side
chains have been defined in the art. These families include
amino acids with basic side chains (e.g., lysine, arginine,
histidine), acidic side chains (e.g., aspartic acid, glutamic
acid), uncharged polar side chains (e.g., glycine, asparagine,
glutamine, serine, threonine, tyrosine, cysteine), nonpolar
side chains (e.g., alanine, valine, leucine, isoleucine, proline,
phenylalanine, methionine, tryptophan); beta-branched side
chains (e.g., threonine, valine, isoleucine) and aromatic side
chains (e.g., tyrosine, phenylalanine, tryptophan, histidine).
[0220] Although the effect of an amino acid change varies
depending upon factors such as phosphorylation, glycosyla-
tion, intra-chain linkages, tertiary structure, and the role of the
amino acid in the active site or a possible allosteric site, it is
generally preferred that the substituted amino acid is from the
same group as the amino acid being replaced. To some extent
the following groups contain amino acids which are inter-
changeable: the basic amino acids lysine, arginine, and histi-
dine; the acidic amino acids aspartic and glutamic acids; the
neutral polar amino acids serine, threonine, cysteine,
glutamine, asparagine and, to a lesser extent, methionine; the
nonpolar aliphatic amino acids glycine, alanine, valine, iso-
leucine, and leucine (however, because of size, glycine and
alanine are more closely related and valine, isoleucine and
leucine are more closely related); and the aromatic amino
acids phenylalanine, tryptophan, and tyrosine. In addition,
although classified in different categories, alanine, glycine,
and serine seem to be interchangeable to some extent, and
cysteine additionally fits into this group, or may be classified
with the polar neutral amino acids.

Overexpression of Heterologous Genes

[0221] Methods for overexpressing a polypeptide from a
native or heterologous nucleic acid molecule are well known.
Such methods include, without limitation, constructing a
nucleic acid sequence such that a regulatory element pro-
motes the expression of a nucleic acid sequence that encodes
the desired polypeptide. Typically, regulatory elements are
DNA sequences that regulate the expression of other DNA
sequences at the level of transcription. Thus, regulatory ele-
ments include, without limitation, promoters, enhancers, and
the like. For example, the exogenous genes can be under the
control of an inducible promoter or a constitutive promoter.
Moreover, methods for expressing a polypeptide from an
exogenous nucleic acid molecule in yeast are well known. For
example, nucleic acid constructs that are used for the expres-
sion of exogenous polypeptides within Kluyveromyces and
Saccharomyces are well known (see, e.g., U.S. Pat. Nos.
4,859,596 and 4,943,529, for Kluyveromyces and, e.g., Gel-
lissen et al., Gene 190(1):87-97 (1997) for Saccharomyces).
Yeast plasmids have a selectable marker and an origin of
replication. In addition certain plasmids may also contain a
centromeric sequence. These centromeric plasmids are gen-
erally a single or low copy plasmid. Plasmids without a cen-
tromeric sequence and utilizing either a 2 micron (S. cerevi-
siae) or 1.6 micron (K. lactis) replication origin are high copy
plasmids. The selectable marker can be either prototrophic,
such as HIS3, TRP1, LEU2, URA3 or ADE2, or antibiotic
resistance, such as, bar, ble, hph, or kan.
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[0222] In another embodiment, heterologous control ele-
ments can be used to activate or repress expression of endog-
enous genes. Additionally, when expression is to be repressed
or eliminated, the gene for the relevant enzyme, protein or
RNA can be eliminated by known deletion techniques.
[0223] As described herein, any microorganism within the
scope of the disclosure can be identified by selection tech-
niques specific to the particular enzyme being expressed,
over-expressed or repressed. Methods of identifying the
strains with the desired phenotype are well known to those
skilled in the art. Such methods include, without limitation,
PCR, RT-PCR, and nucleic acid hybridization techniques
such as Northern and Southern analysis, altered growth capa-
bilities on a particular substrate or in the presence of a par-
ticular substrate, a chemical compound, a selection agent and
the like. In some cases, immunohistochemistry and bio-
chemical techniques can be used to determine if a cell con-
tains a particular nucleic acid by detecting the expression of
the encoded polypeptide. For example, an antibody having
specificity for an encoded enzyme can be used to determine
whether or not a particular microorganism contains that
encoded enzyme. Further, biochemical techniques can be
used to determine if a cell contains a particular nucleic acid
molecule encoding an enzymatic polypeptide by detecting a
product produced as a result of the expression of the enzy-
matic polypeptide. For example, transforming a cell with a
vector encoding acetolactate synthase and detecting
increased cytosolic acetolactate concentrations compared to a
cell without the vector indicates that the vector is both present
and that the gene product is active. Methods for detecting
specific enzymatic activities or the presence of particular
products are well known to those skilled in the art. For
example, the presence of acetolactate can be determined as
described by Hugenholtz and Starrenburg, Appl. Microbiol.
Biotechnol. 38:17-22 (1992).

Identification of Genes in a Host Microorganism

[0224] Any method can be used to identify genes that
encode for enzymes with a specific activity. Generally,
homologous or analogous genes with similar activity can be
identified by functional, structural, and/or genetic analysis. In
most cases, homologous or analogous genes with similar
activity will have functional, structural, or genetic similari-
ties. Techniques known to those skilled in the art may be
suitable to identify homologous genes and homologous
enzymes. Generally, analogous genes and/or analogous
enzymes can be identified by functional analysis and will
have functional similarities. Techniques known to those
skilled in the art may be suitable to identify analogous genes
and analogous enzymes. For example, to identify homolo-
gous or analogous genes, proteins, or enzymes, techniques
may include, but not limited to, cloning a gene by PCR using
primers based on a published sequence of a gene/enzyme or
by degenerate PCR using degenerate primers designed to
amplify a conserved region among a gene. Further, one
skilled in the art can use techniques to identify homologous or
analogous genes, proteins, or enzymes with functional
homology or similarity. Techniques include examining a cell
or cell culture for the catalytic activity of an enzyme through
in vitro enzyme assays for said activity, then isolating the
enzyme with said activity through purification, determining
the protein sequence of the enzyme through techniques such
as Edman degradation, design of PCR primers to the likely
nucleic acid sequence, amplification of said DNA sequence
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through PCR, and cloning of said nucleic acid sequence. To
identify homologous or analogous genes with similar activity,
techniques also include comparison of data concerning a
candidate gene or enzyme with databases such as BRENDA,
KEGG, or MetaCYC. The candidate gene or enzyme may be
identified within the above mentioned databases in accor-
dance with the teachings herein. Furthermore, enzymatic
activity can be determined phenotypically. For example, etha-
nol production under fermentative conditions can be
assessed. A lack of ethanol production may be indicative of a
microorganism lacking an alcohol dehydrogenase capable of
reducing acetaldehyde to ethanol.

Genetic Insertions and Deletions

[0225] Any method can be used to introduce a nucleic acid
molecule into the chromosomal DNA of a microorganism and
many such methods are well known. For example, lithium
acetate transformation and electroporation are common
methods for introducing nucleic acid into yeast microorgan-
isms. See, e.g., Gietz et al.,, Nucleic Acids Res. 27:69-74
(1992); Ito etal., J. Bacterol. 153:163-168 (1983); and Becker
and Guarente, Methods in Enzymology 194:182-187 (1991).
[0226] Inan embodiment, the deletion of a gene of interest
in a bacterial microorganism, including an . coli microor-
ganism occurs according to the principle of homologous
recombination. According to this embodiment, an integration
cassette containing a module comprising at least one marker
gene is flanked on either side by DNA fragments homologous
to those of the ends of the targeted integration site. After
transforming the host microorganism with the cassette by
appropriate methods, homologous recombination between
the flanking sequences may result in the marker replacing the
chromosomal region in between the two sites of the genome
corresponding to flanking sequences of the integration cas-
sette. The homologous recombination event may be facili-
tated by a recombinase enzyme that may be native to the host
microorganism or may be heterologous and transiently over-
expressed (Datsenko and Wanner, Proc. Natl. Acad. Sci. USA
97, 6640-6645, 2000).

[0227] Inanembodiment, the integration of a gene of inter-
est into a DNA fragment or target gene of a yeast microor-
ganism occurs according to the principle of homologous
recombination. According to this embodiment, an integration
cassette containing a module comprising at least one yeast
marker gene and/or the gene to be integrated (internal mod-
ule) is flanked on either side by DNA fragments homologous
to those of the ends of the targeted integration site (recombi-
nogenic sequences). After transforming the yeast with the
cassette by appropriate methods, a homologous recombina-
tion between the recombinogenic sequences may result in the
internal module replacing the chromosomal region in
between the two sites of the genome corresponding to the
recombinogenic sequences of the integration cassette. (Orr-
Weaver et al., Proc Natl Acad Sci USA 78:6354-6358 (1981))
[0228] Inan embodiment, the integration cassette for inte-
gration of a gene of interest into a yeast microorganism
includes the heterologous gene under the control of an appro-
priate promoter and terminator together with the selectable
marker flanked by recombinogenic sequences for integration
of a heterologous gene into the yeast chromosome. In an
embodiment, the heterologous gene includes an appropriate
native gene desired to increase the copy number of a native
gene(s). The selectable marker gene can be any marker gene
used in yeast, including but not limited to, HIS3, TRPI,
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LEU2, URA3, bar, ble, hph, and kan. The recombinogenic
sequences can be chosen at will, depending on the desired
integration site suitable for the desired application.

[0229] Additionally, in an embodiment pertaining to yeast
microorganisms, certain introduced marker genes are
removed from the genome using techniques well known to
those skilled in the art. For example, URA3 marker loss can
be obtained by plating URA3 containing cells in FOA
(5-fluoro-orotic acid) containing medium and selecting for
FOA resistant colonies (Boeke, J. et al, 1984, Mol. Gen.
Genet, 197, 345-47).

[0230] Integration of all the genes of a metabolic pathway
that lead to a product into the genome of the production strain
eliminates the need of a plasmid expression system, as the
enzymes are produced from the chromosome. The integration
of pathway genes avoids loss of productivity over time due to
plasmid loss. This is important for long fermentation times
and for fermentations in large scale where the seed train is
long and the production strain has to go through many dou-
blings from the first inoculation to the end of the large scale
fermentation.

[0231] Integrated genes are maintained in the strain without
selection. This allows the construction of production strains
that are free of marker genes which are commonly used for
maintenance of plasmids. Production strains with integrated
pathway genes can contain minimal amounts of foreign DNA
since there are no origins of replication and other non coding
DNA necessary that have to be in plasmid based systems. The
biocatalyst with integrated pathway genes improves the per-
formance of a production process because it avoids energy
and carbon requiring processes. These processes are the rep-
lication of many copies of plasmids and the production of
non-pathway active proteins like marker proteins in the pro-
duction strain.

[0232] The expression of pathway genes on multi-copy
plasmids can lead to overexpression phenotypes for certain
genes. These phenotypes can be growth retardation, inclusion
bodies, and cell death. Therefore the expression levels of
genes on multi copy plasmids has to be controlled effectively
by using inducible expression systems, optimizing the time of
induction of said expression system, and optimizing the
amount of inducer provided. The time of induction has to be
correlated to the growth phase of the biocatalyst, which can be
followed by measuring of optical density in the fermentation
broth.

[0233] A biocatalyst that has all pathway genes integrated
on its chromosome is far more likely to allow constitutive
expression since the lower number of gene copies may avoid
overexpression phenotypes.

[0234] Plasmids disclosed herein were generally based
upon parental plasmids described previously (Lutz, R. &
Bujard, H. (1997) Nucleic Acids Research 25(6):1203-1210).
Plasmids pGV1698 (SEQ ID NO: 112) and pGV1655 (SEQ
1D NO: 109) produce optimized levels of isobutanol pathway
enzymes in a production host when compared to other expres-
sion systems in the art. Compared to the expression of the
isobutanol pathway from pSASS and pSA69 as described in
(WO 2008/098227) BIOFUEL PRODUCTION BY
RECOMBINANT MICROORGANISMS, pGV1698 and
pGV 1655 lead to higher expression of . co/i 1lvC and Bacil-
lus subtilis AlsS and lower expression levels for Lactococcus
lactis Kivd and E. coli ilvD. These changes are the result of
differences in plasmid copy numbers. Also the genes coding
for E. coli llvD and E. coli 1lvC were codon optimized for E.
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coli. This leads to optimized expression of the genes and it
also avoids recombination of these genes with their native
copies on the E. coli chromosome, thus stabilizing the pro-
duction strain. The combination of two plasmids with the
pSC101 and the ColE1 origin of replication in one cell as
realized in a production strain carrying pGV1698 and
pGV1655 is known to be more stable than the combination of
two plasmids with p15A and ColE1 origins respectively as
was used in the prior art (WO 2008/098227—BIOFUEL
PRODUCTION BY RECOMBINANT MICROORGAN-
ISMS).

Reduction of Enzymatic Activity

[0235] Host microorganisms within the scope of the inven-
tion may have reduced enzymatic activity such as reduced
alcohol dehydrogenase activity. The term “reduced” as used
herein with respect to a particular enzymatic activity refers to
a lower level of enzymatic activity than that measured in a
comparable host cell of the same species. Thus, host cells
lacking alcohol dehydrogenase activity are considered to
have reduced alcohol dehydrogenase activity since most, if
not all, comparable host cells of the same species have at least
some alcohol dehydrogenase activity. Such reduced enzy-
matic activities can be the result of lower enzyme expression
level, lower specific activity of an enzyme, or a combination
thereof. Many different methods can be used to make host
cells having reduced enzymatic activity. For example, a host
cell can be engineered to have a disrupted enzyme-encoding
locus using common mutagenesis or knock-out technology.
See, e.g., Methods in Yeast Genetics (1997 edition), Adams,
Gottschling, Kaiser, and Stems, Cold Spring Harbor Press
(1998), Datsenko and Wanner, Proc. Natl. Acad. Sci. USA 97,
6640-6645, 2000.

[0236] In addition, certain point-mutation(s) can be intro-
duced which results in an enzyme with reduced activity.
[0237] Alternatively, antisense technology can be used to
reduce enzymatic activity. For example, host cells can be
engineered to contain a ¢cDNA that encodes an antisense
molecule that prevents an enzyme from being made. The term
“antisense molecule” as used herein encompasses any nucleic
acid molecule that contains sequences that correspond to the
coding strand of an endogenous polypeptide. An antisense
molecule also can have flanking sequences (e.g., regulatory
sequences). Thus antisense molecules can be ribozymes or
antisense oligonucleotides. A ribozyme can have any general
structure including, without limitation, hairpin, hammerhead,
or axhead structures, provided the molecule cleaves RNA.
[0238] Host cells having a reduced enzymatic activity can
be identified using many methods. For example, host cells
having reduced alcohol dehydrogenase activity can be easily
identified using common methods, which may include, for
example, measuring ethanol formation via gas chromatogra-

phy.
Increase of Enzymatic Activity

[0239] Host microorganisms of the invention may be fur-
ther engineered to have increased activity of enzymes. The
term “increased” as used herein with respect to a particular
enzymatic activity refers to a higher level of enzymatic activ-
ity than that measured in a comparable yeast cell of the same
species. For example, overexpression of a specific enzyme
can lead to an increased level of activity in the cells for that
enzyme. Increased activities for enzymes involved in glyco-
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lysis or the isobutanol pathway would result in increased
productivity and yield of isobutanol.

[0240] Methods to increase enzymatic activity are known
to those skilled in the art. Such techniques may include
increasing the expression of the enzyme by increasing plas-
mid copy number and/or use of a stronger promoter and/or
use of activating riboswitches, introduction of mutations to
relieve negative regulation of the enzyme, introduction of
specific mutations to increase specific activity and/or
decrease the K, for the substrate, or by directed evolution.
See, e.g., Methods in Molecular Biology (vol. 231), ed.
Arnold and Georgiou, Humana Press (2003).

Microorganism in Detail

Microorganism Characterized by the Ability to Produce
Isobutanol Under Anaerobic Conditions

[0241] Economic studies indicate that the aeration of a
fermentation process leads to increased operating and capital
expenses and thus makes such a fermentation process less
desirable compared to a fermentation process that operates
under anaerobic conditions. In addition, yield and aeration
conditions are closely related. For example, oxygen used as
the terminal electron acceptor in respiration leads to undes-
ired loss of carbon in the form of carbon dioxide, resulting in
a reduced yield of the target compound.

[0242] As exemplified in the examples below, the present
inventors have overcome the problem of an oxygen require-
ment for the production of a fermentation product. For
example isobutanol was produced anaerobically at rates,
titers and yields comparable to those achieved under micro-
aerobic conditions.

[0243] Thus, in one embodiment, a modified microorgan-
ism may produce said fermentation product under anaerobic
conditions, conditions at higher rates, and yields, as com-
pared to a the wild-type or parental microorganism.

[0244] In one embodiment, said modified microorganism
may be engineered to balance cofactor usage during the pro-
duction of said fermentation product under anaerobic condi-
tions.

[0245] In a specific aspect, a modified microorganism in
which cofactor usage is balanced during the production of
isobutanol may allow the microorganism to produce said
isobutanol under anaerobic conditions at higher rates and
yields as compared to a modified microorganism in which the
cofactor usage in not balanced during production of isobu-
tanol. One compound to be produced by the recombinant
microorganism according to the present invention is isobu-
tanol. However, the present invention is not limited to isobu-
tanol. The invention may be applicable to any metabolic
pathway that is imbalanced with respect to cofactor usage.
One of skill in the art is able identify pathways that are
imbalanced with respect to cofactor usage and apply this
invention to provide recombinant microorganisms in which
the same pathway is balanced with respect to cofactor usage.
[0246] Any method, including the methods described
herein may be used to provide a modified microorganism with
a metabolic pathway for the production of a target compound
in which the cofactor usage is balanced; i.e. said metabolic
pathway utilizes the same cofactor that is produced during
glycolysis.

[0247] In one embodiment, the microorganism may con-
verts glucose, which can be derived from biomass into a target
compound under anaerobic conditions with a yield of greater
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than 75% of theoretical. In another embodiment, the yield is
greater than 80% of theoretical. In another embodiment the
yield is greater than 85% of theoretical. In another embodi-
ment, the yield is greater than 90% of theoretical. In another
embodiment, the yield is greater than 95% of theoretical. In
another embodiment, the yield is greater than 97% of theo-
retical. In another embodiment the yield is greater than 98%
of'theoretical. In yet another embodiment, the yield is greater
than 99% of theoretical. In still another embodiment, the
yield is approximately 100% of theoretical

[0248] In one aspect, the microorganism may convert glu-
cose, which can be derived from biomass into isobutanol
under anaerobic conditions with a yield of greater than 50%
of theoretical. In one embodiment, the yield is greater than
60% theoretical. In another embodiment, the yield is greater
than 70% of theoretical. In yet another embodiment the yield
is greater than 80% of theoretical. In yet another embodiment,
the yield is greater than 85% of theoretical. In another
embodiment, the yield is greater than 90% of theoretical. In
yet another embodiment, the yield is greater than 95% of
theoretical. In yet another embodiment, the yield is greater
than 97% of theoretical. In yet another embodiment the yield
is greater than 98% of theoretical. In yet another embodiment,
the yield is greater than 99% of theoretical. In still another
embodiment, the yield is approximately 100% of theoretical.
[0249] It is understood that while in the present disclosure
the yield is exemplified for glucose as a carbon source, the
invention can be applied to other carbon sources and the yield
may vary depending on the carbon source used. One skilled in
the art can calculate yields on various carbon sources. Other
carbon sources, such as including but not limited to galactose,
mannose, xylose, arabinose, sucrose, lactose, may be used.
Further, oligomers or polymers of these and other sugars may
be used as a carbon source.

Microorganism Characterized by an Increased Product Yield

[0250] Economic studies indicate that the predominant fac-
tor accounting for the production cost for commodity chemi-
cals and fuels from fermentation processes is attributed to the
feedstock cost. In fact, as much as 60% of the variable cash
operating costs or more may be attributable to feedstock
costs. An important measure of the process economics is
therefore the product yield. For a biocatalyst to produce a
biofuel most economically, a single product is desired. Extra
products reduce primary product yield increasing capital and
operating costs, particularly if those extra, undesired prod-
ucts, or byproducts have little or no value. Extra products or
byproducts also require additional capital and operating costs
to separate these products from the product or biofuel of
interest or may require additional cost for disposal.

[0251] As exemplified in the examples below, the present
inventors have shown that, achieving cofactor balance
increases the yield of fermentation products as compared to
wild-type or parental organisms.

[0252] In an embodiment, a microorganism is provided in
which cofactor usage is balanced during the production of a
fermentation product and the microorganism produces the
fermentation product at a higher yield compared to a modified
microorganism in which the cofactor usage in not balanced.
[0253] Inaspecific aspect of the present invention, a micro-
organism is provided in which cofactor usage is balanced
during the production of isobutanol and the microorganism
produces isobutanol at a higher yield compared to a modified
microorganism in which the cofactor usage in not balanced.
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[0254] One compound to be produced by the recombinant
microorganism according to the present invention is isobu-
tanol. However, the present invention is not limited to isobu-
tanol. The invention may be applicable to any microorganism
comprising a metabolic pathway that leads to an imbalance
with respect to cofactor usage. One of skill in the art is able to
identify microorganisms comprising metabolic pathways that
lead to an imbalance with respect to cofactor usage and apply
this invention to provide recombinant microorganisms in
which the microorganism comprising the same metabolic
pathway is balanced with respect to cofactor usage.

[0255] Any method, including the methods described
herein may be used to provide a modified microorganism with
a metabolic pathway for the production of a target compound
in which the cofactor usage is balanced; i.e. said metabolic
pathway utilizes the same cofactor that is produced during
glycolysis.

[0256] In one embodiment, the microorganism may con-
vert glucose, which can be derived from biomass into a target
compound with a yield of greater than 75% of theoretical. In
another embodiment, the yield is greater than 80% of theo-
retical. In another embodiment the yield is greater than 85%
of theoretical. In another embodiment, the yield is greater
than 90% of theoretical. In another embodiment, the yield is
greater than 95% of theoretical. In another embodiment, the
yield is greater than 97% of theoretical. In another embodi-
ment the yield is greater than 98% of theoretical. In yet
another embodiment, the yield is greater than 99% of theo-
retical. In still another embodiment, the yield is approxi-
mately 100% of theoretical

[0257] In one aspect, the microorganism may convert glu-
cose, which can be derived from biomass into isobutanol with
ayield of greater than 75% of theoretical. In one embodiment,
the yield is greater than 80% of theoretical. In one embodi-
ment the yield is greater than 85% of theoretical. In another
embodiment, the yield is greater than 90% of theoretical. In
yet another embodiment, the yield is greater than 95% of
theoretical. In yet another embodiment, the yield is greater
than 97% of theoretical. In yet another embodiment the yield
is greater than 98% oftheoretical. In yet another embodiment,
the yield is greater than 99% of theoretical. In still another
embodiment, the yield is approximately 100% of theoretical.
[0258] It is understood that while in the present disclosure
the yield is exemplified for glucose as a carbon source, the
invention can be applied to other carbon sources and the yield
may vary depending on the carbon source used. One skilled in
the art can calculate yields on various carbon sources. Other
carbon sources, such as including but not limited to galactose,
mannose, xylose, arabinose, sucrose, lactose, may be used.
Further, oligomers or polymers of these and other sugars may
be used as a carbon source.

Microorganism Characterized by Balancing Cofactor Usage

[0259] The ideal production microorganism produces a
desirable product at close to theoretical yield. For example
the ideal isobutanol producing organism produces isobutanol
according to the following equation:

1 glucose—isobutanol+2 CO,+H,O

[0260] Accordingly, 66% of the glucose carbon results in
isobutanol, while 33% is lost as CO,. In exemplary metabolic
pathways for the conversion of pyruvate to isobutanol
described by Atsumi et al. (Atsumi et al., Nature, 2008 Jan. 3;
451(7174):86-9, which is herein incorporated by reference;
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International Patent Application No PCT/US2008/053514,
which is herein incorporated by reference) two of the five
enzymes used to convert pyruvate into isobutanol according
to the metabolic pathway outlined in FIG. 1 require the
reduced cofactor nicotinamide adenine dinucleotide phos-
phate (NADPH). NADPH is produced only sparingly by the
cell—the reduced cofactor nicotinamide adenine dinucle-
otide (NADH) is the preferred equivalent. Respiration is
required to produce NADPH in the large quantities required
to support high-level production of isobutanol.

[0261] Even If competing pathways can be eliminated or
reduced in activity by metabolic engineering, yield is limited
to about 83% of theoretical. Carbon loss to carbon dioxide
(CO,) remains the main limitation on yield in the aforemen-
tioned metabolic pathway for the production of isobutanol.
Reducing the oxygen uptake rate (OUR) of the cells should
decrease the loss of carbon to CO, because it decreases the
metabolic flux through the CO,-generating tricarboxylic acid
(TCA) cycle and/or pentose phosphate pathway (PPP). How-
ever, a modified microorganism utilizing the aforementioned
metabolic pathway for the production of isobutanol exhibits
drastically decreased specific productivity under conditions
where the OUR is decreased and isobutanol production under
anaerobic conditions may not be possible.

[0262] The decreased yield and the loss of productivity
upon O, limitation indicate that the strain uses one or more
metabolic pathways to generate the NADPH needed to sup-
port isobutanol production. In a modified cell utilizing the
aforementioned metabolic pathway the production of isobu-
tanol from glucose results in an imbalance between the cofac-
tors reduced during glycolysis and the cofactors oxidized
during the conversion of pyruvate to isobutanol. While gly-
colysis produces two moles of NADH, the isobutanol path-
way consumes two moles of NADPH. This leads to a deficit
of'two moles of NADPH and overproduction of two moles of
NADH per isobutanol molecule produced, a state described
henceforth as cofactor imbalance.

[0263] The terms “cofactor balance” or “balanced with
respectto cofactor usage” refer to a recombinant microorgan-
ism comprising a metabolic pathway converting a carbon
source to a fermentation product and a modification that leads
to the regeneration of all redox cofactors within the recom-
binant microorganism producing said fermentation product
from a carbon source and wherein the re-oxidation or re-
reduction of said redox cofactors does not require the pentose
phosphate pathway, the TCA cycle or the generation of addi-
tional fermentation products.

[0264] Stated another way, the terms “cofactor balance” or
“balanced with respect to cofactor usage” can refer to an
advantageous modification that leads to the regeneration of
all redox cofactors within the recombinant microorganism
producing a fermentation product from a carbon source and
wherein said re-oxidation or re-reduction of all redox cofac-
tors does not require the production of byproducts or co-
products.

[0265] Stated another way, the terms “cofactor balance” or
“balanced with respect to cofactor usage” can refer to an
advantageous modification that leads to the regeneration of
all redox cofactors within the recombinant microorganism
producing a fermentation product from a carbon source under
anaerobic conditions and wherein the production of addi-
tional fermentation products is not required for re-oxidation
or re-reduction of redox cofactors.
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[0266] Stated another way, the terms “cofactor balance” or
“balanced with respect to cofactor usage” can refer to an
advantageous modification that leads to the regeneration of
all redox cofactors within the recombinant microorganism
producing a fermentation product from a carbon source and
wherein said modification increases production of said fer-
mentation product under anaerobic conditions compared to
the parental or wild type microorganism and wherein addi-
tional fermentation products are not required for the regen-
eration of said redox cofactors.

[0267] The cell has several options for resolving a cofactor
imbalance. One is to change the relative fluxes going from
glucose through glycolysis and through the pentose phos-
phate pathway (PPP). For each glucose molecule metabolized
through the PPP, two moles of NADPH are generated in
addition to the two moles of NADH that are generated
through glycolysis (a total of 4 reducing equivalents). There-
fore, use of the PPP results in the generation of excess reduc-
ing equivalents since only two moles are consumed during the
production of isobutanol. Under anaerobic conditions, and
without an alternate electron acceptor, the cell has no way to
reoxidize or regenerate these extra cofactors to NADP™ and
metabolism thus stops. The excess reducing equivalents must
instead be utilized for energy production through aerobic
respiration which is only possible under aerobic conditions or
for the production of byproducts. Another result of the flux
through the PPP is that one additional molecule of CO, is lost
per molecule of glucose consumed, which limits the yield of
isobutanol that can be achieved under aerobic conditions.
[0268] Another way the cell can generate NADPH is via the
TCA cycle. Flux through the TCA cycle results in carbon loss
through CO, and in production of NADH in addition to the
NADPH required for the isobutanol pathway. The NADH
would have to be utilized for energy production through res-
piration under aerobic conditions (and without an alternate
electron acceptor) or for the production of byproducts. In
addition, the TCA cycle likely is not functional under anaero-
bic conditions and is therefore unsuitable for the production
of stoichiometric amounts of NADPH in an anaerobic isobu-
tanol process.

[0269] An economically competitive isobutanol process
requires a high yield from a carbon source. Lower yield
means that more feedstock is required to produce the same
amount of isobutanol. Feedstock cost is the major component
of the overall operating cost, regardless of the nature of the
feedstock and its current market price. From an economical
perspective, this is important because the cost of isobutanol is
dependent on the cost of the biomass-derived sugars. An
increase in feedstock cost results in an increase in isobutanol
cost. Thus, it is desirable to utilize NADH-dependent
enzymes for the conversion of pyruvate to isobutanol.
[0270] Anenzymeis “NADH-dependent”ifit catalyzes the
reduction of a substrate coupled to the oxidation of NADH
with a catalytic efficiency that is greater than the reduction of
the same substrate coupled to the oxidation of NADPH at
equal substrate and cofactor concentrations.

[0271] Thus, in one embodiment of the invention, a micro-
organism is provided in which cofactor usage is balanced
during the production of a fermentation product.

[0272] In a specific aspect, a microorganism is provided in
which cofactor usage is balanced during the production of
isobutanol, in this case, production of isobutanol from pyru-
vate utilizes the same cofactor that is produced during glyco-
lysis.
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[0273] In another embodiment, a microorganism is pro-
vided in which cofactor usage is balanced during the produc-
tion of a fermentation product and the microorganism pro-
duces the fermentation product at a higher yield compared to
a modified microorganism in which the cofactor usage in not
balanced.

[0274] In a specific aspect, a microorganism is provided in
which cofactor usage is balanced during the production of
isobutanol and the microorganism produces isobutanol at a
higher yield compared to a modified microorganism in which
the cofactor usage in not balanced.

[0275] Inyetanother embodiment, a modified microorgan-
ism in which cofactor usage is balanced during the production
of a fermentation product may allow the microorganism to
produce said fermentation product under anaerobic condi-
tions at higher rates, and yields as compared to a modified
microorganism in which the cofactor usage in not balanced
during production of a fermentation product.

[0276] In a specific aspect, a modified microorganism in
which cofactor usage is balanced during the production of
isobutanol may allow the microorganism to produce isobu-
tanol under anaerobic conditions at higher rates, and yields as
compared to a modified microorganism in which the cofactor
usage is not balanced during production of isobutanol.
[0277] One compound to be produced by the recombinant
microorganism according to the present invention is isobu-
tanol. However, the present invention is not limited to isobu-
tanol. The invention may be applicable to any metabolic
pathway that is imbalanced with respect to cofactor usage.
One skilled in the art is able to identify pathways that are
imbalanced with respect to cofactor usage and apply this
invention to provide recombinant microorganisms in which
the same pathway is balanced with respect to cofactor usage.
One skilled in the art will recognize that the identified path-
ways may be of longer or shorter length, contain more or
fewer genes or proteins, and require more or fewer cofactors
than the exemplary isobutanol pathway. Further, one skilled
in the art will recognize that in certain embodiments, such as
a recombinant microbial host that produces an excess of
NADPH, certain embodiments of the present invention may
be adapted to convert NADPH to NADH.

Microorganism Characterized by Providing Cofactor Bal-
ance Via Overexpression of a Transhydrogenase

[0278] Conversion of glucose to pyruvate via glycolysis in
E. coli leads to the production of two moles of NADH. A
metabolic pathway that converts pyruvate to a target product
that consumes either two moles of NADPH or one mole of
NADH and one mole of NADPH leads to cofactor imbalance.
For example, the isobutanol metabolic pathway that converts
glucose to two moles of pyruvate via glycolysis to 1 mole of
isobutanol generates two moles of NADH and consumes two
moles of NADPH and thus is imbalanced with respect to
cofactor usage.

[0279] The different ways in which the cell can provide
NADPH to the isobutanol pathway show that utilization of the
TCA cycle as well as the PPP has to be avoided to maximize
the yield of the isobutanol process. Loss of CO, as a byprod-
uct in isobutanol producing microorganism described in the
prior art (Atsumi et al., Nature, 2008 Jan. 3; 451(7174):86-9;
International Patent Application No PCT/US2008/053514;
International Patent Application No PCT/US2006/041602)
indicates that either or both of these two yield-limiting path-
ways are currently active.
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[0280] A Nicotinamide dinucleotide transhydrogenase
(hereinafter may be referred to simply as “transhydroge-
nase”) that catalyzes the interconversion of NADH and
NADPH as disclosed herein may be used to provide cofactor
balance in a metabolic pathway for the production of a target
compound thatis otherwise imbalanced with respect to cofac-
tor usage and thus decrease the yield loss to CO, in such a
pathway (FIG. 2)

[0281] A preferred transhydrogenase under conditions in
which the reduced cofactor NADPH is limiting is one that
preferentially catalyzes the conversion of NADH to NADPH.
For example, membrane-bound transhydrogenases have been
described in bacteria that catalyze this reaction. Membrane
bound transhydrogenases require energy in form of proton
translocation to catalyze the reaction. As long as there is
enough energy available to maintain the proton gradient
across the cell membrane a transhydrogenase may thus be
used to balance an otherwise imbalanced metabolic pathway.
However, in some circumstances, a transhydrogenase that
catalyzes the conversion of NADPH to NADH may be pre-
ferred. However, a preferred transhydrogenase under condi-
tions in which the reduced cofactor NADH is limiting is one
that preferentially catalyzes the conversion of NADPH to
NADH.

[0282] The expression and specific activity of an endog-
enously expressed membrane-bound transhydrogenase
might not be sufficient to maintain the high metabolic flux
through the metabolic pathway for the production of a fer-
mentation product (e.g. for isobutanol) that is required in a
commercial process.

[0283] Thus, in one embodiment, the insufficient activity of
the membrane-bound transhydrogenase may be compensated
by overexpression of the coding genes of a membrane bound
transhydrogenase.

[0284] In a preferred embodiment, the E. coli pntA (SEQ
ID NO: 1) and pntB genes (SEQ ID NO: 3), encoding for the
PntA (SEQ ID NO: 2) and PntB (SEQ ID NO: 4) enzymes
respectively or homologs thereof may be overexpressed.
These genes have been overexpressed in E. coli before for
characterization of the enzyme (Clarke, D. M. and P. D.
Bragg, Journal of Bacteriology, 1985. 162(1): p. 367-373)
and have been used to regenerate NADPH cofactor in the
production of chiral alcohols from ketones using a whole cell
biocatalyst (Weckbecker, A. and W. Hummel, Biotechnology
Letters, 2004. 26(22): p. 1739-1744) or to increase produc-
tion of biosynthesized products that rely on NADPH-depen-
dent biosynthetic pathways (U.S. Pat. No. 5,830,716).
[0285] Inone embodiment, the . coli pntAB operon (SEQ
ID NO: 1 and SEQ ID NO: 3) is expressed in the presence of
the isobutanol pathway. The E. coli pntAB operon may be
cloned on a medium copy plasmid (p15A origin of replica-
tion) under the control of the LtetOl promoter, for example
pGV1685 (SEQ ID NO: 111). The high level expression of
membrane proteins can lead to the buildup of toxic interme-
diates and to inclusion bodies. Thus, in another embodiment,
different copy numbers of the . coli pntAB operons may be
tested to find the optimum expression level of this membrane
transhydrogenase.

[0286] In another embodiment, the E. coli pntAB operon
may be integrated into the chromosome of the microorgan-
ism. For example, E. coli pntAB may be integrated into the F.
coli genome.

[0287] In one aspect of the present invention, the pntAB
operon may be integrated into the sthA locus of E. coli or the
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corresponding locus in another microorganism. The sthA
gene codes for the soluble transhydrogenase of E. coli and has
previously been shown to be utilized by the cell for the con-
version of NADPH to NADH. To avoid the generation of a
futile cycle E. coli pntAB may be integrated at the sthA site,
thus removing the sthA gene and eliminating this reverse
reaction.

[0288] The E. coli pntAB operon may be integrated into a
wild-type E. coli W3110 and then transduced into a recom-
binant microorganism that produces a product via a metabolic
pathway that is imbalanced with respect to cofactor usage.
For example, the E. coli pntAB operon may be integrated into
an isobutanol producing strain in which the isobutanol path-
way is integrated into the chromosome.

[0289] For example the E. coli pntAB operon may be inte-
grated into the isobutanol pathway strain GEVO1859 which
has the pathway genes Bs_alsS1 and Ec_ilvC_coEc inte-
grated into the pflB site and has L1_kivd1 and Ec_ilvD_coEc
genes integrated into the adhE site. All genes may be under
the control of the LlacOl promoter.

[0290] The soluble E. coli transhydrogenase coded by sthA
has been shown to be utilized by the cell for the conversion of
NADPH to NADH. However overexpression of sthA was
demonstrated to increase the yield of poly(3-hydroxybu-
tyrate) production in E. coli. These results indicate that if a
pathway is present in E. coli that consumes NADPH effec-
tively, the soluble transhydrogenase can function in the direc-
tion of NADPH production. The advantages of using SthA as
opposedto E. coli PntAB are that the soluble protein might be
easier to overexpress and that this enzyme is energy indepen-
dent. The sthA gene may be cloned into pGV 1685, replacing
E. coli pntAB. Decisive for the success of this approach is the
affinity of £. coli 1lvC (KARI enzyme) for its cofactor and the
steady state concentrations of NADH and NADPH in the cell
that allow SthA to run “backwards” or in the direction of
converting NADH to NADPH. It is to be expected that the
concentration of the reduced cofactor NADPH has to be low
in order for SthA to supply this cofactor. If this concentration
is low enough to limit the activity of £. co/i 1lvC and therefore
the flux through the isobutanol pathway then this approach is
not suitable for the isobutanol production strain without fur-
ther modifications. These modifications could be identifica-
tion of a KARI with a lower K, for NADPH, or mutagenesis
and directed evolution to increase the affinity of £. coli llvC
for its cofactor.

[0291] This approach may be used to provide cofactor bal-
ance in a metabolic pathway otherwise imbalanced with
respect to cofactor usage if the steady state concentrations of
NADH and NADPH in the cell are appropriate to allow SthA
to run “backwards” or in the direction of converting NADH to
NADPH. It is to be expected that the concentration of the
reduced cofactor NADPH has to be low in order for SthA to
supply this cofactor.

[0292] This embodiment may enable higher yields of a
fermentation product in a microorganism. Further, this
embodiment may enable economical anaerobic production of
a fermentation product, which was not possible without the
teachings of this embodiment. Further, this embodiment may
enable aerobic production of a fermentation product at higher
yield, which was not possible without the teachings of this
embodiment.

Microorganism Characterized by Providing Cofactor Bal-
ance Via Overexpression of an NADPH-Dependent GAPDH
[0293] Conversion of glucose to pyruvate via glycolysis in
E. coli leads to the production of two moles of NADH. A
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metabolic pathway that converts pyruvate to a target product
that consumes either two moles of NADPH or one mole of
NADH and one mole of NADPH leads to cofactor imbalance.
For example, the isobutanol metabolic pathway that converts
glucose to two moles of pyruvate via glycolysis to 1 mole of
isobutanol generates two moles of NADH and consumes two
moles of NADPH and thus is imbalanced with respect to
cofactor usage.

[0294] GAPDH catalyzes the conversion of glyceralde-
hyde 3-phosphate (GAP) to 1,3-diphosphate glycerate as part
of glycolysis. For example, in E. col/i GAPDH is encoded by
gapA which is NADH-dependent and is active in glycolysis
as well as in gluconeogenesis [DellaSeta, F., et al., Charac-
terization of Escherichia coli strains with gapA and gapB
genes deleted. Journal of Bacteriology, 1997. 179(16): p.
5218-5221.]. GAPDH proteins from other organisms vary in
their cofactor requirements.

[0295] Thus in an embodiment, a recombinant microorgan-
ism that produces a compound may express a GAPDH is that
uses the same cofactor as the fermentative pathway for the
production of said compound. For example, in case of an
isobutanol biosynthetic pathway that consumes two moles of
NADPH per mole of pyruvate an NADPH-dependent
GAPDH may be utilized to provide a metabolic pathway that
is balanced with respect to cofactor usage (FIG. 3). In such an
embodiment, it may also be desirable to increase the concen-
tration of NADPH in the cell by overexpression of other
enzymes for the metabolic synthesis of NADPH cofactor. In
other embodiments, it may also be desirable to increase the
concentration of NADPH in the cell by overexpression of
other enzymes for the metabolic synthesis of NADPH cofac-
tor.

[0296] Thus, such an NADPH-dependent GAPDH may be
expressed in a recombinant microorganism. NADPH-depen-
dent GAPDH enzymes may be identified by analysis with an
in vitro enzyme assay. Further, some NADPH-dependent
GAPDH enzymes may be identified by analysis of protein
identity, similarity, or homology. Further, genes that encode
NADPH-dependent GAPDH enzymes may be identified by
analysis of gene identity, similarity, or homology.

[0297] One NADPH-dependent GAPDH according to the
present invention with reported high activity with NADPH is
Gdp1 from Kluyveromyces lactis [Verho, R., et al., Identifi-
cation of the first fungal NADP-GAPDH from Kluyveromyces
lactis. Biochemistry, 2002. 41(46): p. 13833-13838.]. Gdp1
has been expressed in Saccharomyces cerevisiae to improve
ethanol fermentations on xylose as a substrate [Verho, R., et
al., Engineering redox cofactor regeneration for improved
pentose fermentation in Saccharomyces cerevisiae. Applied
and Environmental Microbiology, 2003. 69(10): p. 5892-
5897.] Expression of Gdp1 improved the yield of the fermen-
tation from 18 to 23% and from 24 to 41% when it was
coupled to a zwfl deletion which forces more flux through
glycolysis. Purified Gdpl was shown in the literature to be as
active with NAD+ as it is with NADP+. Thus, the intracellular
concentrations and more importantly the redox ratio of the
cofactors in a recombinant microorganism according to the
present invention will dictate which cofactor is used in gly-
colysis.

[0298] Another NADPH accepting GAPDH is found in
Clostridium acetobutylicum and is coded by the gene gapC.
Additional homologs of NADPH-dependent GAPDH
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enzymes may be found in thermotolerant bacteria. Other
alternatives of such GAPDH enzymes are those found in
cyanobacteria.

[0299] A different class of enzymes that can be used to
generate NADPH from glucose during glycolysis is com-
prised of the NADP+-dependent GAPDH (non-phosphory-
lating). Such enzymes are designated as GapN. However, use
of this enzyme results in a loss of one ATP per pyruvate
produced. Thus, the production of one NADPH is coupled to
a reduction of ATP yield by 1 ATP.

[0300] Toprovide cofactor balance ina recombinant micro-
organism via an NADPH-dependent GAPDH, it may be nec-
essary to deactivate the native NADH-dependent GAPDH.
For example, in the host strain £. coli the gapA gene may be
deleted.

[0301] Another way to force the cell to produce NADPH
with GDP1 is the elimination of flux through the PPP. This
can be accomplished by deletion of the gene that encodes
6-Phosphogluconate dehydrogenase or decreasing the activ-
ity of 6-Phosphogluconate dehydrogenase. For example, in E.
coli 6-Phosphogluconate dehydrogenase is encoded by zwf.
The mutation of zwt eliminates flux through the PPP and may
force the microorganism to utilize glycolysis in which the
heterologously expressed GAPDH will utilize the cofactor
NADP+ instead of NADH.

[0302] Alternatively, cofactor imbalance in a recombinant
microorganism Alternatively, cofactor imbalance in a recom-
binant microorganism that produces a fermentation product
may be alleviated by engineering the native GAPDH to accept
NADPH as cofactor. A crystal structure is available from the
Palinurus versicolor GAPDH which can be used to model the
structures of GDP1, GapA (E. coli) and other GAPDH
enzymes with different cofactor specificities. It is known that
an aspartate residue in the NAD binding site is conserved
among the NAD dependent GAPDHs. This residue is
replaced by asparagine in GDP1.

[0303] Additional target amino acids may be found using
sequence alignments and structure modeling for site directed
mutagenesis. The gapA gene can be mutated using saturation
mutagenesis or random mutagenesis according to protein
engineering methods known to those skilled in the art. The
library of mutant genes may be transformed into microorgan-
isms carrying a zwf deletion and expressing a metabolic
pathway that is imbalanced with respect to cofactor usage
pathway genes. Mutant enzymes that are NADPH-dependent
may be identified in those microorganism that grow on a
growth medium. In certain embodiments, it may not be nec-
essary to delete the zwf gene. Alternate genes known to one
skilled in the art may be deleted from the organism that in
effect inhibits flux through the pentose phosphate pathway.
[0304] This embodiment may enable higher yields of a
fermentation product in a microorganism. Further, this
embodiment may enable anaerobic production of a fermen-
tation product, which was not possible without the teachings
of this embodiment. Further, this embodiment may enable
anaerobic production of a fermentation product at higher
yield, which was not possible without the teachings of this
embodiment.

Microorganism Characterized by Providing Cofactor Bal-
ance Via a Transhydrogenase Cycle

[0305] Conversion of glucose to pyruvate via glycolysis in
E. coli leads to the production of two moles of NADH. A
metabolic pathway that converts pyruvate to a target product
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that consumes either two moles of NADPH or one mole of
NADH and one mole of NADPH leads to cofactor imbalance.
For example, the isobutanol metabolic pathway that converts
glucose to two moles of pyruvate via glycolysis to 1 mole of
isobutanol generates two moles of NADH and consumes two
moles of NADPH and thus is imbalanced with respect to
cofactor usage.

[0306] This cofactor imbalance may be resolved using two
dehydrogenase enzymes that catalyze the same reaction but
use different cofactors. One example for such a pair of
enzymes are the malic enzymes MaeA and MaeB. MaeA is
NADH-dependent and MaeB is NADPH-dependent and both
catalyze the conversion of malate to pyruvate [Bologna, F. P.,
C. S. Andreo, and M. F. Drincovich, Escherichia coli malic
enzymes: Two isoforms with substantial differences in
kinetic properties, metabolic regulation, and structure. Jour-
nal of Bacteriology, 2007. 189(16): p. 5937-5946.]. The reac-
tion catalyzed by each of these two enzymes is reversible. The
kinetics of the two malic enzymes and the different concen-
trations and redox ratios of the cofactors they use might allow
the NADH-dependent enzyme to run in the oxidative direc-
tion while the NADPH-dependent enzyme catalyses the
reductive direction of the same conversion. In effect the
enzymes would catalyze the interconversion of pyruvate and
malate coupled to the consumption of NADH and the genera-
tion of NADPH (FIG. 4).

[0307] Thus the two malic enzymes may function like a
transhydrogenase. This cofactor conversion cycle is depen-
dent on the redox ratios of the cofactors which depends on the
kinetics of the enzymes in an metabolic pathway that is imbal-
anced with respect to cofactor, for example the isobutanol
pathway enzyme E. coli llvc as well as GapA and the malic
enzymes. Homologs of malic enzymes can be identified by
those skilled in the art. Those enzymes may be used which
show kinetic properties favoring the oxidative conversion
with NAD+ as cofactor and the reductive conversion with
NADPH. The E. coli enzymes may to perform these reactions
but enzymes with more favorable kinetics may increase the
performance of the cofactor conversion.

[0308] This embodiment may enable higher yields of a
fermentation product in a microorganism. Further, this
embodiment may enable anaerobic production of a fermen-
tation product, which was not possible without the teachings
of this embodiment. Further, this embodiment may enable
anaerobic production of a fermentation product at higher
yield, which was not possible without the teachings of this
embodiment.

Microorganism Characterized by Providing Cofactor Bal-
ance Via Metabolic Transhydrogenation Via Ppc or Pyc

[0309] Conversion of glucose to pyruvate via glycolysis in
E. coli leads to the production of two moles of NADH. A
metabolic pathway that converts pyruvate to a target product
that consumes either two moles of NADPH or one mole of
NADH and one mole of NADPH leads to cofactor imbalance.
For example, the isobutanol metabolic pathway that converts
glucose to two moles of pyruvate via glycolysis to 1 mole of
isobutanol generates two moles of NADH and consumes two
moles of NADPH and thus is imbalanced with respect to
cofactor usage.

[0310] To resolve this cofactor imbalance the metabolic

flux may be diverted to allow the conversion of at least one
mole of NADH into NADPH. Looking at the stoichiometric
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network in E. coli points to a pathway that allows such a
conversion of cofactors (FIG. 5).

[0311] Flux from PEP to pyruvate can be replaced by flux
from PEP to oxaloacetate, to malate, to pyruvate. To redirect
the flux in such a way the native conversion from PEP to
pyruvate has to be removed from the network by deletion of
the genes coding for pyruvate kinase (pykA, pykF). The other
enzymes required are phosphoenolpyruvate carboxylase
(Ppc) or phosphoenolpyruvate carboxykinase (Pck) for the
conversion of PEP to oxaloacetate, malate dehydrogenase
(mdh) for the conversion of oxaloacetate to malate and MaeB
for the conversion of malate to pyruvate. The choice whether
to use ppc or pck for the conversion of PEP to oxaloacetate
depends on the energy load of the isobutanol production
strain. With the deletion of Pyk the ATP yield of the strain is
reduced if Ppc is used. If Pck is used instead the ATP yield is
the same as when the flux goes from PEP to pyruvate using
Pyk. Under production condition the strain will only need
limited amounts of ATP for cell maintenance. This energy
requirement might be lower than the two ATP per glucose
generated by glycolysis. By overexpressing ppc, pck or both
enzymes the energy yield of the conversion of PEP to pyru-
vate can be varied between one and two moles of ATP.
[0312] The native expression levels of some or all of the
enzymes used in the above described conversion from PEP to
pyruvate is expected to be insufficient to sustain the high
glycolytic flux necessary in the isobutanol production strain.
As an example the expression level of mdh is reduced in the
presence of glucose and it is further reduced two-fold under
anaerobic conditions. Therefore these enzymes may be over-
expressed. To allow conversion of 50% of the NADH gener-
ated through glycolysis to NADPH the NADH-dependent
malic enzyme MaeA may be deleted. Further the enzyme
Mqo was reported to catalyze the conversion of malate to
oxaloacetate and may be deleted to allow maximum flux in
the opposite direction. The thermodynamic equilibrium of the
conversion of malate to oxaloacetate lies on the malate side
and Mdh catalyzes the reduction of oxaloacetate under
anaerobic respiration and under fermentative conditions.
[0313] Flux through the PPP may be avoided by adding the
deletion of zwt'to the strain which eliminates glucose 6-phos-
phate 1-dehydrogenase the first committed step of the oxida-
tive PPP.

[0314] This embodiment may enable higher yields of a
fermentation product in a microorganism. Further, this
embodiment may enable anaerobic production of a fermen-
tation product, which was not possible without the teachings
of this embodiment. Further, this embodiment may enable
anaerobic production of a fermentation product at higher
yield, which was not possible without the teachings of this
embodiment.

Yeast Microorganism Characterized by Providing Cofactor
Balance

[0315] The aforementioned methods to provide cofactor
balance are generally applicable to many microorganisms,
including yeast microorganisms. Specifically, however, in
yeast, metabolic transhydrogenation may accomplished by
introduction of NADPH dependent malic enzyme into yeast.
If the conversion of phosphoenol pyruvate to pyruvate by
pyruvate kinase is disrupted then the carbon flux can go
through a pyruvate kinase bypass that goes from PEP to
oxaloacetate to malate and from there to pyruvate. The con-
version of oxaloacetate to malate by Mdh consumes one
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NADH and the conversion of malate to pyruvate by the het-
erologous malic enzyme produces one NADPH. NADPH
dependent malic enzymes are common in bacteria and one
example is . coli MaeB. If the NADPH cofactor is needed in
the mitochondria the malic enzyme expression can be
directed into this organelle instead of the cytoplasm by addi-
tion of mitochondrial targeting sequence to the N-terminus or
C-terminus of the gene. Also, the yeast enzyme Mael, which
is physiologically localized in the mitochondria can be over-
expressed. Malate as well as pyruvate is shuttled across the
mitochondrial membranes enabling the pyruvate bypass to
effectively convert one cytoplasmic NADH into a mitochon-
drial NADPH. In yeast the complete carbon flux can be
diverted in this way since there is no phosphotransferase (pts)
system for glucose import and all PEP generated by glycoly-
sis is available. However, one ATP is lost per NADPH pro-
duced through the yeast pyruvate kinase bypass.

[0316] Yeast do not have transhydrogenases. The heterolo-
gous expression of bacterial, plant or other eukaryotic tran-
shydrogenases in yeast can be used to provide cofactor bal-
ance. The transhydrogenases that natively convert NADH to
NADPH are generally membrane proteins that use the proton
motive force to drive the reaction they are catalyzing. Bacte-
rial transhydrogenases are in the cell membrane while plant
and mammalian transhydrogenases are located in the inner
mitochondrial membrane. For the heterologous transhydro-
genase expression these enzymes can be targeted either to the
cytoplasmic membrane or to the mitochondrial membrane in
yeast. To achieve this leader sequences have to be added to the
heterologous proteins. The mechanisms of membrane target-
ing are well understood and the direction of normally cyto-
solic proteins to the mitochondrium has been demonstrated.
These targeting mechanisms are well conserved throughout
the eukaryotes, which was demonstrated by the use of plant
mitochondrial targeting sequences in yeast. Eukaryotic tran-
shydrogenases are expressed in yeast with their native target-
ing and sorting sequences. Bacterial transhydrogenases are
fused to mitochondrial targeting and membrane sorting
sequences that have been characterized in yeast membrane
proteins.

[0317] An alternative approach for the production of
NADPH is the use of biosynthetic pathway enzymes. An
NADH kinase could phosphorylate NADH to NADPH. Then
the NADP+ needs to be dephosphorylated to NAD+ to main-
tain NAD+ pool. This can be carried out by an NADP phos-
phatase.

Microorganisms Characterized by Providing Cofactor Bal-
ance Via Engineered Enzymes

[0318] Conversion of one mole of glucose to two moles of
pyruvate via glycolysis leads to the production of two moles
of NADH. A metabolic pathway that converts pyruvate to a
target product that consumes either two moles of NADPH or
one mole of NADH and one mole of NADPH leads to cofac-
tor imbalance. One example of such a metabolic pathway is
the isobutanol metabolic pathway described by Atsumi et al.,
(Atsumi et al., 2008, Nature 451(7174): 86-9) which converts
two moles of pyruvate to one mole of isobutanol. In this five
enzyme pathway, two enzymes are dependent upon NADPH:
(1) KARIand (2) ADH, encoded by the E. coliilvC and E. coli
yqghD, respectively.

[0319] To resolve this cofactor imbalance, the present
invention provides a recombinant microorganism in which
the NADPH-dependent enzymes KARI and ADH are
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replaced with enzymes that preferentially depend on NADH
(i.e. KARI and ADH enzymes that are NADH-dependent).
[0320] To further resolve this cofactor imbalance, the
present invention in another embodiment provides recombi-
nant microorganisms wherein the NADH-dependent KARI
and ADH enzymes are overexpressed.

[0321] In one aspect, such enzymes may be identified in
nature. In an alternative aspect, such enzymes may be gener-
ated by protein engineering techniques including but not lim-
ited to directed evolution or site-directed mutagenesis.
[0322] In one embodiment, the two NADPH-dependent
enzymes within an isobutanol biosynthetic pathway that con-
verts pyruvate to isobutanol may be replaced with ones that
utilize NADH. These two enzymes may be KARI and an
alcohol dehydrogenase (ADH).

[0323] In another embodiment, two NADH-dependent
enzymes that catalyze the same reaction as the NADH-de-
pendent enzymes are overexpressed. These two enzymes may
be KARI and an alcohol dehydrogenase.

[0324] In one aspect, NADH-dependent KARI and ADH
enzymes are identified in nature. In another aspect, the
NADPH-dependent KARI and ADH enzymes may be engi-
neered using protein engineering techniques including but
not limited to directed evolution and site-directed mutagen-
esis.

[0325] There exist two basic options for engineering
NADH-dependent isobutyraldehyde dehydrogenases or
ketol-acid reductoisomerases: (1) increase the NADH-depen-
dent activity of an NADPH-dependent enzyme that is active
towards the substrate of interest and/or (2) increase the activ-
ity of an NADH-dependent enzyme that is not sufficiently
active towards the substrate of interest.

NADH-Dependent KARI Enzymes

[0326] As shown in FIG. 1, the ketol-acid reductoi-
somerase (KARI) enzyme of the isobutanol biosynthetic
pathway as disclosed by Atsumi et al (Atsumi et al., 2008,
Nature 451(7174): 86-9, herein incorporated by reference in
its entirety), requires the cofactor nicotinamide dinucleotide
phosphate (NADPH) to convert acetolactate to 2,3-dihy-
droxyisovalerate. However, under anaerobic conditions,
NADPH is produced only sparingly by the cell—nicotina-
mide adenine dinucleotide (NADH) is the preferred equiva-
lent. Therefore, oxygen is required to produce NADPH in the
large quantities to support high-level production of isobu-
tanol. Thus, the production of isobutanol is feasible only
under aerobic conditions and the maximum yield that can be
achieved with this pathway is limited. Accordingly, KARI
enzymes that preferentially utilize NADH rather than
NADPH are desirable.

[0327] Other biosynthetic pathways utilize KARI enzymes
for the conversion of acetolactate to 2-3-dihydroxyisovaler-
ate. For example, KARI enzymes convert acetolactate to 2-3-
dihydroxyisovalerate as part of the biosynthetic pathway for
the production of 3-methyl-1-butanol (Atsumi et al., 2008,
Nature 451(7174): 86-9, herein incorporated by reference in
its entirety).

[0328] Yet other biosynthetic pathways utilize KARI to
convert 2-aceto-2-hydroxy-butyrate to 2,3-dihydroxy-3-me-
thylvalerate. This reaction is part of the biosynthetic pathway
for the production of 2-methyl-1-butanol. (Atsumi et al.,
2008, Nature 451(7174): 86-9, herein incorporated by refer-
ence in its entirety).
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[0329] As used herein, the term “KARI” or “KARI
enzyme” or “ketol-acid reductoisomerase” are used inter-
changeably herein to refer to an enzyme that catalyzes the
conversion of acetolactate to 2,3-dihydroxyisovalerate and/or
the conversion of 2-aceto-2-hydroxy-butyrate to 2,3-dihy-
droxy-3-methylvalerate. Moreover, these terms can be used
interchangeably herein with the terms “acetohydroxy acid
isomeroreductase” and “acetohydroxy acid reductoi-
somerase.”

[0330] Enzymes for use in the compositions and methods
of the invention include any enzyme having the ability to
convert acetolactate to 2,3-dihydroxyisovalerate and/or the
ability to convert 2-aceto-2-hydroxy-butyrate to 2,3-dihy-
droxy-3-methylvalerate. Such enzymes include, but are not
limited to, the E. coli ilvC gene product and the S. cerevisiae
ilv5 gene product, and the KARI enzyme from Piromyces sp,
Buchnera aphidicola, Spinacia oleracea, Oryza sativa,
Chlamydomonas reinhardtii, Neurospora crassa, Schizosac-
charomyces pombe, Laccaria bicolor, Ignicoccus hospitalis,
Picrophilus torridus, Acidiphilium cryptum, Cyanobacteria/
Synechococcus  sp., Zymomonas mobilis, Bacteroides
thetaiotaomicron, Methanococcus maripaludis, Vibrio fis-
cheri, Shewanella sp, Gramella forsetti, Psychromonas
ingrhamaii, and Cytophaga hutchinsonii.

[0331] Preferred KARI enzymes are known by the EC
number 1.1.1.86 and sequences are available from a vast array
of' microorganisms, including, but not limited to, Escherichia
coli (GenBank Nos: NP__ 418222 and NC__000913, Saccha-
romyces cerevisiane (GenBank Nos: NP_013459 and
NC_001144, Methanococcus maripaludis (GenBank Nos:
CAF30210 and BX957220, and Bacillus subtilis (GenBank
Nos: CAB14789 and 799118) and the KARI enzymes from
Piromyces sp (GenBank No: CAA76356), Buchnera aphidi-
cola (GenBank No: AAF13807), Spinacia oleracea (Gen-
Bank Nos: Q01292 and CAA40356), Oryza sativa (GenBank
No: NP_001056384) Chlamydomonas reinhardtii (Gen-
Bank No: XP_001702649), Neurospora crassa (GenBank
No: XP_ 961335), Schizosaccharomyces pombe (GenBank
No: NP_001018845), Laccaria bicolor (GenBank No:
XP_001880867), Ignicoccus hospitalis (GenBank No:
YP_001435197), Picrophilus torridus (GenBank No:
YP_023851), Acidiphilium cryptutm (GenBank No:
YP_001235669), Cyanobacteria/Synechococcus sp. (Gen-
Bank No: YP_473733), Zymomonas mobilis (GenBank No:
YP__162876), Bacteroides thetaiotaomicron (GenBank No:
NP__810987), Methanococcus maripaludis (GenBank No:
YP_001097443),  Vibrio  fischeri  (GenBank No:
YP_205911), Shewanella sp (GenBank No: YP_ 732498),
Gramella forsetti (GenBank No: YP__862142), Psychromo-
nas ingrhamaii (GenBank No: YP_ 942294), and Cytophaga
hutchinsonii (GenBank No: YP_ 677763).

[0332] As will be understood by one of ordinary skill in the
art, modified KARI enzymes may be obtained by recombi-
nant or genetic engineering techniques that are routine and
well-known in the art. Mutant KARI enzymes can, for
example, be obtained by mutating the gene or genes encoding
the KARI enzyme of interest by site-directed or random
mutagenesis. Such mutations may include point mutations,
deletion mutations and insertional mutations. For example,
one or more point mutations (e.g., substitution of one or more
amino acids with one or more different amino acids) may be
used to construct mutant KARI enzymes of the invention.

[0333] Ketol-acid reductoisomerase (KARI; EC 1.1.1.86)
catalyzes the reduction of acetolactate to 2,3-dihydroxyisov-
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alerate. The two-step reaction involves an alkyl migration and
a ketone reduction that occurs at a single active site on the
enzyme without dissociation of any reaction intermediates.
The enzyme is NADPH-dependent. The cofactor specificity
may be expanded or switched so that it will utilize both
cofactors and preferentially NADH during the production of
isobutanol. A study published in 1997 (Rane, M. J. and K. C.
Calvo, Archives of Biochemistry and Biophysics, 1997. 338
(1): p. 83-89) describes a supposed cofactor-switched KARI
quadruplet variant of the E. coli ilvC gene product with muta-
tions R68D, K691, K75V and R76D). However, in-house
studies indicate that although the ratio NADH/NADPH was
2.5, the specific activity of this variant on NADH was actually
worse than wild-type (Table 25), rendering this enzyme not
suited for the purpose of this disclosure.

Modified or Mutated KARI Enzymes

[0334] In accordance with the invention, any number of
mutations can be made to the KARI enzymes, and in a pre-
ferred aspect, multiple mutations can be made to result in an
increased ability to utilize NADH for the conversion of aceto-
lactate to 2,3-dihydroxyisovalerate. Such mutations include
point mutations, frame shift mutations, deletions, and inser-
tions, with one or more (e.g., one, two, three, or four, etc.)
point mutations preferred.

[0335] Mutations may be introduced into the KARI
enzymes of the present invention using any methodology
known to those skilled in the art. Mutations may be intro-
duced randomly by, for example, conducting a PCR reaction
in the presence of manganese as a divalent metal ion cofactor.
Alternatively, oligonucleotide directed mutagenesis may be
used to create the mutant KARI enzymes which allows for all
possible classes of base pair changes at any determined site
along the encoding DNA molecule. In general, this technique
involves annealing an oligonucleotide complementary (ex-
cept for one or more mismatches) to a single stranded nucle-
otide sequence coding for the KARI enzyme of interest. The
mismatched oligonucleotide is then extended by DNA poly-
merase, generating a double-stranded DNA molecule which
contains the desired change in sequence in one strand. The
changes in sequence can, for example, result in the deletion,
substitution, or insertion of an amino acid. The double-
stranded polynucleotide can then be inserted into an appro-
priate expression vector, and a mutant or modified polypep-
tide can thus be produced. The above-described
oligonucleotide directed mutagenesis can, for example, be
carried out via PCR.

[0336] The invention further includes homologous KARI
enzymes which are 5%, 10%, 20%, 30%, 40%, 50%, 60%,
70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99%
identical at the amino acid level to a wild-type KARI enzyme
(e.g., encoded by the Ec_ilvC gene or S. cerevisiae 1lv5 gene)
and exhibit an increased ability to utilize NADH for the
conversion of acetolactate to 2,3-dihydroxyisovalerate. Also
included within the invention are KARI enzymes which are
50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, or 99% identical at the amino acid level to a KARI
enzyme comprising the amino acid sequence set out in SEQ
ID NO: 13 and exhibit an increased ability to utilize NADH
for the conversion of acetolactate to 2,3-dihydroxyisovaler-
ate. The invention also includes nucleic acid molecules which
encode the above described KARI enzymes.

[0337] The invention also includes fragments of KARI
enzymes which comprise at least 50, 100, 150, 200, 250, 300,
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350, 400, 450, 500, 550, or 600 amino acid residues and retain
one or more activities associated with KARI enzymes. Such
fragments may be obtained by deletion mutation, by recom-
binant techniques that are routine and well-known in the art,
or by enzymatic digestion of the KARI enzyme(s) of interest
using any of a number of well-known proteolytic enzymes.
The invention further includes nucleic acid molecules which
encode the above described mutant KARI enzymes and
KARI enzyme fragments.

[0338] By a protein or protein fragment having an amino
acid sequence at least, for example, 50% “identical” to a
reference amino acid sequence it is intended that the amino
acid sequence of the protein is identical to the reference
sequence except that the protein sequence may include up to
50 amino acid alterations per each 100 amino acids of the
amino acid sequence of the reference protein. In other words,
to obtain a protein having an amino acid sequence at least
50% identical to a reference amino acid sequence, up to 50%
of'the amino acid residues in the reference sequence may be
deleted or substituted with another amino acid, or a number of
amino acids up to 50% of the total amino acid residues in the
reference sequence may be inserted into the reference
sequence. These alterations of the reference sequence may
occur at the amino (N-) and/or carboxy (C-) terminal posi-
tions of the reference amino acid sequence and/or anywhere
between those terminal positions, interspersed either indi-
vidually among residues in the reference sequence and/or in
one or more contiguous groups within the reference
sequence. As a practical matter, whether a given amino acid
sequence is, for example, at least 50% identical to the amino
acid sequence of a reference protein can be determined con-
ventionally using known computer programs such as those
described above for nucleic acid sequence identity determi-
nations, or using the CLUSTAL W program (Thompson, J.
D., et al., Nucleic Acids Res. 22:4673 4680 (1994)).

[0339] In one aspect, amino acid substitutions are made at
one or more of the above identified positions (i.e., amino acid
positions equivalent or corresponding to A71, R76, S78, or
Q110 0f E. colillvC). Thus, the amino acids at these positions
may be substituted with any other amino acid including Ala,
Asn, Arg, Asp, Cys, Gln, Glu, Gly, His, Ile, Leu, Lys, Met,
Phe, Pro, Ser, Thr, Trp, Tyr, and Val. A specific example of a
KARI enzyme which exhibits an increased ability to utilize
NADH includes an E. coli llvC KARI enzyme in which (1)
the alanine at position 71 has been replaced with a serine, (2)
the arginine at position 76 has been replaced with an aspartic
acid, (3) the serine at position 78 has been replaced with an
aspartic acid, and/or (4) the glutamine at position 110 has
been replaced with valine.

[0340] Polypeptides having the ability to convert acetolac-
tate to 2,3-dihydroxyisovalerate and/or 2-aceto-2-hydroxy-
butyrate to 2,3-dihydroxy-3-methylvalerate for use in the
invention may be isolated from their natural prokaryotic or
eukaryotic sources according to standard procedures for iso-
lating and purifying natural proteins that are well-known to
one of ordinary skill in the art (see, e.g., Houts, G. E., etal., J.
Virol. 29:517 (1979)). In addition, polypeptides having the
ability to convert acetolactate to 2,3-dihydroxyisovalerate
and/or 2-aceto-2-hydroxy-butyrate to 2,3-dihydroxy-3-meth-
ylvalerate may be prepared by recombinant DNA techniques
that are familiar to one of ordinary skill in the art (see, e.g.,
Kotewicz, M. L., etal., Nucl. Acids Res. 16:265 (1988); Soltis,
D. A, and Skalka, A. M., Proc. Natl. Acad. Sci. US4 85:3372
3376 (1988)).
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[0341] Inaccordance with the invention, one or more muta-
tions may be made in any KARI enzyme of interest in order to
increase the ability of the enzyme to utilize NADH, or confer
other properties described herein upon the enzyme, in accor-
dance with the invention. Such mutations include point muta-
tions, frame shift mutations, deletions and insertions. Prefer-
ably, one or more point mutations, resulting in one or more
amino acid substitutions, are used to produce KARI enzymes
having an enhanced or increased ability to utilize NADH,
particularly to facilitate the conversion of acetolactate to 2,3-
dihydroxyisovalerate and/or the conversion of 2-aceto-2-hy-
droxy-butyrate to 2,3-dihydroxy-3-methylvalerate. In a pre-
ferred aspect of the invention, one or more mutations at
positions equivalent or corresponding to position A71 (e.g.,
AT718),R76 (e.g., R76D), S78 (e.g. S78D), and/or Q110 (e.g.
Q110V) and/or D146 (e.g. D146G), and/or G185 (e.g.
G185R) and/or K433 (e.g. K433E) of the E. coli llvC KARI
enzyme may be made to produce the desired result in other
KARI enzymes of interest.

[0342] The corresponding positions of the KARI enzymes
identified herein (e.g. E. coli llvC may be readily identified
for other KARI enzymes by one of skill in the art. Thus, given
the defined region and the assays described in the present
application, one with skill in the art can make one or a number
of modifications which would result in an increased ability to
utilize NADH, particularly for the conversion of acetolactate
to 2,3-dihydroxyisovalerate, in any KARI enzyme of interest.
Residues to be modified in accordance with the present inven-
tion may include those described in Examples 14, 15, and 16.

[0343] Ina preferred embodiment, the modified or mutated
KARI enzymes have from 1 to 4 amino acid substitutions in
amino acid regions involved in cofactor specificity as com-
pared to the wild-type KARI enzyme proteins. In other
embodiments, the modified or mutated KARI enzymes have
additional amino acid substitutions at other positions as com-
pared to the respective wild-type KARI enzymes. Thus,
modified or mutated KARI enzymes may have at least about
2,3,4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21,22,23,24,25,26,27,28,29,30,31,32,33,34, 35,36, 37,
38,39, 40 different residues in other positions as compared to
the respective wild-type KARI enzymes. As will be appreci-
ated by those of skill in the art, the number of additional
positions that may have amino acid substitutions will depend
on the wild-type KARI enzyme used to generate the variants.
Thus, in some instances, up to 50 different positions may have
amino acid substitutions.

[0344] The nucleotide sequences for several KARI
enzymes are known. For instance, the sequences of KARI
enzymes are available from a vast array of microorganisms,
including, but not limited to, Escherichia coli (GenBank No:
NP_418222), Saccharomyces cerevisiae (GenBank Nos:
NP_ 013459, Methanococcus maripaludis (GenBank No:
YP_001097443), Bacillus subtilis (GenBank Nos:
CAB14789), and the KARI enzymes from Piromyces sp
(GenBank No: CAA76356), Buchnera aphidicola (GenBank
No: AAF13807), Spinacia oleracea (GenBank Nos: Q01292
and CAA40356), Oryza sativa (GenBank No:
NP_001056384) Chlamydomonas reinhardtii (GenBank
No: XP_001702649), Neurospora crassa (GenBank No:
XP_961335), Schizosaccharomyces pombe (GenBank No:
NP_001018845), Laccaria bicolor (GenBank No:
XP_001880867), Ignicoccus hospitalis (GenBank No:
YP_001435197), Picrophilus torridus (GenBank No:
YP_023851), Acidiphilium cryptum (GenBank No:
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YP_001235669), Cyanobacteria/Synechococcus sp. (Gen-
Bank No: YP_473733), Zymomonas mobilis (GenBank No:
YP__162876), Bacteroides thetaiotaomicron (GenBank No:
NP__810987), Methanococcus maripaludis (GenBank No:
YP_001097443),  Vibrio  fischeri  (GenBank No:
YP_205911), Shewanella sp (GenBank No: YP__732498),
Gramella forsetti (GenBank No: YP__862142), Psychromo-
nas ingrhamaii (GenBank No: YP_ 942294), and Cytophaga
hutchinsonii (GenBank No: YP_ 677763).

Improved NADH-Dependent Activity

[0345] In one aspect, the NADH-dependent activity of the
modified or mutated KARI enzyme is increased.

[0346] In a preferred embodiment, the catalytic efficiency
of'the modified or mutated KARI enzyme is improved for the
cofactor NADH. Preferably, the catalytic efficiency of the
modified or mutated KARI enzyme is improved by at least
about 5% as compared to the wild-type or parental KARI for
NADH. More preferably the catalytic efficiency of the modi-
fied or mutated KARI enzyme is improved by at least about
15% as compared to the wild-type or parental KARI for
NADH. More preferably, the catalytic efficiency of the modi-
fied or mutated KARI enzyme is improved by at least about
25% as compared to the wild-type or parental KARI for
NADH. More preferably, the catalytic efficiency of the modi-
fied or mutated KARI enzyme is improved by at least about
50% as compared to the wild-type or parental KARI for
NADH. More preferably, the catalytic efficiency of the modi-
fied or mutated KARI, enzyme is improved by at least about
75% as compared to the wild-type or parental KARI for
NADH. More preferably, the catalytic efficiency of the modi-
fied or mutated KARI enzyme is improved by at least about
100% as compared to the wild-type or parental KARI for
NADH. More preferably, the catalytic efficiency of the modi-
fied or mutated KARI enzyme is improved by at least about
300% as compared to the wild-type or parental KARI for
NADH. More preferably, the catalytic efficiency of the modi-
fied or mutated KARI enzyme is improved by at least about
500% as compared to the wild-type or parental KARI for
NADH. More preferably, the catalytic efficiency of the modi-
fied or mutated KARI enzyme is improved by at least about
1000% as compared to the wild-type or parental KARI for
NADH. More preferably, the catalytic efficiency of the modi-
fied or mutated KARI enzyme is improved by at least about
5000% as compared to the wild-type or parental KARI for
NADH.

[0347] In a preferred embodiment, the catalytic efficiency
of the modified or mutated KARI enzyme with NADH is
increased with respect to the catalytic efficiency of the wild-
type or parental enzyme with NADPH. Preferably, the cata-
Iytic efficiency of the modified or mutated KARI enzyme is at
least about 10% of the catalytic efficiency of the wild-type or
parental KARI enzyme for NADPH. More preferably, the
catalytic efficiency of the modified or mutated KARI enzyme
is at least about 25% of the catalytic efficiency of the wild-
type or parental KARI enzyme for NADPH. More preferably,
the catalytic efficiency of the modified or mutated KARI
enzyme is at least about 50% of the catalytic efficiency of the
wild-type or parental KARI enzyme for NADPH. More pref-
erably, the catalytic efficiency of the modified or mutated
KARI enzyme is at least about 75%, 85%, 95% of the cata-
Iytic efficiency of the wild-type or parental KARI enzyme for
NADPH.
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[0348] In a preferred embodiment, the K,, of the KARI
enzyme for NADH is decreased relative to the wild-type or
parental enzyme. A change in K, is evidenced by at least a
5% or greater increase or decrease in K,, compared to the
wild-type KARI enzyme. In certain embodiments, modified
ormutated KARI enzymes of the present invention may show
greater than 10 times decreased K, , for NADH compared to
the wild-type or parental KARI enzyme. In certain embodi-
ments, modified or mutated KARI enzymes of the present
invention may show greater than 30 times decreased K, , for
NADH compared to the wild-type or parental KARI enzyme.

[0349] In a preferred embodiment, the k_,, of the KARI
enzyme with NADH is increased relative to the wild-type or
parental enzyme. A change in k_,, is evidenced by at least a
5% or greater increase or decrease in K,, compared to the
wild-type KARI enzyme. In certain embodiments, modified
ormutated KARI enzymes of the present invention may show
greater than 50% increased k,, for NADH compared to the
wild-type or parental KARI enzyme. In certain embodiments,
modified or mutated KARI enzymes of the present invention
may show greater than 100% increased k_,, for NADH com-
pared to the wild-type or parental KARI enzyme. In certain
embodiments, modified or mutated KARI enzymes of the
present invention may show greater than 200% increased k _,,
for NADH compared to the wild-type or parental KARI
enzyme.

Cofactor Switch

[0350] In preferred embodiments, the cofactor specificity
of'the modified or mutated KARI enzyme is altered such that
there is a cofactor switch from NADPH to NADH. In other
words, these modified or mutated KARI enzymes will have an
increase in NADH-dependent activity and a substantially
simultaneous decrease in NADPH dependent activity. Thus,
the methods ofthe present invention can be used to change the
cofactor preference from NADPH to NADH.

[0351] “Cofactor specificity” is a measure of the specificity
of'an enzyme for one cofactor over another. Thus, the meth-
ods of the present invention may be used to alter the cofactor
preference of the target enzyme, such that the preference for
the less favored cofactor is increased by 20%, 50%, 100%,
300%, 500%, 1000%, up to 2000%. For example, a number of
reductase enzymes have been described that favor NADPH
over NADH (see WO 02/22526; WO 02/29019; Mittl, PR, et
al., (1994) Protein Sci., 3: 1504 14; Banta, S., et al., (2002)
Protein Eng., 15:131 140; all of which are hereby incorpo-
rated by reference in their entirety). As the availability of
NADPH is often limiting, both in vivo and in vitro, the overall
activity of the target protein is often limited. For target pro-
teins that prefer NADPH as a cofactor, it would be desirable
to alter the cofactor specificity of the target protein (e.g. a
KARI enzyme) to a cofactor that is more readily available,
such as NADH.

[0352] In a preferred embodiment, the cofactor specificity
of the KARI enzyme is switched. By “switched” herein is
meant, that the cofactor preference (in terms of catalytic
efficiency (k_,/K;,) of the KARI enzyme is changed to
another cofactor Preferably, in one embodiment, by switch-
ing cofactor specificity, activity in terms of catalytic effi-
ciency (k_.,,/K,,) with the cofactor preferred by the wild-type
KARI enzyme is reduced, while the activity with the less
preferred cofactor is increased. This can be achieved, for
example by increasing the k_,, for less preferred cofactor over

cat
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the preferred cofactor or by decreasing K, for the less pre-
ferred cofactor over the preferred cofactor or both.

[0353] In a preferred embodiment, the KARI enzyme is
modified or a mutated to become NADH-dependent. The
term “NADH-dependent” refers to the property of an enzyme
to preferentially use NADH as the redox cofactor. An NADH-
dependent enzyme has a higher catalytic efficiency (k_,/K,,)
with the cofactor NADH than with the cofactor NADPH as
determined by in vitro enzyme activity assays. Accordingly,
the term “NADPH-dependent” refers to the property of an
enzyme to preferentially use NADPH as the redox cofactor.
An NADPH dependent enzyme has a higher catalytic effi-
ciency (k_,/K,, with the cofactor NADPH than with the
cofactor NADH as determined by in vitro enzyme activity
assays.

[0354] In a preferred embodiment, the catalytic efficiency
of the KARI enzyme for NADH is enhanced relative to the
catalytic efficiency with NADPH. The term “catalytic effi-
ciency” describes the ratio of the rate constant k_,, over the
Michaelis-Menten constant K,, In one embodiment, the
invention is directed to a modified or mutated KARI enzyme
that exhibits at least about a 1:10 ratio of catalytic efficiency
(k../K, ) with NADH over catalytic efficiency with NADPH.
In another embodiment, the modified or mutated KARI
enzyme exhibits at least about a 1:1 ratio of catalytic effi-
ciency (k_,/K,,) with NADH over catalytic efficiency with
NADPH. In yet another embodiment, the modified or mutated
KARI enzyme exhibits at least about a 10:1 ratio of catalytic
efficiency (k.,/K,, with NADH over catalytic efficiency
with NADPH. In yet another embodiment, the modified or
mutated KARI enzyme exhibits at least about a 100:1 ratio of
catalytic efficiency (k_,/K,,) with NADH over catalytic effi-
ciency with NADPH. In an exemplary embodiment, the
modified or mutated KARI enzyme exhibits at least about a
100:1 ratio of catalytic efficiency (k_,/K,,) with NADH over
catalytic efficiency with NADPH.

[0355] In a preferred embodiment, the K,, of the KARI
enzyme for NADH is decreased relative to the K, of the
KARI enzyme for NADPH. In one embodiment, the inven-
tion is directed to a modified or mutated KARI enzyme that
exhibits at least about a 10:1 ratio of K, , for NADH over K, ,
for NADPH. In one embodiment, the invention is directed to
a modified or mutated KARI enzyme that exhibits at least
about a 1:1 ratio of K, , for NADH over K, , for NADPH. In a
preferred embodiment, the invention is directed to a modified
or mutated KARI enzyme that exhibits at least about a 1:10
ratio of K, , for NADH over K, , for NADPH. In yet another
embodiment, the invention is directed to a modified or
mutated KARI enzyme that exhibits at least about a 1:20,
1:100, 1:1000 ratio of K, , for NADH over K, , for NADPH.

[0356] In another preferred embodiment, the k_,, of the
KARI enzyme with NADH is increased relative to k_,, with
NADPH. In certain embodiments, modified or mutated KARI
enzymes of the present invention may show greater than 0.8:1
ratio of k_,, with NADH over k_,, with NADPH. In certain
embodiments, modified or mutated KARI enzymes of the
present invention may show greater than 1:1 ratio ofk_,, with
NADH over k_,, with NADPH. In a preferred embodiments,
modified or mutated KARI enzymes of the present invention
may show greater than 10:1 ratio of'k_,, with NADH overk_,,

with NADPH. In certain embodiments, modified or mutated
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KARI enzymes of the present invention may show greater
than 100:1 ratio of k_,, with NADH over k_,, with NADPH
Identification of Corresponding Amino Acid Substitutions in
Homologous Enzymes

[0357] An amino acid sequence alignment of 22 KARIs
(including E. coli lIvC, spinach KARI and rice KARI) was
performed (FIG. 6). Some KARIs aligned with the E. coli
KARI sequence at amino acid positions 71, 76, 78, and 110
and this allows to conclude that the beneficial mutations
found for . coli KARI confer the same effects in these KARI
enzymes. Other sequences show deletions at about these posi-
tions and the sequence alignment is not sufficient to make any
predictions.

[0358] A structure alignment of E. coli KARI (PDB ID NO.
1YRL) with rice KARI (PDB ID NO. 3FR8) as a representa-
tive of the shorter loop group was performed (FIG. 7). The
sites of useful mutations in the F. coli context corresponded
reasonably well with specific residues in the context of the
shorter loop: Ser165, Lys166, and Ser167. Ser165 of (corre-
sponding to A71 in F. coli) therefore may be substituted with
aspartate. A charge reversal at position K166 (corresponding
to position R76D) may yield the same result. Serl67 may
correspond to Ser78 and a mutation to aspartate may be
beneficial Mutations at 0110 may be transferable in all 22
KARIs aligned.

[0359] In the case of D146 (e.g. D146G), G185 (e.g.
G185R), and K433 (e.g. K433E), surface charge changes
took place. Glycine at position 185 and Lysine at position 433
are highly conserved among other KARIs. These mutations
may therefore be transferable to other KARIs with a similar
effect. Aspartate at position 146 is not as highly conserved.

NADH-Dependent ADH Enzymes

[0360] Several alcohol dehydrogenases may be suitable
candidates for conversion into an NADH-dependent isobu-
tyraldehyde dehydrogenase. Among the preferred enzymes
for conversion are S. cerevisiae ADH1, Zymomonas mobilis
ADHIL, E. coli YqhD, herein referred to as Ec_YghD, and S.
cerevisiae ADH7.

[0361] As described in the prior art in PCT/US2008/
053514, the S. cerevisiae ADH2 gene is expected to be func-
tionally expressed from pSAS5 and required for catalyzing
the final step of the isobutanol biosynthetic pathway, namely
the conversion of isobutyraldehyde to isobutanol. Thus, no
isobutanol should be produced with the plasmid combination
lacking ADH2 as adhE is deleted in JCL.260. However, as
exemplified in Example 10, the results of a fermentation
using a strain without overexpression of any gene encoding
an enzyme with ADH activity for the conversion of isobu-
tyraldehyde to isobutanol showed that overexpression of an
ADH enzyme is not required for isobutanol production in .
coli. In fact, isobutanol production for the system lacking
ADH2 was higher than for the system with ADH2 expression.
Volumetric productivity and titer showed 42% increase, spe-
cific productivity showed 18% increase and yield 12%
increase. This suggests strongly that a native E. coli dehydro-
genase is responsible for the conversion of isobutyraldehyde
to isobutanol.

[0362] Surprisingly, this last step of the isobutanol biosyn-
thetic pathway was found to be carried out by a native E. coli
dehydrogenase in the aforementioned strains, as exemplified
in Example 11: Approximately ~80% of the isobutyraldehyde
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reduction activity is due to Ec_YqhD under certain culture
conditions. Available literature on Ec_YghD suggests that
while it does prefer long-chain alcohols, it also utilizes
NADPH (versus NADH) (Perez, J. M., et al., Journal of
Biological Chemistry, 2008. 283(12): p. 7346-7353).

[0363] Switching the cofactor specificity of an NADPH-
dependent alcohol dehydrogenase may be complicated by the
fact that cofactor binding induces a conformational change,
resulting in an anhydrous binding pocket that facilitates
hydride transfer from the reduced cofactor to the aldehyde
(Leskovac, V., S. Trivic, and D. Pricin, Fems Yeast Research,
2002. 2: p. 481-494; Reid, M. F. and C. A. Fewson, Critical
Reviews in Microbiology, 1994. 20(1): p. 13-56). Mutations
that are beneficial for binding NADH may have deleterious
effects with respect to this conformational change.

[0364] Alternatively, isobutyraldehyde reduction activity
of an NADH-dependent enzyme with little native activity
towards this substrate may be increased. This approach has
the advantages that (1) several specialized enzymes exist in
nature that are highly active under fermentative conditions,
(2) the binding sites of several of these enzymes are known,
(3) mutational studies indicate that substrate specificity can
easily be altered to achieve high activity on a new substrate.
[0365] Several alcohol dehydrogenase enzymes may be
suitable candidates for conversion into an NADH-dependent
isobutyraldehyde dehydrogenase: S. cerevisiae ADHI1 and
Zymomonas mobilis ADHII are NADH-dependent enzymes
responsible for the conversion of acetaldehyde to ethanol
under anaerobic conditions. These enzymes are highly active.
The substrate specificity for these enzymes has been analyzed
(Leskovac, V., S. Trivic, and D. Pricin, Ferns Yeast Research,
2002. 2: p. 481-494; Rellos, P., J. Ma, and R. K. Scopes,
Protein Expression and Purification, 1997. 9: p. 89-90), the
amino acid residues comprising the substrate binding pocket
are known (Leskovac, V., S. Trivic, and D. Pricin, Ferns Yeast
Research, 2002. 2: p. 481-494; Rellos, P., J. Ma, and R. K.
Scopes, Protein Expression and Purification, 1997. 9: p.
89-90), and attempts to alter the substrate specificity by muta-
tion have revealed that the substrate specificity can be altered
(Rellos, P., J. Ma, and R. K. Scopes, Protein Expression and
Purification, 1997. 9: p. 89-90; Green, D. W., H. Suns, and B.
V. Plapp, Journal of Biological Chemistry, 1993. 268(11): p.
7792-7798). Ec_YqhD and S. cerevisiae ADH7 are NADPH-
dependent enzymes whose physiological functions are not as
well understood. Ec_YqhD has been implicated in the pro-
tection of the cell from peroxide-derived aldehydes (Perez, J.
M., et al., Journal of Biological Chemistry, 2008. 283(12): p.
7346-7353). The substrate specificity of both enzymes is
understood, and amino acids lining the substrate binding
pocket are known (Perez, J. M., et al., Journal of Biological
Chemistry, 2008. 283(12): p. 7346-7353). Based on the
known amino acid residues implicated in substrate binding
(S. cerevisiae ADH]1, Z. mobills ADHII) or the cofactor bind-
ing site (Ec_yghD), sites with the highest likelihood of affect-
ing desired enzyme features such as substrate specificity or
cofactor specificity may be mutated to generate the desired
function.

[0366] One approach to increase activity of enzymes with
NADH as the cofactor may be saturation mutagenesis with
NNK libraries at each of the residues that interact with the
cofactor. These libraries may be screened for activity in the
presence of NADPH and NADH in order to identify which
single mutations contribute to increased activity on NADH
and altered specificity for NADH over NADPH. Combina-
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tions of mutations at aforementioned residues may be inves-
tigated by any method. For example, a combinatorial library
of mutants may be designed based on the results of the satu-
ration mutagenesis studies. For example, a combinatorial
library of mutants may be designed including only those
mutations that do not lead to decrease in NADH-dependent
activity.

[0367] Another approach to increase the NADH-dependent
activity of the enzyme is to perform saturation mutagenesis of
a first amino acid that interacts with the cofactor, then isolate
the mutant with the highest activity using NADH as the cofac-
tor, then perform saturation mutagenesis of a second amino
acid that interacts with the cofactor, and so on. Similarly, a
limited number of amino acids that interact with the cofactor
may be targeted for randomization simultaneously and then
be screened for improved activity with NADH as the cofactor.
The selected, best mutant can then be subjected to the same
procedure again and this approach may be repeated iteratively
until the desired result is achieved.

[0368] Another approach is to use random oligonucleotide
mutagenesis to generate diversity by incorporating random
mutations, encoded on a synthetic oligonucleotide, into the
cofactor binding region of the enzyme. The number of muta-
tions in individual enzymes within the population may be
controlled by varying the length of the target sequence and the
degree of randomization during synthesis of the oligonucle-
otides. The advantages of this more defined approach are that
all possible amino acid mutations and also coupled mutations
can be found.

[0369] If the best variants from the experiments described
above are not sufficiently active with NADH as the cofactor,
directed evolution via error-prone PCR may be used to obtain
further improvements. Error-prone PCR mutagenesis of the
first domain containing the cofactor binding pocket may be
performed followed by screening for ADH activity with
NADH and/or increased specificity for NADH over NADPH
as the cofactor.

[0370] Surprisingly, alcohol dehydrogenase enzymes that
are not known to catalyze the reduction of isobutyraldehyde
to isobutanol were identified that catalyze this reaction. Thus,
in another aspect, such an alcohol dehydrogenase may be
encoded by an NADH-dependent 1,3-propanediol dehydro-
genase. In yet another aspect, such an alcohol dehydrogenase
may be encoded by an NADH-dependent 1,2-propanediol
dehydrogenase. Preferred enzymes of this disclosure include
enzymes listed in Table 1. These enzymes exhibit NADH-
dependent isobutyraldehyde reduction activity, measured as
Unit per minute per mg of crude cell lysate (U min~* &™)
that is approximately six-fold to seven-fold greater than the
corresponding NADPH-dependent isobutyraldehyde reduc-
tion activity (Tables 2 and 23).

[0371] In addition to exhibiting increased activity with
NADH as the cofactor as compared to the NADPH, alcohol
dehydrogenases of the present invention may further be more
active as compared to the native E. coli alcohol dehydroge-
nase Ec_YqhD. In particular, alcohol dehydrogenases of the
present invention may exhibit increased activity and/or
decreased K, values with NADH as the cofactor as compared
to Ec_YqhD with NADPH as the cofactor. Exemplary
enzymes that exhibit greater NADH-dependent alcohol dehy-
drogenase activity than the NADPH-dependent alcohol dehy-
drogenase activity are listed in Table 1; activity values are
listed in Table 2 and Table 23.
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TABLE 1
ADH genes tested in the following fermentations, and rationale for inclusion
of each
GENE Accession
NAME SEQ ID NO Number Rationale for inclusion
Drosophila 60 (nucleotide NT_033779, NADH-dependent, broad
melanogaster ~ sequence) REGION: substrate specificity, well-
ADH 61 (amino acid 14615555 ...14618902 expressed in bacterial
sequence) expression systems.
Different class of enzyme
versus others tested (short-
chain, non-metal binding)
Lactococcus 66 (nucleotide NADH-dependent alcohol
lactis adhA sequence) dehydrogenase with activity
67 (amino acid using isobutyraldehyde as
sequence) the substrate (Atsumi et al.,
Appl. Microbiol. Biotechnol.,
2009, DOI 10.1007/s00253-
009-2085-6)
Klebsiella 62 (nucleotide NC_011283 NADH-utilizing 1,2-
preumoniae sequence) propanediol dehydrogenase
dhaT 63 (amino acid
sequence)
Escherichia 64 (nucleotide NC_000913.2 Homolog of K. preumoniae
coli fucO sequence) (2929887 ...2931038,  dhaT, NADH-dependent 1,3-
65 (amino acid complement) propanediol dehydrogenase
sequence)

TABLE 2

Kinetic parameters for the conversion of isobutyraldehyde to isobutanol
by Ec_ YghD, Ec_ FucO, Dm__Adh, and Kp_ DhaT

NADH NADPH
Activity Activity
(U/min~! mg™* (U/min~! mg™*
Kir crude Kir crude
Plasmid Adh (mM) lysate) (mM) lysate)
pGV1705-A Ec_YqhD nd. n.d. 0.25 0.09
pGV1748-A  Ec_FucO 0.8 0.23 0.2 0.04
pGV1749-A Dm__Adh 0.9 6.60 2.7 1.70
pGV1778-A Kp_DhaT 1.3 0.56 0.6 0.08
[0372] Alcohol dehydrogenases of the present disclosure

may also be utilized in metabolically-modified microorgan-
isms that include recombinant biochemical pathways useful
for producing additional alcohols such as 2-methyl-1-bu-
tanol, 3-methyl-1-butanol, 2-phenylethanol, 1-propanol, or
1-butanol via conversion of a suitable substrate by a modified
microorganism.

[0373] Microorganisms producing such compounds have
been described (PCT/US2008/053514). For example, these
alcohols can be 1-propanol, 1-butanol, 2-methyl-1-butanol,
3-methyl-1-butanol or 2-phenylethanol and are generally
produced from a metabolite comprising a 2-keto acid. In
some aspects, the 2-keto acid includes 2-ketobutyrate, 2-ke-
tovalerate, 2-keto-3-methylvalerate, 2-keto-4-methyl-pen-
tanoate, or phenylpyruvate. The 2-ketoacid is converted to the
respective aldehyde by a 2-ketoacid decarboxylase. For
example, 2-ketobutyrate is converted to 1-propanal, 2-ketov-
alerate is converted to 1-butanal, 2-keto-3-methylvalerate is
converted to 2-methyl-1-butanol, 2-keto-4-methyl-pen-
tanoate is converted to 3-methyl-1-butanal, and phenylpyru-
vate is converted to phenylethanal by a 2-ketoacid decarboxy-

lase. Thus, the recombinant microorganism includes elevated
expression or activity of a 2-keto-acid decarboxylase, as com-
pared to a parental microorganism. The 2-keto-acid decar-
boxylase may be encoded by kivd from Lactococcus lactis, or
homologs thereof. The 2-keto-acid decarboxylase can be
encoded by a polynucleotide derived from a gene selected
from kivd from L. /actis, or homologs thereof.

[0374] In earlier publications (PCT/US2008/053514,
Atsumi et al., Nature, 2008 Jan. 3; 451(7174):86-9), only
NADPH-dependent alcohol dehydrogenases are described
that convert the aforementioned aldehyde to an alcohol. In
particular, S. cerevisiae Adh2p is described that converts the
aldehyde to the respective aldehyde.

[0375] Thus, in one embodiment of this disclosure, a
microorganism is provided in which the cofactor dependent
final step for the conversion of the aldehyde to the respective
alcohol is catalyzed by an NADH-dependent alcohol dehy-
drogenase. In particular, NADH-dependent alcohol dehydro-
genases are disclosed that catalyze the reduction aldehydes to
alcohols, for example, of 1-propanal to 1propanol, 1-butanal
to 1-butanol, 2-methyl-1-butanal to 2-methyl-1-butanol,
3-methyl-1-butanal to 3-methyl-1-butanol, or phenylethanal
to phenylethanol.

[0376] In a specific aspect, such an alcohol dehydrogenase
may be encoded by the Drosophila melanogaster alcohol
dehydrogenase Dm_Adh or homologs thereof. In another
specific aspect, such an alcohol dehydrogenase may be
encoded by the Lactococcus lactis alcohol dehydrogenase
L1_AdhA (SEQ ID NO: 67), as described by Atsumi et al.
(Atsumi et al., Appl. Microbiol. Biotechnol., 2009, DOI
10.1007/500253-009-2085-6) or homologs thereof.

[0377] Surprisingly, alcohol dehydrogenase enzymes that
are not known to catalyze the reduction of isobutyraldehyde
to isobutanol were identified that catalyze this reaction. Thus,
in another aspect, such an alcohol dehydrogenase may be
encoded by an NADH-dependent 1,3-propanediol dehydro-
genase. In yet another aspect, such an alcohol dehydrogenase
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may be encoded by an NADH-dependent 1,2-propanediol
dehydrogenase. Preferred enzymes of this disclosure include
enzymes listed in Table 1.

[0378] In another embodiment, a method of producing an
alcohol is provided. The method includes providing a recom-
binant microorganism provided herein; culturing the micro-
organism of in the presence of a suitable substrate or meta-
bolic intermediate and under conditions suitable for the
conversion of the substrate to an alcohol; and detecting the
production of the alcohol. In various aspects, the alcohol is
selected from 1-propanol, 1-butanol, 2-methyl 1-butanol,
3-methyl 1-butanol, and 2-phenylethanol. In another aspect,
the substrate or metabolic intermediate includes a 2-keto
acid-derived aldehyde, such as 1-propanal, 1-butanal, 2-me-
thyl-1-butanal, 3-methyl-1-butanal, or phenylethanal.
Recombinant Host Cells Comprising a NADH-Dependent
KARI and/or ADH Enzymes

[0379] In an additional aspect, the present invention is
directed to recombinant host cells (i.e. metabolically “engi-
neered” or “modified” microorganisms) comprising NADH-
dependent KARI and/or ADH enzymes of the invention.
Recombinant microorganisms provided herein can express a
plurality of additional heterologous and/or native target
enzymes involved in pathways for the production of benefi-
cial metabolites such as isobutanol from a suitable carbon
source.

[0380] Accordingly, metabolically “engineered” or “modi-
fied” microorganisms are produced via the introduction of
genetic material (i.e. a NADH-dependent KARI and/or ADH
enzymes) into a host or parental microorganism of choice,
thereby modifying or altering the cellular physiology and
biochemistry ofthe microorganism. Through the introduction
of genetic material and/or the modification of the expression
of native genes the parental microorganism acquires new
properties, e.g. the ability to produce a new, or greater quan-
tities of, an intracellular metabolite. As described herein, the
introduction of genetic material and/or the modification of the
expression of native genes into a parental microorganism
results in a new or modified ability to produce beneficial
metabolites such as isobutanol. The genetic material intro-
duced into and/or the genes modified for expression in the
parental microorganism contains gene(s), or parts of genes,
coding for one or more of the enzymes involved in a biosyn-
thetic pathway for the production of isobutanol and may also
include additional elements for the expression and/or regula-
tion of expression of these genes, e.g. promoter sequences.
[0381] Recombinant microorganisms provided herein may
also produce metabolites in quantities not available in the
parental microorganism. A “metabolite” refers to any sub-
stance produced by metabolism or a substance necessary for
or taking part in a particular metabolic process. A metabolite
can be an organic compound that is a starting material (e.g.,
glucose or pyruvate), an intermediate (e.g., 2-ketoisovaler-
ate), or an end product (e.g., 1-propanol, 1-butanol, isobu-
tanol, 2-methyl-1-butanol, 3-methyl-1-butanol) of metabo-
lism. Metabolites can be used to construct more complex
molecules, or they can be broken down into simpler ones.
Intermediate metabolites may be synthesized from other
metabolites, perhaps used to make more complex substances,
or broken down into simpler compounds, often with the
release of chemical energy.

[0382] Exemplary metabolites include glucose, pyruvate,
1-propanol, 1-butanol, isobutanol, 2-methyl-1-butanol, and
3-methyl-1-butanol.
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[0383] The metabolite 1-propanol can be produced by a
recombinant microorganism engineered to express or over-
express a metabolic pathway that converts pyruvate to 1-pro-
panol. An exemplary metabolic pathway that converts pyru-
vate to 1-propanol has been described in WO/2008/098227
and by Atsumi et al. (Atsumi et al., 2008, Nature 451(7174):
86-9), the disclosures of which are herein incorporated by
reference in their entireties. In a preferred embodiment, meta-
bolic pathway comprises a KARI and/or an ADH enzyme of
the present invention.

[0384] The metabolite 1-butanol can be produced by a
recombinant microorganism engineered to express or over-
express a metabolic pathway that converts pyruvate to 3-me-
thyl-1-butanol. An exemplary metabolic pathway that con-
verts pyruvate to 3-methyl-1-butanol has been described in
WO/2008/098227 and by Atsumi et al. (Atsumi et al., 2008,
Nature 451(7174): 86-9), the disclosures of which are herein
incorporated by reference in their entireties. In a preferred
embodiment, metabolic pathway comprises a KARI and/or
an ADH enzyme of the present invention.

[0385] The metabolite isobutanol can be produced by a
recombinant microorganism engineered to express or over-
express a metabolic pathway that converts pyruvate to isobu-
tanol. An exemplary metabolic pathway that converts pyru-
vate to isobutanol may be comprised of a acetohydroxy acid
synthase (ALS) enzyme encoded by, for example, alsS from
B. subtilis, a ketolacid reductoisomerase (KARI) of the
present invention, a dihydroxy-acid dehydratase (DHAD),
encoded by, for example ilvD from E. coli, a 2-keto-acid
decarboxylase (KIVD) encoded by, for example kivd from L.
lactis, and an alcohol dehydrogenase (ADH) of the present
invention.

[0386] Themetabolite 3-methyl-1-butanol can be produced
by a recombinant microorganism engineered to express or
over-express a metabolic pathway that converts pyruvate to
3-methyl-1-butanol. An exemplary metabolic pathway that
converts pyruvate to 3-methyl-1-butanol has been described
in WO/2008/098227 and by Atsumi et al. (Atsumi etal., 2008,
Nature 451(7174): 86-9), the disclosures of which are herein
incorporated by reference in their entireties. In a preferred
embodiment, metabolic pathway comprises a KARI and/or
an ADH enzyme of the present invention.

[0387] Themetabolite 2-methyl-1-butanol can be produced
by a recombinant microorganism engineered to express or
over-express a metabolic pathway that converts pyruvate to
2-methyl-1-butanol. An exemplary metabolic pathway that
converts pyruvate to 2-methyl-1-butanol has been described
in WO/2008/098227 and by Atsumi et al. (Atsumi etal., 2008,
Nature 451(7174): 86-9), the disclosures of which are herein
incorporated by reference in their entireties. In a preferred
embodiment, metabolic pathway comprises a KARI and/or
an ADH enzyme of the present invention.

[0388] The disclosure identifies specific genes useful in the
methods, compositions and organisms of the disclosure; how-
ever it will be recognized that absolute identity to such genes
is not necessary. For example, changes in a particular gene or
polynucleotide comprising a sequence encoding a polypep-
tide or enzyme can be performed and screened for activity.
Typically such changes comprise conservative mutation and
silent mutations. Such modified or mutated polynucleotides
and polypeptides can be screened for expression of a func-
tional enzyme using methods known in the art. In addition,
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homologs of enzymes useful for generating metabolites are
encompassed by the microorganisms and methods provided
herein.

Method of Using Microorganism for Anaerobic Isobutanol
Fermentation

[0389] In a method to produce a target compound from a
carbon source at high yield a modified microorganism subject
to this invention is cultured in an appropriate culture medium
containing a carbon source.

[0390] An exemplary embodiment provide a method for
producing isobutanol comprising a modified microorganism
of the invention in a suitable culture medium containing a
carbon source that can be converted to isobutanol by the
microorganism of the invention.

[0391] In certain embodiments, the method further
includes isolating said target compound from the culture
medium. For example, isobutanol may be isolated from the
culture medium by any method, in particular a method known
to those skilled in the art, such as distillation, pervaporation,
or liquid-liquid extraction.

[0392] This invention is further illustrated by the following
examples that should not be construed as limiting. The con-
tents of all references, patents, and published patent applica-
tions cited throughout this application, as well as the Figures
and the Sequence Listing, are incorporated herein by refer-
ence for all purposes.

EXAMPLES

[0393] The following provides examples that demonstrate
that microorganisms modified to resolve a cofactor imbalance
produce a target compound at higher yield under conditions
that include anaerobic conditions. One compound to be pro-
duced by the recombinant microorganism according to the
present invention is isobutanol. The present invention is not
limited to isobutanol. The invention may be applicable to any
metabolic pathway that is imbalanced with respect to cofactor
usage. One skilled in the art is able identify pathways that are
imbalanced with respect to cofactor usage and apply this
invention to provide recombinant microorganisms in which
the same pathway is balanced with respect to cofactor usage.

Sample Preparation

[0394] Generally, samples (2 ml) from fermentation
experiments performed in shake flasks were stored at 4° C. for
later substrate and product analysis. Priorto analysis, samples
were centrifuged at 14,000xg for 10 min. The supernatant
was filtered through a 0.2 um filter. Analysis of substrates and
products was performed using authentic standards (>99%,
obtained from Sigma-Aldrich), and a 5-point calibration
curve (with 1-pentanol as an internal standard for analysis by
gas chromatography).

Determination of Optical Density

[0395] The optical density of the yeast cultures was deter-
mined at 600 nm using a DU 800 spectrophotometer (Beck-
man-Coulter, Fullerton, Calif., USA). Samples were diluted
as necessary to yield an optical density of between 0.1 and
0.8.

Gas Chromatography

[0396] Analysis of volatile organic compounds, including
ethanol and isobutanol was performed on a HP 5890 gas
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chromatograph fitted with an HP 7673 Autosampler, a DB-
FFAP column (J&W; 30 m length, 0.32 mm ID, 0.25 uM film
thickness) or equivalent connected to a flame ionization
detector (FID). The temperature program was as follows:
200° C. for the injector, 300° C. for the detector, 100° C. oven
for 1 minute, 70° C./minute gradient to 235° C., and then hold
for 2.5 min.

[0397] Analysis was performed using authentic standards
(>99%, obtained from Sigma-Aldrich), and a S-point calibra-
tion curve with 1-pentanol as the internal standard.

High Performance Liquid Chromatography

[0398] Analysis of glucose and organic acids was per-
formed on a HP-1100 High Performance Liquid Chromatog-
raphy system equipped with an Aminex HPX-87H Ion Exclu-
sion column (Bio-Rad, 300x7.8 mm) or equivalent and an H*
cation guard column (Bio-Rad) or equivalent. Organic acids
were detected using an HP-1100 UV detector (210 nm, 8 nm
360 nm reference) while glucose was detected using an
HP-1100 refractive index detector. The column temperature
was 60° C. This method was Isocratic with 0.008N sulfuric
acid in water as mobile phase. Flow was set at 0.6 m[./min.
Injection size was 20 pL. and the run time was 30 minutes.

Molecular Biology and Bacterial Cell Culture

[0399] Standard molecular biology methods for cloning
and plasmid construction were generally used, unless other-
wise noted (Sambrook, J., Russel, D. W. Molecular Cloning,
A Laboratory Manual. 3 ed. 2001, Cold Spring Harbor, N.Y.:
Cold Spring Harbor Laboratory Press).

[0400] Standard recombinant DNA and molecular biology
techniques used in the Examples are well known in the art and
are described by Sambrook, I., Russel, D. W. Molecular
Cloning, A Laboratory Manual. 3 ed. 2001, Cold Spring
Harbor, N.Y.: Cold Spring Harbor Laboratory Press; and by T.
J. Silhavy, M. L. Bennan, and L. W. Enquist, Experiments
with Gene Fusions, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y. (1984) and by Ausubel, F. M. etal.,
Current Protocols in Molecular Biology, pub. by Greene
Publishing Assoc. and Wiley-Interscience (1987).

[0401] General materials and methods suitable for the rou-
tine maintenance and growth of bacterial cultures are well
known in the art. Techniques suitable for use in the following
examples may be found as set out in Manual of Methods for
General Bacteriology (Phillipp Gerhardt, R. G. E. Murray,
Ralph N. Costilow, Eugene W. Nester, Willis A. Wood, Noel
R. Krieg and G. Briggs Phillips, eds.), American Society for
Microbiology, Washington, D.C. (1994)) or by Thomas D.
Brock in Biotechnology: A Textbook of Industrial Microbiol-
ogy, Second Edition, Sinauer Associates, Inc., Sunderland,
Mass. (1989).

Preparation of Electrocompetent E. coli Cells and Transfor-
mation

[0402] The acceptor strain culture was grown in SOB-me-
dium (Sambrook, J., Russel, D. W. Molecular Cloning, A
Laboratory Manual. 3 ed. 2001, Cold Spring Harbor, N.Y.:
Cold Spring Harbor Laboratory Press) to an OD, of about
0.6 to 0.8. The culture was concentrated 100-fold, washed
once with ice cold water and 3 times with ice cold 10%
glycerol. The cells were then resuspended in 150 plL of ice-
cold 10% glycerol and aliquoted into 50 ulL portions. These
aliquots were used immediately for standard transformation
or stored at —80° C. These cells were transformed with the
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desired plasmid(s) via electroporation. After electroporation,
SOC medium (Sambrook, J., Russel, D. W. Molecular Clon-
ing, A Laboratory Manual. 3 ed. 2001, Cold Spring Harbor,
N.Y.: Cold Spring Harbor Laboratory Press) was immedi-
ately added to the cells. After incubation for an hour at 37° C.
the cells were plated onto L.B-plates containing the appropri-
ate antibiotics and incubated overnight at 37° C.

Transformation of S. cerevisiae Cells

[0403] S. cerevisiae strains were transformed by the
Lithium Acetate method (Gietz et al., Nucleic Acids Res.
27:69-74 (1992): Cells from 50 mL. YPD cultures (YPGal for
valine auxotrophs) were collected by centrifugation (2700
rcf, 2 minutes, 25° C.) once the cultures reached an OD,, of
1.0. The cells were washed cells with 50 mL sterile water and
collected by centrifugation at 2700 rcf for 2 minutes at 25° C.
The cells were washed again with 25 ml. sterile water and
collected cells by centrifugation at 2700 rcf for 2 minutes at
25°C. The cells were resuspended in 1 mL of 100 mM lithium
acetate and transferred to a 1.5 mL eppendorf tube. The cells
were collected cells by centrifugation for 20 sec at 18,000 rcf,
25° C. The cells were resuspended cells in a volume of 100
mM lithium acetate that was approximately 4x the volume of
the cell pellet. A mixture of DNA (final volume of 15 pl with
sterile water), 72 pl 50% PEG, 10 pl 1 M lithium acetate, and
3 pl denatured salmon sperm DNA was prepared for each
transformation. In a 1.5 mL tube, 15 pl of the cell suspension
was added to the DNA mixture (85 ul), and the transformation
suspension was vortexed with 5 short pulses. The transfor-
mation was incubated at 30 minutes at 30° C., followed by
incubation for 22 minutes at 42° C. The cells were collected
by centrifugation for 20 sec at 18,000 rcf, 25° C. The cells
were resuspended in 100 pl SOS (1 M sorbitol, 34% (v/v) YP
(1% yeast extract, 2% peptone), 6.5 mM CaCl,) or 100 ul YP
(1% yeast extract, 2% peptone) and spread over an appropri-
ate selective plate.

Sporulation of Diploid S. cerevisiae and Germination to
Obtain Haploids

[0404] Random spore analysis was used to identify desired
haploid segregants of relevant diploid strains. Diploid strains
were sporulated by pre-culturing in YPD for 24 hrs and then
transferring the cells into 5 mL of sporulation medium (1%
wt/vol potassium acetate). After 4-5 days, the culture was
examined microscopically for the presence of visible spore-
containing asci. To the 5 mL sporulation culture, 0.5 mL of 1
mg/ml Zymolyase-T (Seikagaku Biobusiness, Tokyo, Japan)
and 10 pL of p-mercaptoethanol were added, and the cells
were incubated overnight at 30° C. while shaking slowly (60
rpm). The next day, 5 mL of 1.5% IGEPAL-CA-630 [refer-
ence| were added and the mixture incubated on ice for 15
minutes. The cell suspension was then sonicated (3 rounds, 30
seconds per round, 50% power) with 2 minutes on ice
between sonications. The suspension was centrifuged (1200x
g, 10 min), the liquid poured off, 5 mL of 1.5% IGEPAL-CA-
630 (Sigma-Aldrich Co., St. Louis, Mo.) were added, and the
centrifugation and resuspension step repeated once more. The
cell suspension was again sonicated as described above, after
which it was centrifuged and washed as described above
except that instead of IGEPAL, sterile water was used to
resuspend the cells. The cells were finally resuspended in 1
mL of sterile water, and 0.1 mL of a 1:10, 1:100, 1:100, and
1:10,000 dilution of the initial 1 mL cell suspension were
plated onto SCE-Trp, Leu, Ura (for full-pathway integrants
strains) or SCD-Trp, Ura (for partial-pathway integrant

Jun. 10, 2010

strains) media and the plates incubated at 30° C. until colonies
appeared (typically, 4-5 days).

Yeast Colony PCR

[0405] Colony PCR was carried out using the FailSafe mix
(Epicentre Biotechnologies, Madison, Wis.). Specifically, 15
L of FailSafe Mix “E” were combined with 13 ul sterile
water, 0.35 ulL of each primer (from a 100 pM solution), and
0.6 uL. FailSafe polymerase. For template, a small dab of
yeast cells sufficient to just turn the solution turbid was
swirled into each individual reaction mixture. The PCR reac-
tions were incubated as follows: 1 cycle of 94° C.x2 min; 40
cycles 0f 94° C.x15 sec, 53° C.x15 sec, 72° C.x1 min; 1 cycle
of 72° C.x8 min.

qRT-PCR

[0406] Performed by isolating RNA, synthesizing cDNA
by reverse transcription and performing qPCR using proto-
cols described below.

RNA Isolation for Reverse Transcription (RT)

[0407] 3 mlYPD cell cultures were incubated at 30° C., 250
RPM until they reached OD,,’s 0f 0.7 t0 1.5.2 0D, ’s (e.2.
1 mL of a culture at 2 ODy,) of cells were then harvested
from each culture in 1.5 ml tubes by centrifugation at full
speed in a microfuge for 2 minutes. The cell pellet was stored
overnight at -20° C. RNA was isolated using the YeaStar
RNAKIit™ (Zymo Research Corp. Orange, Calif. 92867
USA). Following the protocol provided with the kit, cells
were resuspended in 80 pul of YR Digestion Buffer and 5 ul of
Zymolyase™. The pellet was completely resuspended by
repeated pipetting. The suspension was incubated at 37° C.
for 60 minutes. 160 ul of YR Lysis Buffer was added to the
suspension, which was then mixed thoroughly by vortexing.
The mixture was centrifuged at >4,000xg for 2 minutes in the
microfuge, and the supernatant was transferred to a Zymo-
Spin Column in a Collection Tube. The column was centri-
fuged at >10,000xg for 1 minute in the microfuge. To the
column, 200 ul RNA Wash Buffer was added, and the column
was centrifuged for 1 minute at 14,000 RPM in the microfuge.
The flow-through was discarded and 200 ul RNA Wash
Buffer was added to the column. The column was centrifuged
for 1 minute at >10,000xg. The Zymo-Spin Column was
transferred to a new RNase-free 1.5 ml centrifuge tube, and
60 ul of DNase/RNase-Free Water was added directly to the
column membrane. The RNA was eluted by centrifugation
for 30 seconds at >10,000xg in the microfuge.

c¢DNA Synthesis (Reverse Transcription) for gPCR

[0408] Using the gScript™ cDNA SuperMix kit provided
by Quanta Biosciences™ (Gaithersburg, Md.), cDNA was
prepared following the protocol provided with the kit. First,
the concentration of RNA was measured for the preparations
from each transformant candidate and control strain. A final
solution of 300 ng of RNA in sterile water was prepared in a
volume of 16 ul in 0.2 ml PCR tube (RNase-free). To each
sample, 4 pl of gScript cDNA Supermix was added. The
reactions were incubated on a thermocycler for 5 minutes at
25° C., 30 minutes at 42° C., and 5 minutes at 85° C.

qPCR:

[0409] Each reaction contained: 10 pl. of PerfeCTa™
SYBR® Green SuperMix kit (Quanta Biosciences™ Gaith-
ersburg, Md.), 1 ul of cDNA, 1 ul of a 5 uM (each) mix of
forward and reverse primers and 8 pl of sterile water. Each
reaction was assembled ina well ofa 0.2 m1 96-well plate, and
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aclear plastic sheet was carefully (to avoid the introduction of
warped surface or fingerprints or smudges) and firmly placed
over the 96-well plate. The reactions were incubated in an
Eppendorf Mastercycler ep thermocycler (Eppendorf, Ham-
burg, Germany) using the following conditions: 95° C. for 2
minutes, 40 cycles of 95° C. for 15 seconds and 60° C. for 45
seconds, 95° C. for 15 seconds, 60° C. for 15 seconds, and a
20 minute slow ramping up of the temperature until it reaches
95¢° C. Finally, it was incubated at 95° for 15 seconds. The
fluorescence emitted by the SYBR dye was measured at the
60° C. incubation step during each of the 40 cycles, as well as
during the ramping up to 95° C. for melting curve analysis of
the primer sets.

Construction of E. coli Strains

[0410] GEVOI1385 was constructed by integrating the Z1
module into the chromosome of JCL.260 by P1 transduction
from the strain £. coli W3110,71 (Lutz, R, Bujard, H Nucleic
Acids Research (1997) 25, 1203-1210).

[0411] GEVO1399: The gene zwfwas deleted according to
the standard protocol for gene deletion using the Wanner
method (Datsenko, K. and Wanner, B. One-step Inactivation
of chromosomal genes in Escherichia coli K-12 using PCR
products. PNAS 2000). Primers 73 and 74 were used to
amplify the Kan resistance cassette from pKD13. The linear
PCR product was transformed into E. coli W3110 pKD46
electro competent cells and the knock-out of zwt was verified
by PCR. Lysate of the new strain (£. coli W3110, Azwt::FRT::
Kan::FRT) was prepared and the knock-out was transferred
into JCL260 by P1 transduction. Removal of the Kan resis-
tance cassette from this strain using transient expression of
FLP recombinase yielded GEVO1399.

[0412] GEVOI1608: The gene Ec_yqhD (SEQ ID NO: 68)
was deleted according to the standard protocol for gene dele-
tion using the Wanner method (Datsenko, K and Wanner, B,
“One-step Inactivation of chromosomal genes in Escherichia
coli K-12 using PCR products,” PNAS 2000, 97:6640-6645).
Primers 1155 and 1156 were used to amplify the Kan resis-
tance cassette from pKD13. The linear PCR product was
transformed into E. coli W3110 pKD46 electro competent
cells and the knock-out of Ec_yqhD was verified by PCR. A
lysate of the new strain (E. coli W3110, AyqhD::FRT::Kan::
FRT) was prepared and the knock-out was transferred into
JCL260 by P1 transduction yielding GEVO1608.

[0413] GEVO1745: Removal of the Kan resistance cassette
from GEVO1608 using transient expression of FLP recom-
binase yielded GEVO1745.

[0414] GEVO1748 and GEVO1749 are derivatives of
JCL260. For the construction of GEVO1748, PLIacO1:L1_
kiv1:Ec_ilvD_coEc was integrated into the ilvC locus on the
E. coli chromosome. In particular primers 869 and 1030 were
used to amplify the kanamycin resistance cassette (Kan) from
pKD13, and primers 1031 and 1032 were used to amplify
PLlacO1::L1_kivdt:Ec_ilvD_coEc from pGV1655 (SEQ ID
NO: 109). For the construction of GEVO1749 PLlacO1:L.1_
kivd1::Ec_ilvD_coEc was integrated into the adhE locus on
the E. coli chromosome. In particular primers 50 and 1030
were used to amplify the kanamycin resistance cassette from
pKD13, and primers 1031 and 1205 were used to amplify
PLlacO1:L1_kivdl::Ec_ilvD_coEc from pGV1655 (SEQ ID
NO: 109). Afterwards, SOE (splicing by overlap extension)
(Horton, R M, Cai, Z L, Ho, S N, et al. Biotechniques Vol. 8
(1990) pp 528) reactions were done to connect the gene
expression cassettes to the resistance cassette using primers
1032 and 869 for the ilvC locus and primers 1205 and 50 for
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the adhE locus. The linear PCR products were transformed
into W3110 pKD46 electro competent cells and the knock ins
of PLlacO1:L1_kivd1l::Ec_ilvD_coEc::FRT::Kan::FRT were
verified by PCR. The knock ins were further verified by
sequencing. Lysates of the new strains £. co/i W3110, AilvC::
PLlacO1::L1_kivdl::Ec_ilvD_coEc::FRT::Kan::FRT) and F.
coli W3110, AadhE::PLlacO1:L1_kivdl:: Ec_ilvD_coEc::
FRT::Kan::FRT) were prepared and the knock ins were trans-
ferred to JCL260 by P1 transduction. Removal of the Kan
resistance cassette from this strain using expression of FLP
recombinase yielded GEVO1748 and GEV01749.

[0415] GEVO1725, GEVO1750, GEVO1751: The gene
maeA was deleted according to the standard protocol for gene
deletion using the Wanner method (Datsenko, K. and Wanner,
B. One-step Inactivation of chromosomal genes in Escheri-
chia coli K-12 using PCR products. PNAS 2000). Primers
116 and 117 were used to amplify the Kan resistance cassette
from pKD13. The linear PCR product was transformed into
E. coli W3110 pKD46 electro competent cells and the knock-
out of maeA was verified by PCR. Lysate of the new strain (£.
coli W3110, AmaeA::FRT::Kan::FRT) was prepared and the
knock-out was transterred into JCL260 by P1 transduction.
The Kan resistance cassette was removed from this strain
using transient expression of FLP recombinase. The resulting
strain was transduced with the Z1 cassette yielding
GEVO01750, and the same strain was transduced with a lysate
conferring a pykA deletion. The pykA deletion lysate was
prepared from W3110, L\pykA::FRT::Kan::FRT, which was
created using homologous recombination according to the
Wanner method using primers 1187 and 1188 for the ampli-
fication of the Kan cassette from pKD13. The Kan resistance
cassette was removed from this strain using transient expres-
sion of FLP recombinase. The resulting strain was transduced
with a lysate conferring a pykF deletion. The pykF deletion
lysate was prepared from W3110, ApykF::FRT::Kan::FRT,
which was created using homologous recombination accord-
ing to the Wanner method using primers 1191 and 1192 for
the amplification of the Kan cassette from pKD13. Removal
of'the Kan resistance cassette from this strain using transient
expression of FLP recombinase yielded GEVO1725. For the
construction of GEVO1751 strain GEVO1725 was trans-
duced with a lysate of W3110Z1. The resulting strain was
GEVO1751.

[0416] Forthe construction of GEVO1777 ilvC was deleted
according to the standard protocol for gene deletion using the
Wanner method. Primers 868 and 869 were used to amplify
the Kan resistance cassette from pKD13. The linear PCR
product was transformed into E. coli W3110 pKD46 electro
competent cells and the knock-out of ilvC was verified by
PCR. The Kan resistance cassette was removed from this
strain using transient expression of FLP recombinase. The
resulting strain was transduced with the Z1 cassette yielding
GEVO1777.

[0417] GEVO1780 was constructed by transforming
JCL260 with plasmids pGV1655 (SEQ ID NO: 109) and
pGV1698 (SEQ ID NO: 112).

[0418] GEVOI1844: An E. coli sthA deletion strain was
obtained from the Keio collection and the deletion of sthA
was verified. The sthA deletion was transferred to
GEVO1748 by P1 phage transduction and after removal of
the Kan resistance cassette by transient expression of FLP
recombinase the resulting strain GEVO1844 was verified for
the sthA deletion.
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[0419] GEVO1846 was constructed by transforming strain
GEVO01748 with plasmids pGV1745 (SEQ ID NO: 117) and
pGV1698 (SEQ ID NO: 112).

[0420] GEVO1859 was constructed according to the stan-
dard protocol for gene integration using the Wanner method
(Datsenko, K. and Wanner, B. One-step Inactivation of chro-
mosomal genes in Escherichia coli K-12 using PCR products.
PNAS 2000). Primers 1219 and 1485 were used to amplify
PLlacO1::Bs_alsS1::Ec_ilvC_coEc from pGV1698 (SEQID
NO: 112). Primers 1218 and 1486 were used to amplify the
Kan resistance cassette from pKD13. SOE (splicing by over-
lap extension) was used to combine the two pieces to one
integration cassette. The linear PCR product was transformed
into E. coli W3110 pKD46 electro competent cells and the
knock-in of PL1acO1::Bs_alsS1::Ec_ilvC_coEc::FRT::Kan::
FRT into the pfIB locus was verified by PCR. The knock-in
was further verified by sequencing. Lysate of the new strain
(E. coli W3110, ApfiB:: PLlacOl1::Bs_alsS1::Ec_ilvC_
coEc::FRT::Kan::FRT) was prepared and the knock-in was
transferred into GEVO1749 by P1 transduction. Removal of
the Kan resistance cassette from this strain using transient
expression of FLP recombinase yielded GEVO1859.

[0421] GEVO1886 was constructed according to the stan-
dard protocol for gene integration using the Wanner method
(Datsenko, K. and Wanner, B. One-step Inactivation of chro-
mosomal genes in Escherichia coli K-12 using PCR products.
PNAS 2000). Primers 1562 and 1539 were used to amplify
PLlacO1::pntAB from pGV1745 (SEQID NO: 117). Primers
1479 and 1561 were used to amplify the Kan resistance cas-
sette from pKD13. SOE was used to combine the two pieces
to one integration cassette. The linear PCR product was trans-
formed into E. coli W3110 pKD46 electro competent cells
and the knock-in of PLlacO1::pntAB::FRT::Kan::FRT into
the sthA locus was verified by PCR. The knock-in was further
verified by sequencing. Lysate of the new strain (. coli
W3110, AsthA:: PLlIacO1::pntAB::FRT::Kan::FRT) was pre-
pared and the knock-in was transferred into GEVO1859 by
P1 transduction. Removal of the Kan resistance cassette from
this strain using transient expression of FLP recombinase
yielded GEVO1886.

[0422] GEVO1993 is a derivative of GEVO1748. For the
construction of GEVO1993, PLlacO1::Bs_alsS1 was inte-
grated into the pta locus on the E. coli chromosome. In par-
ticular primers 1526 and 474 were used to amplify the kana-
mycin resistance cassette (Kan) from pKD13, and primers
1563 and 1527 were used to amplify PLlacO1:: Bs_alsS1
from pGV1698. Afterwards, SOE (splicing by overlap exten-
sion) reactions were done to connect the gene expression
cassette to the resistance cassette using primers 1563 and 474.
The linear PCR products were transformed into E. cofi
W3110 pKD46 electro competent cells and the knock-ins of
PLlacO1::Bsa/sS1::FRT::Kan::FRT were verified by PCR.
The knock-ins were further verified by sequencing. Lysate of
the new strain E. coli W3110, Apta::PLlacO1::Bs_alsS1::
FRT::Kan::FRT was prepared and the knock-in was trans-
ferred to GEVO1748 by P1 transduction yielding
GEVO01993. The integration into the pta locus in GEVO1993
was verified by PCR.

Construction of Saccharomyces cerevisiae Strains

[0423] A PDC deletion variant S. cerevisiae, GEVO2302,
was evolved so that it does not have the requirement for a
two-carbon molecule and has a growth rate similar to the
parental strain on glucose.
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[0424] GEVOI1186 is S. cerevisiae CEN.PK2

[0425] GEVO1803 was made by transforming GEVO1186
with the 6.7 kb pGV1730 (SEQ ID NO: 116) (contains S.
cerevisiae TRP1 marker and the CUP1 promoter-driven
Bs_alsS2) that had been linearized by digestion with Nrul.
Completion of the digest was confirmed by running a small
sample on a gel. The digested DNA was then purified using
Zymo Research DNA Clean and Concentrator and used in the
transformation. Trp+clones were confirmed for the correct
integration into the PDC1 locus by colony PCR using primer
pairs 1440+1441 and 1442+1443 for the 5' and 3' junctions,
respectively. Expression of Bs_alsS2 was confirmed by qRT-
PCR using primer pairs 1323+1324.

[0426] GEVO2107 was made by transforming GEVO1803
with linearized, Hpal-digested pGV1914 (SEQ ID NO: 119).
Correct integration of pGV 1914 at the PDC6 locus was con-
firmed by analyzing candidate Ura+colonies by colony PCR
using primers 1440 plus 1441, or 1443 plus 1633, to detect the
5" and 3' junctions of the integrated construct, respectively.
Expression of all transgenes were confirmed by qRT-PCR
using primer pairs 1321 plus 1322, 1587 plus 1588, and 1633
plus 1634 to examine Bs_alsS2, L1 _kivd2 coEc, and
Dm_ADH transcript levels, respectively.

[0427] GEVO2158 was made by transforming GEVO2107
with Nrul-digested pGV1936 (SEQ ID NO: 120). Correct
integration of pGV1936 at the PDCS5 locus was confirmed by
analyzing candidate Ura+, Leu+colonies by colony PCR
using primers primers 1436 plus 1437, or 1595 plus 1439, to
detect the 5' and 3' junctions of the integrated construct,
respectively. Expression of all transgenes were confirmed by
qRT-PCR using primer pairs 1321 plus 1322, 1597 plus 1598,
1566 plus 1567, 1587 plus 1588, 1633 plus 1634, and 1341
plus 1342 to examine levels of Bs_alsS2, Ec_ilvC_
coSc?1°%  Sc_ilv3AN, L1 kivd2_coEc, Dm_ADH, and
ACT]1, respectively.

[0428] GEVO2302 was constructed by sporulating
GEVO2158. Haploid spores were prepared for random
spores analysis (as described above), and the spores were
plated onto SCE-Trp,Leu,Ura medium (14 g/I. Sigma™ Syn-
thetic Dropout Media supplement (includes amino acids and
nutrients excluding histidine, tryptophan, uracil, and leu-
cine), 6.7 g/l Difco™ Yeast Nitrogen Base without amino
acids. 0.076 g/L histidine and 25 m[./I. 100% ethanol). Can-
didate colonies were patched onto SCE-Trp, Leu, Ura plates
(Plate version of the above medium was prepared using 20
g/, agar) and then replica plated onto YPD (10 g/L. yeast
extract, 20 g/L. peptone, 20 g/LL glucose) and YPE (10 g/L.
yeast extract, 20 g/L. peptone, 25 mL/L. 100% ethanol) plates.
Patches that grew on YPE but failed to grow on YPD were
further analyzed by colony PCR to confirm mating type (and,
hence, their status as haploid). Several verified haploid can-
didates were further analyzed for transgene expression by
qRT-PCR. GEV02302 contains the full isobutanol pathway
with ALS, KARIL, DHAD, KIVD, and ADH being encoded by
Bs_alsS2, Ec_ilvC_coSc€!!°%, Sc_ilv3AN, L1 _kivd2_coEc,
Dm_ADH, respectively.

[0429] GEVO2710, GEVO2711, GEVO2712 and
GEVO2799 are C2-independent, glucose de-repressed
derivatives of GEV02302, which were constructed via
chemostat evolution: A DasGip fermentor vessel was steril-
ized and filled with 1 L of YNB+histidine medium (Yeast
Nitrogen Base+histidine, containing per liter of distilled
water: 6.7 g YNB without amino acids from Difco and 0.076
g histidine; the medium was adjusted to pH 5 by adding a few
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drops of HCL or KOH) and contained 2% w/v ethanol. The
vessel was installed and all probes were calibrated according
to DasGip instructions. The vessel was also attached to an
off-gas analyzer of the DasGip system, as well as to a mass
spectrometer. Online measurements of oxygen, carbon diox-
ide, isobutanol, and ethanol were taken throughout the experi-
ment. The two probes that were inside the vessel measured pH
and dissolved oxygen levels at all times. A medium inlet and
an outlet were also set up on the vessel. The outlet tube was
placed at a height just above the 1 L level, and the pump rate
was set to maximum. This arrangement helped maintain the
volumeinthe vessel at 1 L. Air was sparged into the fermentor
at 12 standard liters per hour (slph) at all times. The tempera-
ture of the vessel was held constant at 30.0° C. and the
agitation rate was set at a minimum of 500 rpm, with a
cascade control to adjust the agitation to maintain 50% dis-
solved oxygen in the culture. The off-gas was analyzed for
CO,, O,, ethanol and isobutanol concentrations. The amount
of carbon dioxide (Xc,,) and oxygen (X,,) levels in the
off-gas were used to assess the metabolic state of the cells. An
increase in X, levels and decrease in X, levels indicated
an increase in growth rate and glucose consumption rate. The
ethanol levels were monitored to ensure that there was no
contamination, either from other yeast cells or from potential
revertants of the mutant strain because the S. cerevisiae PDC
triple-mutant (GEV02302) does not produce ethanol. The
minimum pH in the vessel was set to 5, and a base control was
set up to pump in potassium hydroxide into the vessel when
the pH dropped below 5.

[0430] GEV02302 was inoculated into 10 ml of YNB+
histidine medium with 2% w/v ethanol as the carbon source.
The culture was incubated at 30° C. overnight with shaking.
The overnight culture was used to inoculate the DasGip ves-
sel. Initially, the vessel was run in batch mode, to build up a
high cell density. When about a cell biomass of ODg,,=8 was
reached, the vessel was switched to chemostat mode and the
dilution of the culture began. The medium pumped into the
vessel was YNB-+histidine with 6.357 g/L. glucose and 0.364
g/ of acetate (5% carbon equivalent). The initial dilution rate
was set to 0.06 h™* to avoid washout.

[0431] After the culture in the chemostat was stabilized at
the 0.06 h™* dilution rate, the concentration of acetate was
slowly decreased. This was achieved by using a two pump
system, effectively producing a gradient pumping scheme.
Initially pump A was pumping YNB+histidine medium with
10 g/L. glucose at a rate of 35.5 ml/h and pump B was
pumping YNB+histidine medium with only 1 g/IL acetate at a
rate of 20.3 mL/h. The total acetate going into the vessel was
0.364 g/L.. Then, over a period of 5 days, the rate of pump B
was slowly decreased and the rate of pump A was increased so
that the combined rate of feeding increased from 56 ml./h to
74 ml/h. Over this period, the rate of pump B was finally
reduced to 0, resulting in no (0 g/L) acetate addition to the
chemostat. The glucose feed to the chemostat over this period
was increased from 6.4 g/IL to 10 g/IL and the evolved strain
was able to grow on glucose only.

[0432] Evolution of the strain for growth on increased glu-
cose concentration was performed by slowly increasing the
concentration of glucose in the chemostat with the evolved
strain that no longer required a 2-carbon supplement. The
concentration of glucose in the feed medium was increased
from 10 g/LL to 38 g/IL over a period of 31 days. This was
achieved by using a two pump system, effectively producing
a gradient pumping scheme. Initially pump A was pumping
YNB-+histidine medium with 10 g/L. glucose at a rate of 35.2
ml./h and pump B was pumping YNB+histidine medium with
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15 g/ glucose at arate of 32.9 m[/h. The total glucose going
into the vessel was 12.4 g/L.. Then, over a period of 18 days,
the medium reservoirs for pump A and pump B were replaced
with reservoirs containing increased concentrations of glu-
cose until the reservoir for pump A contained 80 g/L glucose
and the reservoir for pump B contained 100 g/, glucose.
During this period, the combined rate of feeding maintained
adilution rate of 0.04 h™"'. At the end of this period, the rate of
pump A was finally reduced to 0, resulting in a feed o 100 g/L,
glucose. This dilution rate resulted in a biomass of OD,,=4.8
at this glucose concentration and increasing the dilution rate
t0 0.09 h™! over a period of 4 days lowered the biomass to an
ODy,=2.6. The dilution rate was lowered to 0.03 h™! and
gradually raised to 0.04 h™" at 100 g/L glucose feed to raise
the biomass to an ODg,,=4.4 over a period of 5 days. The
glucose feed was then lowered by replacing the medium
reservoir for pump A with a reservoir containing 0 g/L. glu-
cose, pumping initially at a rate 0£33.4 ml/h, and pumping the
100 g/L. glucose feed from pump B at 2.4 ml/h. This resulted
in a dilution rate of 0.04 h™", a glucose feed of 6.7 g/L. and a
biomass of OD,,=6.0. Over a period of 4 days, the glucose
concentration in the feed was gradually increased to 37.8 g/L.
by increasing the rate of pump B and decreasing the rate of
pump A while maintaining a dilution rate of 0.04 h™ and
resulting in a biomass under these conditions of an
OD¢,,=6.6 and a glucose level in the chemostat of 18.8 g/L.

[0433] Evolution ofthe strain for increased growth rate was
performed by slowly increasing the dilution rate in the
chemostat with the evolved strain that no longer required a
2-carbon supplement and could grow with a feed 0f37.8 g/L.
glucose with a glucose level in the chemostat of 18.8 g/L..
Over a period of 13 days, the dilution rate was gradually
increased from 0.04 h™" to 0.14 h™" by alternately increasing
the rates of pump A and pump B to maintain a glucose feed
concentration of 21-24 g/L. glucose. A biomass of OD;,,=1.6
to an OD,,=2.0 was maintained at dilution rates of 0.13 h™*
t0 0.14 h~.

[0434] Over the period of evolution, a sample was occa-
sionally removed from the vessel directly. Samples were ana-
lyzed for glucose, acetate, and pyruvate using HPLC.
Samples were plated onto YNB+histidine medium with 2%
w/v ethanol as carbon source, YNB+histidine medium with
different glucose concentrations (5 g/L, 10 g/L., 15 g/L, 20
g/L, 25 g/ and 50 g/L. glucose), and YPD medium (contain-
ing 10 g/L. yeast extract, 20 g/L. peptone and 20 g/I. dextrose)
agar plates (plates contain the indicated medium+20 g/L.
agar). ODg,, measurements were taken regularly to make
sure the chemostat did not wash out. Freezer stocks of
samples of the culture were made regularly for future char-
acterization of the strains.

[0435] The chemostat with the evolved strain that no longer
required a 2-carbon supplement and could grow with a feed of
37.8 g/L. glucose with a glucose level in the chemostat of 18.8
g/L and could grow at a dilution rate >0:13 h™' was main-
tained for another 23 days with varying dilution rates from
0.07 h™' to 0.11 h™* to allow further evolution for improved
growth rate. At the end of this period, a sample from the
chemostat was plated onto YNB+histidine medium with 50
g/L glucose agar plates and allowed to form colonies at 30° C.
Ten colonies were picked for further characterization and
re-streaked onto YNB+histidine medium with 50 g/L. glucose
agar plates for purification. None of these 10 evolved strains
isolated from the chemostat sample grew when streaked onto
SC-histidine medium (Synthetic complete medium lacking
histidine, containing per liter of distilled water: 6.7 g YNB
without amino acids from Difco, 100 ml of a solution of 14 g
Yeast Synthetic Drop-out Medium Supplements without his-
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tidine, leucine, tryptophan and uracil from Sigma dissolved in
1 L water, 20 ml of a solution of 3.8 g/LL tryptophan, 20 ml of
a solution of 19 g/LL leucine and 40 ml of a solution of 1.9 g/,
uracil) containing 20 g/I. glucose plates but did grow on
SC-leucine medium (Synthetic complete medium lacking
leucine, containing per liter of distilled water: 6.7 g YNB
without amino acids from Difco, 100 ml of a solutionof 14 g
Yeast Synthetic Drop-out Medium Supplements without his-
tidine, leucine, tryptophan and uracil from Sigma dissolved in
1 L water, 20 ml of a solution of 3.8 g/LL tryptophan, 20 ml of
a solution of 3.8 g/L. histidine and 40 ml of a solution of 1.9
g/L uracil) containing 20 g/, glucose plates, indicating that
they were still auxotrophic for histidine.

[0436] To characterize growth of the evolved strains, single
colonies from each of the 10 evolved isolates purified on
YNB-+histidine medium with 50 g/LL glucose agar plates were
inoculated into 3 ml of YNB+histidine medium with 50 g/L.
glucose and YPD medium in 14 ml round-bottom snap-cap
tubes and incubated overnight at 30° C. as a pre-culture. The
next day the pre-cultures were used to inoculate 5 ml of the
same medium as the pre-cultures in 50 ml conical plastic
screw-cap centrifuge tubes to an ODg, 0 0.01. The cultures
were incubated shaking upright at 250 rpm at 30° C. and
sampled periodically for OD,, measurement. Growth rates
were calculated from plots of the OD,, measurements vs.
time of incubation. Evolved isolates GEVO02710,
GEV0O2711, GEV0O2712 and GEVO2799 were selected
because of high growth rates in both YNB+histidine medium
with 50 g/ glucose and YPD medium.

[0437] GEVO2792 is a C2-independent, PDC-minus S.
cerevisiae strain carrying a control plasmid encoding no
genes for an isobutanol metabolic pathway. To generate this
strain, GEVO2710 was transformed with plasmid pGV2020
(SEQ ID NO: 121).

[0438] GEVO2844 is a C2-independent, PDC-minus S.
cerevisiae strain carrying a control plasmid encoding no
genes for an isobutanol metabolic pathway. To generate this
strain, GEV02799 was transformed with plasmid pGV2020
(SEQ ID NO: 121).

[0439] GEVO2847 is a C2-independent, PDC-minus S.
cerevisiae strain carrying a partially NADH-utilizing isobu-
tanol metabolic pathway. To generate this strain, GEV0O2799
was transformed with plasmid pGV2082 (SEQ ID NO: 122),
carrying the genes encoding NADPH-dependent KARI and
the NADH-dependent ADH, Ec_ilvC_coSc€**°” (SEQ ID
NO: 24), and Dm_ADH (SEQ ID NO: 60), respectively.
[0440] GEVO2848 is a O,-independent, PDC-minus S.
cerevisiae strain carrying a partially NADH-utilizing isobu-
tanol metabolic pathway. To generate this strain, GEV0O2799
was transformed with plasmid pGV2227 (SEQ ID NO: 123),
carrying the genes encoding NADPH-dependent KARI and
the NADH-dependent ADH, Ec_ilvC_coSc®M'°"(SEQ ID
NO: 24), and L1_adhA (SEQ ID NO: 66), respectively.
[0441] GEVO2849 is a C2-independent, PDC-minus S.
cerevisiae strain carrying an NADH-utilizing isobutanol
metabolic pathway. To generate this strain, GEVO2799 was
transformed with plasmid pGV2242 (SEQ ID NO: 125), car-
rying the genes encoding NADH-dependent KARI and ADH,
Ec_ilvC_coSc™”! (SEQ ID NO: 39) and L1_adhA (SEQ ID
NO: 66), respectively.

[0442] GEVO2851 is a C2-independent, PDC-minus S.
cerevisiae strain carrying a partially NADH-utilizing isobu-
tanol metabolic pathway. To generate this strain, GEVO2711
was transformed with plasmid pGV2227 (SEQ ID NO: 123),
carrying the genes encoding NADPH-dependent KARI and
the NADH-dependent ADH, Ec_ilvC_coSc€**°” (SEQ ID
NO: 24), and L1_adhA (SEQ ID NO: 66), respectively.

Jun. 10, 2010

[0443] GEVO2852 is a C2-independent, PDC-minus S.
cerevisiae strain carrying an NADH-utilizing isobutanol
metabolic pathway. To generate this strain, GEVO2711 was
transformed with plasmid pGV2242 (SEQ ID NO: 125), car-
rying the genes encoding NADH-dependent KARIand ADH,
Ec_ilvC_coSc??”! (SEQ ID NO: 39) and L1_adhA (SEQ ID
NO: 66), respectively.

[0444] GEVO2854 is a C2-independent, PDC-minus S.
cerevisiae strain carrying a partially NADH-utilizing isobu-
tanol metabolic pathway. To generate this strain, GEVO2710
was transformed with plasmid pGV2082 (SEQ ID NO: 122),
carrying the genes encoding NADPH-dependent KARI and
the NADH-dependent ADH, Ec_ilvC_coSc€''°”, and
Dm_ADH (SEQ ID NO: 60), respectively.

[0445] GEVO2855 is a C2-independent, PDC-minus S.
cerevisiae strain carrying a partially NADH-utilizing isobu-
tanol metabolic pathway. To generate this strain, GEVO2710
was transformed with plasmid pGV2227 (SEQ ID NO: 123),
carrying the genes encoding NADPH-dependent KARI and
the NADH-dependent ADH Ec_ilvC_coSc€''°”, and
L1_adhA (SEQ ID NO: 66), respectively.

[0446] GEVO2856 is a C2-independent, PDC-minus S.
cerevisiae strain carrying an NADH-utilizing isobutanol
metabolic pathway. To generate this strain, GEVO2710 was
transformed with plasmid pGV2242 (SEQ ID NO: 125), car-
rying the genes encoding NADH-dependent KARIand ADH,
Ec_ilvC_coSc??P! (SEQ ID NO: 39) and L1_adhA (SEQ ID
NO: 66), respectively.

Construction of £. coli Expression Plasmids

[0447] pGV1631: The adh2 gene was cut out of plasmid
PSASS using appropriate restriction enzymes. Re-ligation
yielded plasmid pGV1631 featuring only L1_kivdl (SEQ ID
NO: 45) under the control of the PLLlacO1 promoter. The
plasmid was verified by sequencing prior to its use.

[0448] pGV1705A: The Ec_yqhD gene (SEQ ID NO: 68)
contained on plasmid pGV1705 was cloned into plasmid
pGV1711 (SEQ ID NO: 113) using the primers XX3 and
XX4. These primers added additional sequences surrounding
the ADH coding sequence. Specifically, the 5'-end of the PCR
product contains an EcoRI site, a BamHI site, a RBS (ag-
gaga), a 7 nucleotide space sequence, and the initiating ATG
codon. The 3' end of the product, following the stop codon,
contains a Notl site followed by an Avrll site. The amplified
product was digested with EcoRI and Notl and ligated into
pGV1711 (SEQ ID NO: 113) which had been cut with both
EcoRI and Avrll and gel purified to generate plasmid
pGV1705-A,

[0449] ADH genes, whether PCR amplified or ordered as
synthetic DNA sequences were cloned into plasmid
pGV1716 (SEQ ID NO: 114), a derivative of plasmid
pGV 1698 carrying an in vitro-synthesized gene for S. cerevi-
siae ADH2, codon-optimized for expression in E. coli
(=“ADH2c0”). ADH2co gene was amplified from plasmid
pGV1527 in a PCR reaction using KOD polymerase
(Novagen, Gibbstown, N.J.) and primers 1296 and 1297.
These primers add additional sequences surrounding the
ADH2co coding sequence. Specifically, the 5'-end of the PCR
product contains a Sall site, a BamHI site, an RBS (aggaga),
a 7 nucleotide space sequence, and the initiating ATG codon.
The 3' end of the product, following the stop codon, contains
a Notl site followed by a Sall site. The amplified product was
digested Sall and was ligated into pGV1698 (SEQ ID NO:
112) which had been cut with Sall and gel purified. DNA
constructs were analyzed by multiple restriction digests, and
also by DNA sequencing to confirm integrity and to correct
construction. Oligonucleotides 1220 and 1365 were used as
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primers in standard DNA sequencing reactions to sequence
all of the aforementioned clones.

[0450] Plasmid pGV1748, which contains the ORF for
Ec_fucO (SEQ ID NO: 64) expressed under the control of the
IPTG-inducible promoter PL1acO1, was generated by ampli-
fying the Ec_fucO gene in a PCR reaction, using primers
1470 and 1471 and E. coli genomic DNA as a template. The
~1.2 kb PCR product so generated was digested with BamHI
plus Notl, purified using a Zymo Research DNA Gel Extrac-
tion kit (Zymo Research, Orange, Calif.) according to manu-
facturer’s protocol, and ligated into the vector pGV1716
(SEQIDNO: 114) which had been digested with BamHI plus
Notl and purified using a Zymo Research DNA Gel Extrac-
tion kit (Zymo Research, Orange, Calif.).

[0451] Plasmid pGV1748-A: The Ec_fucO gene contained
on plasmid pGV1748 was cloned into plasmid pGV1711
(SEQ ID NO: 113) using the primers XX1 and XX2. These
primers add additional sequences into the vector backbone
upstream of the Avrll restriction site and downstream of the
EcoRI restriction site. Specifically, the 5'-end of the PCR
product contains a Notl site followed by an Avrll site and the
3' end of the product, contains an Agel site followed by an
EcoRlI site. The amplified product was digested with Agel and
Non and ligated with the similarly digested pGV1711 to
generate plasmid 1748-A.

[0452] Plasmid pGV1749, which contains the ORF for
Dm_ADH (SEQ ID NO: 60) expressed under the control of
the IPTG-inducible promoter PLlIacO1, was generated by
amplifying the Dm_ADH gene in a PCR reaction, using
primers 1469 and 1364 and the clone RH54514 (Drosophila
Genome Resource Center) as a template. The ~0.8 kb PCR
product was digested with BgIII plus Notl, was purified using
a Zymo Research DNA Gel Extraction kit according to manu-
facturer’s protocol, and was ligated into the vector pGV1716
(SEQIDNO: 114) which had been digested with BamHI plus
Notl and purified using a Zymo Research DNA Gel Extrac-
tion kit.

[0453] Plasmid pGV1749-A: The Dm_ADH gene (SEQID
NO: 60) contained on plasmid pGV1749 was cloned into
plasmid pGV1711 (SEQ ID NO: 113) using the primers XX1
and XX2. These primers add additional sequences into the
vector backbone 5' of the Avrll restriction site and 3' of the
EcoRI restriction site. Specifically, the 5'-end of the PCR
product contains a Notl site followed by an Avrll site and the
3' end of the product, contains an Agel site followed by an
Ecorl site. The amplified product was digested with Agel and
Notl and ligated with the product of the ADH gene similarly
digested with Agel and Notl to generate plasmid pGV1749-
A.

[0454] Plasmid pGV1778, which contains the ORF for
Kp_dhaT (SEQIDNO: 62) expressed under the control of the
IPTG-inducible promoter PLlIacO1, was generated by excis-
ing the Kp_dhaT gene from an in vitro synthesized plasmid
(generated by DNA2.0, Menlo Park, Calif.) by digestion with
BamHI plus Notl. The released 1.16 kb fragment was purified
using a Zymo Research DNA Gel Extraction kit according to
manufacturer’s protocol, and was ligated into the vector
pGV1716 (SEQ ID NO: 114) which had been digested with
BamHI plus Notl and purified using a Zymo Research DNA
Gel Extraction kit.

[0455] Plasmid pGV1778-A: The Kp_dhaT gene (SEQ ID
NO: 62) contained on plasmid pGV1778 was cloned into
plasmid pGV1711 (SEQ ID NO: 113) using the primers XX1
and XX2. These primers add additional sequences into the
vector backbone 5' of the Avrll restriction site and 3' of the
EcoRI restriction site. Specifically, the 5'-end of the PCR
product contains a Notl site followed by an Avrll site and the
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3" end of the product, contains an Agel site followed by an
EcoRlI site. The amplified product was digested with Agel and
Notl and ligated with the product of the ADH gene similarly
digested with Agel and Notl to generate plasmid pGV1778-
A.

[0456] Plasmids pGV1655 (SEQ ID NO: 109) and
pGV1711 (SEQIDNO: 113) have been described previously.
Briefly, pGV1655 is a low-copy, Kan®-selected plasmid that
expresses E. coli Ec_ilvD_coEc (SEQ ID NO: 51) and
L1_kivdl (SEQ ID NO: 41) under the control of the PLlac
promoter.

[0457] Plasmid pGV1938 was constructed by inserting the
gene coding for Ec_llvC_coEc*"®” into pGV1711 (SEQ ID
NO: 113). The KARI variant gene was amplified with primers
Not_in_forand Avrll_in_rev introducing the 5' Notl and the 3'
Avrllrestriction sites, Dpnl digested for 1 hat 37° C., and then
cleaned up using the Zymo PCR clean up kit. The fragment
and the vector pGV1711 were restriction digested with Notl
and Avrll and run out on a 1% agarose gel. After cutting out
the fragments, they were cleaned up wusing the
Freeze’n’Squeeze and pellet paint procedure. Ligation was
performed with the rapid ligation kit from Roche according to
the manufacturer’s instructions.

[0458] Plasmid pGV1939 was generated using primers
XX3 and XX4 to amplify the Ec_fucO gene from plasmid
pGV1748-A. The forward primer adds a new RBS (aggaga),
a 7 nucleotide space sequence, and the initiating ATG codon.
The amplified product was digested with EcoRI and Notl and
ligated with the similarly digested pGV1711 (SEQ. ID NO:
113) to generate plasmid pGV1939 containing the modified
RBS.

[0459] The genes coding for KARI variants Ec_ilvC_co-
Ec™*¢ (SEQ ID NO: 14), Ec_ilvC_coEc*#P-# (SEQ ID
NO: 16), Ec_ilvC_coEc®****¢ (SEQ ID NO: 32) and
Ec_ilvC_coEc>#19%%6 (SEQ ID NO: 30) were cloned into
pGV1939 generating plasmids pGV1925, pGV1927,
pGV1975 and pGV1976, respectively using primers Notl_
in_for and Avrll_in_rev. The PCR products were Dpnl
digested for 1 h and cleaned over a 1% agarose gel. After a
sequential restriction digestion of vector and insert with Notl
for 1 h followed by 1 h with Avrll, ligation was performed
using rapid ligase (Roche). Ligation mixture was desalted
using the Zymo PCR clean up kit and used to transform . coli
DHS5a.. DNA constructs were analyzed by restriction digests,
and also by DNA sequencing to confirm integrity and correct
construction. Primers pETup and KARIpETrev were used as
primers in standard DNA sequencing reactions to sequence
pET22b(+) derivatives, primer seq_ilvc_pGV was used to
sequence pGV1925, pGV1927, pGV1975 and pGV1976.
Construction of Saccharomyces cerevisiae Expression Plas-
mids

[0460] pGV1824: The gene coding for Ec_llvC (SEQ ID
NO: 13) was codon optimized for S. cerevisiae and synthe-
sized (DNA2.0, Menlo Park, Calif.), resulting in Ec_ilvC_
coSc (SEQ ID NO: 12). To generate pGV 1824, the Ec_ilvC_
coSc gene was excised from plasmid pGV1774 using Bglll
and Xhol. Plasmid pGV1662 was digested with Sall and
BamHI. The pGV1662 vector backbone and Ec_ilvC_coSc
insert were ligated using standard methods resulting in plas-
mid pGV1824 containing the gene Ec_ilvC_coSc.

[0461] pGV1914 (SEQ ID NO: 119) is a yeast integrating
vector (Ylp) that utilizes the S. cerevisiae URA3 gene as a
selection marker and contains homologous sequence for tar-
geting the Hpal-digested, linearized plasmid for integration at
the PDC6 locus of S. cerevisiae. This plasmid does not carry
a yeast replication origin, thus is unable to replicate episoma-
1ly. This plasmid carries the Dm_ADH (SEQ ID NO: 60) and
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L1_kivd2_coEc (SEQ ID NO: 48) genes, expressed under the
control of the S. cerevisiae TDH3 and TEF1 promoters,
respectively. pGV1914 was generated in two steps. First, the
Dm_ADH-containing E. coli expression plasmid pGV1749
was digested with Sall plus Notl, and the 0.78 kb fragment
containing the Dm_ADH ORF released by digestion was gel
purified and ligated into pGV1635, which had been digested
with Xhol plus Notl and gel purified. Plasmid pGV1635 is a
yeast expression plasmid which has as its salient feature a
TDH3 promoter followed by several restriction enzyme rec-
ognition sites, into which the Dm_ADH sequence was cloned
as described above. A correct recombinant plasmid was
named pGV1913. In the second step of pGV1914 construc-
tion, pGV1913 was digested with BamHI plus NotI and the
1.45 kb fragment, containing the TDH3 promoter-Dm_ADH
ORF sequence was gel purified and ligated into pGV1733,
which had been digested with BamHI plus NotI and similarly
gel purified, yielding pGV1914. Thus, the SCADH7 ORF in
pGV1733 is replaced by the Dm_ADH ORF inthe pGV1914,
both under the control of the TDH3 promoter; both plasmids
also contain the Pz, -L1_kivd2_coEc cassette as well as the
URAS3 selection marker and ScPDC6 5' and 3' regions suit-
able for homologous recombination targeting following lin-
earization of the plasmid with Hpal.

[0462] pGV1936 (SEQ ID NO: 120) is a yeast integrating
vector (Ylp) that utilizes the S. cerevisiae LEU2 gene as a
selection marker and contains homologous sequence for tar-
geting the linearized (by Hpal digestion) plasmid for integra-
tion at the PDCS5 locus of S. cerevisiae. This plasmid does not
carry a yeast replication origin, thus is unable to replicate
episomally. This plasmid carries the Ec_ilvC_coSc€'°”
(SEQID NO: 24) mutant (i.e. codon optimized for expression
in S. cerevisiae) and S. cerevisiae ILV3AN genes, expressed
under the control of the S. cerevisiae TDH3 and TEF1 pro-
moters, respectively. pGV1936 was constructed using SOE
PCR method that amplified the Ec_ilvC_coSc gene while
simultaneously introducing the nucleotide changes coding
for a Q110V mutation. Specifically, primers 1624 and 1814
were used to amplify a portion of plasmid pGV 1774 contain-
ing the Ec_ilvC_coSc gene; primers 1813 and 1798 were
used to amplify a portion of plasmid pGV1824 that also
contained the Ec_ilvC coSc gene. The two separate PCR
products were gel purified, eluted in 15 pul, and 3 pL. of each
were used as a template along with primers 1624 and 1798.
The resulting PCR product was digested with Xhol plus NotI
and ligated into pGV 1765 that had been digested with Xhol
plus Notl, yielding pGV1936. Candidate clones of pGV1936
were confirmed by sequencing, using primers 350, 1595, and
1597.

[0463] pGV1994: Mutations found in variant Ec_llvC5%¢-
miss were introduced into pGV1824 by SOE PCR. The 5'PCR
used primers 1898 and 2037 and the 3' PCR used primers
1893 and 2036. Each of these primer pairs were used with
pGV 1894 as the template in two separate PCR reactions. The
product was used in a second PCR with the end primers 1898
and 1893 to yield a final PCR product. This final PCR product
has a 5' Sall restriction site and 3' Bglll followed by Notl
restriction sites. These were cloned into pGV1662 using the
Sall and Notl site and yielding plasmid pGV1994 which
carries Ec_ilvC_coSc®%® (SEQ ID NO: 35).

[0464] pGV2020 (SEQ ID NO: 121) is an empty G418
resistant 2-micron yeast vector that was generated by remov-
ing the L1_kivd2_coEc sequence from pGV2017. This was
carried out by amplifying the TDH3 promoter from pGV2017
using primers 1926 and 1927, digesting with Sall and Notl
and cloning into the same sites of pGV2017.
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[0465] pGV2082 (SEQ ID NO: 122) is a G418 resistant
yeast 2-micron plasmid for the expressions of Ec_ilvC_
coSc€M%” (SEQ ID NO: 24), L1_ilvD_coSc (SEQ ID NO:
54), L1_kivd2_coEc (SEQ ID NO: 48), and Dm_ADH (SEQ
ID NO: 60). A fragment carrying the PGK1 promoter,
L1_kivd2_coEc and a short region of the PDC1 terminator
sequence was obtained by cutting pGV2047 with Avrll and
Ncol. This fragment was treated with Klenow to generate
blunt ends then cloned into pGV2044 that had been digested
with EcoRI and Sb{l and the overhangs filled in with Klenow.
This construction replaced the CUP1 promoter and the
Bs_alsS1_coSc (SEQ ID NO: 6) in pGV2044 with the PGK1
promoter and L1_kivd2 coEc.

[0466] pGV2193: The Ec_llvC variant encoded by
Ec_ilvC_coSc®#®*=¢ (SEQ ID NO: 33) encoded on
pGV2241 (SEQ ID NO: 124) served as template for error-
prone PCR using primers pGV1994ep_for and pGV1994ep_
rev yielding variant Ec_IlvC?P'#<¢ (SEQ ID NO: 38) which
is encoded by Ec_ilvC_coSc™?P*#=(SEQ ID NO: 37) on
construct pGV2193.

[0467] pGV2227 (SEQ ID NO: 123) is a G418 resistant
yeast 2-micron plasmid for the expressions of Ec_ilvC_
coSc€M%” (SEQ ID NO: 24), L1_ilvD_coSc (SEQ ID NO:
54), L1_kivd2 coEc (SEQ ID NO: 48), and L1_adhA (SEQ ID
NO: 66). pGV2227 is a derivative of pGV2201 where the
BamHI and Xhol sites at the 3' end of the L1_adhA were
removed and replaced with an Avrll site. This construction
was carried out by cloning into the Nhel-Mul sites of
pGV2202 a fragment carrying the 3' end of the L1_adhA
sequence, an Avrll site, and the 5' part of the CYC1 termina-
tor. This fragment was generated by SOE PCR combining a
PCR product using primers 2091 and 2352 with pGV2201 as
template and a PCR product using primers 2353 and 772 with
pGV2201 as template. The sequences of primers 2352 and
2353 overlap and introduce an Avrll site. This SOE PCR
product was digested with Nhel and Mlul for cloning into
pGV2201.

[0468] pGV2238: The Ec_llvC variant encoded by
Ec_ilvC_coSc™°!#*¢ (SEQ ID NO: 37) encoded on
pGV2193 served as parent for an additional error-prone PCR
round using the same primers as described before on template
DNA pGV2193 yielding an improved KARI variant named
Ec_llvCF2P-41-756 (SEQ) 1D NO: 42) which is encoded by
the gene Ec_ilvC_coSc?P'4!#=¢ (SEQ ID NO: 41) on plas-
mid pGV2238.

[0469] pGV2241 (SEQ ID NO: 124): The gene Ec_ilvC_
coSc®° (SEQ ID NO: 35) was his-tagged using primers
pGV1994_ep_for and 1994hisrev, cleaned with the Zymo
PCR clean up kit (Zymo Research), Notl and Sall digested,
and ligated into similarly digested pGV1994, resulting in
construct pGV2241 coding for Ec_ilvC_coSc®5¢"¢ (SEQ
1D NO: 33).

[0470] pGV2242 (SEQ ID NO: 125) is a G418 resistant
yeast 2-micron plasmid for the expressions of Ec_ilvC_
coSc”?P (SEQID NO: 39), L1_ilvD_coSc (SEQID NO: 54),
L1_kivd2_coEc (SEQ ID NO: 48), and L1_adhA (SEQ ID
NO: 66). This plasmid was generated by cloning the Sall-
BspEI fragment of pGV2193 carrying the region encoding
for Ec_llvC with the relevant mutations for the Ec_ilvC_
coSc”?P! allele into the Xhol-BspEI sites of pGV2227 (SEQ
ID NO: 123).
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TABLE 3

Strains disclosed herein

Strain No. Description

GEVO1186  S. cerevisiae CEN.PK2 (MATa/a ura3/ura3 leu2/leu2 his3/his3 trpl/trpl
PDC1/PDC1 PDC5/PDC5 PDC6/PDC6)

GEVO1385  E. coli BW25113, AldhA-fur::FRT, AadhE::FRT, Afrd::FRT, Apta::FRT,
ApflB::FRT, F' (laclg+), attB::(Sp* laclq* tetR™)

GEVO1399  E. coli BW25113, AldhA-fur::FRT, AadhE::FRT, Afrd::FRT, Apta::FRT,
pfiB::FRT, Azwf::FRT F' (laclg+)

GEVO1608  E. coli BW25113, AldhA-fnr::FRT, AadhE::FRT, Afrd::FRT, ApfiB::FRT,
Apta::FRT, AyghD::FRT-Kan-FRT, F' (laclg+)

GEVO1725  E. coli BW25113, AldhA-fur::FRT, AadhE::FRT, Afrd::FRT, Apta::FRT,
ApflB::FRT, AmaeA::FRT, ApykA::FRT, ApykF::FRT, F' (laclq+)

GEVO1745  E. coli BW25113, AldhA-fnr::FRT, AadhE::FRT, Afrd::FRT, ApfiB::FRT,
Apta::FRT, AyqhD::FRT

GEVO1748  E. coli BW25113, AldhA-fur::FRT, AadhE::FRT, Afrd::FRT, Apta::FRT,
pfiB::FRT, F' (laclg+), AilvC::PLlacO1::LI_kivd1::Ec_ilvD_ coEc::FRT

GEVO1749  E. coli BW25113, AldhA-fnr::FRT, Afrd::FRT, Apta::FRT, pfiIB::FRT, F'
(laclg+), AadhE::[PLlacO1::L]_kivdl::Ec_ilvD_ coEc::FRT]

GEVOL1750  E. coli BW25113, AldhA-fur::FRT, AadhE::FRT, Afrd::FRT, Apta::FRT,
ApflB::FRT, AmaeA::FRT, F' (laclq+), attB::(Sp+ laclg+ tetR+)

GEVO1751  E. coli BW25113, AldhA-fnr::FRT, AadhE::FRT, Afrd::FRT, Apta::FRT,
ApflB::FRT, AmaeA::FRT, ApykA::FRT, ApykF::FRT, F' (laclq+), attB::(Sp+
laclg+ tetR+)

GEVO1777  E. coli W3110, AilvC::FRT, attB::(Sp+ laclg+ tetR+)

GEVO1780  JCL260 transformed with pGV1655 and pGV1698

GEVOI1803  S. cerevisiae CEN.PK2, MATa/alpha ura3/ura3 leu2/leu2 his3/his3 trp1/trpl
pdel:Bs_alsS2, TRP1/PDC1

GEVOI1844  E. coli BW25113, A(ldhA-fnr::FRT) AadhE::FRT Afrd::FRT Apta::FRT
ApfiB::FRT AilvC::P;,, o, :LL_kivd1::Ec_ilvD_ coEc::FRT AsthA::FRT

GEVOI1846  E. coli BW25113, AldhA-fnr::FRT, AadhE::FRT, Afrd::FRT, Apta::FRT,
pfiB::FRT, F' (laclg+), AilvC::PLlacO1::Ll_kivd1::Ec_ilvD_ coEc::FRT,
pGV1745, pGV1698

GEVOI1859  E. coli BW25113, AldhA-fnr::FRT, Afrd::FRT, Apta::FRT, F' (laclg+),
AadhE::[pLlacO1::L1_kivdl::Ec_ilvD_ coEc::FRT],
pfiB::[pLlacO1::Bs_ alsS1::Ec_ilvC__coEc::FRT]

GEVOI1886  E. coli BW25113, AldhA-fnr::FRT, Afrd::FRT, Apta::FRT, F' (laclg+),
AadhE::[pLlacO1::L1_kivdl::Ec_ilvD_ coEc::FRT], ApfiB::[pLlacO1::Bs_ alsS1::
Ec_ilvC__coEc::FRT] AsthA::[pLlacO1l::pntA::pntB::FRT]

GEVO1993  E. coli BW25113, AldhA-fnr::FRT, AadhE::FRT, Afrd::FRT, DpflB::FRT,

F' (laclq+), AilvC::PLlacO1::Ll_kivdl::Ec_ilvD_ coEc:.FRT,
Apta::PLlacO1::Bs_ alsS1, FRT::KAN::FRT

GEVO2107  S. cerevisiae CEN.PK2, MATa/alpha ura3/ura3 leu2/leu2 his3/his3
trpl/trp1 pdel::Bs_alsS2, TRP1/PDC1 pdc6::{ScTEF1p-LI_kivd2__coEc
ScTDH3p-Dm__ADH URA3}/PDC6

GEVO21358  S. cerevisiae CEN. PK2; MATa/a ura3/ura3 leu2/leu2 his3/his3
trpl/trp1 pdel::Bs_alsS2, TRP1/PDC1 pde5:{ScTEF1prom-

Sc_ILV3AN ScTDH3prom-Ec_ilvC__coSc@! 1% LEU2}/PDC5
pde6:{ScTEF1p-L1_kivd2_ coEc ScTDH3p-Dm__ADH URA3}/PDC6

GEVO02302  S. cerevisiae CEN.PK2; MATa ura3 leu2 his3 trpl
pdel::Bs_alsS2, TRP1 pde5::{Prer:Sc_ILV3AN PrppsiEe_ilvC__coSc@!1o”
LEU2} pde6:{P7zp: LI_kivd2__coEc Pypz3:Dm_ADH URA3}

GEVO2710 . cerevisiae CEN.PK2; MATa ura3 leu2 his3 trp1 pdel::{Pppi-

Bs_ alsS2, TRP1} pde5::{Pyzr:Sc_ILV3AN PrppaiEe_ilvC__coSc@!Ho%)
LEU2} pde6:{Pzzp: LI_kivd2__coEc Pypg3:Dm__ADH, URA3}, evolved
for C2 supplement-independence, glucose tolerance and faster growth

GEVO2711  S. cerevisiae CEN.PK2; MATa ura3 leu2 his3 trpl pdel::{Pppi-

Bs_ alsS2, TRP1} pde5::{Pyzr:Sc_ILV3AN PrppaiEe_ilvC__coSc@!Ho%)
LEU2} pde6:{Pzzp: LI_kivd2__coEc Pypg3:Dm__ADH, URA3}, evolved
for C2 supplement-independence, glucose tolerance and faster growth

GEVO2712  S. cerevisiae CEN.PK2; MATa ura3 leu2 his3 tipl pdcl::{Pppi-

Bs_ alsS2, TRP1} pde5::{Pyzr:Sc_ILV3AN PrppaiEe_ilvC__coSc@!Ho%)
LEU2} pde6:{Pzzp: LI_kivd2__coEc Pypg3:Dm__ADH, URA3}, evolved
for C2 supplement-independence, glucose tolerance and faster growth

GEVO02799 . cerevisiae CEN.PK2; MATa ura3 leu2 his3 trp1 pdel::{Pcyp;-

Bs_ alsS2, TRP1} pde5::{Pyzr:Sc_ILV3AN PrppaiEe_ilvC__coSc@!Ho%)
LEU2} pde6:{Pzzp: LI_kivd2__coEc Pypg3:Dm__ADH, URA3}, evolved
for C2 supplement-independence, glucose tolerance and faster growth

GEVO02792  GEVO2710 transformed with pGvV2020

GEVO2844  GEVO02799 transformed with pGvV2020

GEVO2847 GEVO02799 transformed with pGV2082

GEVO2848  GEVO02799 transformed with pGvV2227

GEVO2849  GEVO02799 transformed with pGvV2242

GEVO2851  GEVO2711 transformed with pGvV2227

GEV02052 GEVO2711 transformed with pGvV2242
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TABLE 3-continued

Strains disclosed herein

Strain No. Description

GEVO2854 GEVO2710 transformed with pGV2082

GEVO2855 GEVO2710 transformed with pGV2227

GEVO2856 GEVO2710 transformed with pGV2242

GEVOS5001  S. cerevisiae CEN.PK2, Apdcl Apde5 Apdce6 expressing an isobutanol
pathway (ALS, KARI, DHAD, KIVD, ADH)

GEVOS5002  GEVO5001 Pz :NADH kinase P7pz3:NADP* phosphatase HPH

GEVO5003  GEVOS5001, Prpy5:Kl__GDP1 HPH

GEVO5004 GEVO5001 Pyrzp:ess:pntA P ypzsiess:;pntB HPH

GEVOS5005  GEVO5001 Przp:mts:pntA Prpzyimts:pntB HPH

GEVO5006 GEVOS5001 P 5z:PYC1 Pz :MDH2 P pyp5:maeB HPH

E.coli BL21 Lucigen Corporation (Middleton, WI)

(DE3)

E. coli Lutz, R. and Bujard, H, Nucleic Acids Research (1997) 25 1203-1210

DH50Z1

JCL260* E. coli BW25113, AldhA-fnr::FRT, AadhE::FRT, Afrd::FRT, ApfiB::FRT,
Apta::FRT, F' (lacIq+)

*These strains are described in PCT/US2008/053514

TABLE 4

Plasmids disclosed herein

SEQ ID

GEVO No. FIG. NO  Genotype or Reference

pKD13 n/a Datsenko, K and Wanner, B. PNAS 2000, 97: 6640-5

pKD46 n/a Datsenko, K and Wanner, B. PNAS 2000, 97: 6640-5

PSASS*® na pLlacO1::Ll_kivdl::ADH2, ColE1l, Amp

PSA69* na pLlacO1::Bs_ alsS1::Ec_ilvC::Ec_ilvD, p15A, Kan

pET22b(+) na Novagen, Gibbstown, NT

pET22b[ilvCco] na Novagen, Gibbstown, NT

pGV1102 101 Pygp-HA-tag-MCS-T -y, URA3,2-micron, bla, pUC-ori

pGV1323 102

pGV1485 103 PLlacOl:LIl_kivdl::ADH2, pSC101, Km

pGV1490 104 pLtetOl:: pl5A,Cm

pGV1527 PLtetO1::L1_kivdl_ coEc::S. cerevisiae ADH2 ColEl, bla

pGV1572 105 PLlacOl::empty, p15A, Cm%

pGV1573 106  PLlacO1:GDPI1, pl5A, Cm®

pGV1575 107  PLlacO1l::gapC, p15A, Cm®

pGV1609 108  PLlacOl1::Bs_ alsS1:ilvC::Ec_ilvD, p15A, Cm

pGV1631 PLlacO1::Ll_kivdl, ColE1l, Amp

pGV1655 109 PLlacOl:LL_ kivdl::Ec_ilvD_ coEc,, pSC101, Km

pGV1661 110 pLtetOl::maeB::ppc::mdh, p15A, Cm

pGV1662

pGV1685 111  PLtetOl::pntAB, pl15A, Cm

pGV1698 112 PLlacO1::Bs_ alsS1::ilvC, bla, ColE1 ORI

pGV1705-A PLlacO1::Ec_yqhD bla, ColE1 ORI

pGV1711 113 PLlacOl::(no ORF) bla, ColE1 ORI

pGV1716 114 PLlacO1::Bs_ alsS1::Saccharomyces cerevisiae
ADH2::ilvC bla, ColE1 ORI

pGV1720 115  pLlacOl::empty, pSC101, Km

pGV1730 116  Peypi-Bs_alsS2-PDC1 3’ region-PDC1 5' region, TRP1,
bla, pUC ori

pGV1745 117 pLlacOl::;pntAB, pSC101, Km

pGV1748 PLlacO1::Bs_ alsS1::Ec_ fucO::Ec_ilvC_ coEc bla, ColE1
ORI

pGV1748-A PLlacO1::Ec__fucO:: bla, ColE1 ORI

pGV1749 PLlacO1:: Bs_ alsS1::Dm_ ADH: Ec__ilvC_ coEc bla,
ColE1 ORI

pGV1749-A PLlacO1::Dm__ADH:: bla, ColE1 ORI

pGV1772 pLtetO1::maeB::pck::mdh, p15A, Cm

pGV1777 118  PLlacOl::Ec_ilvC_ coEg, bla, ColE1 ORI

pGV1778 PLlacO1:: Bs_alsS1:Kp_ dhaT::Ec_ilvC__coEc bla, ColEl
ORI

pGV1778-A PLlacO1::Kp_ dhaT::bla, ColE1 ORI

pGV1824 Pz iEc_ilvC__coSc:T ryey, pUC ORI, URA3, 211 ORI, bla

pGV1914 119 Pyrgpi:LL_kivd2: Pyppa:Dm_ ADH PDC6 5',3' targeting

homology URA3 pUC ori bla(ampR)
pGV1925 pLlacO1::Ec_ fucO ::Ec_ilvC_coEc::bla, ColE1 ORI
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TABLE 4-continued

Plasmids disclosed herein

SEQ ID

GEVO No. FIG. NO  Genotype or Reference

pGV1927 pLlacO1::Ec_ fucO::Ec_ilvC_ coEcS78P bla, ColE1 ORI

pGV1936 120 Prgr:Sc_ILV3AN Prpys:Ec_ilvC_coSc@o7 PDCS 51,3
targeting homology LEU2

pGV1938 pLlac01::ilvC__coS78D bla, ColE1 ORI

pGV1939 pLlacO1::E. coli fucO bla, ColE1 ORI

pGV1975 pLlacO1::Ec_ fucO::Ec_ilvC__coEc®€ bla, ColE1 ORI

pGV1976 pLlacO1::Ec_ fucO::Ec_ilvC_coEC?#1° bla, ColE1 ORI

pGV1994 Preri:Ec_ilvC__coSc®E8:T yey, bla, pUC ORI, URA3, 21
ORI

pGV2020 121 Ps. 7zr1> Pse_zpri> PserpnGA18%, AP", 211 —Vector Control

pGV2082 122 Prge-LIilvD__coSc-Prpps-Ec_ilvC_coSc@1O-P oy,
G418R-Ppigy-L1_kivd2_ coEc-PDC1-3'region-Pzyeo-
Dm_ ADH 2p bla, pUC-ori

pGV2193 PrzriiEe_ilvC__coScP2PH 6T oy, bla, pUC ORI, URA3,
21 ORI

pGV2227 123 Pygpy-LI_ilvD__coSc-Prppm-Ee_ilvC_coSc@HOV-Ppy -
G418R-Ppigy-L1_kivd2_ coEc-PDC1-3'region-Pzyeo-
LI_adhA 2p bla, pUC-ori

pGV2238 PrgriiBe_ilvC__coScF2Pl-ALAis6T o bla, pUC ORI,
URA3, 211 ORI.

pGV2241 124 PrgpyiEe_ilvC__coScSE67s6:T iy, bla, pUC ORI, URA3,
21 ORI

pGV2242 125 Prgpy-LI_ilvD__coSc-Prpzs-Fe_ilvC_coScP?PLP /-
G418R-Ppigy-L1_kivd2_ coEc-PDC1-3'region-Pzyeo-
LI_adhA 2p bla, pUC-ori

pGV6000 Pz :NADH kinase P73 NADP* phosphatase HPH

pGV6001 PrpeaKI_GDP1 HPH

pGV6002 PrzpiiessipntA Prpzaiess:pntB HPH

pGV6003 PrppimtsipntA Poppmts:pntB HPH

pGV6004 Ppr1:PYCL Przp:MDH2 PpzymaeB HPH

*These plasmids are described in PCT/US2008/053514

TABLE 5

Amino acid and nucleotide sequenceg of

enzymes and denes disclosed herein

Enz. Source Gene (SEQ ID NO) Corresponding Protein (SEQ ID NO)
pntA E. coli E. coli pntA (SEQ ID NO: 1) E. coli PntA (SEQ ID NO: 2)
pntB E. coli E. coli pntB (SEQ ID NO: 3) E. coli PntB (SEQ ID NO: 4)
ALS B. subtilis Bs_alsS1 (SEQ ID NO: 5) Bs_AlsS1 (SEQ ID NO: 7)
Bs_alsgSl_coSc (SEQ ID NO: 6)
Bs_alsS2 (SEQ ID NO: 8) Bs_AlsS2 (SEQ ID NO: 9)
KARI E. coli Ec_ilvC (SEQ ID NO: 10) Ec_11vC (SEQ ID NO: 13)
Ec_ilvC-coEc (SEQ ID NO: 11)
Ec_ilvC_coSc (SEQ ID NO: 12)
Ec_ilvC_coEc?™® (SEQ ID NO: 14) Ec_11vc?s¢ (SEQ ID NO: 15)
Ec_ilvC_coEeS78D-#is6 (SEQ ID NO: 16) Ec_11vS78D-kis6 (SEQ ID NO: 17)
Ec_ilvC_coEcS"8P (SEQ ID NO: 18) Ec_11vcs’sP (SEQ ID NO: 19)
Ec_ilvC-coEc@!104-#is6 (SEQ ID NO: 20) Ec_11vC@l104-4is6 (SEQ ID NO: 21)
Ec_ilvC-coEc@!10V-#is6 (SEQ ID NO: 22) Ec_11vg@liov-ais6 (SEQ ID NO: 23)
Ec_ilvC-cosc@oV (SEQ ID NO: 24) Ec_l1lvc@tior (SEQ ID NO: 25)
Ec_ilvC_coEcP8-Ais6 (SEQ ID NO: 26) Ec_11vB8-Ais6 (SEQ ID NO: 27)
Ec_ilvC-coEcB8471s-kis6 (SEQ ID NO: 28) Ec_11vB84715-Ais6 (SEQ ID NO: 29)
Ec_ilvC_coEg?H10-#is6 (SEQ ID NO: 30) Ec-11vg2H10-kis6 (SEQ ID NO: 31)
Ec_ilvC_coEcSF6-#is6 (SEQ ID NO: 32) Ec_11v(oE6-Aise (SEQ ID NO: 34)
Ec_ilvC-cogctes-Fist (SEQ ID NO: 33)
Ec_ilvC-cosct?® (SEQ ID NO: 35) Ec_11vCess (SEQ ID NO: 36)
Ec_ilvC_cogel?Pl-#is6 (SEQ ID NO: 37) Ec_11vgP?Dl-kis6 (SEQ ID NO: 38)
Ec_ilvC_cosch?P! (SEQ ID NO: 39) Ec_l1lver?P! (SEQ ID NO: 40)
Ec_ilvC_cogct?Pl-4l-his6 (SEQ ID NO: 41) Ec_11vgf2Pl-Al-his6 (SEQ ID NO: 42)
Ec_ilvC_cogef?Pl-4l (SEQ ID NO: 43) Ec_11vgP?Pl-4l (SEQ ID NO: 44)
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TABLE 5-continued

2Amino acid and nucleotide sequences of enzymes and genesg disgsclosed herein

Enz. Source Gene (SEQ ID NO) Corresponding Protein (SEQ ID NO)
KIVD L. lactis L1l kivdl (SEQ ID NO: 45) L1 Kivdl (SEQ ID NO: 47)
L1l kivdl coEc (SEQ ID NO: 46)
L1l kivd2_coEc (SEQ ID NO: 48) L1 Kivd2 (SEQ ID NO: 49)
DHAD E. coli Ec_ilvD (SEQ ID NO: 50) Ec_11vD (SEQ ID NO: 52)
Ec_ilvD_coEc (SEQ ID NO: 51)
L. lactis L1l ilvD_coSc (SEQ ID NO: 54) L1 11vD (SEQ ID NO: 55)
5. cerevigiae Sc_1LV3 (SEQ ID NO: 56) Sc_11v3 (SEQ ID NO: 57)
Sc_1LV3AN (SEQ ID NO: 58) Sc_11v3AN (SEQ ID NO: 59)
ADH D. melanogaster Dm ADH (SEQ ID NO: 60) Dm_2Adh (SEQ ID NO: 61)
K. pneumoniae Kp_dhaT (SEQ ID NO: 62) Kp_DhaT (SEQ ID NO: 63)
E. coli Ec_fucO (SEQ ID NO: 64) Ec_FucO (SEQ ID NO: 65)
L. lactis L1l_adha (SEQ ID NO: 66) L1_AdhA (SEQ ID NO: 67)
E. coli Ec_yghD (SEQ ID NO: 68) Ec_YghD (SEQ ID NO: 69)
TABLE 6 TABLE 6-continued
Primers sequenceg digclosed herein Primers sequenceg disclosed herein
No. (SEQ ID NO) Sequence (listed as 5' to 3') No. (SEQ ID NO) Sequence (listed as 5' to 3')
XX1 CGCACCGGTTTTCTCCTCTTTAATGAATTCGGTC
(SEQ ID NO: 201) AGTGCGTCCTGC 1031 GAAGCAGCTCCAGCCTACACCCTACTCAGGAGAG
(SEQ ID NO: 216) CGTTCACCGAC
XX2 GCGGCCGCCCTAGGGCGTTCGGCTGCGGCGAGCG
(SEQ ID NO: 202) GT 1032 CACAACATCACGAGGAATCACCATGGCTAACTAC

(SEQ ID NO: 217) TTCAATACACCACGAGGCCCTTTCGTCTTCACCT

XX3 CGCGAATTCGGATCCGAGGAGAAAATAGTTATGA ¢
(SEQ ID NO: 203) ACAACTTTAATCTGCACACCCC

1155 CCCAACCCGCATTCTGTTTGGTAAAGGCGCAATC
(SEQ ID NO: 218) GCTGGTTTACGGTGTAGGCTGGAGCTGCTTC

XX4 GCGCCTAGGGCGGCCGCTTAGCGGGCGGCTTCGT

(SEQ ID NO: 204) ATATACGG 1156 CAATCGCGGCGTCAATACGCTCATCATCGGAACC

(SEQ ID NO: 219) TTCAGTGATGTATTCCGGGGATCCGTCGACC

50 GCAGTTTCACCTTCTACATAATCACGACCGTAGT
(SEQ ID NO: 205) AGGTATCATTCCGGGGATCCGTCGACC 1187 CGGATARAGT TCGTGAGATTGCCGCAARACTGGE
(SEQ ID NO: 220) GCGTCATGTGCGTGTAGGCTGGAGCTGCTTC
73 CTGGCTTAAGTACCGGGTTAGTTAACTTAAGCAG
(SEQ ID NO: 206) AATGACGTGTAGGCTGGAGCTGCTTC 1188 CAGACATCAAGTAACCTTTATCGCGCAGCAGATT
(SEQ ID NO: 221) AACCGCTTCGCATTCCGGGGATCCGTCGACC
74 CTCAAACTCATTCCAGGAACGACCATCACGGGTA
(SEQ ID NO: 207) ATCATCATTCCGGGGATCCETCGACC 1191 GGCACTCACGTTGGGCTGAGACACAAGCACACAT
(SEQ ID NO: 222) TCCTCTGCACGGTGTAGGCTGGAGCTGCTTC
116 CAGCGTTCGCTTTATATCCCTTACGCTGECCCTE
(SEQ ID NO: 208) TACTGCTGGAAGTGTAGGCTGGAGCTGCTTC 1192 GCACCAGAAACCATAACTACAACGTCACCTTTGT
(SEQ ID NO: 223) GTGCCAGACCGATTCCGGGGATCCGTCGACC
117 TTCGGCTTGCCAGARATTATCGT CAATGGCCTGT

1205 GTTATCTAGTTGTGCAAAACATGCTAATGTAGCC

SEQ ID NO: 209) TGCAGGGCTTCATTCCGGGGATCCGTCGACC
(SEQ ) (SEQ ID NO: 224) ACCAAATCCACGAGGCCCTTTCGTCTTCACCTC

350 CTTARATTCTACTTTTATAGTTAGTC 1218 GCTCACTCAAAGGCGGTAATACGTGTAGGCTGGA
(SEQ ID NO: 210) (SEQ ID NO: 225) GCTGCTTC

474 CAARGCTGCGGATGATGACGAGATTACTGCTGCT 1219 GAAGCAGCTCCAGCCTACACGTATTACCGCCTTT
(SEQ ID NO: 211) GTGCAGACTGAATTCCGGGGATCCGTCGACC (SEQ ID NO: 226) GAGTGAGC

772 AGGAAGGAGCACAGACTTAG 1220 CGTAGAATCACCAGACCAGC

(SEQ ID NO: 212) (SEQ ID NO: 227)

868 CACAACATCACGAGGAATCACCATGGCTAACTAC 1296 TTTTGTCGACGGATCCAGGAGACAACATTATGTC
(SEQ ID NO: 213) TTCAATACACGTGTAGGCTGGAGCTGCTTC (SEQ ID NO: 228) TATTCCAGAAACTCAAAAAGCG

869 CTTAACCCGCAACAGCAATACGTTTCATATCTGT 1297 TTTTGTCGACGCGGCCGCTTATT TAGAGGTGTCC
(SEQ ID NO: 214) CATATAGCCGCATTCCGGGGATCCGTCGACC (SEQ ID NO: 229) ACCACGTAACGG
1030 GTCGGTGAACGCTCTCCTGAGTAGGGTGTAGGCT 1321 AATCATATCGAACACGATGC

(SEQ ID NO: 215) GGAGCTGCTTC (SEQ ID NO: 230)
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TABLE 6-continued TABLE 6-continued
Primers gsequences digcloged herein Primers gsequences digcloged herein
No. (SEQ ID NO) Sequence (listed as 5' to 3') No. (SEQ ID NO) Sequence (listed as 5' to 3')
1322 TCAGAAAGGATCTTCTGCTC 1562 GGTCGACGGATCCCCGGAATGTTACAGAGCTTTC
(SEQ ID NO: 231) (SEQ ID NO: 255) AGGATTGC
1323 ATCGATATCGTGAAATACGC 1563 CAAATCGGCGGTAACGAAAGAGGATAAACCGTGT
(SEQ ID NO: 232) (SEQ ID NO: 256) CCCGTATTATTCACGAGGCCCTTTCGTCTTCACC
TC
1324 AGCTGGTCTGGTGATTCTAC
(SEQ ID NO: 233) 1566 TCCCACCCAATCAAGGCCAACG
(SEQ ID NO: 257)
1341 TGCTGAAAGAGAAATTGTCC
(SEQ ID NO: 234) 1567 TCCACCTGGTGCCAATGAACCG
(SEQ ID NO: 258)
1342 TTTCTTGTTCGAAGTCCAAG
(SEQ ID NO: 235) 1587 CGGCTGCCAGAACTCTACTAACTG
(SEQ ID NO: 259)
1364 TTTTGCGGCCGCTTAGATGCCGGAGTCCCAGTGC
(SEQ ID NO: 236) TTG 1588 GCGACGTCTACTGGCAGGTTAAT
(SEQ ID NO: 260)
1365 AGTTGTTGACGCAGGTTCAGAG
(SEQ ID NO: 237) 1595 CAACCTGGTGATTTGGGGAAG
(SEQ ID NO: 261)
1436 AAATGACGACGAGCCTGAAG
(SEQ ID NO: 238) 1597 GAATGATGGCAGATTGGGCA
(SEQ ID NO: 262)
1437 GACCTGACCATTTGATGGAG
(SEQ ID NO: 239) 1598 TATTGTGGGGCTGTCTCGAATG
(SEQ ID NO: 263)
1439 CAATTGGCGAAGCAGAACAAG
(SEQ ID NO: 240) 1624 CCCTCATGTTGTCTAACGG
(SEQ ID NO: 264)
1469 TTTTAGATCTAGGAGATACCGGTATGTCGTTTAC
(SEQ ID NO: 241) TTTGACCAACAAG 1633 TCCGTCACTGGATTCAATGCCATC
(SEQ ID NO: 265)
1440 ATCGTACATCTTCCAAGCATC
(SEQ ID NO: 242) 1634 TTCGCCAGGGAGCTGGTGAA
(SEQ ID NO: 266)
1441 AATCGGAACCCTAAAGGGAG
(SEQ ID NO: 243) 1798 GCAAATTAAAGCCTTCGAGCG
(SEQ ID NO: 267)
1442 AATGGGCAAGCTGTTTGCTG
(SEQ ID NO: 244) 1926 TTTTTGTCGACGGATCCAGTTTATCATTATCAAT
(SEQ ID NO: 268) ACTCG
1443 TGCAGATGCAGATGTGAGAC
(SEQ ID NO: 245) 1927 TTTTGCGGCCGCAGATCTCTCGAGTCGAAACTAA
(SEQ ID NO: 269) GTTCTGGTGTT
1470 TTTTGGATCCAGGAAATAGATCTATGATGGCTAA
(SEQ ID NO: 246) CAGAATGATTCTGAACG 2091 CTTTTCTTCCCTTGTCTCAATC
(SEQ ID NO: 270)
1471 TTTTGCGGCCGCTTACCAGGCGGTATGGTAAAGC
(SEQ ID NO: 247) TC 2352 GACTCGACCTAGGTTATTTAGTAAAATCAATGAC
(SEQ ID NO: 271) CATTC
1479 CCGATAGGCTTCCGCCATCGTCGGGTAGTTAAAG
(SEQ ID NO: 248) GTGGTGTTGAGTGTAGGCTGGAGCTGCTTC 2353 CTAAATAACCTAGGTCGAGTCATGTAATTAGTTA
(SEQ ID NO: 272) TGTC
1485 GCCTTTATTGTACGCTTTTTACTGTACGATTTCA
(SEQ ID NO: 249) GTCAAATCTAACACGAGGCCCTTTCGTCTTCACC KARIpETfor ATTCATATGGCGAATTATTTCAACACTCTG
TC (SEQ ID NO: 273)
1486 AAGTACGCAGTAAATAAAAAATCCACTTAAGAAG KARIpETrev TAATCTCGAGGCCAGCCACCGCGATGCG
(SEQ ID NO: 250) GTAGGTGTTACATTCCGGGGATCCGTCGACC (SEQ ID NO: 274)
1526 TCGACGAGGAGACAACATTGTGTAGGCTGGAGCT PETup ATGCGTCCGGCGTAGA
(SEQ ID NO: 251) GCTTC (SEQ ID NO: 275)
1527 GAAGCAGCTCCAGCCTACACAATGTTGTCTCCTC seq 11vC_pGV GCGGCCGCGTCGACGAGGAGACAACATTATGGCG
(SEQ ID NO: 252) GTCGA (SEQ ID NO: 276) A
1539 CCATTCTGTTGCTTTTATGTATAAGAACAGGTAA pGV1994ep_for CGGTCTTCAATTTCTCAAGTTTCAGTTTCATTTT
(SEQ ID NO: 253) GCCCTACCATGGAGAATTGTGAGCGGATAAC (SEQ ID NO: 277) TCTTGTTCTATTACAAC
1561 GCAATCCTGAAAGCTCTGTAACATTCCGGGGATC pGV1994ep_rev CTAACTCCTTCCTTTTCGGTTAGAGCGGATGTGG

(SEQ ID NO: 254) CGTCGACC (SEQ ID NO: 278) G
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TABLE 6-continued

Primers gsequences digcloged herein

No. (SEQ ID NO)

Sequence (listed as 5' to 3')

Primers gsequences digcloged herein

No. (SEQ ID NO)

Sequence (listed as 5' to 3')

Not_in_for
(SEQ ID NO: 279)

AvrII_in_rev
(SEQ ID NO: 280)

R68DK69Lfor
(SEQ ID NO: 281)

R68DK69Lrev
(SEQ ID NO: 282)

K75VR76Dfor
(SEQ ID NO: 283)

K75VR76Drev
(SEQ ID NO: 284)

R69NNKfor
(SEQ ID NO: 285)

R69NNKrev
(SEQ ID NO: 286)

K75NNKfor
(SEQ ID NO: 287)

K75NNKrev
(SEQ ID NO: 288)

R76NNKfor
(SEQ ID NO: 289)

R76NNKrev
(SEQ ID NO: 290)

R68NNK_for
(SEQ ID NO: 291)

R68NNK_rev
(SEQ ID NO: 292)
S78NNK_for
(SEQ ID NO: 293)

S78NNK_rev
(SEQ ID NO: 294)

A71NNK_for
(SEQ ID NO: 295)

AT71NNK_rev
(SEQ ID NO: 296)

G1lnll1ONNK_for
(SEQ ID NO: 297)

Glnl10ONNK rev
(SEQ ID NO: 298)

seq 11vC_pGV
(SEQ ID NO: 299)

Q110Qfor
(SEQ ID NO: 300)

Ql10Qrev
(SEQ ID NO: 301)

Ql10Afor
(SEQ ID NO: 302)

CCTCTAGAAATAATTTGCGGCCGCGTTAAGAAGG

AGATATACATATG

CCGAACGCCCTAGGTCAGTGGTGGTGGTGGTGGT

GCTCGAG

TAGCTATGCGCTGGACCTGGAGGCTATC

GATAGCCTCCAGGTCCAGCGCATAGCTA

AGGCTATCGCGGAAGTTGACGCTAGCTG

CAGCTAGCGTCAACTTCCGCGATAGCCT

TAGCTATGCGCTGCGCNNKGAGGCTATC

GATAGCCTCMNNGCGCAGCGCATAGCTA

AGGCTATCGCGGAANNKCGTGCTAGCTG

CAGCTAGCACGMNNTTCCGCGATAGCCT

AGGCTATCGCGGAAAAANNKGCTAGCTGGC

GCCAGCTAGCMNNTTTTTCCGCGATAGCCT

TAGCTATGCGCTGNNKAAGGAGGCTATC

GATAGCCTCCTTMNNCAGCGCATAGCTA

GCGGAAAAACGTGCTNNKTGGCGCAAGGCTACT

AGTAGCCTTGCGCCAMNNAGCACGTTTTTCCGC

GCGCTGCGCAAGGAGNNKATCGCGGAAAAAC

GTTTTTCCGCGATMNNCTCCTTGCGCAGCGC

CTGACCCCAGATAAANNKCATAGCGACGTTG

CAACGTCGCTATGMNNTTTATCTGGGGTCAG

GCGGCCGCGTCGACGAGGAGACAACATTATGGC

GA

GACCCCAGATAAACAACATAGCGACGTTGTT

AACAACGTCGCTATGTTGTTTATCTGGGGTC

GACCCCAGATAAAGCACATAGCGACGTTGTT

Ql10Arev
(SEQ ID NO: 303)
QliovVfor
(SEQ ID NO: 304)
Ql1l0Vrev
(SEQ ID NO: 305)
R68A71recombfor

(SEQ ID NO: 306)

R68A71lrecombrev
(SEQ ID NO: 307)

R76S78recombfor
(SEQ ID NO: 308)

R76S78recombrev
(SEQ ID NO: 309)

G76S78recombfor
(SEQ ID NO: 310)

G76S78recombrev
(SEQ ID NO: 311)

S76S78recombfor
(SEQ ID NO: 312)

S76S78recombrev
(SEQ ID NO: 313)

T76S78recombfor
(SEQ ID NO: 314)

T76S78recombrev
(SEQ ID NO: 315)

D76S78recombfor
(SEQ ID NO: 316)
D76S78recombrev
(SEQ ID NO: 317)

R76D78recombfor
(SEQ ID NO: 318)

R76D78recombrev
(SEQ ID NO: 319)

G76D78recombfor
(SEQ ID NO: 320)

G76D78recombrev
(SEQ ID NO: 321)

S76D78recombfor
(SEQ ID NO: 322)

S76D78recombrev
(SEQ ID NO: 323)

T76D78recombfor
(SEQ ID NO: 324)

T76D78recombrev
(SEQ ID NO: 325)

D76D78recombfor
(SEQ ID NO: 326)

AACAACGTCGCTATGTGCTTTATCTGGGGTC

GACCCCAGATAAAGTACATAGCGACGTTGTT

AACAACGTCGCTATGTACTTTATCTGGGGTC

GCTATGCGCTGCKAAAGGAGDCAATCGCGG

CGGCGATTGHCTCCTTTMGCAGCGCATAGC

GAAAAACGTGCTAGCTGGCGCAAGGCTACT

AGTAGCCTTGCGCCAGCTAGCACGTTTTTC

GAAAAAGGTGCTAGCTGGCGCAAGGCTACT

AGTAGCCTTGCGCCAGCTAGCACCTTTTTC

GAAAAAAGTGCTAGCTGGCGCAAGGCTACT

AGTAGCCTTGCGCCAGCTAGCACTTTTTTC

GAAAAAACTGCTAGCTGGCGCAAGGCTACT

AGTAGCCTTGCGCCAGCTAGCAGTTTTTTC

GAAAAAGATGCTAGCTGGCGCAAGGCTACT

AGTAGCCTTGCGCCAGCTAGCATCTTTTTC

GAAAAACGTGCTGACTGGCGCAAGGCTACT

AGTAGCCTTGCGCCAGTCAGCACGTTTTTC

GAAAAAGGTGCTGACTGGCGCAAGGCTACT

AGTAGCCTTGCGCCAGTCAGCACCTTTTTC

GAAAAAAGTGCTGACTGGCGCAAGGCTACT

AGTAGCCTTGCGCCAGTCAGCACTTTTTTC

GAAAAAACTGCTGACTGGCGCAAGGCTACT

AGTAGCCTTGCGCCAGTCAGCAGTTTTTTC

GAAAAAGATGCTGACTGGCGCAAGGCTACT
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TABLE 6-continued

Primers gsequences digcloged herein

No. (SEQ ID NO) Sequence (listed as 5' to 3')

D76D78recombrev AGTAGCCTTGCGCCAGTCAGCATCTTTTTC
(SEQ ID NO: 327)

1994hisrev TGACTCGAGCGGCCGCGGATCCTTAGTGGTGGTG
(SEQ ID NO: 328) GTGGTGGTGTCCTGCCACTGCA

pGV1994ep_for CGGTCTTCAATTTCTCAAGTTTCAGTTTCATTTT
(SEQ ID NO: 329) TCTTGTTCTATTACAAC

pGV1994ep_rev CTAACTCCTTCCTTTTCGGTTAGAGCGGATGTGG
(SEQ ID NO: 330) G

EXAMPLE 1
Low-Level Anaerobic Production of Isobutanol

[0471] This example illustrates that a modified microor-
ganism which is engineered to overexpress an isobutanol
producing pathway produces a low amount of isobutanol
under anaerobic conditions.

[0472] Overnight cultures of GEVO1859 were started from
glycerol stocks stored at —80° C. of previously transformed
strains. These cultures were started in 3 mL. M9 minimal
medium (Miller, J. H. A Short Course in Bacterial Genetics:
A laboratory manual and handbook for Escherichia coli and

Jun. 10, 2010

30° C. The flasks in the anaerobic chamber were swirled
twice a day. Samples (2 mL) were taken at the time of the shift
and at 24 h and 48 h after inoculation, spun down at 22,000 g
for 1 min to separate the cell pellet from the supernatant and
stored frozen at —20° C. until analysis. The samples were
analyzed using High performance liquid chromatography
(HPLC) and gas chromatography (GC).

[0475] GEVO1859 was run in triplicate. Stable OD values
can be observed for all strains under anaerobic shift condi-
tions over the course of the fermentation (FIG. 8). The com-
plete pathway integrant strain showed low-level anaerobic
isobutanol production over the course of the fermentation
(FIG. 9, Table 7).

TABLE 7

Volumetric productivity, specific productivity titer and yield reached
in an anaerobic fermentation for the tested strains and plasmid

systems
Volumetric Specific
Productivity _ Productivity
g/ [g/L/ Titer Yield
Samples L/h] = h/OD] = [g/L] = [g/g] =
GEVO1859 0.088 0.028 0.019 0.005 4.22 135 0.140 0.029
[0476] In the period from 6 h to 48 h, i.e. under anaerobic

conditions GEVO1859 demonstrated limited production of
isobutanol (Table 8).

TABLE 8

Volumetric productivity, specific productivity titer and yield reached in the

period from 6 to 48 h for the tested strain

Volumetric Specific
Productivity Productivity Titer Yield
Samples Condition  [g/L/h] = [¢/L/h/OD] = [g'L] = [g/g] =
GEVO1859  Micro- 0.266 0.010 0.040 0.004 11.2 04 033 0016
aerobic
GEVO1859  Anaerobic  0.086 0.026 0.019 0.005 3.60 1.1 0.14 0.032

related bacteria. 1992. Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y.), supplemented with 10 g/IL yeast
extract, 10 uM ferric citrate and trace metals, containing 8.5%
glucose and the appropriate antibiotics in snap cap tubes
about 14 h prior to the start of the fermentation. Isobutanol
fermentations were then carried out in screw cap flasks con-
taining 20 mL of the same medium that was inoculated with
0.2 mL of the overnight culture. The cells were incubated at
37° C./250 rpm until the strains had grown to an ODg, of
0.6-0.8 and were then induced with Isopropyl 13-D-1-thioga-
lactopyranoside at 1 mM final concentration.

[0473] Three hours after induction the cultures were either
kept under the current conditions (micro-aerobic conditions)
or shifted to anaerobic conditions by loosening the cap of the
flasks and placing the flasks into to a Coy Laboratory Prod-
ucts Type B Vinyl anaerobic chamber (Coy Laboratory Prod-
ucts, Grass Lakes, Mich.) through an airlock in which the
flasks were cycled three times with nitrogen and vacuum, and
then filled with the a hydrogen gas mix (95% Nitrogen, 5%
Hydrogen).

[0474] Once the flasks were inside the anaerobic chamber,
the flasks were closed again and incubated without shaking at

EXAMPLE 2
Determination of Transhydrogenase Activity

[0477] This example illustrates that an isobutanol produc-
ing microorganism which carries a plasmid for the expression
of the E. coli PutAB transhydrogenase (SEQ ID NO: 2 and
SEQ ID NO: 4) contains increased transhydrogenase activity.
[0478] A fermentation was performed with a strain
expressing the tet repressor (GEVO1385) and carrying the
plasmids pGV1655 (SEQ ID NO: 109) and pGV1698 (SEQ
ID NO: 112) for expression of the isobutanol pathway. The E.
coli transhydrogenase PntAB was expressed from a third
plasmid pGV1685 (SEQ ID NO: 111), which contained the £.
coli pntAB genes under control of the PLtet promoter. The
appropriate empty vector control carries the plasmid
pGV1490 (SEQ ID NO: 104).

[0479] GEVO1385 was transformed with pGV1698,
pGV1655, and either pGV1685 or pGV1490. Transformed
cells were plated on LB-plates containing the appropriate
antibiotics and the plates were incubated overnight at 37° C.
Overnight cultures were started in 3 ml. EZ-Rich Defined
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Medium (Neidhardt, F. C., P. L. Bloch, and D. F. Smith. 1974,
Culture medium for enterobacteria, J Bacteriol. 119:736-47)
containing 5% glucose and the appropriate antibiotics in snap
cap tubes about 14 h prior to the start of the fermentation.
Isobutanol fermentations were then carried out in EZ-Rich
containing 5% glucose and the appropriate antibiotics. 250
ml screw cap flasks with 20 ml. EZ-Rich containing 5%
glucose and the appropriate antibiotics were inoculated with
1% of the grown overnight culture. The cells were incubated
at37° C./250 rpm until the strains were grown to an OD, of
0.6-0.8 and these strains were then induced with Isopropyl
[-D-1-thiogalactopyranoside (IPTG (Gold BioTechnology,
Inc, 12481C100) 1 mM) and anhydrotetracycline (aTc
(Sigma, 37919-100 mg) 100 ng/mL.). Samples were taken of
the medium 48 h after inoculation. 15 mL of cell culture from
each flask were centrifuged at 5,000xg for 5 min to separate
the cell pellet from the supernatant. The cell pellets were
stored frozen at -80° C. until analysis. The cultures grew to a
comparable OD in this experiment.

[0480] To confirm that the transhydrogenase was actually
expressed from the plasmids and to assess their enzymatic
activity levels, enzyme assays were done with lysates pre-
pared from the fermentation cultures. Frozen cell pellets were
thawed on ice. The pellets were resuspended in 1.2 mL lysis
buffer (50 mM potassium phosphate buffer at pH 7.5, MgCl,
2 mM). The suspensions were sonicated on ice for twice 2
min. The transhydrogenase enzyme assay was done in potas-
sium phosphate buffer (50 mM pH 7.5, MgCl, 2 mM, 1 mM
acetylpyridine-AD, 0.5 mM NADPH). The assay was run at
25°C. in a 96 well plate. Absorbance at 375 nm was followed
in a kinetic assay format. To measure PntAB activity lysates
were not cleared by centrifugation. The activity obtained for
the samples featuring over-expressed E. coli pntAB show at
least a 10 fold increase in transhydrogenase activity (Table 9).

TABLE 9

Shown are the enzymatic activities of the independent E. coli pntAB
overexpressing strains and the amount of isobutanol production that
would be supported by that activity calculated from V,,,,, values
obtained from the enzyme assay

specific activity
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TABLE 9-continued

Shown are the enzymatic activities of the independent E. coli pntAB
overexpressing strains and the amount of isobutanol production that
would be supported by that activity calculated from V,, . values
obtained from the enzyme assay

specific activity

protein [Wmg
average  stdev. conc. units in (total cell
Samples Vmax  Vmax [mg/mL] reaction protein)]
empty vector-1 2.24 0.21 0.89 0.0001 0.0142
empty vector-2 -0.01 2.00 0.71 0.0000 -0.0001
EXAMPLE 3

Overexpression of pntAB Improves Isobutanol Fer-
mentation Performance

[0481] This example illustrates that overexpression of a
transhydrogenase, exemplified by the £. co/i pntAB operon
(SEQ ID NO: 1 and SEQ ID NO: 3) on a low copy plasmid
improves isobutanol production under micro-aerobic condi-
tions.

[0482] GEVO1748 was transformed with plasmids
pGV1698 (SEQ ID NO: 112) and one of either pGV1720
(SEQID NO: 115) (control) or pGV1745 (SEQ IDNO: 117)
(E. coli pntAB).

[0483] The aforementioned strains were plated on
LB-plates containing the appropriate antibiotics and incu-
bated overnight at 37° C. Overnight cultures were started in 3
ml. EZ-Rich medium (Neidhardt, F. C., P. L. Bloch, and D. F.
Smith. 1974. Culture medium for enterobacteria. J Bacteriol.
119:736-47) containing 5% glucose and the appropriate anti-
biotics in snap cap tubes about 14 h prior to the start of the
fermentation. Isobutanol fermentations were then carried out
in EZ-Rich Medium containing 5% glucose and the appro-
priate antibiotics. 250 mL screw cap flasks with 20 mL. EZ-
Rich medium containing 5% glucose and the appropriate
antibiotics were inoculated with 1% of the grown overnight
culture. The cells were incubated at 37° C./250 rpm until they
reached an OD, of 0.6-0.8 followed by induction with Iso-
propyl f-D-1-thiogalactopyranoside (IPTG, 1 mM) and anhy-
drotetracycline (aTc, 100 ng/mL). Samples (2 ml.) were
taken 24 h and 48 h post inoculation, centrifuged at 22,000xg
for 1 min and stored frozen at —20° C. until via Gas Chroma-

protein [wmg tography (GC) and High Performance Liquid Chromatogra-
average  stdev. conc.  umitsin  (total cell phy (HPLC). Fermentations were run with two biological
Samples Vmax Vmax [mg/mL] reaction protein)] repli cates.
pOtAB-1 33.81 3.87 1.17 0.0010 0.1646 [0484] All cultures grew to an OD of 5.5 to 6.5. Volumetric
pOtAB-2 4506 1.1 189  0.0013 0.1355 productivity and titer were improved by 45%, specific pro-
ductivity even by 51%. Yield was improved by 8% (Table 10).
TABLE 10
Overexpression of E. coli pntAB improves isobutanol fermentation
performance
Volumetric Specific
Productivity Productivity Titer Yield
Strain [¢/L/h] = [g/L/l/OD] = [g/L] = [g/g] =
GEVO1748 + 0.205 0.001 0.035 0.001 986 0.04 0.311 0.001
pGV1698 +
pGV1720
GEVO1748 + 0.298  0.006 0.053 0.003 1429 0.28 0.337 0.001
pGV1698 +

pGV1745
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EXAMPLE 4

Overexpression of pnfAB Enables Anaerobic Isobu-
tanol Production

[0485] This example illustrates that overexpression of a
transhydrogenase, exemplified by the E. coli pntAB operon
product (SEQ ID NO: 2 and SEQ ID NO: 4), improves
anaerobic isobutanol production. This is surprising because it
was previously not known that isobutanol could be produced
anaerobically. In addition, this result was achieved without
modifying the isobutanol biosynthetic pathway itself.

[0486] GEVO1748 was transformed with plasmids
pGV1698 (SEQ ID NO: 112) and pGV1720 (SEQ ID NO:
115) (control) or pGV1745 (SEQ ID NO: 117) (E. coli
putAB).

[0487] Overnight cultures of the aforementioned strains
were started from glycerol stocks stored at -80° C. of previ-
ously transformed strains. These cultures were started in 3
ml M9 minimal medium (Miller, J. H. A Short Course in
Bacterial Genetics: A laboratory manual and handbook for
Escherichia coli and related bacteria. 1992. Cold Spring Har-
bor Laboratory Press, Cold Spring Harbor, N.Y.), supple-
mented with 10 g/ yeast extract, 10 uM ferric citrate and
trace metals, containing 8.5% glucose and the appropriate
antibiotics in snap cap tubes about 14 h prior to the start of the
fermentation. Isobutanol fermentations were then carried out
in 250 mL screw cap flasks containing 20 mL of the same
medium that was inoculated with 0.2 mL of the overnight
culture. The cells were incubated at 37° C./250 rpm until the
strains had grown to an OD,, of 0.6-0.8 and were then
induced with Isopropyl p-D-1-thiogalactopyranoside at 1
mM final concentration.
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then filled with the a hydrogen gas mix (95% Nitrogen, 5%
Hydrogen). Once the flasks were inside the anaerobic cham-
ber, the flasks were closed again and incubated without shak-
ing at 30° C. Inside the chamber, an anaerobic atmosphere (<5
ppm oxygen) was maintained through the hydrogen gas mix
(95% Nitrogen, 5% Hydrogen) reacting with a palladium
catalyst to remove oxygen. The flasks in the anaerobic cham-
ber were swirled twice a day. Samples (2 mL.) were taken at
the time of the shift and at 24 h and 48 h after inoculation,
spun down at 22,000xg for 1 min to separate the cell pellet
from the supernatant and stored frozen at —20° C. until analy-
sis. The samples were analyzed using High performance liq-
uid chromatography (HPLC) and gas chromatography (GC).
All experiments for the E. coli pntAB-expressing strain were
performed in duplicate while the control strain was only run
in a single experiment.

[0489] At the time of shifting the cultures to anaerobic
conditions all samples had an OD,, ranging between 2.3 and
3.3. All samples featuring an overexpressed E. coli pntAB
operon (pGV1745) increased in ODg,, from 6 h to 24 h by
0.2-1.1, all samples lacking pntAB (pGV1720) decreased in
0Dy, by 0.5-1.2 (FIG. 10), indicating that overexpression of
E. coli pntAB is beneficial under anaerobic conditions.
[0490] Furthermore, pntAB over-expression is beneficial
for anaerobic isobutanol production. All samples featuring F.
coli PntAB continued isobutanol production under anaerobic
conditions until the fermentation was stopped at 48 hours
whereas the samples lacking F. coli PntAB did not produce
isobutanol between 24 and 48 hours (FIG. 11)

[0491] Inthe strain overexpressing . coli pntAB, volumet-

ric productivity and titer are increased 2.4-fold, specific pro-
ductivity by 85% and yield by 9% (Table 11).

TABLE 11

Shown are the results for volumetric productivity, specific productivity titer

and yield reached in an anaerobic fermentation for the tested strains and plasmid

systems after 48 h

Volumetric Specific
Productivity Productivity Titer Yield
Samples [g/L/h] E [g/L/WOD] = [g/l] E [g/g] E
GEVO1748 + 0.047 0.022 2.24 0.279
pGV1720 +
pGV1698
GEVO1748 + 0.111  0.002 0.041 0.012 5.32 0.10 0304 0.004
pGV1745 +
pGV1698
[0488] Three hours after induction the cultures were shifted [0492] In the period from 6 h to 48 h, (i.e. under anaerobic

to anaerobic fermentation conditions by loosening the cap of
the flasks and placing the flasks into to a Coy Laboratory
Products Type B Vinyl anaerobic chamber (Coy Laboratory
Products, Grass Lakes, Mich.) through an airlock in which the
flasks were cycled three times with nitrogen and vacuum, and

conditions), GEVO1748 transformed with plasmids
pGV1698 and pGV1745 (carrying E. coli pntAB) demon-
strated significantly higher productivity, titer, and yield of
isobutanol compared to the control strain carrying pGV1720
(without E. coli pntAB) (Table 12).
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TABLE 12
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Shown are the results for volumetric productivity, specific productivity titer
and yield reached in the period from 6 to 48 h for the tested strains and plasmid

systems
Volumetric Specific
Productivity Productivity Titer Yield
sample [g/L/h] = [g/L/W/OD] = [&/L] = [g/g] =
GEVO1748 +  0.029 0.014 1.21 0.171
pGV1720 +
pPGV1698
GEVO1748 +  0.096 0.003  0.035 0015 401 015 0246 0.002
pGV1745 +
pPGV1698
EXAMPLE 5 [0496] GEVO1886, GEVO1859 and GEVO1846 were run
in parallel. Each strain was run in triplicate. Stable OD values
Chromosomal Integration of pntAB Improves can be observed for all strains under anaerobic shift condi-
Anaerobic Isobutanol Production tions over the course of the fermentation (FIG. 12). The
. . . over-expression of E. coli pntAB in the complete pathway
[0493] This example illustrates that overexpression of a

transhydrogenase, exemplified by the E. coli pntAB operon
product (SEQ ID NO: 2 and SEQ ID NO: 4), from the chro-
mosome improves isobutanol production under anaerobic
conditions compared to the case in which E. coli pntAB is
expressed from a low copy plasmid. This strain reaches the
same titer aerobically as anaerobically.

[0494] Overnight cultures of GEVO1846, GEVOI1859,
GEVO1886 were started from glycerol stocks stored at —80°
C. of previously transformed strains. These cultures were
started in 3 m[L M9 minimal medium (Miller, J. H. A Short
Course in Bacterial Genetics: A laboratory manual and hand-
book for Escherichia coli and related bacteria. 1992. Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.),
supplemented with 10 g/L yeast extract, 10 uM ferric citrate
and trace metals, containing 8.5% glucose and the appropri-
ate antibiotics in snap cap tubes about 14 h prior to the start of
the fermentation. Isobutanol fermentations were then carried
out in screw cap flasks containing 20 mL of the same medium
that was inoculated with 0.2 m[. of the overnight culture. The
cells were incubated at 37° C./250 rpm until the strains had
grown to an OD,, of 0.6-0.8 and were then induced with
Isopropyl p-D-1-thiogalactopyranoside at 1 mM final concen-
tration.

[0495] Three hours after induction the cultures were either
kept under the current conditions (micro-aerobic conditions)
or shifted to anaerobic conditions by loosening the cap of the
flasks and placing the flasks into to a Coy Laboratory Prod-
ucts Type B Vinyl anaerobic chamber (Coy Laboratory Prod-
ucts, Grass Lakes, Mich.) through an airlock in which the
flasks were cycled three times with nitrogen and vacuum, and
then filled with the a hydrogen gas mix (95% Nitrogen, 5%
Hydrogen). Once the flasks were inside the anaerobic cham-
ber, the flasks were closed again and incubated without shak-
ing at 30° C. The flasks in the anaerobic chamber were swirled
twice a day. Samples (2 mL) were taken at the time of the shift
and at 24 h and 48 h after inoculation, spun down at 22,000xg
for 1 min to separate the cell pellet from the supernatant and
stored frozen at —20° C. until analysis. The samples were
analyzed using High performance liquid chromatography
(HPLC) and gas chromatography (GC). All experiments were
performed in duplicate.

integrant strain again showed improvement for isobutanol
production over the course of the fermentation (FIG. 13).

[0497] Compared to the complete pathway integrant strain
without £. coli pntAB knock-in (GEVO1859), volumetric
productivity and titer are increased 3.8-fold, specific produc-
tivity is increased 2.8-fold and the yield is 2.2-fold higher in
GEVO1886. In addition, GEVO1886 shows superior perfor-
mance compared to the plasmid system strain (GEVO1846)
under anaerobic conditions. Volumetric productivity and titer
are increased by 48%, specific productivity is increased by
18% and yield is 12% higher (Table 13).

TABLE 13

Shown are the results for volumetric productivity, specific productivity
titer and yield reached in an anaerobic fermentation for the tested strains

and plasmid systems

Volumetric Specific
Productivity ~ Productivity
g/ [g/L/ Titer Yield
Samples L/h] = h/OD] = [g/L] = [g/g] =

GEVOI1886  0.335 0.002 0.053 0.001 16.08 0.08 0.307 0.004
GEVOI1859  0.088 0.028 0.019 0.005 4.22 135 0.140 0.029
GEVOI1846  0.227 0.021 0.045 0.005 10.88 1.01 0.274 0.003

[0498] The performance numbers in the period from 6 to 48
demonstrate that most of isobutanol production occurred
under anaerobic conditions. Highest values for yield and spe-
cific productivity were reached by the strain featuring the
complete pathway integration and the E. co/i pntAB knock-in
(GEVO1886) under anaerobic conditions. In addition this
strain reached the highest values for volumetric productivity
and titer under both conditions anaerobic and micro-aerobic
(Table 14).
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Shown are the results for volumetric productivity, specific productivity titer
and yield reached in the period from 6 to 48 h for the tested strains and plasmid

systems
Volumetric Specific
Productivity Productivity Titer Yield
Samples Condition  [g/L/h] = [¢/L/h/OD] = [&/L] = [g/g] =
GEVO1886  Micro- 0.355 0.004 0.042 0.001 149 0.2 033 0.012
aerobic
GEVOI1859  Micro- 0.266 0.010 0.040 0.004 112 04 033 0.016
aerobic
GEVO1846  Micro- 0.344  0.007 0.051 0.004 144 03 033 0.005
aerobic
GEVOI1886  Anaerobic 0.355 0.008 0.056 0.001 149 0.1 035 0.004
GEVOI1859  Anaerobic 0.086 0.026 0.019 0.005 3.60 1.1 0.14 0.032
GEVOI1846  Anaerobic 0.209  0.019 0.041 0.004 8.79 0.8 0.27 0.006
[0499] The performance numbers in the period from 6 to 48 agitated, with a minimum agitation of 200 rpm and agitation

demonstrate that most of isobutanol production occurred
under anaerobic conditions. Highest values for yield and spe-
cific productivity were reached by the strain featuring the
complete pathway integration and the . co/i pntAB knock-in
(GEVO1886) under anaerobic conditions.

EXAMPLE 6

Anaerobic Batch Fermentation of GEVO1886 and
GEVO1859

[0500] This example illustrates that an engineered micro-
organism which overexpresses a transhydrogenase, exempli-
fied by the E. coli pntAB gene product (SEQ ID NO: 2 and
SEQIDNO: 4), from the chromosome produces isobutanol at
a higher rate, titer and productivity compared to the a strain
that does not overexpress a transhydrogenase. This is surpris-
ing because the increase in rate, titer, and productivity was
achieved without modifying the isobutanol biosynthetic path-
way itself.

[0501] Overnight cultures were started in 250 mL. Erlenm-
eyer flasks with strain GEVO1886 and strain GEVO1859
cells from fresh streak plates with a 40 mL. volume of M9
medium (Miller, J. H. A Short Course in Bacterial Genetics:
A laboratory manual and handbook for Escherichia coli and
related bacteria. 1992. Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y.) containing 85 g/L. glucose, 20 g/L.
yeast extract, 20 uM ferric citrate, trace metals, an additional
1 /L NH,Cl, an additional 1 mM MgSO, and an additional 1
mM CaCl, and at a culture OD,, of 0.02 to 0.05. The over-
night cultures were grown for approximately 14 hours at 30°
C. at 250 rpm.

[0502] Some of the overnight cultures were then trans-
ferred to 400 mL DasGip fermenter vessels containing about
200 mL of M9 medium (Miller, J. H. A Short Course in
Bacterial Genetics: A laboratory manual and handbook for
Escherichia coli and related bacteria. 1992. Cold Spring Har-
bor Laboratory Press, Cold Spring Harbor, N.Y.) containing
85 g/IL glucose, 20 g/1. yeast extract, 20 uM ferric citrate, trace
metals, an additional 1 g/I. NH,Cl, an additional 1 mM
MgSO, and an additional 1 mM CaCl, to achieve a starting
cell concentration by optical density at 600 nm of 0.1. The
vessels were attached to a computer control system to monitor
and control pH at 6.5 through addition of base, temperature at
30° C., dissolved oxygen, and agitation. The vessels were

was varied to maintain a dissolved oxygen content of about
50% using a 12 sL/h air sparge until the OD,, was about 1.0.
The vessels were then induced with 1 mM IPTG.

[0503] After continuing growth for 3 hrs, the dissolved
oxygen content was decreased to 0% with 200 rpm agitation
and 2.5 sI/h sparge with nitrogen (N,) gas. Measurement of
the fermenter vessel off-gas for isobutanol and ethanol was
performed throughout the experiment by passage of the off-
gas stream through a mass spectrometer. Continuous mea-
surement of off-gas concentrations of carbon dioxide and
oxygen were also measured by a DasGip off-gas analyzer
throughout the experiment. Samples were aseptically
removed from the fermenter vessel throughout the experi-
ment and used to measure OD,, glucose concentration by
HPLC, and isobutanol concentration in the broth by GC. Each
strain was run in three independent fermentations.

[0504] Strain GEVO1886 reached an average isobutanol
total titer of 21.6 g/L.. The average yield of the fermentation,
calculated when the titer of isobutanol was between 1 g/I. and
15 g/L., was 88% of theoretical. The average productivity of
the fermentation was 0.4 g/I./h. As described in Example 5,
GEVO1886 performs at least equally well in terms of isobu-
tanol productivity, titer, yield under anaerobic and aerobic
conditions.

[0505] By comparison, strain GEVO1859 reached an aver-
age isobutanol total titer of 1.8 g/L.. The average yield of the
fermentation was 56% of theoretical, and the average produc-
tivity of the fermentation was 0.02 g/l/h.

EXAMPLE 7

PntAB Overexpression Rescues a zwf-deletion Phe-
notype

[0506] This example illustrates that a strain that has a
growth defect and does not produce isobutanol because of the
deletion in a native pathway that reduces the strains ability to
produce the redox cofactor NADPH can surprisingly be res-
cued by overexpression of E. coli pntAB.

[0507] Overnight cultures of GEVO1399 transformed with
plasmids pSASS5, pGV1609 (SEQ ID NO: 108), and
pGV1745 (SEQ ID NO: 117) and GEVO1399 transformed
with plasmids pSASS, pGV1609, and pGV1720 (SEQ ID
NO: 115) were started from glycerol stock cultures stored at
-80° C. in 3 mL fermentation medium (M9 minimal medium
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according to Miller (Miller, J. H. A Short Course in Bacterial
Genetics: A laboratory manual and handbook for Escherichia
coli and related bacteria. 1992. Cold Spring Harbor Labora-
tory Press, Cold Spring Harbor, N.Y.), supplemented with 10
g/L yeast extract, 10 uM ferric citrate and trace metals) con-
taining 8.5% glucose and the appropriate antibiotics in snap
cap tubes about 14 h prior to the start of the fermentation.

[0508] Isobutanol fermentations were then carried out in
fermentation medium containing 8.5% glucose and the
appropriate antibiotics. Two 250 mL screw cap flasks with 20
ml, fermentation medium containing 8.5% glucose and the
appropriate antibiotics were inoculated with 1% of each
grown overnight culture. The cells were incubated at 37°
C./250 rpm until the strains were grown to an ODg, of
0.6-0.8 and were then induced with Isopropyl §-D-1-thioga-
lactopyranoside at 1 mM final concentration. Three hours
after induction one flask per overnight culture was shifted to
anaerobic fermentation conditions. This was done by loosen-
ing the cap of the flasks and introducing the flasks into the
anaerobic chamber. Once the flasks were flushed with oxygen
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free atmosphere (while going through the airlock), the flasks
were closed again and incubated without shaking at 30° C. in
the anaerobic chamber. The flasks in the anaerobic chamber
were swirled twice a day. Samples were taken from the
medium at the time of the shift and at 24 h and 48 h after
inoculation, spun down at 22,000xg for 1 min to separate the
cell pellet from the supernatant and stored frozen at —20° C.
until analysis. The samples were analyzed using High perfor-
mance liquid chromatography (HPLC) and gas chromatogra-
phy (GC).

[0509] The strain lacking zwf without E. coli pntAB grew
to an OD of about 3, whereas the samples featuring . coli
putAB reached OD values of about 5-6. This OD was not
significantly different from normal growth and thus the over-
expression of E. coli pntAB rescues the zwf growth pheno-
type (FIG. 14).

[0510] Isobutanol production was rescued under micro-
aerobic conditions by the overexpression of E. coli pntAB.
Volumetric productivity and titer are improved 7.4 fold, spe-
cific productivity was improved 3.3 fold and yield 2.5 fold
(Table 15).

TABLE 15

Volumetric productivity, specific productivity titer and yield in a micro-
aerobic fermentation for the tested strains and plasmid systems

Volumetric Specific
Productivity Productivity Titer Yield
Samples [¢/L/h] = [g/L/h/OD] = [g/L] = [g/g] =
GEVO1399 + 0.170  0.001 0.030 0.003 8.18 0.02 0.248 0.012
pGV1745 + pSASS +
pGV1609
GEVO1399 + 0.023  0.004 0.009 0.002 1.10 0.18 0.100 0.013
pGV1720 + pSASS +
pGV1609
[0511] For the anaerobic shift experiment the same trend
was observed as under micro-aerobic conditions. Isobutanol
production was rescued by the over-expression of E. coli
putAB. Volumetric productivity and titer are improved 3.4
fold, specific productivity was improved 2.1 fold and yield by
43% (Table 16).
TABLE 16
Volumetric productivity, specific productivity titer and yield in an anaerobic
fermentation for the tested strains and plasmid systems
Volumetric Specific
Productivity Productivity Titer Yield
Samples [¢/L/h] = [¢/L/h/OD] = [g/L] = [g/g] =
GEVO1399 + 0.125 0.038 0.035 0.003 6.00 1.84 0.297 0.008
pGV1745 +
PSASS + pGV1609
GEVO1399 + 0.037 0.001 0.017 0.001 1.78 0.04 0.207 0.005
pGV1720 +

DPSASS5 + pGV1609
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EXAMPLE 8

sthA Does Not Contribute to Improvement in
Anaerobic Isobutanol Production

[0512] This example illustrates that an isobutanol produc-
tion strain with a deletion of the soluble transhydrogenase
sthA produces low amounts of isobutanol anaerobically. This
shows that the introduction of the sthA deletion does not
provide cofactor balance to the isobutanol production strain
and does not enable anaerobic isobutanol production above
the levels seen for strains without redox engineering. The
deletion of sthA has no significant effect on anaerobic per-
formance of a production strain that overexpresses E. coli
pntAB.

[0513] GEVO1748 and GEVO1844 were transformed with
plasmids pGV1698 (SEQ ID NO: 112) and one of either
pGV1720 (SEQID NO: 115) (control) or pGV1745 (SEQ ID
NO: 117) (E. coli pntAB).
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lactopyranoside at 1 mM final concentration. Three hours
after induction the flasks were shifted to anaerobic fermenta-
tion conditions. This was done by loosening the cap of the
flasks and introducing the flasks into the anaerobic chamber.
Once the flasks were flushed with oxygen free atmosphere
(while going through the airlock), the flasks were closed
again and incubated without shaking at 30° C. in the anaero-
bic chamber. The flasks in the anaerobic chamber were
swirled twice a day. Samples were taken of the medium at the
time of the shift and at 24 h and 48 h after inoculation, spun
down at 22,000xg for 1 min to separate the cell pellet from the
supernatant and stored frozen at -20° C. until analysis. The
samples were analyzed using High performance liquid chro-
matography (HPLC) and gas chromatography (GC).

[0516] Strain GEVO1844 showed similar isobutanol pro-
duction compared to non redox cofactor engineered strain
GEVO01748 (Table 17).

TABLE 17

Shown are the results for volumetric productivity, specific productivity titer

and yield reached in an anaerobic fermentation for the tested strains

and plasmid systems

Samples

Volumetric Specific
Productivity Productivity Titer Yield
[g/L/h] * [¢/L/h/OD] +  [g/L] * [g/g] *

GEVO1844 +

0.039 0.004 0.036 0.006 1.89 0.20 0.236 0.025

pGV1720 + pGV1698
(i.e. AsthA without

PntAB)

GEVO1748 +

0.047 0.022 2.24 0.279

pGV1720 + pGV1698
(i.e. Control without

PntAB)

GEVO1844 +

0.127 0.004 0.033 0.002 6.11 0.19 0.310 0.007

pGV1745 + pGV1698

(i.e. AsthA with

PntAB)

GEVO1748 +

0.111  0.002 0.041 0.012 532 0.10 0.304 0.004

pGV1745 + pGV1698

(i.e. control with

PntAB)

[0514] Overnight cultures of the strains to be tested were
started either using fresh transformants (for all combinations
featuring strain GEVO1844) or using frozen stocks (all other
samples). The cultures were started in 3 ml fermentation
medium (M9 minimal medium according to Miller (Miller, J.
H. A Short Course in Bacterial Genetics: A laboratory manual
and handbook for Escherichia coli and related bacteria. 1992.
Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
N.Y.), supplemented with 10 g/IL yeast extract, 10 uM ferric
citrate and trace metals) containing 8.5% glucose and the
appropriate antibiotics in snap cap tubes about 14 h prior to
the start of the fermentation.

[0515] Isobutanol fermentations were then carried out in
fermentation medium containing 8.5% glucose and the
appropriate antibiotics. Two 250 mL screw cap flasks with 20
ml, fermentation medium containing 8.5% glucose and the
appropriate antibiotics were inoculated with 1% of each
grown overnight culture. The cells were incubated at 37°
C./250 rpm until the strains were grown to an ODg, of
0.6-0.8 and were then induced with Isopropyl §-D-1-thioga-

[0517] The strains with the sthA deletion exhibited similar
isobutanol production compared to the strains without the
sthA deletion. This was independent on the presence or
absence of overexpression of . coli pntAB. It can thus be
concluded that the sthA deletion has no significant effect on
isobutanol production.

EXAMPLE 9
pntAB in Yeast

[0518] This example illustrates an isobutanol producing
yeast which is engineered to express a transhydrogenase.

[0519] Yeast strain, GEVOS5001, which is deficient in pyru-
vate decarboxylase activity and expresses the isobutanol bio-
synthetic pathway is further engineered to express a transhy-
drogenase. The E. coli pntA (SEQ ID NO: 1) and pntB (SEQ
ID NO: 3) genes are expressed in yeast with the modifications
of (1) N-terminal addition of amino acids to target the pro-
teins to the plasma membrane (export signal sequence (ess))
and (2) N-terminal modifications to target the proteins to the
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mitochondrial outer membrane (mitochondrial targeting
sequence (mts)). pGV6002 is a yeast integration plasmid that
carries versions of pntA and pntB with modifications to target
them to the plasma membrane. pGV6003 is a yeast integra-
tion plasmid that carries versions of pntA and pntB with
modifications to target them to the mitochondrial outer mem-
brane. In both cases, the pntA and pntB genes are under the
control of the strong constitutive promoters from TEF1 and
TDH3, respectively. pGV6002 and pGV6003 are linearized
and transformed into GEVO5001 to generate GEVO5004 and
GEVO5005, respectively. Expression of pntA and pntB is
confirmed by qRT-PCR and once confirmed; GEVO5004 and
GEVO5005 are used in fermentations for the production of
isobutanol.

EXAMPLE 10

Native E. coli Alcohol Dehydrogenase Activity Con-
verts Isobutyraldehyde to Isobutanol

[0520] This example illustrates that native E. coli alcohol
dehydrogenase activity converts isobutyraldehyde to isobu-
tanol.

[0521] Strain JCL260 transformed with pGV1631 and
PSAG9 (strain without S. cerevisiae ADH2) and JCL260
transformed with pSASS and pSA69 (strain with S. cerevisiae
ADH2) were plated onto L.B-plates containing the appropri-
ate antibiotics and incubated overnight at 37° C. Plates were
taken out of the incubator and kept at room temperature until
further use. Overnight cultures were started in 3 ml, EZ-Rich
medium containing 7.2% glucose and the appropriate antibi-
otics in snap cap tubes about 14 hours prior to the start of the
fermentation. Isobutanol fermentations were then carried out
in EZ-Rich defined medium containing 7.2% glucose and the
appropriate antibiotics. Screw cap flasks with 20 mL EZ-Rich
medium containing 7.2% glucose and the appropriate antibi-
otics were inoculated with 1% of the grown overnight culture.
The cells were incubated at 37° C./250 rpm until they were
grown to an ODg,, of 0.6-0.8 and induced with Isopropyl
[-D-1-thiogalactopyranoside (IPTG, 1 mM).

[0522] After induction the cells were incubated at 30°
C./250 rpm. Samples were taken from the medium before
induction, and 24 and 48 hours after inoculation, spun down
at 22,000xg for 1 min to separate the cell pellet from the
supernatant and stored frozen at —20° C. until analysis.
[0523] The ADH2 gene product is expected to be function-
ally expressed from pSASS and required for isobutanol pro-
duction. Thus, no isobutanol should be produced with the
plasmid combination lacking ADH2 as adhE is deleted in
JCL260. However, isobutanol production for the system lack-
ing ADH2 was higher than for the system with ADH2 expres-
sion. Table 18 shows the results for the isobutanol fermenta-
tion comparing the pathway including Adh2 expression with
the exact same system excluding Adh2 expression. Both sys-
tems feature Bs_AlsS1, Ec_llvC and Ec_ilvD expressed from
the same medium copy plasmid and L1_Kivdl expressed
from a high copy plasmid. Volumetric productivity and titer
showed 42% increase, specific productivity 18% and yield
12% increase. This suggests strongly that a native E. coli
dehydrogenase is responsible for the conversion of isobu-
tyraldehyde to isobutanol, and that Adh2 is not expressed and
not necessary for isobutanol production in E. coli.
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TABLE 18

Isobutanol fermentation with and without Adh2 expression

Volumetric

Productivity Specific

g/ Productivity Titer Yield
samples  L/h] = [¢/L/h/OD] = [g/L] = [g/g] =
without 0.175 0.006 0.039 0.003 840 0.26 0.207 0.009
Adh2
with 0.123 0.004 0.033 0.001 5.88 0.17 0.185 0.004
Adh2

EXAMPLE 11
Identification of Native ADH

[0524] This example illustrates that the native E. coli alco-

hol dehydrogenase is encoded by the Ec_yghD gene (SEQ ID
NO: 68).

[0525] Several E. coli genes predicted or known to code for
alcohol dehydrogenases were knocked out of strain JCL.260
to determine whether any of them are involved in isobutyral-
dehyde reduction. Fermentations were carried out with
GEVO1608 and with JCL260, each transformed with plas-
mids pGV1609 (SEQ ID NO: 108) and pGV1631 by elec-
troporation. Single colonies were grown and two colonies
from each strain were started in a 3 mL overnight culture, with
appropriate antibiotics. Each 250 mL fermentation flask was
filled with 20 mLL of EZ-Rich medium (Neidhardt, F. C.,P. L.
Bloch, and D. F. Smith. 1974. Culture medium for enterobac-
teria. J Bacteriol. 119:736-47) supplemented with 5% glu-
cose, Ampicillin (100 mg/ml), and Chloramphenical (100
mg/mL).

[0526] The cell densities of the overnight cultures were
normalized and 2% inoculum was added to each fermentation
flask and incubated at 270 rpm/37° C. The cultures were
induced with 20 uL. 0.1 M IPTG after they reached an OD
01'0.6-0.8 at which time the temperature was lowered to 30°
C. Samples were taken from the medium before induction,
and 24 hours after inoculation, spun down at 22,000xg for 1
min to separate the cell pellet from the supernatant and stored
frozen at —20° C. until analysis. A second fermentation was
performed in the same way with the best candidate,
GEVO1608 containing the yghD deletion, and samples were
taken at 24 and 48 hours.

[0527] While both GEVO1608 and JCL.260 grew to similar
cell densities, GEVO1608 produced ~80% less isobutanol
than the control strain (Table 19), indicating that the Ec_yghD
gene product is primarily responsible for isobutyraldehyde
reduction.

TABLE 19

Specific Productivity and Titer of Fermentation

Strain Plasmids Time Titer (g/L)
GEVO1608 pGV1609, pGV1631 24h 0.33
JCL260 pGV1609, pGV1631 24h 2.45
GEVO1608 pGV1609, pGV1631 48 h 0.83
JCL260 pGV1609, pGV1631 48 h 4.00
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EXAMPLE 12

Overexpression of NADH-Dependent Alcohol Dehy-
drogenase and Propanediol Dehydrogenases

[0528] This example demonstrates that overexpression of
an NADH-dependent alcohol dehydrogenase or propanediol
dehydrogenases increases isobutanol production.

[0529] Relevant E. coli strains were transformed with the
appropriate plasmids (Table 20).

TABLE 20

Plasmid and strain combinations used in isobutanol fermentations

# Plasmid 1 Plasmid 2 Strain Comments
1 pGV1655 pGV1698 GEVO1745 No ADH on plasmid
2 pGV1655 pGV1698 JCL260 GEVO1780
3 pGV1655 pGV1748 GEVO1745 Ec_ fucO
4  pGV1655 pGV1749 GEVO1745 Dm__ ADH
5 pGV1655 pGV1778 GEVO1745 Kp_dhaT
[0530] Followingtransformation, the strains were plated on

LB-plates containing the appropriate antibiotics and incu-
bated overnight at 37° C. Overnight cultures Were started in 3
ml EZ-Rich medium (Neidhardt, F. C., P. L. Bloch, and D. F.
Smith. 1974. Culture medium for Enterobacteria. J Bacteriol.
119:736-47) containing 8% glucose and the appropriate anti-
biotics in snap cap tubes about 14 h prior to the start of the
fermentation. Isobutanol fermentations were then carried out
in EZ-Rich Medium containing 8% glucose and the appro-
priate antibiotics. Screw cap flasks with 25 ml. EZ-Rich
medium containing 8% glucose and the appropriate antibiot-
ics were inoculated with a sufficient volume of the grown
overnight culture to obtain a starting OD,, 0 0.1. The cells
were incubated at 37° C./250 rpmuntil they reached an OD
of 0.6-0.8 followed by induction with Isopropyl p-D-1-
thiogalactopyranoside (IPTG, 1 mM). After induction, cul-
tures were capped, sealed and placed in 30° C. shaker, 225
rpm to start fermentation. Samples (2 mL) were taken 24 h
and 48 h post induction, centrifuged at 22,000xg for 1 min
and the supernatant stored at 4° C. until analyzed. Prior to
analysis, the supernatants were filtered and then analyzed via
Gas Chromatography and High Performance Liquid Chroma-
tography. All experiments were carried out in triplicate.
[0531] Resultsare presented in Table 21, below. Expression
of either 1,2-propanediol dehydrogenase Ec_fucO or 1,3-
propanediol dehydrogenase Kp_dhaT significantly and
reproducibly increases titer in the AyqhD background of
strain GEVO1745. Expression of Dm_ADH enhances titer
and yield of the fermentations in the AyghD background of
strain GEVO1745.

TABLE 21

Summary of isobutanol titer, and yield data from
fermentations after 48 hours

# Comments titer [g/L] = Yield [% theor.] =

1 noADH 1.91 0.50 385 10.30
2 GEVO1780 3.39 0.15 65.0 2.83
3 Ec_FucO 6.30 0.10 79.9 1.79
4 Dm_Adh 4.86 0.29 67.0 4.54
5 Kp_DhaT 6.22 0.16 753 2.04
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EXAMPLE 13
Characterization of Alcohol Dehydrogenases

[0532] This example demonstrates that the alcohol dehy-
drogenases Ec_FucO (SEQ ID NO: 65), Kp_DhaT (SEQ ID
NO: 63),and Dm_Adh (SEQID NO: 61) catalyze the NADH-
dependent reduction of isobutyraldehyde.

[0533] E. coli strain GEVO1745 was transformed by elec-
troporation with one of plasmids pGV1705-A, pGV1748-A,
pGV1749-A, orpGV1778-A. 50 mL of TB medium (23.1 g/LL
KH2PO4, 125.4 g/I. K2HPO4, 12 g/1. Bacto-tryptone, 24 g/
yeast extract, 4 ml/L, glycerol) were inoculated to an initial
ODgo 0f 0.2 using a 3 mL overnight LB culture of a single
colony. The 50 mL culture was allowed to grow for 3-4 hrs at
250 rpm and 37° C. Protein expression was induced at an
ODy,, 0f 2-2.5 by the addition of IPTG to a final concentra-
tion of 1 mM. After the addition of IPTG, protein expression
was allowed to continue for 20-24 hours at 225 rpm and 25°
C.

[0534] Alcohol dehydrogenase (ADH) activity was
assayed kinetically by monitoring the decrease in NAD(P)H
concentration by measuring the absorbance at 340 nm. A
reaction buffer was prepared containing 0.1 M potassium
phosphate, 0.4 mM NAD(P)H, 10 mM isobutyraldehyde, 1
mM DTT, and 1 mM PMSF. Cell pellets were resuspended in
0.1 M potassium phosphate butfer containing 1 mM DTT and
1 mM PMSF at one fifth of the culture volume, i.e. 10 mL
resuspension buffer for cell pellet from a 50 mL culture. The
resuspended cells were lysed by sonication for 1 min with a
50% duty cycle. The reaction was initiated by the addition of
0.5 mL of the reaction buffer to 0.5 mL of clarified lysate in a
cuvette. Dilution of the clarified lysate was necessary for
ADHs that were highly active. A substrate free control was
conducted using reaction buffer without the addition of alde-
hyde.

[0535] Kinetic parameters were determined for Ec_YghD,
Ec_FucO, Dm_Adh, and Kp_DhaT (Table 22).

TABLE 22

Kinetic parameters for the conversion of isobutyraldehyde to isobutanol by
Ec_YqhD, Ec_ FucO, Dm__Adh, and Kp_ DhaT

NADH NADPH
Activity Activity
Ky (Umin'mg! K (U/min~'mg™
Plasmid ADH (mM) crude lysate) (mM) crude lysate)
pGV1705-A Ec_YqhD nd. n.d. 0.25 0.09
pGV1748-A Ec_FucO 038 0.23 0.2 0.04
pGV1749-A Dm_ Adh 0.9 6.60 2.7 1.70
pGV1778-A Kp_DhaT 1.3 0.56 0.6 0.08

The kinetic properties of the L1_AdhA enzyme were
described by Atsumi et al. (Atsumi et al., Appl. Microbiol.
Biotechnol., 2009, DOI 10.1007/s00253-009-2085-6), and
are shown in Table 23.
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TABLE 23

Kinetic parameters for LI__AdhA (Atsumi et al., Appl. Microbiol.
Biotechnol., 2009, DOT 10.1007/s00253-009-2085-6)

NADH NADPH

Kir  keoe Keat/ K, k., Kcat/

ADH Substrate mM) Y K, mM) () K,

Ll__AdhA Acetaldehyde 0.5 10 20.9 n.d.
Ll_AdhA isobutyraldehyde 9.1 6.6 0.8

“did not show any detectably activity when tested with NADPH as a cofactor

EXAMPLE 14
KARI Engineering by Saturation Mutagenesis

[0536] Construction of KARI-containing plasmids: Stan-
dard molecular biology procedures (Sambrook and Russell,
Molecular Cloning, A Laboratory Manual, 3" Edition, Vol. 3,
2001) were utilized to make plasmid pGV1711 (SEQ ID NO:
113) (pLlacOl::(no ORF) bla, ColE1l ORI1). Plasmid
pGV1711 is a high-copy, AmpR vector that serves as an
“empty vector” control, i.e. it contains no open reading
frames under the control of the PLlac promoter. The E. coli
KARI gene Ec_ilvC (SEQ ID NO: 10) was codon optimized
for E. coli resulting in gene Ec_ilvC coEc (SEQ ID NO: 11)
[0537] The codon optimized gene Ec_ilvC_coEc was
cloned into pET22b(+) using primers KARIpETfor and
KARIpETrev introducing a 5' Ndel and a 3' Xhol restriction
site and a C-terminal his,-tag, resulting in plasmid pET22b
[ilvCco] carrying Ec_ilvC_coEc"*S(SEQ ID NO: 14).
[0538] DNA constructs were analyzed by restriction
digests, and also by DNA sequencing to confirm integrity and
correct construction. Primers pETup and KARIpETrev were
used as primers in standard DNA sequencing reactions to
sequence pET22b(+) derivatives.

[0539] Construction of NNK libraries: NNK libraries were
constructed using site directed mutagenesis overlap exten-
sion (SOE) PCR. First, the fragments containing the muta-
tions were created allowing for at least 15 by of overlap using
KARIpET_for and KARIpET_rev and the respective NNK
primers listed in Table 6 (SEQ ID NO 285 through SEQ ID
NO 298). After digesting traces of template DNA with Dpnl,
the fragments were separated on a 1% TAE agarose gel,
extracted, and the PCR products were precipitated using pel-
let paint (Novagen). The clean products were used as tem-
plates in a subsequent assembly PCR. The PCR product was
cleaned up (Zymo Research, Orange, Calif.), restriction
digested with Ndel and Xhol for 1.5 h at37° C., cleanedon a
1% agarose gel, and ligated into pET22b(+).

[0540] Site directed mutagenesis mutants were generated
as described above. The successful mutagenesis was con-
firmed by DNA sequencing.

[0541] Cell growth and protein expression in shake flasks:
Flasks containing 25 m[. of Luria-Bertani. (LB) medium (10
g tryptone, 10 g NaCl, 5 g yeast extract) with ampicillin (final
concentration 0.1 mg/ml.) were inoculated to an initial OD
of'0.1 using 0.25 mL overnight LB culture of a single colony.
The 25 mL LB expression culture was allowed to grow for3-4
h at 250 rpm and 37° C. Protein expression was induced at
ODg( 0of 1 by the addition of IPTG to a final concentration of
0.5 mM. Protein expression was allowed to continue for
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20-24hat 225 rpm and 25° C. Cells were harvested at 5300xg
and 4° C. for 10 min and the cell pellets were frozen at —20°
C. until further use.

[0542] Cell growth and protein expression in microplates:
In order to grow and express KARI variants in deep well
plates, sterile toothpicks were used to pick single colonies
into shallow 96 well plates filled with 300 pI LB, . 75 ul of
these overnight cultures were used to inoculate deep well
plates filled with 600 ul of LB,,,,, per well. The plates were
grown at 37° C. and 210 rpm for 4 h. One hour before induc-
tion with IPTG (final concentration 0.5 mM), the temperature
of the incubator was reduced to 25° C. After induction,
growth and expression continued for 20 h at 25° C. and 210
rpm. Cells were harvested at 5300xg and 4° C. and stored at
-20°C.

[0543] KARI cuvette assay: KARI activity was assayed
kinetically by monitoring the decrease in NAD(P)H concen-
tration by measuring the absorbance at 340 nm. A reaction
buffer was prepared containing 250 mM potassium phosphate
pH 7, 1 mM DTT and 10 mM MgCl,. Cell pellets were
resuspended (0.25 g wet weight/mL. buffer) in 250 mM potas-
sium phosphate (KPi) buffer containing 1 mM DTT and 10
mM MgCl,. The resuspended cells were lysed by sonication
for 1 min with a 50% duty cycle and pelleted at 11000xg and
4° C. for 15 min. A reaction mixture consisting of 910 pl
reaction buffer, 50 ul acetolactate, and 20 pl lysate was pre-
pared in a cuvette. The reaction was initiated by addition of 20
ul of 10 mM NAD(P)H. A substrate free control was con-
ducted using reaction buffer without the addition of acetolac-
tate.

[0544] KARI high-throughput assay: Frozen cell pellets
were thawed at room temperature for 20 min and then 100 pl,
of lysis buffer (250 mM Kpi, 750 mg/L. lysozyme, 10 mg/L.
DNasel, pH 7) were added. Plates were vortexed to resuspend
the cell pellets. After a 30 min incubation at 37° C., plates
were centrifuged at 5300xg and 4° C. for 10 min. 20 pL. of the
resulting crude extract were transferred into assay plates (flat
bottom, Rainin) using a liquid handling robot. 10 mL assay
buffer per plate were prepared (250 mM Kpi, pH 7, 500 puL,
acetolactate, 1 mM DTT, 10 mM NAD(P)H, and 10 mM
MgCl,) and 90 ulL. thereof were added to each well to start the
reaction. The depletion of NAD(P)H was monitored at 340
nm in a plate reader (TECAN) over 1.5 min.

[0545] Purification of KARI: Cell pellets used for purifica-
tion were resuspended in purification buffer A (20 mM Tris,
+20 mM imidazol, 100 mM NaCl, 10 mM MgCl,, pH 7.4).
KARI was purified by IMAC (Immobilized metal affinity
chromatography) over a 1 ml Histrap High Performance (his-
trap HP) column pre-charged with Nickel (GE Healthcare)
using an Akta FPLC system (GE Healthcare). The column
was equilibrated with four column volumes (cv) of buffer A.
After injecting the crude extract, the column was washed with
buffer A for 2 cv, followed by a wash step with a mixture of
10% elution buffer B (20 mM Tris, 300 mM imidazol, 100
mM NaCl, 10 mM MgCl,, pH 7.4) for 5 cv. KARI variants
were eluted at 40% buffer B and stored at 4° C.

[0546] Homology modeling was performed with pymol
and x-ray structures of £. coli KARI (PDB ID: 1YRL) and
spinach KARI (PDB ID: 1YVE), the latter containing
NADPH co-crystallized.

[0547] A KARI expression construct (pGV1777 (SEQ ID
NO: 118)) (pLlacO1::Ec_ilvC_coEc::bla, ColE1 ORI) was
tested in £. coli strain GEVO1777 and yielded KARI activity
in lysates. On this plasmid, the ilvC gene was not his-tagged
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and therefore no purification was attempted. In order to obtain
higher expression levels for a high-throughput screen (HTS)
in 96-well plate format, ilvC_co was sub-cloned into pET22b
(+). This plasmid also ads a his-tag to the C-terminus of the
protein to facilitate purification. E. coli BL21 (DE3) (Lu-
cigen, Middleton, Wis.) cells were transformed with pET22
[ilvCco] and protein expression was performed in LB
medium with ampicillin at 25° C. SDS PAGE analysis (FIG.
15) shows a comparison of crude extracts of BL.21 (DE3) and
GEVO1777 expressing KAR1.

[0548] Table 24 shows the specific activities in U/mg of
KARI in lysates of GEVO1777 and BL21(DE3) being
15-fold higher in BL.21 crude extract, mirroring the results
shown in the SDS PAGE.

TABLE 24

Specific Activities of KARI in U/mg Expressed
in GEVO1777 and BL21 (DE) measured with NADPH

Strain/Construct U/mg Crude Extract
pGV1777 in GEVO1777 0.03
pET22b[ilvCeo] in BL21 (DE3) 0.45

[0549] Purification of his-tagged KARI expressed from

pET22[ilvCco] in BL21(DE3) cells was first performed over
a linear gradient to determine the proper amount of imidazol
to elute KARI. Then, a step gradient was implemented and the
protein was eluted at 40% elution buffer B (140 mM imida-
zol). A SDS PAGE documented the purity of the enriched
protein (FIG. 16).

[0550] A quadruplet . coli 1lvC mutant (R68D:K69L:
K75V:R76D), which was described previously by Rane and
coworkers (Rane et al., 1997, Arch Biochem Biophys 338:
83-89) was constructed using the respective primers listed in
Table 6 (SEQ ID NO: 281 through SEQ ID NO 284) and
cloned into pET22b(+) as described, but did not yield the
cofactor switch that was described in the paper, although the
ratio NADH/NADPH was 2.5 (wild-type 0.08). In fact, the
specific activity of the quadruplet mutant on NADH was even
worse than wild-type (Table 25), suggesting this mutant
enzyme is not suited for the aforementioned aims.

TABLE 25

Comparison of specific activities from purified Ec_ IlvC6

and purified IlvCa“edruplesiss quadruplet
in U/mg measured on NAD(PYH
U/mg with
Variant U/mg with NADH ~ NADPH  NADH/NADPH
Ec_IlvC"® 0.03 1 0.08
[lvCauadrupler-hiss 0.45 0.02 2.5
[0551] Since the quadruplet KARI mutant did not yield the

promised activity, the Ec_ilvC_coEc"*® gene (SEQ ID NO:
14) was used as starting point for engineering a cofactor
switch. A structure alignment of £. coli KARI with spinach
KARI was generated (FIG. 17) because spinach KARI was
co-crystallized with NADPH. The position of the cofactor in
the spinach KARI structure was in good agreement with the
NADPH phosphate group in the E. coli KARI structure.
Based on this, amino acid residues R68, A71, R76, S78, and
Q110 seemed likely to be interacting with NADPH and there-
fore were chosen as targets in a site saturation mutagenesis
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experiment. Only residues R68 and R76 were found in the
aforementioned quadruplet mutant. Residues K69 and K75
seemed less likely to be involved in cofactor binding.

[0552] Five individual site saturation libraries were gener-
ated and electro-competent . coli BL21(DE3) cells were
transformed with the desalted ligation mixtures. 88 clones of
each library were screened for NAD(P)H depletion at 340 nm
in microplates. Clones with an improved NADH/NADPH
consumption ratio while maintaining or increasing their
NADH activity were chosen for a rescreen. Variants that
passed the rescreen were sequenced, expressed in shake
flasks, purified, and characterized.

[0553] The first screening round resulted in several
improved variants in terms of their specific activity on NADH
(and NADPH for most ofthem) (Table 26). The first variant to
favor NADH over NADPH was Ec_llvCS78P7%5 which
showed a specific activity for NADH that equals the specific
activity of Ec_1IvC"*® for NAPDH (1 U/mg). Table 26 shows
the variants resulting from the first round of site saturation
mutagenesis compared to the parent Ec_lIvC"*®, All proteins
were purified over a histrap column.

TABLE 26

Specific Activities for NADH and NADPH in U/mg

Variant U/mg NADH  U/mgNADPH  NADH/NADPH
No mutation 0.08 1 0.08
(Ec__IlvCPis6)

Ec_ IlvCRO8L-Ais6 0.27 1.15 0.23

Ec_ IlvCA7LTHis6 0.48 1.81 0.27

Ec_ IlvCA71SHis6 0.57 2.65 0.22

Ec_ IlvCR76G-his6 0.64 2.73 0.23

Ec_ IlyCR765His6 0.59 1.51 0.39

Ec_ IlvCR76THis6 0.25 1 0.25
Ec__IlvCR76D-Ais6 0.26 0.69 0.38

Ec_ IlvCS78D-his6 1 0.61 1.64

Ec_ IlyCOLo4-his6 0.85 2 0.43

Ec_ IlyCOL07his6 0.93 2 0.47
[0554] The three best variants Ec_llvC3P76,

Ec_llvCeo4-4s6 and Be_lvC2 107556 were characterized
according to their specific activities [U/mg], k.., values [s '],
catalytic efficiencies [M~'*s™'] (FIG. 18), and K,, values
(Table 27).

TABLE 27

K, values of Ec_ IIvC"*6 compared to three
variants resulting from the site saturation library

Kir [mM] Ky [mM]
Variant NADPH NADH
Ec_ IlvC™® 41 1075
Ec_IlvC578P456 658 130
Ec_ IlvC@!107-hisé 13 135
Ec_ IlvC@!104-kis6 24 277
[0555] All three variants were improved compared to the

parent Ec_[lvC"*®, Ec_[lvC8P%¢ wag the first variant to
show an actual preference of NADH over NADPH, while
variants Fc_[lvC2H04756 and Fe_ [IvCEHO77558  showed
drastic improvements in their overall catalytic efficiencies
(F1G. 18). Table 28 contains a comparison of the K, ,values of
Ec_llvC"*® with the three best variants resulting from the site
saturation mutagenesis library on both cofactors. All variants
showed improved K,, values on NADH. While
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Ec_llvC2HO7 %56 and Be_llvC2 194#5¢ had improved K,,
values on NADPH compared to wild-type, the K,, value of
variant Bc_lIvCS78P75¢ on NADPH was decreased 16-fold
from 1075 pM to 130 uM. The catalytic efficiencies on
NADH were greatly improved as well. Ec_llvC**® showed
1,000 M~'#-1 while Ec_lIvC¥3P7%¢% yielded 27,600
M—l *s—l.

TABLE 28

Catalytic efficiencies [M ' *s™!] for Ec_ IlvC¢
and variants Ec_ IlvC@L10Vis6 Fe [lyCQLL04-Ais6
and Ec_ IIvCS782##56 on NADPH

(K e/ K with
NADH)/(k,,,/Kysof
k. /Kar k ./Kar Ec_IlvC"6 with
with NADH  with NADH NADPH)
Variant [M~ g1 [M~txg~1 [%)]
Ec_ IlvChiss 1000 87300 1%
Ec_ IlyCOL07-his6 24800 569000 28%
Ec_ IlyCOl04-his6 11063 301800 13%
Ec__Ilv(CS78D-his6 27600 3770 32%

[0556] As a next step, the gene encoding variant
Ec_llvC2!107-4s6 (SEQ ID NO: 23) was used as template to
generate individual combinations of the mutation Q110V
with other mutations: R68L, A71T, A71S, R76G, R76S,
R76T, S78D, and R76D. After screening the variants as
described above, the most promising ones were expressed,
purified, and characterized. Table 29 lists the K, ,values in pM
on NADPH and NADH for Ec_IlvC"™®, Ec_llvC@! 1076
and variants of Ec_1lvC21°%-#55 Narjant Ec_1lvC33"*% con-
taining amino acid mutations Q110V and S78D, showed the
same K, , value for NADH and for NADPH with 65 uM. The
A71S mutation was introduced into Ec_llvC?3"%S resulting
in a variant Ec_llvCP847154is6 wwhich yielded 44% catalytic
efficiency on NADH compared to the catalytic efficiency of
wild-type KARI on NADPH (FIG. 19 and Table 30).

TABLE 29

K, values for Ec_ IlvC"¢, Ec_ IlvC@L107Ais6,
and variants of Fc_TlyC@110V#is6 on NADPH and on NADH

Variant K, for NADPH [mM] K, for NADH [mM]
Ec_IlvChs¢ 41 1075
Ec__IlvCQL0r-hise 13 135
EcillVCQIIOVAﬂT—hisG 37 R0
EcillVCQIIOVAHS—hisG 30 70
EcinvcglloVR7GG—hiss 47 87
Ec_ IlvCQIL0VR76Shis6 n.d. 223
Ec_ IlvCESHis6 65 65

TABLE 30

Catalytic efficiencies [M™*s™!] for wild-type Ec_ IlvC"¢
and variants Ec_ IlvCELIOV#E6 R JlyC@L104-4is6
and Ec_IIvCS78P756 on NAD(P)H compared to Ec__ TlyCBs-hist
and B¢ [lvCB8A715-his6

keotKar  keodKar (K /K with NADH)/
with with (ki Kag of
NADH NADH  Ec_ IIvC"*® with NADPH)
Variant M7l M7 [%]
Ec_IlvChs¢ 1000 87300 1%
Ec__IlvCQLorhise 24800 569000 28%
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TABLE 30-continued

Catalytic efficiencies [M™'*s™!] for wild-type Ec_ IlvC"¢
and variants Ec_ IlvC@LI0V#is6 Fe  [lyCQLI04-Ais6
and Ec_ IIvCS78P%56 on NAD(P)H compared to Ec_ TlyCBshiss
and Ec_ TlvCB84715-is6

kooi/Kar  keodKas (ki Kz with NADH)/
with with (k,,/Kar0f
NADH NADH  Ec_ IIvC**° with NADPH)
Variant M7l M7 [%]
Ec__IlvCQL104-his6 11063 301800 13%
Ec_ IlvCS78D-4is6 27600 3770 32%
Ec_ IlvCB8His6 31775 34188 36%
Ec_ Ilv(CE847ISRis6 38330 37459 44%
EXAMPLE 15

KARI Engineering by Recombination

[0557] The codon optimized gene Ec_ilvC_coEc™*°® (SEQ
ID NO: 14) and libraries thereof were cloned into pET22b(+)
using primers KARIpETfor and KARIpETrev (Table 6).
DNA constructs were analyzed by restriction digests, and
also by DNA sequencing to confirm integrity and correct
construction. Primers pETup and KARIpETrev (Table 6)
were used as primers in standard DNA sequencing reactions
to sequence pET22b(+) derivatives.

[0558] The recombination library was constructed using
SOE PCR introducing mutations found at the five targeted
sites while allowing for wild-type sequence as well. The first
fragments were generated using degenerate primers
R68A71recombfor and R68A71recombrev which covered
the gene sequence coding for the region at amino acid posi-
tions 68/71 (Table 6). After assembling the long and the short
fragment, the assembly product was Dpnl digested for 1 h,
separated on an agarose gel, freeze’n’ squeeze (BioRad, Her-
cules, Calif.) treated, and finally pellet painted (Novagen,
Gibbstown, N.J.). The clean assembly product served as tem-
plate for the second round of SOE PCR introducing mutations
at amino acid positions 76/78 using the following primers:
R68A71recombfor, R68A71recombrev, R76S78recombfor,
R76S78recombrev, G76S78recombfor, G76S78recombrev,
S76S78recombfor, S76S78recombrev, T76878recombfor,
T76S78recombrev, D76S78recombfor, D76S78recombrev,
R76D78recombfor, R76D78recombrev, G76D78recombfor,
G76D78recombrev, S76D78recombfor, S76D78recombrev,
T76D78recombfor, T76D78recombrev, D76D78recombfor,
D76D78recombrev (Table 6). The mixture of primers was
used, since degenerate codons would have expanded the
library size immensely. Again, the assembly product served
as template to complete the recombination library with amino
acid position 110. The same procedure was applied as
described for the first two rounds of SOE PCR. Primers used
were again a mixture prepared out of equimolar concentra-
tions of Q110Qfor, Q110Qrev, Q110Afor, Q110Arev,
Q110Vtor, and Q110Vrev. After all sites were recombined,
the insert was restriction digested with Ndel and Xhol, ligated
into pET22b(+), and electro-competent BL.21(D3) (Lucigen,
Middleton, Wis.) were transformed. In order to oversample
the library by approximately five-fold, one thousand clones
were picked and cultured as described below. In order to
check for possible biases (i.e. certain mutations occurring
more frequently than others), 20 clones were randomly cho-
sen for DNA sequence analysis.
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[0559] As described in Example 14, the first screening
round identified several individual point mutations within the
KARI cofactor binding region that either improved NADH-
dependent activity or were at least neutral (i.e. had neither a
beneficial nor deleterious effect). These mutations, along
with the wild-type amino acid residue are listed in Table 31.

TABLE 31

Amino Acid Mutations Included in the Recombinatorial Library

Amino Acid Neutral or beneficial ~ Total # (including
Position Wild-type mutations identified wild-type)
68 R L 2
71 A T,S 3
76 R G,S,T,D 5
78 S D 2
110 Q AV 3
[0560] A complete recombination library was constructed

allowing for all beneficial and some neutral mutations (and
including the wild-type residues) at each of the five sites. The
total number of unique combinations was 180.

[0561] Generating all mutations using a single primer
would result in a large library of ~4,000. Thus, the present
inventors built the library stepwise in three SOE reactions
using primers mixed in equimolar amounts for each of three
SOE reactions:

SOE 1: R68/A71, R68/T71, R68/S71, L68/A71, L68/
T71, L68/S71

SOE 2: A76/S78, G76/S78, $76/878, T76/S78, D76/
$78, A76/D78, G76/D78, S$76/D78, T76/D78, D76/D78,

SOE3: Q110, A110, V110

[0562] First, mutations at amino acid sites 68 and 71 were
introduced into the Ec_ilvC_coEc"™® gene, followed by
mutations at site 76 and finally, by mutations at site 110. After
the library had been generated, it was ligated into pET22b(+).
The resulting plasmid library was used to transform E. coli

Jun. 10, 2010

BL21(DE3) electro-competent cells. Cells were grown in
96-well plates according to the protocol for cell growth and
protein expression in microplates as described in Example 14.
The KARI enzyme activity of each of 1,000 individual trans-
formants was determined using the high-throughput assay as
described in Example 14.

[0563] Only 20% of the enzymes of the recombination
library were active on NADH. After screening 1,000 clones
using the NADH depletion assay at 340 nm, 26 KARI variants
were selected for a rescreen by the high-throughput assay
described in Example 14 and eight thereof were expressed in
25 ml LB, medium in shake flasks according to the proto-
col for cell growth and protein expression in shake flasks as
described in Example 14, purified according to the protocol
for purification of KARI enzymes as described in Example
14, and NAD(P)H depletion at 340 nm was measured again.
Two candidates Ec_llvC*#1#*¢ (containing the amino acid
substitutions A71S, R76D, S78D, and Q110A) and
Ec_lIvC%E%7% (containing the amino acid substitutions
A718,R76D, S78D, and Q110V) showed good specific activ-
ity on NADH and were only marginally active on NADPH.
The other six variants showed lower specific activities on
NADH (ranging from 0.44-0.55 U/mg) compared to the two
favored variants Ec_lIvC?710%5% and Ee_IlvCOZ%7%% and
higher specific activities on NADPH (0.72-2.62 U/mg). The
K,, values of variants Ec_[lvC?#'07%6 and Ec_llv(Co#0-is®
were measured and the catalytic efficiencies were calculated.
[0564] The kinetic parameters of the recombination vari-
ants and previously described KARI mutants are shown in
Table 32. Both variants found in the recombination library
showed an almost complete switch in cofactor preference
from NADPH to NADH. The K,, values of the mutants on
NADH rival the K,, value of KARI Ec_IIvC**¢ on NADPH
(44.2 and 31.6 uM on NADH vs. 41 uM for Ec_llvC**® on
NADPH). The catalytic efficiencies of Ec_llvC7!9-#%s¢ and
Ec_llvC5%5¢ on NADH (60322 and 74045 M '#s7!
respectively) came very close to the catalytic efficiency of
Ec_llvC**® on NADPH (87300 M~'#57!). The mutants
described herein exhibit a complete reversal in cofactor speci-
ficity and the NADH-dependent activity approaches the
NADPH-dependent activity of the wild-type enzyme. The
best variant exhibited 85% activity (in terms of k__ /K, ,) on
NADH compared to wild-type activity on NADPH.

TABLE 32

Kinetic parameters of Ec__Ilv

M58 two of the enzymes described previously

(Ec_IlvCB8H6 gnd Ee_ TIvCE3A715H56) a5 well as the two mutants

EC?HVCzHl 0-his6 and EcinvcﬁEG—hiSG

Umg Kar [IM] K[ Ko/ Kar M7 %571
Variant NADH NADPH NADH NADPH NADH NADPH NADH NADPH
Ec_ IlvChs¢ 0.08 1.00 1,075 41 1.0 3.6 1,000 87,300
Ec_ IlvCES-His6 0.57 0.62 65 65 2.0 2.2 31,775 34,188
Ec_ IlyCB8ATLSRis6 0.57 0.66 53.5 63.4 2.0 2.4 38,330 37,459
Ec_ IlvC2H10-Ais6 0.74 0.17 442 568 2.6 0.61 60,322 1,078
Ec_ IlvCEE6-His6 0.65 0.07 31.6 653 2.3 0.2 74,045 386
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[0565] The above data demonstrates the effects brought on
by the beneficial mutations at positions 71 and 110. More-
over, aspartic acids at positions 76 and 78 electrostatically
repel the phosphate of NADPH. It is noted that the electro-
static attraction of arginine to the NADPH phosphate is lost
when R76 is mutated to an aspartic acid residue.

EXAMPLE 16
KARI Engineering by Random Mutagenesis in Yeast

[0566] The following example demonstrates increases in
specific, NADH-dependent KARI activity.

[0567] Methods: Plasmid pGV2241 (SEQ ID NO: 124)
carrying the Ec_ilvC_coSc®*%#*¢ gene (SEQ ID NO: 33)
served as template for generating the first error-prone FOR
library using forward primer pGV1994ep_for and reverse
primer pGV1994_rev. These primers are specific to the back-
bone pGV1102 (SEQ ID NO: 101) and bind 50 by upstream
and downstream of the KARI insert to create an overlap for
homologous recombination in yeast. Generally, three differ-
ent MnCl, concentrations were tested (100, 200, and 300 uM
MnCl,) and the PCR compositions are summarized in Table

TABLE 33

PCR set up for different concentrations of MnCl, that were tested. The
final volumes were 100 ul. and amounts of ingredients are in pL.

final MnCl, concentration [uM]

100 150 200 250 300

Template 1 1 1 1 1
primer forward 2 2 2 2 2
primer reverse 2 2 2 2 2
dNTP’s 4 4 4 4 4
Taq buffer 10 10 10 10 10
MgCl, 28 28 28 28 28

Taq polymerase 1.6 1.6 1.6 1.6 1.6
MnCl, (1 mM stock) 10 15 20 25 30
PCR grade water 41.4 36.4 31.4 26.4 21.4
[0568] The temperature profile was the following: 95° C. 3

min initial denaturation, 95° C. 30 s denaturation, 55° C.30s
annealing, 72° C. 2 min elongation, 25 cycles, 5 min final
elongation at 72° C.

[0569] The PCR products were checked on a 1% analytical
TAE agarose gel, Dpnl digested for 1 h at 37° C. to remove
traces of template DNA, and then cleaned up using a 1%
preparative TAE agarose gel. The agarose pieces containing
the PCR products were put into Freeze’n’ Squeeze tubes
(BIORAD, catalog #732-6166) and frozen for 10 min at -20°
C. Then, they were spun down at room temperature and
10,000 rpm to “squeeze” the buffer with the soluble DNA out
of the agarose mesh. The volume of the eluted DNA/buffer
mixture was estimated and then subjected to the pellet paint
procedure (Novagen, catalog #69049-3), which was per-
formed according to the manufacturer’s manual. The dried
pink DNA pellets were resuspended in 50 ul. PCR grade
water. In the meantime, the restriction digest of the backbone
pGV1102 (SEQ ID NO: 101) was performed as follows: 10
L of DNA, 32 ulL. PCR grade water, 5 uL. NEB buffer 3 (10x),
2 ul, Notl, and 1 pul, Sall. After an incubation time of 3 h at 37°
C., the digest was run out on an agarose gel and then pellet
painted as described above. After determining the DNA con-
centration of cut vector and insert, 500 ng of each were mixed
together, precipitated with pellet paint, and resuspended in 6
uL of PCR grade water. This mixture can be prepared a day
before the transformation.
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[0570] In the evening before the planned transformation,
YPD medium (10 g/LL yeast extract, 20 g/L. peptone, 20 g/LL
glucose) was inoculated with a single colony of GEVO1186
and incubated at 30° C. and 250 rpm over night. The next
morning, a 20 mL YPD culture was started in a 250 ml
Erlenmeyer flask without baftles with the overnight culture at
an ODg, 0f0.1. This culture was incubated at 30° C. and 250
rpm until it reached an OD,, 0f 1.3-1.5. When the culture had
reached the desired ODy,, 200 pL. of freshly prepared sterile-
filtered Tris-DTT (0.39 g 1,4-dithiothreitol per 1 mL of 1 M
Tris, pH 8.0) were added and the culture was allowed to
incubate at 30° C. and 250 rpm for another 15 min. The cells
were then pelleted at 4° C. and 2,500xg for 3 min. After
removing the supernatant, the pellet was resuspended in 10
ml, of ice-cold buffer E and spun down again as described
above. Then, the cell pellet was resuspended in 1 mL of
sterile-filtered ice-cold buffer E (1.2 g Tris base, 92.4 g glu-
cose, and 0.2 g MgCl, per 1 L deionized water, adjusted to pH
7.5) and spun down one more time as before. After removal of
the supernatant with a pipette, 200 plL ofice-cold bufferE (1.2
g/L Tris, 92.4 g/LL glucose, and 0.2 g/L. MgCl,, pH 7.5) were
added and the pellet was gently resuspended. The 6 ul. of
insert/backbone mixture were split in half and added to 50 pul.
of electrocompetent GEVO1186 cells. The DNA/cell mix-
tures were transferred into 0.2 cm electroporation cuvettes
(BioRad) and electroporated without a pulse controller at
0.54 kV and 25 pF. 1 mL of pre-warmed YPD medium was
added immediately and the transformed cells were allowed to
regenerate at 30° C. and 250 rpm in 15 mL round bottom
culture tubes (Falcon). After 1 hour, the cells were spun down
at 4° C. and 2,500xg for 3 min, and the pellets were resus-
pended in 1 mL pre-warmed SD-URA medium (1.7 g/L yeast
nitrogen base, 5 g/l. ammonium sulfate, 20 g/L. glucose, with
casamino acids but without uracil (CSM-URA). Different
amounts of transformed cells were plated on SD-URA agar
plats plates and incubated at 30° C. for 1.5 days or until the
colonies were large enough to be picked with sterile tooth-
picks.

[0571] Single yeast colonies were picked with sterile tooth-
picks into shallow 96-well plates containing 300 pL. of SC-
URA medium (6.7 g/L. Difco™ Yeast Nitrogen Base, 14 g/LL
Sigma™ Synthetic Dropout Media supplement (includes
amino acids and nutrients excluding histidine, tryptophan,
uracil, and leucine), 10 g/I. casamino acids, 20 g/IL glucose,
0.018 g/1. adenine hemisulfate, and 0.076 g/L tryptophan) per
well. Each plate encompassed 88 wells with variants, four
wells with parent, three wells with GEVO1886 carrying
pGV1102 as background control, and one well with medium
only, which served as a sterility control. The plates were
incubated at 250 rpm and 30° C. in a humidified plate shaker
(Kuhner) over night. On the next morning, 50 pl. of the
overnight culture were transferred into 600 ul. SC-URA
medium in 96 well deep well plates (2 mL capacity per well).
The cultures were allowed to grow for another 8 h at the same
conditions, before they were spun down at4° C. and 5000 rpm
for 5 min. The supernatants were removed and the pellets
were frozen at —20° C. until they were screened for activity as
described in Example 14 above.

[0572] Improved variants were expressed and purified from
GEVO1186. 20 ml. SC-URA medium overnight cultures
were grown at 30° C. and 250 rpm in 250 mL flasks and were
then used to inoculate 96 well deep well plates on the next
morning. 50 uL. of the overnight cultures were transferred into
600 ul, SC-URA medium per well. The plates were then
grown at 30° C. and 250 rpm in a humidified plate shaker for
8 h. In order to the harvest, the cultures were transferred into
50 mL Falcon tubes and then spun down at 4° C. and 5,000
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rpm for 10 min. The pellets were frozen until they were
processed and purified as described in Example 14 above.
[0573] Results: Two rounds of error-prone PCR and screen-
ing were carried out. The libraries (~2400 clones per library)
were screened using the KART high-throughput assay. KARI
variants that exhibited an improved activity compared to their
parent (total of 88 variants) were picked and rescreened in
triplicate and five clones were selected for sequencing and
purification. In the first round variant Ec_IlvC22! ¢ (SEQ
IDNO: 38), encoded by Ec_ilvC_coSc”?°**#¢ (SEQ ID NO:
37) was identified carrying the following mutations: D146G
and G185R. This variant served as parent for the second
round of error-prone PCR and screening which yielded vari-
ant Bc_llvCF2P-41-#s6 (QEQ ID NO: 42), encoded by
Ec_ilvC_coScF?P-41-416 (SEQ ID NO: 41) with one addi-
tional mutation (K433E). The biochemical properties were
determined and are summarized in Table 34. A two-fold
improvement of the specific activity in lysate and in the puri-
fied enzyme was observed after two rounds of error-prone
PCR.

TABLE 34
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[0576] Overnight cultures of the GEVO1993 transformed
with pGV1777 (SEQ ID NO: 118), pGV1925, pGV1938, or
pGV1927 were started from individual colonies of previously
transformed strains. These cultures were started in 3 mL. M9
minimal medium (Miller, J. H. A Short Course in Bacterial
Genetics: A laboratory manual and handbook for Escherichia
coli and related bacteria. 1992. Cold Spring Harbor Labora-
tory Press, Cold Spring Harbor, N.Y.), supplemented with 10
g/L yeast extract, 10 uM ferric citrate and trace metals, con-
taining 8.5% glucose and the appropriate antibiotics in snap
cap tubes about 14 h prior to the start of the fermentation.
Isobutanol fermentations were then carried out in screw cap
flasks containing 20 mL of the same medium that was inocu-
lated with 0.2 mL of the overnight culture. The cells were
incubated at 37° C./250 rpm until the strains had grown to an
0D, 010.6-0.8 and were then induced with Isopropyl (-D-
1-thiogalactopyranoside at 1 mM final concentration.

Comparison of the biochemical properties of the parent Ecillvcﬁ'%_’}”"’6 with
the variants found in round 1 (Ec_ IlvCF2P1556) and 2 (Bc_ IlvCF2P 141456 The variants

were purified before characterization

U/mg Ky [UM] k. [ ko /Ko M * s
Variant NADH NADPH NADH NADPH NADH NADPH NADH NADPH
Ec_IlvCoE6Hiss 0.69 39 2.4 63,000
Eec_ IlyCF2P1i-hise 0.92 0.15 40 1432 3.3 0.54 82,650 377
Ec_ IlvCP2P1-Al-his6 1.2 0.15 26 >1432 4.3 0.54 167,687 <377
EXAMPLE 17 [0577] Threehours after induction the cultures were shifted

NADH-Dependent Anaerobic Isobutanol Production

[0574] This example illustrates that an isobutanol produc-
ing microorganism which is engineered to carry NADH-de-
pendent KARI and ADH enzymes produces isobutanol at
higher yield compared to strains engineered to carry
NADPH-dependent KARI and ADH enzymes. These strains
also acquire the ability to produce isobutanol anaerobically.
[0575] A first set of anaerobic fermentations with isobu-
tanol producing strains according to Table 35 were per-
formed. Strain GEVO1993 is an E. coli strain in which the
native ilvC gene was deleted and the other three steps of the
isobutanol pathway (Bs_alsS1, Ec_ilvD_coEc and L1_kivdl)
were integrated into the chromosome.

TABLE 35

Strain/Plasmid combinations described herein.

Cofactor
usage of the
isobutanol
Plasmid Strain KARI gene ADH gene pathway
pGV1777 GEVO1993  Ec_ilvC_coEe Ec_yghD NADPH/
(native) NADPH
pGV1925 GEVO1993  Ec_ilvC_coEe Ec_fucO NADPH/
NADH
pGV1938 GEVO1993  Ec_ilvC_coEcS’®? Ec_yqhD NADH/
(native) NADPH
pGV1927 GEVO1993  Ec_ilvC_coEc®P Ec_fucO NADH/
NADH

to anaerobic fermentation conditions by loosening the cap of
the flasks and placing the flasks into to a Coy Laboratory
Products Type B Vinyl anaerobic chamber (Coy Laboratory
Products, Grass Lakes, Mich.) through an airlock in which the
flasks were cycled three times with nitrogen and vacuum, and
then filled with the a hydrogen gas mix (95% Nitrogen, 5%
Hydrogen). Once the flasks were inside the anaerobic cham-
ber, the flasks were closed again and incubated without shak-
ing at 30° C. Inside the chamber, an anaerobic atmosphere (<5
ppm oxygen) was maintained through the hydrogen gas mix
(95% Nitrogen, 5% Hydrogen) reacting with a palladium
catalyst to remove oxygen. The flasks in the anaerobic cham-
ber were swirled twice a day. Samples (2 mL.) were taken at
the time of the shift and at 21 h and 45 h after shifting to
anaerobic conditions, spun down at 22,000 g for 1 min to
separate the cell pellet from the supernatant and stored frozen
at —20° C. until analysis. The samples were analyzed using
High performance liquid chromatography (HPLC) and gas
chromatography GC. All experiments were performed in trip-
licate.

[0578] The ODgy, values of the cultures were similar
amongst the three replicates. Notably, after 45 h,
GEVO19934+pGV1927 (i.e. expressing NADH-dependent
KARIand ADH) produced isobutanol at approximately twice
the volumetric productivity, specific productivity, and titer.
Surprisingly the theoretical yield increased from about 70%
of theoretical to 96% of theoretical. Expressing only one
NADH-dependent enzyme with the other enzyme being
NADPH-dependent did not have an effect (Table 36).
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TABLE 36
45 h performance parameters
Vol. Spec. Anaerobic

Productivity Productivity Yield® Titer
Sample KARI/ADH [g/L/h] = [¢/L/h/OD] = % theor. = [g/L] =
GEVO1993 +  Ec_IlvC/ 0.044  0.019 0.018 0.003 72 3 24 10
pGV1777 Ec_YqhD
GEVO1993 + Ec_IlvC/ 0.031  0.002 0.017 0.003 55 4 19 0.1
pGV1925 Ec_FucO
GEVO1993 +  Ec_IlvCS782/ 0.040  0.015 0.021 0.002 78 10 21 09
pGV1938 Ec_YqhD
GEVO1993 +  Ec_IIvCS782/ 0.078  0.006 0.030 0.003 96 5 3.8 02
pGV1927 Ec_ FucO

“ The anaerobic yield is calculated by dividing the isobutanol produced from time of anaerobic shift until
45 hours after the shift by the amount of glucose consumed during this time period

[0579] A second set of anaerobic fermentations with isobu-
tanol producing strains according to Table 37 were performed
to demonstrate that the of improved KARI variants correlates
with an improvement of isobutanol production under anaero-
bic conditions.

TABLE 37

Strain/Plasmid combinations used for the second set of anaerobic fermentations.

KARI
ADH KARI oot Kagnans)!
# Plasmid Strain KARI gene gene kool Kasnvaper  KeadKarnapre)
1 pGV1927 GEVO1993  Ec_ilvC_coEcS’®? Ec_ fucO 27,600 7
2 pGV1976 GEVO1993  Ec_ilvC_coEc?% Ec_ fucO 60,300 56
3 pGV1975 GEVO1993  Ec_ilvC_coEc®®  Ec_fucO 74,000 192
[0580] The experiment was carried out as described above [0581] 44 hours after shift to anaerobic fermentation con-

except that the cell cultures were induced at an ODg,, of
0.8-1.0 instead of 0.6-0.8 and shifted to anaerobic conditions
atand OD OD,, 0f4.0-6.0 instead of 3 hours after induction.
In addition, samples were taken at the time of the anaerobic
shift and 24 h and 48 h after induction (i.e. 20 h and 44 h after
the anaerobic shift, respectively).

ditions, the trend for volumetric and specific productivity is
the same as observed 20 hours after shift to anaerobic condi-
tions: strains carrying improved KARI variants Ec_1lvC271°
and Ec_lIvC®% produced isobutanol at higher volumetric and
specific productivity as well as yield compared to strains
carrying KARI variant Ec_[lvC*7*P (Table 38).

TABLE 38

44 h performance parameters

Vol. Spec. anaerobic
Productivity Productivity Yield® Titer
Sample KARI/ADH [¢/L/h] = [¢/L/h/OD] = % theor. = [g/L] =
GEVO1993 +  Ec_IIvCS782/ 0.215  0.005 0.037 0.002 79 12 109 03
pGV1927 Ec__FucO
GEVO1993 +  Ec_ IIvC2H1Y/ 0.274  0.008 0.047 0.002 107 15 13.0 0.6
pGV1976 Ec__FucO
GEVO1993 +  Ec_ IIvCSE%/ 0270  0.032 0.047 0.005 97 2 125 15
pGV1975 Ec__FucO

“The anaerobic yield is calculated by dividing the isobutanol produced from time of anaerobic shift until
44 hours after the shift by the amount of glucose consumed during this time period
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EXAMPLE 18

NADH-Dependent Anaerobic Isobutanol Production
in Yeast

[0582] This example illustrates that isobutanol producing
yeast microorganisms engineered to carry NADH-dependent
KARI and ADH enzymes produce isobutanol at higher yields
compared to isobutanol producing yeast microorganisms
engineered to carry NADPH-dependent KARI and/or ADH
enzymes. These strains also produce isobutanol anaerobi-
cally.

[0583] Cultures of GEV02710, GEVO2711 and
GEV02799 transformed with pGV2227 (SEQ ID NO: 123)
or pGV2242 (SEQ ID NO: 125) and cultures of GEV02710,
and GEV02799 transformed with pGV2020 (SEQ ID NO:
121) or pGV2082 (SEQ ID NO: 122) were started from
individual colonies of previously transformed and purified
strains. These cultures were started in 14 ml round-bottom
snap-cap test tubes containing 3 ml of YPD medium supple-
mented with 0.2 g/I. G418 antibiotic, and 1% (v/v) of a stock
solution containing 3 g/I. ergosterol and 66 g/I. Tween 80
dissolved in ethanol. The snap-cap test tubes were not closed
completely so that air would vent in/out of the tubes. After
growth for about 10 hours at 30° C. shaking at 250 rpm, these
cultures were added to 47 ml of the same medium in 250 ml
non-baffled flasks with sleeve closures and incubated for
about 14 hours at 30° C. shaking at 250 rpm. Isobutanol
fermentations were then carried out after harvesting the cells
from the 50 ml cultures by centrifugation, and resuspending
the cell pellets in f 50 ml of the same medium in 250 ml
non-baffled flasks to an initial optical density (ODyg,) of 3-6.
[0584] Anaerobic fermentations were carried out by inocu-
lating flasks with screw-cap closures as above and placing the
flasks with loose caps into to a Coy Laboratory Products Type
B Vinyl anaerobic chamber (Coy Laboratory Products, Grass
Lakes, Mich.) through an airlock in which the flasks were
cycled three times with nitrogen and vacuum, and then filled
with a hydrogen gas mix (95% Nitrogen, 5% Hydrogen). The
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flasks were moved inside the anaerobic chamber from the
airlock and the screw-caps on the flasks were closed inside the
anaerobic chamber. Inside the chamber, an anaerobic atmo-
sphere (<5 ppm oxygen) was maintained through the hydro-
gen gas mix (95% Nitrogen, 5% Hydrogen) reacting with a
palladium catalyst to remove oxygen. The flasks were then
removed from the anaerobic chamber and incubated outside
the anaerobic chamber at 30° C. shaking at 75 rpm. Samples
(2 ml) were taken at the beginning of the incubation of the
anaerobic fermentations and after 24 hours, 48 hours and 72
hours ofincubation. The samples taken at the beginning of the
incubation were taken before moving the flasks into the
anaerobic chamber. The 24 hour and 48 hour samples were
taken by moving the flasks into the anaerobic chamber
through the airlock as above, opening the flasks in the anaero-
bic chamber to remove the samples, re-closing the flasks in
the anaerobic chamber and removing the flasks from the
anaerobic chamber for continued incubation. The 72 hour
samples were taken outside of the anaerobic chamber because
these were the final samples from the flasks.

[0585] Samples from fermentations were centrifuged for
10 minutes at 18,000 g to separate the cells from the super-
natant. The supernatant was removed and stored under refrig-
eration until analyzed by gas chromatography and high per-
formance liquid chromatography as described above. All
experiments were performed in triplicate.

[0586] In the anaerobic fermentations the OD, values of
the cultures were similar amongst the three replicates. Nota-
bly, after 72 hours in anaerobic fermentations, GEVO2710+
pGV2242, GEVO2711+pGV2242 and GEVO2799+
pGV2242 (i.e. strains expressing an NADH-dependent
KARI) produced isobutanol at an approximately 1.25- to
2-fold higher volumetric productivity, specific productivity,
and titer than the same strains containing pGV2227 (i.e.
strains expressing an NADPH-dependent KARI). The
anaerobic yield increased from about 16-25% of theoretical
to 22-35% of theoretical (Table 39).

TABLE 39

72 hour performance parameters from anaerobic fermentations

KARI/ADH Vol. Spec. Specific
overexpressed Productivity Productivity Yield Titer
Sample from plasmid [g/L/h] = [¢/L//OD] = % theor. = [g/L/OD] =
GEVO2710+ None/ 0.000 0.000  0.0001 0.0000 1 0 0.01 0.00
pGV2020 None
GEVO2710+  Ec_IIvC2!1%% 0,006 0.001 0.0014 0.0001 21 2 0.10 0.01
pGV2082 Dm_ Adh
GEVO2710+ Ec_IIvCe!%%  0.006 0.001 0.0017 0.0003 17 9 0.12 0.02
pGV2227 LI_AdhA
GEVO2710+  Ec_IlvCF?PY 0.011  0.001 0.0029 0.0003 22 2 0.21 0.02
pGV2242 LI_AdhA
GEVO2799 + None/ 0.001  0.000  0.0002 0.0000 6 1 0.01 0.00
pGV2020 None
GEVO2799 +  Ec_IIvC2!1%% 0,010 0.000 0.0019 0.0003 38 2 0.14 0.02
pGV2082 Dm_ Adh
GEVO2799 +  Ec_IIvCe!o%  0.009 0.001 0.0014 0.0002 20 2 0.10 0.01
pGV2227 LI_AdhA
GEVO2799 +  Ec_ IIvCF?PY/ 0.014  0.003 0.0026 0.0003 33 10 0.19 0.03
pGV2242 LI_AdhA
GEVO2711+  Ec_IIvCe!%% 0,008 0.000 0.0020 0.0000 24 2 0.14 0.00
pGV2227 LI_AdhA
GEVO2711+  Ec_IlvCP?PY 0.014  0.004 0.0025 0.0008 37 8 0.18 0.06
pGV2242 LI_AdhA
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EXAMPLE 19

Overexpression of an NADPH-Dependent GAPDH,
GDP1

[0587] The purpose of this example is to describe how
overexpression of an NADPH-dependent GAPDH can
improve isobutanol production under anaerobic conditions.
[0588] GDP1 is expressed from plasmid pGV1573 (SEQ
1D NO: 106) together with an isobutanol biosynthetic path-
way expressed from pGV1485 (SEQ ID NO: 103) and
PSAG69. As a control the plasmid pGV1573 is replaced by the
empty version of this plasmid pGV1572 (SEQ ID NO: 105).
These plasmids are transformed into GEVO1859AgapA.
Overnight cultures of Strain 1: GEVOI1859 AgapA,
pGV1573, pGV1485, pSA69 and  Strain  2:
GEVO1859AgapA, pGV1572, pGV148S5, pSA69 are started
from individual colonies of previously transformed strains.
These cultures are started in 3 mL M9 minimal medium
(Miller, J. H. A Short Course in Bacterial Genetics: A labo-
ratory manual and handbook for Escherichia coli and related
bacteria. 1992. Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y.), supplemented with 10 g/[. yeast
extract, 10 uM ferric citrate and trace metals, containing 8.5%
glucose and the appropriate antibiotics in snap cap tubes
about 14 h prior to the start of the fermentation. Isobutanol
fermentations are then carried out in screw cap flasks con-
taining 20 mL of the same medium that was inoculated with
0.2 mL ofthe overnight culture. The cells are incubated at 37°
C./250 rpm until the strains had grown to an OD,, 0£0.6-0.8
and are then induced with Isopropyl f-D-1-thiogalactopyra-
noside at 1 mM final concentration.

[0589] Three hours after induction the cultures are shifted
to anaerobic fermentation conditions by loosening the cap of
the flasks and placing the flasks into to a Coy Laboratory
Products Type B Vinyl anaerobic chamber (Coy Laboratory
Products, Grass Lakes, Mich.) through an airlock in which the
flasks are cycled three times with nitrogen and vacuum, and
then filled with the a hydrogen gas mix (95% Nitrogen, 5%
Hydrogen). Once the flasks are inside the anaerobic chamber,
the flasks are closed again and incubated without shaking at
30° C. Inside the chamber, an anaerobic atmosphere (<5 ppm
oxygen) was maintained through the hydrogen gas mix (95%
Nitrogen, 5% Hydrogen) reacting with a palladium catalyst to
remove oxygen. The flasks in the anaerobic chamber are
swirled twice a day. Samples (2 mL) are taken at the time of
the shift and at 24 h and 48 h after inoculation, spun down at
22,000 g for 1 min to separate the cell pellet from the super-
natant and stored frozen at -20° C. until analysis. The
samples are analyzed using High performance liquid chro-
matography (HPLC) and gas chromatography GC. All
experiments are performed in duplicate.

EXAMPLE 20

Overexpression of NADPH-Dependent GADPHs
GDP1 and gapC

[0590] pGV1572 (SEQID NO: 105) (PLIacO, p15A, Cm®)
was constructed as an empty vector compatible with the plas-
mids pGV1698 (SEQ ID NO: 112) and pGV1655 (SEQ ID
NO: 109) for the expression of the isobutanol pathway. The
GAPDHs from Kluyveromyces lactis, and Clostridium aceto-
butylicum were cloned into pGV1572 to make pGV1573
(SEQ ID NO: 106) (PLlacO1::GDPI1, pl15A, Cm®), and
pGV1573 (SEQ ID NO: 107) (PLlacO1::GapC, p15A, Cm~)
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respectively. K. lactis GAPDH was subcloned from
pGV1323 (SEQ ID NO: 102), which contains the GDP1 gene
cloned from genomic DNA of K. lactis. GapC (C. acetobu-
tylicum) was cloned from genomic DNA using primers 1049
and 1050.

[0591] E. coli DH5aZ1 (Lutz, R. and Bujard, H, Nucleic
Acids Research (1997) 25 1203-1210) was chosen as the host
strain. This strain contains the Z1 integration which provides
overexpression of lacl from a laclq expression cassette.
DH5aZ1 was transformed with pGV1572, pGV1573, and
pGV1575. Transformants were used to inoculate 5 mL. cul-
tures, which were incubated at 37° C., 250 rpm overnight. 50
ml cultures were inoculated with 1 m[. overnight culture and
incubated at 37° C., 250 rpm. The cultures were induced with
IPTG when OD;,, was approximately 0.6 and incubated at
30° C., 250 rpm for 2 hours. The cultures were centrifuged at
2700xg at 4° C. for 10 min and the pellets were frozen at —80°
C.

[0592] Pellets were resuspended with lysis buffer to 40%
(w/v). (lysis buffer was the same as the reaction buffer but
without substrate and cofactors). Cells were lysed in a bead
mill using 3 times 1 min intervals, placing them on ice for 2
min in between each run. The lysate was centrifuged at
25000xg at 4° C. for 10 min, the supernatant was kept on ice
and it was used as whole cell lysate for the enzyme assays.
[0593] The total reaction volume was 100 pl, consisting of
90 uLL of Reaction Buffer: 50 mM glycine buffer pH 9.5, 5
mM EDTA, 40 mM triethanolamine, 3 mM beta-mercapto-
ethanol, 6 mM NAD+ or NADP+, and 10 pL lysate. 10 uL. of
lysate were pipette into a UV permeable 96 well plate. 90 ul.
of reaction buffer was added to the lysate and mixed well by
pipetting up and down. The plate was read for 5 min at 340
nm. Results are shown in Table 40.

TABLE 40

Volumetric and specific activity of various GAPDH with NADP*

NADP*
Sp. Activity
Volumetric  (nmol/min/
Activity ug total

Lysate Name (mU/ml) cell protein) pGV#  organism
gapC 10.022 0.010 1575 C. acetobutylicum
GDP1 26.849 0.031 1573 K. lactis
Control 3.819 0.005 1572
(DHS5az1)

[0594] DHS5aZ1 was the host strain for all the plasmids and
has its own indigenous GAPDH. The results show that the
GAPDH enzymes are expressed and active in E. coli. The
strain expressing GDP1 had more than 6 times higher in vitro
GAPDH specific activity with the cofactor NADPH than the
control strain not overexpressing GAPDH. The strain over-
expressing gapC had twice the in vitro GAPDH specific activ-
ity with the cofactor NADPH than the control strain not
overexpressing GAPDH.

EXAMPLE 21
NADPH-Dependent GAPDH in Yeast

[0595] The purpose of this example is to describe how an
isobutanol producing yeast which is engineered to express
NADPH-dependent GAPDH and produce isobutanol anaero-
bically.
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[0596] A yeast strain, GEVOS5001, which expresses the
isobutanol biosynthetic pathway and is deficient in pyruvate
decarboxylase activity, is engineered to overproduce the K.
lactis Gdpl. pGV6001 is a yeast integration plasmid carrying
ahygromycin resistance marker and the GDP1 gene under the
strong constitutive promoter from TDH3. This plasmid is
linearized and transformed into GEVOS5001 to generate
GEVO5003. Expression of GDP1 is confirmed by qRT-PCR.
Once confirmed, GEVOS5003 and the parent strain
GEVO5001 are used in fermentations for the production of
isobutanol, Two fermentations are performed with the two
strains. Fermentation 1 is an aerobic fermentation and Fer-
mentation 2 is an anaerobic fermentation.

EXAMPLE 22
pyk Bypass 1

[0597] This example illustrates that an isobutanol produc-
ing microorganism which is engineered to bypass the pyru-
vate kinase reaction shows increased productivity, titer and
yield of isobutanol compared to the control strain without said
engineering.

[0598] For the pyk bypass experiment, GEVO1385,
GEVO1725 (triple deletion strain-tet repressor), and
GEVO1751 were transformed with pGV1655 (SEQ ID NO:
109), pGV1698 (SEQ ID NO: 112), and pGV1490 (SEQ ID
NO: 104) or pGV1661 (SEQ ID NO: 110). Strains
GEVO1725 and GEVO1751 contain the deletions of pyru-
vate kinase and of the NADH dependent malic enzyme which
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are part of the pyruvate bypass engineering. All of these
transformants were tested in isobutanol fermentations.
[0599] The aforementioned strains were grown overnight
in two biological replicates for each strain in M9+AS salts+
FeCl13+10 g/l YE media and the appropriate antibiotics in 14
ml snap cap tubes and incubated at 37° C., 250 rpm. Screw
cap flasks with 20 m1 M9+AS5 salts+FeC13+10 g/I. YE media
and the appropriate antibiotics were inoculated with over-
night culture to an ODg, 0f 0.1. The cells were incubated at
37° C., 250 rpm until they were grown to an OD , 0f 0.6-0.8
and induced with IPTG [1 mM] and aTc [100 ng/ml]. After-
wards the cultures were incubated at 30° C., 250 rpm.
Samples were taken of the medium, at 24 h and 48 h after
inoculation. Samples were centrifuged at 15000 g for 1 min to
separate the cell pellet from the supernatant and stored in
-20° C. until sample submission. The samples were analyzed
using High performance liquid chromatography (HPLC) and
gas chromatography (GC).

[0600] The triple deletion strains GEVO1725 and
GEVO1751 have a severe growth defect which is partially
rescued by introduction of pGV1661.

[0601] The analysis of the fermentation data shows that the
partial deletion strain, GEVO1750, with pGV1661 only has
negative effects on isobutanol production (Tables 41, 42).
However, at the 24 h time point the triple deletion strain with
and without the tet repressor (GEVO1725 and GEVO1751
respectively) shows increased yield (Table 41). GEVO1725
shows a 20% increase in yield, with specific productivity
similar to the control strain. GEVO1751 shows a 13%
increase in yield and specific productivity.

TABLE 41

Analysis of the second pyk bypass fermentation from the 24 hour time point

Samples 24 h

Volumetric Specific
Productivity Productivity Titer Yield
[g/L/h] E [¢/L/h/OD] = [gl] = [g/g] =

GEVO1385 + pGV1655, 0205 0008 0031 0001 493 018 0.277 0.002
pGV1698, pGV1490

(control)

GEVO1385 + pGV1655, 0197 0003 0028 0002 4.65 001 0.285 0.035
pGV1698, pGV1661

(control)

GEVO1725 +pGV1655, 0125 0009 0034 0005 2.8 019 0331 0.029
pGV1698, pGV1490

GEVO1725 +pGV1655, 0184 0002 0031 0001 416 0.04 0333 0004
pGV1698, pGV1661

GEVO1750 + pGV1655, 0144 0004 0022 0001 330 014 0267 0.001
pGV1698, pGV1490

GEVO1750 + pGV1655,  0.080 0005 0013 0001 1.8 009 0.305
pGV1698, pGV1661

GEVO1751 +pGV1655, 0138 0006 0031 0001 3.09 013 0.303 0.008
pGV1698, pGV1490

GEVO1751 + pGV1655, 0.204

0.004 0.035 0.001 4.55 0.08 0.318 0.006

pGV1698, pGV1661
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Analysis of the second pyk bypass fermentation from the 48 hour time point

Volumetric Specific

Productivity Productivity Titer Yield
samples 48 h [¢/L/h] = [¢/L/h/OD] = [g/L] = [g/g] =
GEVO1385 + pGV1655,  0.128 0.011 0.023 0.002 6.14 053 0271 0.004
pGV1698, pGV1490
(control)
GEVO1385 + pGV1655,  0.141  0.029 0.023 0.005 6.75 1.41 0263 0.002
pGV1698, pGV1661
(control)
GEVO1725 + pGV1655,  0.070  0.002 0.024 0.002 3.25 0.10 0.299 0.009
pGV1698, pGV1490
GEVO1725 + pGV1655,  0.101  0.006 0.024 0.002 472 028 0309 0.005
pGV1698, pGV1661
GEVO1750 + pGV1655,  0.102 0.013 0.018 0.002 4.77 054 0277 0.013
pGV1698, pGV1490
GEVO1750 + pGV1655,  0.085 0.003 0.015 0.001 4.02 0.13 0261 0.018
pGV1698, pGV1661
GEVO1751 + pGV1655,  0.093  0.004 0.029 0.001 429 0.16 0267 0.006
pGV1698, pGV1490
GEVO1751 + pGV1655,  0.123  0.002 0.041 0.001 5.68 0.6 0302 0.009
pGV1698, pGV1661
[0602] To verify that maeB, ppc, and mdh were expressed, [0606] All of these transformants were tested in isobutanol
cell lysates were made from GEVO1780 transformed with the fermentations.
above plasmids and run on a protein gel (FIG. 20). [0607] Overnight cultures were started in duplicate for each

[0603] The gel shows that all pathway enzymes are
expressed in GEVO1780 with pGV1490 (Ec_llvD=65.5 kD,
L1_Kivd1/Bs_AlsS1=60.9 kD, Ec_llvC=54.1 kD). The gel
also shows that all pathway enzymes and Ppc (99 kD), MaeB
(82 kD), and Mdh (32 kD) are expressed in GEVO1780 with
pGV1661.

EXAMPLE 23
pyk Bypass 2

[0604] This example illustrates that an isobutanol produc-
ing microorganism which is engineered to bypass the pyru-
vate kinase reaction shows increased productivity, titer and
yield of isobutanol compared to the control strain without
overexpression of ppc or pck.

[0605] Both plasmid constructs (pGV1661 (SEQ ID NO:
110) and pGV1772) were sequence verified. GEVO1725, and
GEVO1751 were transformed with isobutanol pathway plas-
mids pGV1655 (SEQ ID NO: 109) and pGV1698 (SEQ ID
NO: 112), and pyk bypass plasmids pGV1661 (ppc) or
pGV1772 (pck). The controls were the same strains and path-
way plasmids, but with the empty vector, pGV1490 (SEQ ID
NO: 104), in place of pGV1661 or pGV1772. Strains
GEVO1725 and GEVOI1751 have deletions of pyruvate
kinase (pykAF) and of the NADH dependent malic enzyme,
maeA, which are part of the pyruvate kinase bypass engineer-
ing. The difference between GEVO1725 and GEVO1751 is
that GEVO1725 does not have the tet repressor, and therefore,
pGV1490, pGV1661, and pGV1772 are constitutively
expressed in this strain.

transformation in 3 mL. M9+AS salts+FeCl;+10 g/ YE
media and the appropriate antibiotics in 14 mL snap cap tubes
and incubated at 37° C., 250 rpm. Screw cap flasks with 20
ml M9+AS salts+FeCl;+10 g/L. YE media and the appropri-
ate antibiotics were inoculated to a starting OD ., of 0.1 with
overnight culture. The cells were incubated at 37° C., 250 rpm
until they reached an OD, 0of 0.6-0.8 and were then induced
with IPTG [1 mM] and aTc [1 ng/mL]. After induction, the
cultures were switched to incubation at 30° C., 250 rpm.
Samples were taken of the cultures at 24 and 48 hours after
inoculation and OD,, and pH were measured. Samples were
centrifuged at 22,000xg for 5 min and the supernatant was
collected and stored at —20° C. until sample submission. After
48 hour samples were taken, the remainder of the culture was
transferred to a 50 ml tube, centrifuged at 4000xg, for 10 min
at4° C. The supernatant was removed, and the cell pellet was
stored at —80° C. The samples were analyzed using High
performance liquid chromatography (HPLC) and gas chro-
matography (GC).

[0608] The deletion strains with pck (pGV1772) had
greater specific productivities than the strains with ppc
(pGV1661). When ppc is used in the pyk bypass system in
GEVO1725 and GEVO1751, the specific productivity of
these strains increased by 3% in GEVO1751 and by 13% in
GEVO1725 compared to GEVO1385 with the empty vector.
When pck is used instead of ppc, the specific productivity
increased by 43% in GEVO1725 and by 50% in GEVO1751.
Both of the deletion strains show improved volumetric and
specific productivity, titer, and yield when pGV1661 and
pGV 1772 are expressed compared to the empty vector (Table
43).
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TABLE 43

Isobutanol production at 24 hours for pyk bypass system with ppc or pck

Volumetric Specific

Productivity Productivity Titer Yield
samples 24 h [¢/L/h] = [¢/L/h/OD] = [g/L] = [g/g] =
GEVO1725 empty 0.126 0.001 0.033 0.001 3.03 0.03 0.224 0.005
vector
GEVO1725 pGV1661 0.266 0.003 0.045 0.001 6.38 0.07 0304 0.022
GEVO1725 pGV1772 0.311 0.021 0.057 0.003 7.46 0.49 0.306 0.006
GEVO1751 empty 0.159  0.005 0.033 0.001 3.83 0.1 0.218 0.002
vector
GEVO1751 pGV1661 0.262  0.054 0.041 0.005 6.29 1.29 0.236 0.035
GEVO1751 pGV1772 0.309  0.049 0.06 0.002 7.41 1.18 0.292 0.005

EXAMPLE 24 [0612] The yeast strain, GEVO5001, is a yeast strain that

NADH Kinase and NADP+ Phosphatase in Yeast

[0609] The purpose of this example is to describe how an
isobutanol producing yeast which is engineered to express
NADPH biosynthesis enzymes to convert NADH into
NADPH can produce isobutanol under anaerobic conditions.
[0610] A yeast strain GEVO5001 which expresses the
isobutanol biosynthetic pathway and is deficient in pyruvate
decarboxylase activity is engineered to express NADH kinase
and NADP+ phosphatase. pGV6000, which is a yeast inte-
gration plasmid carrying an hygromycin resistance marker,
NADH kinase and NADP+ phosphatase, is linearized by
restriction digestion and transformed into GEVOS5001.
NADH kinase and NADP+ phosphatase are expressed using
the strong constitutive promoters from TEF1 and TDH3,
respectively. Clones in which the NADH kinase and NADP+
phosphatase are first identified by resistance to hygromycin.
The clones are confirmed to be expressing NADH kinase and
NADP+ phosphatase by qRT-PCR. The resulting strain,
GEV05002, along with the parent strain, GEVO5001, is used
in fermentations for production of isobutanol.

EXAMPLE 25
Metabolic Transhydrogenation in Yeast

[0611] This example describes an isobutanol producing
yeast which is engineered to convert NADH into NADPH
through the combination of two redox enzymes that are cata-
lyzing a conversion that is part of the same pathway wherein
one redox enzyme oxidizes NADH and the other redox
enzyme reduces NADP+.

has been engineered to be deficient in pyruvate decarboxylase
activity and also to express the isobutanol pathway. A pyru-
vate bypass is generated by overexpressing in this yeast the
genes for (a) pyruvate carboxylase (PYC1 or PYC2), (b)
malate dehydrogenase, MDH2, and (c¢) malic enzyme
(maeB). These genes are cloned to generate the yeast integra-
tion plasmid, pGV6004. This plasmid carries the hygromycin
resistance marker and expresses PYC1, MDH2 and maeB
under the strong promoters from ADHI1, TEF1 and TDH3,
respectively. pGV6004 is linearized and transformed into
GEVOS5001 to generate GEVOS5006. Over-expressions of
PYC1, MDH2 and maeB are confirmed by qRT-PCR.

[0613] The foregoing detailed description has been given
for clearness of understanding only and no unnecessary limi-
tations should be understood there from as modifications will
be obvious to those skilled in the art.

[0614] While the invention has been described in connec-
tion with specific embodiments thereof, it will be understood
that it is capable of further modifications and this application
is intended to cover any variations, uses, or adaptations of the
invention following, in general, the principles of the invention
and including such departures from the present disclosure as
come within known or customary practice within the art to
which the invention pertains and as may be applied to the
essential features hereinbefore set forth and as follows in the
scope of the appended claims.

[0615] Thedisclosures, including the claims, figures and/or
drawings, of each and every patent, patent application, and
publication cited herein are hereby incorporated herein by
reference in their entireties.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 330
<210> SEQ ID NO 1

<211> LENGTH: 1533

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 1

atgcgaattyg gcataccaag agaacggtta accaatgaaa cccgtgttge agcaacgcca 60
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-continued
aaaacagtgg aacagctgct gaaactgggt tttaccgteg cggtagagag cggcgcegggt 120
caactggcaa gttttgacga taaagcgttt gtgcaagegg gcgctgaaat tgtagaaggg 180
aatagcgtct ggcagtcaga gatcattctg aaggtcaatg cgccgttaga tgatgaaatt 240
gcgttactga atcctgggac aacgctggtg agttttatct ggectgcegea gaatccggaa 300
ttaatgcaaa aacttgcgga acgtaacgtg accgtgatgg cgatggactc tgtgccgegt 360
atctcacgceg cacaatcgct ggacgcacta agctcgatgg cgaacatcgce cggttatcge 420
gccattgttyg aagcggcaca tgaatttggg cgettcttta ccgggcaaat tactgeggec 480
gggaaagtgc caccggcaaa agtgatggtg attggtgegg gtgttgcagg tctggecgec 540
attggcgcag caaacagtct cggcegcgatt gtgcegtgcat tcgacaccceg ccceggaagtg 600
aaagaacaag ttcaaagtat gggcgcggaa ttcctecgage tggattttaa agaggaagct 660
ggcagcggeg atggctatge caaagtgatg tcggacgegt tcatcaaagc ggaaatggaa 720
ctctttgeceg cccaggcaaa agaggtcgat atcattgtca ccaccgeget tattccaggce 780
aaaccagcgc cgaagctaat tacccgtgaa atggttgact ccatgaaggc gggcagtgtg 840
attgtcgacc tggcagccca aaacggcggce aactgtgaat acaccgtgcce gggtgaaatc 900
ttcactacgg aaaatggtgt caaagtgatt ggttataccg atcttcecggg ccgtctgecg 960

acgcaatcct cacagcttta cggcacaaac ctcgttaatc tgctgaaact gttgtgcaaa 1020
gagaaagacg gcaatatcac tgttgatttt gatgatgtgg tgattcgegg cgtgaccgtg 1080
atccgtgegg gcgaaattac ctggcecggca ccgcecgattce aggtatcage tcagcecgcag 1140
geggcacaaa aagcggcacce ggaagtgaaa actgaggaaa aatgtacctg ctcaccgtgg 1200
cgtaaatacg cgttgatggc gcectggcaatc attcectttttg getggatgge aagcgttgeg 1260
ccgaaagaat tccttgggca cttcaccgtt ttegegetgg cctgegttgt cggttattac 1320
gtggtgtgga atgtatcgca cgcgctgcat acaccgttga tgtcggtcac caacgcgatt 1380
tcagggatta ttgttgtcgg agcactgttg cagattggcc agggcggctg ggttagcette 1440
cttagtttta tcgcggtgcect tatagccagce attaatattt tcggtggctt caccgtgact 1500
cagcgcatgce tgaaaatgtt ccgcaaaaat taa 1533
<210> SEQ ID NO 2

<211> LENGTH: 510

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 2

Met Arg Ile Gly Ile Pro Arg Glu Arg Leu Thr Asn Glu Thr Arg Val
1 5 10 15

Ala Ala Thr Pro Lys Thr Val Glu Gln Leu Leu Lys Leu Gly Phe Thr
20 25 30

Val Ala Val Glu Ser Gly Ala Gly Gln Leu Ala Ser Phe Asp Asp Lys
35 40 45

Ala Phe Val Gln Ala Gly Ala Glu Ile Val Glu Gly Asn Ser Val Trp
50 55 60

Gln Ser Glu Ile Ile Leu Lys Val Asn Ala Pro Leu Asp Asp Glu Ile
65 70 75 80

Ala Leu Leu Asn Pro Gly Thr Thr Leu Val Ser Phe Ile Trp Pro Ala
85 90 95
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-continued

Gln Asn Pro Glu Leu Met Gln Lys Leu Ala Glu Arg Asn Val Thr Val
100 105 110

Met Ala Met Asp Ser Val Pro Arg Ile Ser Arg Ala Gln Ser Leu Asp
115 120 125

Ala Leu Ser Ser Met Ala Asn Ile Ala Gly Tyr Arg Ala Ile Val Glu
130 135 140

Ala Ala His Glu Phe Gly Arg Phe Phe Thr Gly Gln Ile Thr Ala Ala
145 150 155 160

Gly Lys Val Pro Pro Ala Lys Val Met Val Ile Gly Ala Gly Val Ala
165 170 175

Gly Leu Ala Ala Ile Gly Ala Ala Asn Ser Leu Gly Ala Ile Val Arg
180 185 190

Ala Phe Asp Thr Arg Pro Glu Val Lys Glu Gln Val Gln Ser Met Gly
195 200 205

Ala Glu Phe Leu Glu Leu Asp Phe Lys Glu Glu Ala Gly Ser Gly Asp
210 215 220

Gly Tyr Ala Lys Val Met Ser Asp Ala Phe Ile Lys Ala Glu Met Glu
225 230 235 240

Leu Phe Ala Ala Gln Ala Lys Glu Val Asp Ile Ile Val Thr Thr Ala
245 250 255

Leu Ile Pro Gly Lys Pro Ala Pro Lys Leu Ile Thr Arg Glu Met Val
260 265 270

Asp Ser Met Lys Ala Gly Ser Val Ile Val Asp Leu Ala Ala Gln Asn
275 280 285

Gly Gly Asn Cys Glu Tyr Thr Val Pro Gly Glu Ile Phe Thr Thr Glu
290 295 300

Asn Gly Val Lys Val Ile Gly Tyr Thr Asp Leu Pro Gly Arg Leu Pro
305 310 315 320

Thr Gln Ser Ser Gln Leu Tyr Gly Thr Asn Leu Val Asn Leu Leu Lys
325 330 335

Leu Leu Cys Lys Glu Lys Asp Gly Asn Ile Thr Val Asp Phe Asp Asp
340 345 350

Val Val Ile Arg Gly Val Thr Val Ile Arg Ala Gly Glu Ile Thr Trp
355 360 365

Pro Ala Pro Pro Ile Gln Val Ser Ala Gln Pro Gln Ala Ala Gln Lys
370 375 380

Ala Ala Pro Glu Val Lys Thr Glu Glu Lys Cys Thr Cys Ser Pro Trp
385 390 395 400

Arg Lys Tyr Ala Leu Met Ala Leu Ala Ile Ile Leu Phe Gly Trp Met
405 410 415

Ala Ser Val Ala Pro Lys Glu Phe Leu Gly His Phe Thr Val Phe Ala
420 425 430

Leu Ala Cys Val Val Gly Tyr Tyr Val Val Trp Asn Val Ser His Ala
435 440 445

Leu His Thr Pro Leu Met Ser Val Thr Asn Ala Ile Ser Gly Ile Ile
450 455 460

Val Val Gly Ala Leu Leu Gln Ile Gly Gln Gly Gly Trp Val Ser Phe
465 470 475 480

Leu Ser Phe Ile Ala Val Leu Ile Ala Ser Ile Asn Ile Phe Gly Gly
485 490 495

Phe Thr Val Thr Gln Arg Met Leu Lys Met Phe Arg Lys Asn
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-continued

500 505 510
<210> SEQ ID NO 3
<211> LENGTH: 1389
<212> TYPE: DNA
<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 3
atgtctggag gattagttac agctgcatac attgttgecyg cgatcctgtt tatcttcagt 60
ctggecggte tttcgaaaca tgaaacgtcet cgecagggta acaacttegyg tatcgecggg 120
atggcgattg cgttaatcgce aaccattttt ggaccggata cgggtaatgt tggctggate 180
ttgctggcega tggtcattgg tggggcaatt ggtatcegte tggcgaagaa agttgaaatg 240
accgaaatgc cagaactggt ggcgatcctg catagcetteg tgggtcetgge ggcagtgcetg 300
gttggcttta acagctatct gcatcatgac gcegggaatgg caccgattcet ggtcaatatt 360
cacctgacgg aagtgttcct cggtatctte ateggggegyg taacgttcac gggtteggtg 420
gtggegtteg gcaaactgtg tggcaagatt tcgtctaaac cattgatget gecaaaccegt 480
cacaaaatga acctggcggce tctggtegtt tecttectge tgetgattgt atttgttege 540
acggacagceg tcggectgca agtgctggea ttgctgataa tgaccgcaat tgcgetggta 600
tteggetgge atttagtege ctccateggt ggtgcagata tgccagtggt ggtgtcgatg 660
ctgaactcegt actceggetyg ggcggetgeg getgeggget ttatgctcag caacgacctg 720
ctgattgtga ccggtgcgcet ggtcggttct tcgggggceta tecctttcectta cattatgtgt 780
aaggcgatga accgttectt tatcagegtt attgegggtyg gttteggcac cgacggetcet 840
tctactggeg atgatcagga agtgggtgag caccgcgaaa tcaccgcaga agagacagcg 900
gaactgctga aaaactccca ttcagtgatc attactccegg ggtacggcat ggcagtcgeg 960
caggcgcaat atcctgtcege tgaaattact gagaaattgce gecgctegtgg tattaatgtg 1020
cgtttecggta tccacccecggt cgecggggcgt ttgcctggac atatgaacgt attgetgget 1080
gaagcaaaag taccgtatga catcgtgctg gaaatggacg agatcaatga tgactttgcet 1140
gataccgata ccgtactggt gattggtgct aacgatacgg ttaacccggce ggcgcaggat 1200
gatccgaaga gtccgattge tggtatgect gtgctggaag tgtggaaagc gcagaacgtyg 1260
attgtcttta aacgttcgat gaacactggc tatgctggtg tgcaaaaccce getgttette 1320
aaggaaaaca cccacatgct gtttggtgac gccaaagcca gcgtggatgce aatcctgaaa 1380
gctctgtaa 1389

<210> SEQ ID NO 4
<211> LENGTH: 462

<212> TYPE:

PRT

<213> ORGANISM: Escherichia coli
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<400> SEQUENCE: 4

Met Ser Gly Gly Leu Val Thr Ala Ala Tyr Ile Val Ala Ala Ile Leu
1 5 10 15

Phe Ile Phe Ser Leu Ala Gly Leu Ser Lys His Glu Thr Ser Arg Gln
20 25 30

Gly Asn Asn Phe Gly Ile Ala Gly Met Ala Ile Ala Leu Ile Ala Thr
35 40 45

Ile Phe Gly Pro Asp Thr Gly Asn Val Gly Trp Ile Leu Leu Ala Met
50 55 60

Val Ile Gly Gly Ala Ile Gly Ile Arg Leu Ala Lys Lys Val Glu Met
65 70 75 80

Thr Glu Met Pro Glu Leu Val Ala Ile Leu His Ser Phe Val Gly Leu
85 90 95

Ala Ala Val Leu Val Gly Phe Asn Ser Tyr Leu His His Asp Ala Gly
100 105 110

Met Ala Pro Ile Leu Val Asn Ile His Leu Thr Glu Val Phe Leu Gly
115 120 125

Ile Phe Ile Gly Ala Val Thr Phe Thr Gly Ser Val Val Ala Phe Gly
130 135 140

Lys Leu Cys Gly Lys Ile Ser Ser Lys Pro Leu Met Leu Pro Asn Arg
145 150 155 160

His Lys Met Asn Leu Ala Ala Leu Val Val Ser Phe Leu Leu Leu Ile
165 170 175

Val Phe Val Arg Thr Asp Ser Val Gly Leu Gln Val Leu Ala Leu Leu
180 185 190

Ile Met Thr Ala Ile Ala Leu Val Phe Gly Trp His Leu Val Ala Ser
195 200 205

Ile Gly Gly Ala Asp Met Pro Val Val Val Ser Met Leu Asn Ser Tyr
210 215 220

Ser Gly Trp Ala Ala Ala Ala Ala Gly Phe Met Leu Ser Asn Asp Leu
225 230 235 240

Leu Ile Val Thr Gly Ala Leu Val Gly Ser Ser Gly Ala Ile Leu Ser
245 250 255

Tyr Ile Met Cys Lys Ala Met Asn Arg Ser Phe Ile Ser Val Ile Ala
260 265 270

Gly Gly Phe Gly Thr Asp Gly Ser Ser Thr Gly Asp Asp Gln Glu Val
275 280 285

Gly Glu His Arg Glu Ile Thr Ala Glu Glu Thr Ala Glu Leu Leu Lys
290 295 300

Asn Ser His Ser Val Ile Ile Thr Pro Gly Tyr Gly Met Ala Val Ala
305 310 315 320

Gln Ala Gln Tyr Pro Val Ala Glu Ile Thr Glu Lys Leu Arg Ala Arg
325 330 335

Gly Ile Asn Val Arg Phe Gly Ile His Pro Val Ala Gly Arg Leu Pro
340 345 350

Gly His Met Asn Val Leu Leu Ala Glu Ala Lys Val Pro Tyr Asp Ile
355 360 365

Val Leu Glu Met Asp Glu Ile Asn Asp Asp Phe Ala Asp Thr Asp Thr
370 375 380

Val Leu Val Ile Gly Ala Asn Asp Thr Val Asn Pro Ala Ala Gln Asp
385 390 395 400
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Asp Pro Lys
Ala Gln Asn
Gly Val Gln

435
Gly Asp Ala

450

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ser Pro Ile Ala Gly

405

Val Ile Val Phe Lys

420

Asn Pro Leu Phe Phe

440

Lys Ala Ser Val Asp

D NO 5
H: 1716
DNA

455

Met Pro Val
410

Arg Ser Met
425

Lys Glu Asn

Ala Ile Leu

<213> ORGANISM: Bacillus subtilis

<400> SEQUENCE: 5

atgttgacaa

gttgttgatt

attgatgegg

gaacaaaacg

gtgttagtca

actgaaggag

cggacacatce

gaagttcaag

gcagggeagy

aatacgaaaa

atcagtgegyg

aaaggcggaa

ccatttgttyg

tttggcegta

gttgttctga

ggagaccgga

cctgatettyg

gtgaaagtgg

catgaaggtyg

gttaaagagt

cacgccattt

aacggtatge

ccgggagaaa

ttagagacag

tatgacatgg

ggaaatatcg

tcaccagacc

atcgatgtcc

aagcaacaaa

gettagtgga

tatttgacge

cagcattcat

catcaggacc

accctgtegt

aatctttgga

atgtaaaaaa

CtggggCCgC

acgtgegtge

ccatagcaaa

gaccggaage

aaacatatca

teggtttgtt

cgatcggeta

caattatcca

aattgatcgg

aatttgcaga

agcaggtgec

tgcgtaatge

ggatgtcacyg

aaacactcgg

aagtggttte

cagttcgact

ttgcattcca

atatcgtgaa

agctggcaga

cggttgacta

agaacaaaaa

gcaaggtgte

tttacaagat

ggcccaagca

gggtgectet

tgcgettget

taatgcggeg

tataccggaa

ttttgtgage

tgttgcageg

aatccaaaca

aattaaagcg

agctgeeggt

ccgcaaccag

tgacccgatt

tttagacgag

tgacattceg

gegtgageag

tgcagattgg

agtcgatgat

ttatttecge

cgttgegett

tgtctetggt

aaaagcacca

gcaattgaaa

atatgcggaa

tgttcetgegt

cagtgataac

tcecettgtga

acacatgtat

aaaggacctyg

gteggeegtt

aacttggcaa

ggaaacgtga

ctattccage

getgttacaa

tttccgcaag

ccaaaacteg

gcaaaacttce

gttegcaage

accctttceta

cctggegatt

gaatatgatc

attatcgetg

tccacgatca

aaaatccttt

aaatcagaca

catgttacag

agctacgage

ccttgggcaa

gacggcggtt

attgtacaca

aaatataacc

agctteggag

caaggcatga

attaatttag

Leu Glu Val Trp Lys

415

Asn Thr Gly Tyr Ala

430

Thr His Met Leu Phe

445

Lys Ala Leu

460

aaaacagagg

ttggcattce

aaattatcgt

taactggaaa

caggccetget

tcegtgcaga

cgattacaaa

atgcatttag

atgttgtgaa

gtcetgecage

ctgtegtttt

ttttgaaaaa

gagatttaga

tactgctaga

cgaaattctyg

acattgatca

atcatatcga

ctgatttaaa

gagcgcacce

taacttgcga

cgttaacatt

teggegette

tcttattcte

ttgtatggaa

gtacatctge

caactggett

acgctgaagg

caagtgacaa

ggcggagett
aggtgcaaaa
tgcceggeac
accgggagte
gacagcgaac
tcgtttaaaa
atacagtgta
gatagegtca
tgaagtcaca
agatgatgca
ggtcggcatg
ggttcagett
ggatcaatat
gcaggcagat
gaatatcaat
tgcttaccag
acacgatget
acaatatatg
tcttgaaatce
tatcggtteg
aatgatcagt
attggtgaaa
agcaatggaa
cgacagcaca
ggtcgattte
gegegtagaa
tcctgteate

gettecgaaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680
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gaattcgggg aactcatgaa aacgaaagct ctctag 1716
<210> SEQ ID NO 6
<211> LENGTH: 1716
<212> TYPE: DNA
<213> ORGANISM: Bacillus subtilis
<400> SEQUENCE: 6
atgttgacta aagctacaaa agagcagaaa tcattggtga aaaatagggyg tgcagaactt 60
gttgtggact gtttggtaga acagggcgta acacatgttt ttggtatccc aggtgcaaaa 120
atcgacgcceg tgtttgatge attacaagac aagggtccag aaattattgt tgctagacat 180
gagcaaaatyg ccgcatttat ggcgcaagct gtaggtagge ttacaggtaa acctggtgtt 240
gtectagtta cgtcectggcce aggagectcece aatttagcaa ctggtctatt gacagctaat 300
actgagggag atcctgtagt tgcgttagcc ggtaatgtaa ttagagctga taggcttaag 360
agaactcacc agtctctaga caacgctget ttattccaac cgatcaccaa gtactcagta 420
gaggtacaag acgtaaagaa tatacctgaa gctgtgacaa acgcatttcg tatagcttet 480
getggtcagyg ctggtgccge gtttgtttet tttectcaag acgttgtcaa tgaagtgacce 540
aatactaaaa acgttagagc ggttgcagcec cctaaactag gtccagcecge agacgacgca 600
attagcgcetyg caattgctaa aattcagacg gcgaaactac cagtagtcct tgtceggtatg 660
aagggcggaa gaccagaagc aataaaagcet gttcgtaagt tattgaagaa agtccaatta 720
cetttegttyg agacttacca agcagcaggt actttatcta gagatttaga ggatcagtat 780
tttggaagga taggtctatt tagaaaccaa ccaggagatt tactattaga acaagctgat 840
gttgtactta ctatcggtta tgatcctata gagtatgacc caaagttttg gaacataaat 900
ggggatagaa caattataca tctagacgag ataatcgccg acatcgatca cgcttatcaa 960
ccagatttag aactaatcgg agatatcccg tcaacaatca atcatattga acatgatgcet 1020
gtaaaggttg agttcgctga acgtgagcag aaaatcttat ctgatctaaa gcaatatatg 1080
catgagggtg aacaagttcc agcagactgg aaatctgacc gtgcacatcc tttggaaatc 1140
gttaaggaac taagaaatgc ggtcgatgat catgtgactg ttacatgtga tatcggttca 1200
catgcaattt ggatgtcacg ttattttagg agctacgaac cattaacttt aatgatatct 1260
aacgggatgc aaactctggg ggttgcactt ccttgggcta ttggcgctag tttagttaag 1320
cceggtgaga aggtggtatce ggtatcaggt gatggtgget ttcectgtttte ggctatggaa 1380
ttagaaactg cagtccgttt aaaagctcce attgtgcata ttgtctggaa tgattctact 1440
tacgacatgg ttgcttttca acagttgaag aaatacaata gaacttcggc tgtagacttt 1500
ggtaacatcg atattgtgaa atatgctgag tcttttggeg caacaggcct gagggtggaa 1560
agtccagatc agttagctga tgtgttgaga caagggatga atgccgaggg accggtaatc 1620
atagatgtgc cagttgacta ctcagacaat attaatttgg cttctgataa acttcctaaa 1680
gagtttggceg agctaatgaa gaccaaagcc ttataa 1716

<210> SEQ ID NO 7

<211> LENGTH: 571

<212> TYPE: PRT

<213> ORGANISM: Bacillus subtilis

<400> SEQUENCE: 7
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Met Leu Thr Lys Ala Thr Lys Glu Gln Lys Ser Leu Val Lys Asn Arg
Gly Ala Glu Leu Val Val Asp Cys Leu Val Glu Gln Gly Val Thr His
20 25 30

Val Phe Gly Ile Pro Gly Ala Lys Ile Asp Ala Val Phe Asp Ala Leu
35 40 45

Gln Asp Lys Gly Pro Glu Ile Ile Val Ala Arg His Glu Gln Asn Ala
50 55 60

Ala Phe Met Ala Gln Ala Val Gly Arg Leu Thr Gly Lys Pro Gly Val
65 70 75 80

Val Leu Val Thr Ser Gly Pro Gly Ala Ser Asn Leu Ala Thr Gly Leu
85 90 95

Leu Thr Ala Asn Thr Glu Gly Asp Pro Val Val Ala Leu Ala Gly Asn
100 105 110

Val Ile Arg Ala Asp Arg Leu Lys Arg Thr His Gln Ser Leu Asp Asn
115 120 125

Ala Ala Leu Phe Gln Pro Ile Thr Lys Tyr Ser Val Glu Val Gln Asp
130 135 140

Val Lys Asn Ile Pro Glu Ala Val Thr Asn Ala Phe Arg Ile Ala Ser
145 150 155 160

Ala Gly Gln Ala Gly Ala Ala Phe Val Ser Phe Pro Gln Asp Val Val
165 170 175

Asn Glu Val Thr Asn Thr Lys Asn Val Arg Ala Val Ala Ala Pro Lys
180 185 190

Leu Gly Pro Ala Ala Asp Asp Ala Ile Ser Ala Ala Ile Ala Lys Ile
195 200 205

Gln Thr Ala Lys Leu Pro Val Val Leu Val Gly Met Lys Gly Gly Arg
210 215 220

Pro Glu Ala Ile Lys Ala Val Arg Lys Leu Leu Lys Lys Val Gln Leu
225 230 235 240

Pro Phe Val Glu Thr Tyr Gln Ala Ala Gly Thr Leu Ser Arg Asp Leu
245 250 255

Glu Asp Gln Tyr Phe Gly Arg Ile Gly Leu Phe Arg Asn Gln Pro Gly
260 265 270

Asp Leu Leu Leu Glu Gln Ala Asp Val Val Leu Thr Ile Gly Tyr Asp
275 280 285

Pro Ile Glu Tyr Asp Pro Lys Phe Trp Asn Ile Asn Gly Asp Arg Thr
290 295 300

Ile Ile His Leu Asp Glu Ile Ile Ala Asp Ile Asp His Ala Tyr Gln
305 310 315 320

Pro Asp Leu Glu Leu Ile Gly Asp Ile Pro Ser Thr Ile Asn His Ile
325 330 335

Glu His Asp Ala Val Lys Val Glu Phe Ala Glu Arg Glu Gln Lys Ile
340 345 350

Leu Ser Asp Leu Lys Gln Tyr Met His Glu Gly Glu Gln Val Pro Ala
355 360 365

Asp Trp Lys Ser Asp Arg Ala His Pro Leu Glu Ile Val Lys Glu Leu
370 375 380

Arg Asn Ala Val Asp Asp His Val Thr Val Thr Cys Asp Ile Gly Ser
385 390 395 400
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His Ala Ile Trp Met Ser Arg Tyr Phe Arg Ser Tyr Glu Pro Leu Thr
405 410 415

Leu Met Ile Ser Asn Gly Met Gln Thr Leu Gly Val Ala Leu Pro Trp
420 425 430

Ala Ile Gly Ala Ser Leu Val Lys Pro Gly Glu Lys Val Val Ser Val
435 440 445

Ser Gly Asp Gly Gly Phe Leu Phe Ser Ala Met Glu Leu Glu Thr Ala
450 455 460

Val Arg Leu Lys Ala Pro Ile Val His Ile Val Trp Asn Asp Ser Thr
465 470 475 480

Tyr Asp Met Val Ala Phe Gln Gln Leu Lys Lys Tyr Asn Arg Thr Ser
485 490 495

Ala Val Asp Phe Gly Asn Ile Asp Ile Val Lys Tyr Ala Glu Ser Phe
500 505 510

Gly Ala Thr Gly Leu Arg Val Glu Ser Pro Asp Gln Leu Ala Asp Val
515 520 525

Leu Arg Gln Gly Met Asn Ala Glu Gly Pro Val Ile Ile Asp Val Pro
530 535 540

Val Asp Tyr Ser Asp Asn Ile Asn Leu Ala Ser Asp Lys Leu Pro Lys
545 550 555 560

Glu Phe Gly Glu Leu Met Lys Thr Lys Ala Leu
565 570

<210> SEQ ID NO 8

<211> LENGTH: 1716

<212> TYPE: DNA

<213> ORGANISM: Bacillus subtilis

<400> SEQUENCE: 8

atgttgacaa aagcaacaaa agaacaaaaa tcecttgtga aaagcagagg ggcggagcett 60
gttgttgatt gcttagcgga gcaaggtgte acacatgtat ttggcattcce aggtgcaaaa 120
attgatgcegg tatttgacge tttacaagat aaagggectg aaattategt tgccceggeat 180
gaacaaaatg cagcatttat ggcgcaagca gtcggccegtt taactggaaa accgggagtc 240
gtgttagtca catcaggacc aggtgcttceg aacttggcaa caggactget gacagcaaac 300
actgaaggtyg accctgtegt tgegettget gggaacgtga tecgtgcaga tcegtttaaaa 360
cggacacatc aatctttgga taatgeggeg ctattccage cgattacaaa atacagtgta 420
gaagttcaag atgtaaaaaa tataccggaa gctgttacaa atgegtttag gatagegtca 480
gcagggcagg ctggggccge ttttgtgagt tttccegcaag atgttgtgaa tgaagtcaca 540
aatacaaaaa acgtacgtgce tgtcgcageg ccaaaacttg gtcecgcage agatgacgca 600
atcagtatgg ccattgcaaa aattcaaaca gcaaaacttc ctgtegtttt agtcggcatg 660
aagggcggaa gaccggaage gattaaageg gttcgcaage tattgaaaaa agtgcagett 720
ccattcegttyg aaacatatca agctgecggt actcttacga gagatttaga ggatcagtat 780
tttggccgga teggtttatt cegeaaccag cctggegate tgetgettga gcaggetgat 840
gttgttctga caatcggcta tgacccaatt gaatatgatce cgaaattctyg gaatgtcaat 900
ggagaccgga cgatcatcca tttagacgag attctggetg acattgatca tgettaccag 960

ccggatcettg aactgatcgg tgatattcca tctacgatca atcatatcga acacgatgcet 1020

gtgaaagtag actttgcgga acgtgagcag aagatccttt ctgatttaaa acaatatatg 1080
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catgagggtg agcaggtgcc tgcagattgg aaatcagaca gagtgcatcc tcecttgaaatc 1140
gttaaagaat tgcgaaacgc agtcgatgat catgttacag tgacttgcga tatcggttca 1200
cacgcgattt ggatgtcacg ttatttccge agctacgagce cgttaacatt aatgattagt 1260
aacggtatgc aaacactcgg cgttgcgcett ccttgggcaa tcggcgctte attggtgaaa 1320
ccgggagaaa aagtagtatc agtctcecggt gatggcggtt tecttattcte agctatggaa 1380
ttagagacag cagttcgttt aaaagcacca attgtacaca ttgtatggaa cgacagcaca 1440
tatgacatgg ttgcattcca gcaattgaaa aaatataatc gtacatctgc ggtcgatttce 1500
ggaaatatcg atatcgtgaa atacgcggaa agcttcggag caactggett acgcgtagaa 1560
tcaccagacc agctggcaga tgttctgcecgt caaggcatga acgctgaggg gectgtcatce 1620
attgatgtcc cggttgacta cagtgataac gttaatttag caagtgacaa gcttccgaaa 1680
gaattcgggg aactcatgaa aacgaaagct ctctag 1716
<210> SEQ ID NO 9

<211> LENGTH: 571

<212> TYPE: PRT

<213> ORGANISM: Bacillus subtilis

<400> SEQUENCE: 9

Met Leu Thr Lys Ala Thr Lys Glu Gln Lys Ser Leu Val Lys Ser Arg
1 5 10 15

Gly Ala Glu Leu Val Val Asp Cys Leu Ala Glu Gln Gly Val Thr His
20 25 30

Val Phe Gly Ile Pro Gly Ala Lys Ile Asp Ala Val Phe Asp Ala Leu
35 40 45

Gln Asp Lys Gly Pro Glu Ile Ile Val Ala Arg His Glu Gln Asn Ala
50 55 60

Ala Phe Met Ala Gln Ala Val Gly Arg Leu Thr Gly Lys Pro Gly Val
65 70 75 80

Val Leu Val Thr Ser Gly Pro Gly Ala Ser Asn Leu Ala Thr Gly Leu
Leu Thr Ala Asn Thr Glu Gly Asp Pro Val Val Ala Leu Ala Gly Asn
100 105 110

Val Ile Arg Ala Asp Arg Leu Lys Arg Thr His Gln Ser Leu Asp Asn
115 120 125

Ala Ala Leu Phe Gln Pro Ile Thr Lys Tyr Ser Val Glu Val Gln Asp
130 135 140

Val Lys Asn Ile Pro Glu Ala Val Thr Asn Ala Phe Arg Ile Ala Ser
145 150 155 160

Ala Gly Gln Ala Gly Ala Ala Phe Val Ser Phe Pro Gln Asp Val Val
165 170 175

Asn Glu Val Thr Asn Thr Lys Asn Val Arg Ala Val Ala Ala Pro Lys
180 185 190

Leu Gly Pro Ala Ala Asp Asp Ala Ile Ser Met Ala Ile Ala Lys Ile
195 200 205

Gln Thr Ala Lys Leu Pro Val Val Leu Val Gly Met Lys Gly Gly Arg
210 215 220

Pro Glu Ala Ile Lys Ala Val Arg Lys Leu Leu Lys Lys Val Gln Leu
225 230 235 240



US 2010/0143997 Al Jun. 10, 2010
79

-continued

Pro Phe Val Glu Thr Tyr Gln Ala Ala Gly Thr Leu Thr Arg Asp Leu
245 250 255

Glu Asp Gln Tyr Phe Gly Arg Ile Gly Leu Phe Arg Asn Gln Pro Gly
260 265 270

Asp Leu Leu Leu Glu Gln Ala Asp Val Val Leu Thr Ile Gly Tyr Asp
275 280 285

Pro Ile Glu Tyr Asp Pro Lys Phe Trp Asn Val Asn Gly Asp Arg Thr
290 295 300

Ile Ile His Leu Asp Glu Ile Leu Ala Asp Ile Asp His Ala Tyr Gln
305 310 315 320

Pro Asp Leu Glu Leu Ile Gly Asp Ile Pro Ser Thr Ile Asn His Ile
325 330 335

Glu His Asp Ala Val Lys Val Asp Phe Ala Glu Arg Glu Gln Lys Ile
340 345 350

Leu Ser Asp Leu Lys Gln Tyr Met His Glu Gly Glu Gln Val Pro Ala
355 360 365

Asp Trp Lys Ser Asp Arg Val His Pro Leu Glu Ile Val Lys Glu Leu
370 375 380

Arg Asn Ala Val Asp Asp His Val Thr Val Thr Cys Asp Ile Gly Ser
385 390 395 400

His Ala Ile Trp Met Ser Arg Tyr Phe Arg Ser Tyr Glu Pro Leu Thr
405 410 415

Leu Met Ile Ser Asn Gly Met Gln Thr Leu Gly Val Ala Leu Pro Trp
420 425 430

Ala Ile Gly Ala Ser Leu Val Lys Pro Gly Glu Lys Val Val Ser Val
435 440 445

Ser Gly Asp Gly Gly Phe Leu Phe Ser Ala Met Glu Leu Glu Thr Ala
450 455 460

Val Arg Leu Lys Ala Pro Ile Val His Ile Val Trp Asn Asp Ser Thr
465 470 475 480

Tyr Asp Met Val Ala Phe Gln Gln Leu Lys Lys Tyr Asn Arg Thr Ser
485 490 495

Ala Val Asp Phe Gly Asn Ile Asp Ile Val Lys Tyr Ala Glu Ser Phe
500 505 510

Gly Ala Thr Gly Leu Arg Val Glu Ser Pro Asp Gln Leu Ala Asp Val
515 520 525

Leu Arg Gln Gly Met Asn Ala Glu Gly Pro Val Ile Ile Asp Val Pro
530 535 540

Val Asp Tyr Ser Asp Asn Val Asn Leu Ala Ser Asp Lys Leu Pro Lys
545 550 555 560

Glu Phe Gly Glu Leu Met Lys Thr Lys Ala Leu
565 570

<210> SEQ ID NO 10

<211> LENGTH: 1476

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 10

atggctaact acttcaatac actgaatctyg cgecagcage tggcacaget gggcaaatgt 60

cgctttatgg gecgegatga attegecgat ggegegaget accttcaggg taaaaaagta 120

gtcatcgteg getgtggege acagggtcetyg aaccagggece tgaacatgeg tgattetggt 180
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ctcgatatct cctacgctct gegtaaagaa gcgattgceeg agaagcgcgce gtcectggegt 240
aaagcgaccg aaaatggttt taaagtgggt acttacgaag aactgatccc acaggcggat 300
ctggtgatta acctgacgcc ggacaagcag cactctgatg tagtgcgcac cgtacagcca 360
ctgatgaaag acggcgcggce gctgggctac tcgcacggtt tcaacatcgt cgaagtgggce 420
gagcagatcc gtaaagatat caccgtagtg atggttgcgce cgaaatgccc aggcaccgaa 480
gtgcgtgaag agtacaaacg tgggttcgge gtaccgacgce tgattgcegt tcacccggaa 540
aacgatccga aaggcgaagg catggcgatt gccaaagcct gggeggetgce aaccggtggt 600
caccgtgegg gtgtgectgga atcgtcectte gttgecggaag tgaaatctga cctgatggge 660
gagcaaacca tcctgtgegg tatgttgcag getggctcete tgetgtgett cgacaagetg 720
gtggaagaag gtaccgatcc agcatacgca gaaaaactga ttcagttecgg ttgggaaacc 780
atcaccgaag cactgaaaca gggcggcatc accctgatga tggaccgtct ctctaacccg 840
gcgaaactge gtgcttatge getttctgaa cagctgaaag agatcatgge acccctgttce 900
cagaaacata tggacgacat catctccgge gaattctcett ccggtatgat ggcggactgg 960

gccaacgatyg ataagaaact gctgacctgg cgtgaagaga ccggcaaaac cgegtttgaa 1020
accgegecge agtatgaagg caaaatcgge gagcaggagt acttcgataa aggcegtactg 1080
atgattgcga tggtgaaagc gggcgttgaa ctggcgttecg aaaccatggt cgattccggce 1140
atcattgaag agtctgcata ttatgaatca ctgcacgagc tgccgctgat tgccaacacc 1200
atcgcccegta agcecgtctgta cgaaatgaac gtggttatct ctgataccgce tgagtacggt 1260
aactatctgt tctcttacge ttgtgtgccg ttgctgaaac cgtttatgge agagctgcaa 1320
ccgggcgacce tgggtaaagce tattccggaa ggcgcggtag ataacgggca actgcegtgat 1380
gtgaacgaag cgattcgcag ccatgcgatt gagcaggtag gtaagaaact gcgcggctat 1440
atgacagata tgaaacgtat tgctgttgcg ggttaa 1476
<210> SEQ ID NO 11

<211> LENGTH: 1476

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 11

atggcgaatt atttcaacac tctgaacctg cgtcaacaac tggegcaact gggtaagtge 60
cgtttcatgg gtegtgacga gtttgeggac ggtgettett atctgcaagg caagaaggtt 120
gttattgttyg gttgeggtge gcaaggcectyg aatcaaggte tgaatatgeg cgacagegge 180
ctggacatta gctatgeget gegcaaggag gctatcgegg aaaaacgtge tagetggege 240
aaggctactyg agaacggctt caaggttgge acctatgagg agctgattce gcaagctgac 300
ctggttatca atctgaccce agataaacaa catagcgacg ttgttegtac tgttcaaccg 360
ctgatgaagg atggtgctge tctgggttat agecacgget ttaacattgt tgaggtaggt 420
gaacaaattc gcaaggacat tactgttgtt atggtggcte caaagtgtcce gggtactgag 480
gttcgegagg aatataageg cggttttggt gttccaacce tgatcgeggt geatccagag 540

aatgacccaa agggtgaggg tatggctate gegaaggegt gggetgegge gactggegge 600
catcgegetyg gegttetgga gagcagettt gtggetgagg ttaagagega tcetgatgggt 660

gaacagacta ttctgtgtgg tatgctgcaa gegggtagee tgetgtgttt tgataaactg 720
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gttgaggagg gcactgaccc ggcgtatgceg gagaagctga tccaatttgg ctgggagact 780
attactgagg cgctgaagca aggtggtatt actctgatga tggatcgcct gagcaatcca 840
gctaagectge gecgegtacge tctgagegag caactgaagg aaattatgge accgetgttt 900
caaaagcaca tggatgatat cattagcggt gagtttagca gcggcatgat ggctgattgg 960

gcgaatgacg acaaaaagct gctgacttgg cgcgaggaaa ctggtaagac tgctttcgag 1020
actgctceccac aatacgaggg taagattggt gaacaagaat attttgacaa gggtgttctg 1080
atgatcgcta tggttaaggc tggtgtggag ctggcttttg agactatggt tgacagcggt 1140
attatcgagg aaagcgcgta ctacgagagc ctgcatgaac tgccactgat cgcgaatact 1200
attgcgcgca aacgcctgta tgagatgaat gttgtgatta gcgacactgce ggaatatggce 1260
aattacctgt ttagctatgc gtgcgttcca ctgctgaage cattcatggce ggaactgcag 1320
ccaggtgatc tgggcaaggc gatcccagag ggtgctgttg acaatggtca gcetgcgcgac 1380
gttaatgagg ctatccgttce tcacgctatc gaacaagttyg gcaaaaagct gcgtggttac 1440
atgaccgaca tgaagcgcat cgcggtggct ggctaa 1476
<210> SEQ ID NO 12

<211> LENGTH: 1476

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 12

atggccaact attttaacac attaaatttg agacaacaat tggctcaact gggtaagtgce 60
agatttatgg gaagggacga gtttgctgat ggtgettett atctgcaagg aaagaaagta 120
gtaattgttyg gctgeggtge tcagggtcta aaccaaggtt taaacatgag agattcaggt 180
ctggatattt cgtatgcatt gaggaaagag gcaattgcag aaaagagggce ctcectggegt 240
aaagcgacgyg aaaatgggtt caaagttggt acttacgaag aactgatcce tcaggcagat 300
ttagtgatta acctaacacc agataagcaa cactcagacg tagtaagaac agttcaaccg 360
ctgatgaagg atggggcage tttaggttac tctcatgget ttaatategt tgaagtggge 420
gagcagatca gaaaagatat aacagtcgta atggttgcac caaagtgccce aggtacggaa 480
gtcagagagg agtacaagag gggttttggt gtacctacat tgatcgcegt acatcctgaa 540
aatgacccca aaggtgaagg tatggcaatt gegaaggcat gggcageege aaccggaggt 600
catagagcegg gtgtgttaga gagttcettte gtagetgagg tcaagagtga cttaatgggt 660
gaacaaacca ttctgtgegg aatgttgcag gcagggtcett tactatgett tgataaattg 720
gtcgaagagg gtacagatcc tgcctatget gaaaagttga tacaatttgg ttgggagaca 780
atcaccgagyg cacttaaaca aggtggcata acattgatga tggatagact ttcaaatccg 840
gccaagctaa gagcectacge cttatctgag caactaaaag agatcatgge accattattce 900
caaaagcaca tggacgatat tatctcecggt gagtttteet caggaatgat ggcagattgg 960

gcaaacgatyg ataaaaagtt attgacgtgg agagaagaaa ccggcaagac ggcattcgag 1020
acagccceccac aatacgaagg taaaattggt gaacaagaat actttgataa gggagtattg 1080
atgatagcta tggtgaaggc aggggtagaa cttgcattcg aaactatggt tgactccggt 1140
atcattgaag aatctgcata ctatgagtct ttgcatgaat tgcctttgat agcaaatact 1200

attgcaagaa aaagacttta cgagatgaat gttgtcatat cagacactgc agaatatggt 1260
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aattacttat ttagctacgc atgtgtcccg ttgttaaage ccttcatggce cgagttacaa 1320
cctggtgatt tggggaaggc tattccggaa ggagcggttg acaatggcca actgagagac 1380
gtaaatgaag ctattcgttc acatgctata gaacaggtgg gtaaaaagct gagaggatat 1440
atgaccgata tgaaaagaat tgcagtggca ggatga 1476
<210> SEQ ID NO 13

<211> LENGTH: 491

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 13

Met Ala Asn Tyr Phe Asn Thr Leu Asn Leu Arg Gln Gln Leu Ala Gln
1 5 10 15

Leu Gly Lys Cys Arg Phe Met Gly Arg Asp Glu Phe Ala Asp Gly Ala
20 25 30

Ser Tyr Leu Gln Gly Lys Lys Val Val Ile Val Gly Cys Gly Ala Gln
35 40 45

Gly Leu Asn Gln Gly Leu Asn Met Arg Asp Ser Gly Leu Asp Ile Ser
50 55 60

Tyr Ala Leu Arg Lys Glu Ala Ile Ala Glu Lys Arg Ala Ser Trp Arg
65 70 75 80

Lys Ala Thr Glu Asn Gly Phe Lys Val Gly Thr Tyr Glu Glu Leu Ile
85 90 95

Pro Gln Ala Asp Leu Val Ile Asn Leu Thr Pro Asp Lys Gln His Ser
100 105 110

Asp Val Val Arg Thr Val Gln Pro Leu Met Lys Asp Gly Ala Ala Leu
115 120 125

Gly Tyr Ser His Gly Phe Asn Ile Val Glu Val Gly Glu Gln Ile Arg
130 135 140

Lys Asp Ile Thr Val Val Met Val Ala Pro Lys Cys Pro Gly Thr Glu
145 150 155 160

Val Arg Glu Glu Tyr Lys Arg Gly Phe Gly Val Pro Thr Leu Ile Ala
165 170 175

Val His Pro Glu Asn Asp Pro Lys Gly Glu Gly Met Ala Ile Ala Lys
180 185 190

Ala Trp Ala Ala Ala Thr Gly Gly His Arg Ala Gly Val Leu Glu Ser
195 200 205

Ser Phe Val Ala Glu Val Lys Ser Asp Leu Met Gly Glu Gln Thr Ile
210 215 220

Leu Cys Gly Met Leu Gln Ala Gly Ser Leu Leu Cys Phe Asp Lys Leu
225 230 235 240

Val Glu Glu Gly Thr Asp Pro Ala Tyr Ala Glu Lys Leu Ile Gln Phe
245 250 255

Gly Trp Glu Thr Ile Thr Glu Ala Leu Lys Gln Gly Gly Ile Thr Leu
260 265 270

Met Met Asp Arg Leu Ser Asn Pro Ala Lys Leu Arg Ala Tyr Ala Leu
275 280 285

Ser Glu Gln Leu Lys Glu Ile Met Ala Pro Leu Phe Gln Lys His Met
290 295 300

Asp Asp Ile Ile Ser Gly Glu Phe Ser Ser Gly Met Met Ala Asp Trp
305 310 315 320
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Ala Asn Asp Asp Lys Lys Leu Leu Thr Trp Arg Glu Glu Thr Gly Lys
325 330 335

Thr Ala Phe Glu Thr Ala Pro Gln Tyr Glu Gly Lys Ile Gly Glu Gln
340 345 350

Glu Tyr Phe Asp Lys Gly Val Leu Met Ile Ala Met Val Lys Ala Gly
355 360 365

Val Glu Leu Ala Phe Glu Thr Met Val Asp Ser Gly Ile Ile Glu Glu
370 375 380

Ser Ala Tyr Tyr Glu Ser Leu His Glu Leu Pro Leu Ile Ala Asn Thr
385 390 395 400

Ile Ala Arg Lys Arg Leu Tyr Glu Met Asn Val Val Ile Ser Asp Thr
405 410 415

Ala Glu Tyr Gly Asn Tyr Leu Phe Ser Tyr Ala Cys Val Pro Leu Leu
420 425 430

Lys Pro Phe Met Ala Glu Leu Gln Pro Gly Asp Leu Gly Lys Ala Ile
435 440 445

Pro Glu Gly Ala Val Asp Asn Gly Gln Leu Arg Asp Val Asn Glu Ala
450 455 460

Ile Arg Ser His Ala Ile Glu Gln Val Gly Lys Lys Leu Arg Gly Tyr
465 470 475 480

Met Thr Asp Met Lys Arg Ile Ala Val Ala Gly
485 490

<210> SEQ ID NO 14

<211> LENGTH: 1500

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 14

atggcgaatt atttcaacac tctgaacctg cgtcaacaac tggegcaact gggtaagtge 60
cgtttcatgg gtegtgacga gtttgeggac ggtgettett atctgcaagg caagaaggtt 120
gttattgttyg gttgeggtge gcaaggcectyg aatcaaggte tgaatatgeg cgacagegge 180
ctggacatta gctatgeget gegcaaggag gctatcgegg aaaaacgtge tagetggege 240
aaggctactyg agaacggctt caaggttgge acctatgagg agctgattce gcaagctgac 300
ctggttatca atctgaccce agataaacaa catagcgacg ttgttegtac tgttcaaccg 360
ctgatgaagg atggtgctge tctgggttat agecacgget ttaacattgt tgaggtaggt 420
gaacaaattc gcaaggacat tactgttgtt atggtggcte caaagtgtcce gggtactgag 480
gttcgegagg aatataageg cggttttggt gttccaacce tgatcgeggt geatccagag 540

aatgacccaa agggtgaggg tatggctate gegaaggegt gggetgegge gactggegge 600

catcgegetyg gegttetgga gagcagettt gtggetgagg ttaagagega tcetgatgggt 660
gaacagacta ttctgtgtgg tatgctgcaa gegggtagee tgetgtgttt tgataaactg 720
gttgaggagg gcactgaccc ggcgtatgeg gagaagctga tccaatttgyg ctgggagact 780
attactgagg cgctgaagca aggtggtatt actctgatga tggategect gagcaatcca 840
gctaagetge gegegtacge tetgagegag caactgaagg aaattatgge accgetgttt 900
caaaagcaca tggatgatat cattageggt gagtttagea geggcatgat ggetgattgg 960

gcgaatgacg acaaaaagct gctgacttgg cgcgaggaaa ctggtaagac tgctttcgag 1020
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actgctceccac aatacgaggg taagattggt gaacaagaat attttgacaa gggtgttctg 1080
atgatcgcta tggttaaggc tggtgtggag ctggcttttg agactatggt tgacagcggt 1140
attatcgagg aaagcgcgta ctacgagagc ctgcatgaac tgccactgat cgcgaatact 1200
attgcgcgca aacgcctgta tgagatgaat gttgtgatta gcgacactgce ggaatatggce 1260
aattacctgt ttagctatgc gtgcgttcca ctgctgaage cattcatggce ggaactgcag 1320
ccaggtgatc tgggcaaggc gatcccagag ggtgctgttg acaatggtca gcetgcgcgac 1380
gttaatgagg ctatccgttce tcacgctatc gaacaagttyg gcaaaaagct gcgtggttac 1440
atgaccgaca tgaagcgcat cgcggtgget ggectcegage accaccacca ccaccactga 1500
<210> SEQ ID NO 15

<211> LENGTH: 499

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 15

Met Ala Asn Tyr Phe Asn Thr Leu Asn Leu Arg Gln Gln Leu Ala Gln
1 5 10 15

Leu Gly Lys Cys Arg Phe Met Gly Arg Asp Glu Phe Ala Asp Gly Ala
20 25 30

Ser Tyr Leu Gln Gly Lys Lys Val Val Ile Val Gly Cys Gly Ala Gln
35 40 45

Gly Leu Asn Gln Gly Leu Asn Met Arg Asp Ser Gly Leu Asp Ile Ser
50 55 60

Tyr Ala Leu Arg Lys Glu Ala Ile Ala Glu Lys Arg Ala Ser Trp Arg
65 70 75 80

Lys Ala Thr Glu Asn Gly Phe Lys Val Gly Thr Tyr Glu Glu Leu Ile
85 90 95

Pro Gln Ala Asp Leu Val Ile Asn Leu Thr Pro Asp Lys Gln His Ser
100 105 110

Asp Val Val Arg Thr Val Gln Pro Leu Met Lys Asp Gly Ala Ala Leu
115 120 125

Gly Tyr Ser His Gly Phe Asn Ile Val Glu Val Gly Glu Gln Ile Arg
130 135 140

Lys Asp Ile Thr Val Val Met Val Ala Pro Lys Cys Pro Gly Thr Glu
145 150 155 160

Val Arg Glu Glu Tyr Lys Arg Gly Phe Gly Val Pro Thr Leu Ile Ala
165 170 175

Val His Pro Glu Asn Asp Pro Lys Gly Glu Gly Met Ala Ile Ala Lys
180 185 190

Ala Trp Ala Ala Ala Thr Gly Gly His Arg Ala Gly Val Leu Glu Ser
195 200 205

Ser Phe Val Ala Glu Val Lys Ser Asp Leu Met Gly Glu Gln Thr Ile
210 215 220

Leu Cys Gly Met Leu Gln Ala Gly Ser Leu Leu Cys Phe Asp Lys Leu
225 230 235 240

Val Glu Glu Gly Thr Asp Pro Ala Tyr Ala Glu Lys Leu Ile Gln Phe
245 250 255

Gly Trp Glu Thr Ile Thr Glu Ala Leu Lys Gln Gly Gly Ile Thr Leu
260 265 270

Met Met Asp Arg Leu Ser Asn Pro Ala Lys Leu Arg Ala Tyr Ala Leu
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275 280 285

Ser Glu Gln Leu Lys Glu Ile Met Ala Pro Leu Phe Gln Lys His Met
290 295 300

Asp Asp Ile Ile Ser Gly Glu Phe Ser Ser Gly Met Met Ala Asp Trp
305 310 315 320

Ala Asn Asp Asp Lys Lys Leu Leu Thr Trp Arg Glu Glu Thr Gly Lys
325 330 335

Thr Ala Phe Glu Thr Ala Pro Gln Tyr Glu Gly Lys Ile Gly Glu Gln
340 345 350

Glu Tyr Phe Asp Lys Gly Val Leu Met Ile Ala Met Val Lys Ala Gly
355 360 365

Val Glu Leu Ala Phe Glu Thr Met Val Asp Ser Gly Ile Ile Glu Glu
370 375 380

Ser Ala Tyr Tyr Glu Ser Leu His Glu Leu Pro Leu Ile Ala Asn Thr
385 390 395 400

Ile Ala Arg Lys Arg Leu Tyr Glu Met Asn Val Val Ile Ser Asp Thr
405 410 415

Ala Glu Tyr Gly Asn Tyr Leu Phe Ser Tyr Ala Cys Val Pro Leu Leu
420 425 430

Lys Pro Phe Met Ala Glu Leu Gln Pro Gly Asp Leu Gly Lys Ala Ile
435 440 445

Pro Glu Gly Ala Val Asp Asn Gly Gln Leu Arg Asp Val Asn Glu Ala
450 455 460

Ile Arg Ser His Ala Ile Glu Gln Val Gly Lys Lys Leu Arg Gly Tyr
465 470 475 480

Met Thr Asp Met Lys Arg Ile Ala Val Ala Gly Leu Glu His His His
485 490 495

<210> SEQ ID NO 16

<211> LENGTH: 1494

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 16

atggcgaatt atttcaacac tctgaacctg cgtcaacaac tggegcaact gggtaagtge 60
cgtttcatgg gtegtgacga gtttgeggac ggtgettett atctgcaagg caagaaggtt 120
gttattgttyg gttgeggtge gcaaggcectyg aatcaaggte tgaatatgeg cgacagegge 180
ctggacatta gctatgeget gegcaaggag getatcgegg aaaaacgtge tgactggege 240
aaggctactyg agaacggctt caaggttgge acctatgagg agctgattce gcaagctgac 300
ctggttatca atctgaccce agataaacaa catagcgacg ttgttegtac tgttcaaccg 360
ctgatgaagg atggtgctge tctgggttat agecacgget ttaacattgt tgaggtaggt 420
gaacaaattc gcaaggacat tactgttgtt atggtggcte caaagtgtcce gggtactgag 480
gttcgegagg aatataageg cggttttggt gttccaacce tgatcgeggt geatccagag 540

aatgacccaa agggtgaggg tatggctate gegaaggegt gggetgegge gactggegge 600
catcgegetyg gegttetgga gagcagettt gtggetgagg ttaagagega tcetgatgggt 660
gaacagacta ttctgtgtgg tatgctgcaa gegggtagee tgetgtgttt tgataaactg 720

gttgaggagg gcactgaccc ggcgtatgeg gagaagctga tccaatttgyg ctgggagact 780
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attactgagg cgctgaagca aggtggtatt actctgatga tggatcgcct gagcaatcca 840
gctaagectge gecgegtacge tctgagegag caactgaagg aaattatgge accgetgttt 900
caaaagcaca tggatgatat cattagcggt gagtttagca gcggcatgat ggctgattgg 960

gcgaatgacg acaaaaagct gctgacttgg cgcgaggaaa ctggtaagac tgctttcgag 1020
actgctceccac aatacgaggg taagattggt gaacaagaat attttgacaa gggtgttctg 1080
atgatcgcta tggttaaggc tggtgtggag ctggcttttg agactatggt tgacagcggt 1140
attatcgagg aaagcgcgta ctacgagagc ctgcatgaac tgccactgat cgcgaatact 1200
attgcgcgca aacgcctgta tgagatgaat gttgtgatta gcgacactgce ggaatatggce 1260
aattacctgt ttagctatgc gtgcgttcca ctgctgaage cattcatggce ggaactgcag 1320
ccaggtgatc tgggcaaggc gatcccagag ggtgctgttg acaatggtca gcetgcgcgac 1380
gttaatgagg ctatccgttce tcacgctatc gaacaagttyg gcaaaaagct gcgtggttac 1440
atgaccgaca tgaagcgcat cgcggtggct ggccaccacc accaccacca ctaa 1494
<210> SEQ ID NO 17

<211> LENGTH: 499

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 17

Met Ala Asn Tyr Phe Asn Thr Leu Asn Leu Arg Gln Gln Leu Ala Gln
1 5 10 15

Leu Gly Lys Cys Arg Phe Met Gly Arg Asp Glu Phe Ala Asp Gly Ala
20 25 30

Ser Tyr Leu Gln Gly Lys Lys Val Val Ile Val Gly Cys Gly Ala Gln
35 40 45

Gly Leu Asn Gln Gly Leu Asn Met Arg Asp Ser Gly Leu Asp Ile Ser
50 55 60

Tyr Ala Leu Arg Lys Glu Ala Ile Ala Glu Lys Arg Ala Asp Trp Arg
65 70 75 80

Lys Ala Thr Glu Asn Gly Phe Lys Val Gly Thr Tyr Glu Glu Leu Ile
85 90 95

Pro Gln Ala Asp Leu Val Ile Asn Leu Thr Pro Asp Lys Gln His Ser
100 105 110

Asp Val Val Arg Thr Val Gln Pro Leu Met Lys Asp Gly Ala Ala Leu
115 120 125

Gly Tyr Ser His Gly Phe Asn Ile Val Glu Val Gly Glu Gln Ile Arg
130 135 140

Lys Asp Ile Thr Val Val Met Val Ala Pro Lys Cys Pro Gly Thr Glu
145 150 155 160

Val Arg Glu Glu Tyr Lys Arg Gly Phe Gly Val Pro Thr Leu Ile Ala
165 170 175

Val His Pro Glu Asn Asp Pro Lys Gly Glu Gly Met Ala Ile Ala Lys
180 185 190

Ala Trp Ala Ala Ala Thr Gly Gly His Arg Ala Gly Val Leu Glu Ser
195 200 205

Ser Phe Val Ala Glu Val Lys Ser Asp Leu Met Gly Glu Gln Thr Ile
210 215 220

Leu Cys Gly Met Leu Gln Ala Gly Ser Leu Leu Cys Phe Asp Lys Leu
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225 230 235 240

Val Glu Glu Gly Thr Asp Pro Ala Tyr Ala Glu Lys Leu Ile Gln Phe
245 250 255

Gly Trp Glu Thr Ile Thr Glu Ala Leu Lys Gln Gly Gly Ile Thr Leu
260 265 270

Met Met Asp Arg Leu Ser Asn Pro Ala Lys Leu Arg Ala Tyr Ala Leu
275 280 285

Ser Glu Gln Leu Lys Glu Ile Met Ala Pro Leu Phe Gln Lys His Met
290 295 300

Asp Asp Ile Ile Ser Gly Glu Phe Ser Ser Gly Met Met Ala Asp Trp
305 310 315 320

Ala Asn Asp Asp Lys Lys Leu Leu Thr Trp Arg Glu Glu Thr Gly Lys
325 330 335

Thr Ala Phe Glu Thr Ala Pro Gln Tyr Glu Gly Lys Ile Gly Glu Gln
340 345 350

Glu Tyr Phe Asp Lys Gly Val Leu Met Ile Ala Met Val Lys Ala Gly
355 360 365

Val Glu Leu Ala Phe Glu Thr Met Val Asp Ser Gly Ile Ile Glu Glu
370 375 380

Ser Ala Tyr Tyr Glu Ser Leu His Glu Leu Pro Leu Ile Ala Asn Thr
385 390 395 400

Ile Ala Arg Lys Arg Leu Tyr Glu Met Asn Val Val Ile Ser Asp Thr
405 410 415

Ala Glu Tyr Gly Asn Tyr Leu Phe Ser Tyr Ala Cys Val Pro Leu Leu
420 425 430

Lys Pro Phe Met Ala Glu Leu Gln Pro Gly Asp Leu Gly Lys Ala Ile
435 440 445

Pro Glu Gly Ala Val Asp Asn Gly Gln Leu Arg Asp Val Asn Glu Ala
450 455 460

Ile Arg Ser His Ala Ile Glu Gln Val Gly Lys Lys Leu Arg Gly Tyr
465 470 475 480

Met Thr Asp Met Lys Arg Ile Ala Val Ala Gly Leu Glu His His His
485 490 495

<210> SEQ ID NO 18

<211> LENGTH: 1476

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 18

atggcgaatt atttcaacac tctgaacctg cgtcaacaac tggegcaact gggtaagtge 60
cgtttcatgg gtegtgacga gtttgeggac ggtgettett atctgcaagg caagaaggtt 120
gttattgttyg gttgeggtge gcaaggcectyg aatcaaggte tgaatatgeg cgacagegge 180
ctggacatta gctatgeget gegcaaggag getatcgegg aaaaacgtge tgactggege 240
aaggctactyg agaacggctt caaggttgge acctatgagg agctgattce gcaagctgac 300
ctggttatca atctgaccce agataaacaa catagcgacg ttgttegtac tgttcaaccg 360
ctgatgaagg atggtgctge tctgggttat agecacgget ttaacattgt tgaggtaggt 420

gaacaaattc gcaaggacat tactgttgtt atggtggcte caaagtgtcce gggtactgag 480
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gttcgegagg aatataageg cggttttggt gttccaacce tgatcgeggt geatccagag 540

aatgacccaa agggtgaggg tatggctate gegaaggegt gggetgegge gactggegge 600

catcgegetyg gegttetgga gagcagettt gtggetgagg ttaagagega tcetgatgggt 660
gaacagacta ttctgtgtgg tatgctgcaa gegggtagee tgetgtgttt tgataaactg 720
gttgaggagg gcactgaccc ggcgtatgeg gagaagctga tccaatttgyg ctgggagact 780
attactgagg cgctgaagca aggtggtatt actctgatga tggategect gagcaatcca 840
gctaagetge gegegtacge tetgagegag caactgaagg aaattatgge accgetgttt 900
caaaagcaca tggatgatat cattageggt gagtttagea geggcatgat ggetgattgg 960

gcgaatgacg acaaaaagct gctgacttgg cgcgaggaaa ctggtaagac tgctttcgag 1020
actgctceccac aatacgaggg taagattggt gaacaagaat attttgacaa gggtgttctg 1080
atgatcgcta tggttaaggc tggtgtggag ctggcttttg agactatggt tgacagcggt 1140
attatcgagg aaagcgcgta ctacgagagc ctgcatgaac tgccactgat cgcgaatact 1200
attgcgcgca aacgcctgta tgagatgaat gttgtgatta gcgacactgce ggaatatggce 1260
aattacctgt ttagctatgc gtgcgttcca ctgctgaage cattcatggce ggaactgcag 1320
ccaggtgatc tgggcaaggc gatcccagag ggtgctgttg acaatggtca gcetgcgcgac 1380
gttaatgagg ctatccgttce tcacgctatc gaacaagttyg gcaaaaagct gcgtggttac 1440
atgaccgaca tgaagcgcat cgcggtggct ggctaa 1476
<210> SEQ ID NO 19

<211> LENGTH: 493

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 19

Met Ala Asn Tyr Phe Asn Thr Leu Asn Leu Arg Gln Gln Leu Ala Gln
1 5 10 15

Leu Gly Lys Cys Arg Phe Met Gly Arg Asp Glu Phe Ala Asp Gly Ala
20 25 30

Ser Tyr Leu Gln Gly Lys Lys Val Val Ile Val Gly Cys Gly Ala Gln
35 40 45

Gly Leu Asn Gln Gly Leu Asn Met Arg Asp Ser Gly Leu Asp Ile Ser
50 55 60

Tyr Ala Leu Arg Lys Glu Ala Ile Ala Glu Lys Arg Ala Asp Trp Arg
65 70 75 80

Lys Ala Thr Glu Asn Gly Phe Lys Val Gly Thr Tyr Glu Glu Leu Ile
85 90 95

Pro Gln Ala Asp Leu Val Ile Asn Leu Thr Pro Asp Lys Gln His Ser
100 105 110

Asp Val Val Arg Thr Val Gln Pro Leu Met Lys Asp Gly Ala Ala Leu
115 120 125

Gly Tyr Ser His Gly Phe Asn Ile Val Glu Val Gly Glu Gln Ile Arg
130 135 140

Lys Asp Ile Thr Val Val Met Val Ala Pro Lys Cys Pro Gly Thr Glu
145 150 155 160

Val Arg Glu Glu Tyr Lys Arg Gly Phe Gly Val Pro Thr Leu Ile Ala
165 170 175

Val His Pro Glu Asn Asp Pro Lys Gly Glu Gly Met Ala Ile Ala Lys
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180 185 190

Ala Trp Ala Ala Ala Thr Gly Gly His Arg Ala Gly Val Leu Glu Ser
195 200 205

Ser Phe Val Ala Glu Val Lys Ser Asp Leu Met Gly Glu Gln Thr Ile
210 215 220

Leu Cys Gly Met Leu Gln Ala Gly Ser Leu Leu Cys Phe Asp Lys Leu
225 230 235 240

Val Glu Glu Gly Thr Asp Pro Ala Tyr Ala Glu Lys Leu Ile Gln Phe
245 250 255

Gly Trp Glu Thr Ile Thr Glu Ala Leu Lys Gln Gly Gly Ile Thr Leu
260 265 270

Met Met Asp Arg Leu Ser Asn Pro Ala Lys Leu Arg Ala Tyr Ala Leu
275 280 285

Ser Glu Gln Leu Lys Glu Ile Met Ala Pro Leu Phe Gln Lys His Met
290 295 300

Asp Asp Ile Ile Ser Gly Glu Phe Ser Ser Gly Met Met Ala Asp Trp
305 310 315 320

Ala Asn Asp Asp Lys Lys Leu Leu Thr Trp Arg Glu Glu Thr Gly Lys
325 330 335

Thr Ala Phe Glu Thr Ala Pro Gln Tyr Glu Gly Lys Ile Gly Glu Gln
340 345 350

Glu Tyr Phe Asp Lys Gly Val Leu Met Ile Ala Met Val Lys Ala Gly
355 360 365

Val Glu Leu Ala Phe Glu Thr Met Val Asp Ser Gly Ile Ile Glu Glu
370 375 380

Ser Ala Tyr Tyr Glu Ser Leu His Glu Leu Pro Leu Ile Ala Asn Thr
385 390 395 400

Ile Ala Arg Lys Arg Leu Tyr Glu Met Asn Val Val Ile Ser Asp Thr
405 410 415

Ala Glu Tyr Gly Asn Tyr Leu Phe Ser Tyr Ala Cys Val Pro Leu Leu
420 425 430

Lys Pro Phe Met Ala Glu Leu Gln Pro Gly Asp Leu Gly Lys Ala Ile
435 440 445

Pro Glu Gly Ala Val Asp Asn Gly Gln Leu Arg Asp Val Asn Glu Ala
450 455 460

Ile Arg Ser His Ala Ile Glu Gln Val Gly Lys Lys Leu Arg Gly Tyr
465 470 475 480

Met Thr Asp Met Lys Arg Ile Ala Val Ala Gly Leu Glu
485 490

<210> SEQ ID NO 20

<211> LENGTH: 1476

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 20

atggcgaatt atttcaacac tctgaacctg cgtcaacaac tggegcaact gggtaagtge 60
cgtttcatgg gtegtgacga gtttgeggac ggtgettett atctgcaagg caagaaggtt 120
gttattgttyg gttgeggtge gcaaggcectyg aatcaaggte tgaatatgeg cgacagegge 180
ctggacatta gctatgeget gegcaaggag gctatcgegg aaaaacgtge tagetggege 240

aaggctactyg agaacggctt caaggttgge acctatgagg agctgattce gcaagctgac 300
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ctggttatca atctgacccce agataaagca catagcgacg ttgttcgtac tgttcaaccg 360
ctgatgaagg atggtgctgce tctgggttat agccacggcet ttaacattgt tgaggtaggt 420
gaacaaattc gcaaggacat tactgttgtt atggtggctc caaagtgtcc gggtactgag 480
gttcgcgagg aatataagceg cggttttggt gttccaaccce tgatcgeggt gcatccagag 540

aatgacccaa agggtgaggg tatggctate gegaaggegt gggetgegge gactggegge 600

catcgegetyg gegttetgga gagcagettt gtggetgagg ttaagagega tcetgatgggt 660
gaacagacta ttctgtgtgg tatgctgcaa gegggtagee tgetgtgttt tgataaactg 720
gttgaggagg gcactgaccc ggcgtatgeg gagaagctga tccaatttgyg ctgggagact 780
attactgagg cgctgaagca aggtggtatt actctgatga tggategect gagcaatcca 840
gctaagetge gegegtacge tetgagegag caactgaagg aaattatgge accgetgttt 900
caaaagcaca tggatgatat cattageggt gagtttagea geggcatgat ggetgattgg 960

gcgaatgacg acaaaaagct gctgacttgg cgcgaggaaa ctggtaagac tgctttcgag 1020
actgctceccac aatacgaggg taagattggt gaacaagaat attttgacaa gggtgttctg 1080
atgatcgcta tggttaaggc tggtgtggag ctggcttttg agactatggt tgacagcggt 1140
attatcgagg aaagcgcgta ctacgagagc ctgcatgaac tgccactgat cgcgaatact 1200
attgcgcgca aacgcctgta tgagatgaat gttgtgatta gcgacactgce ggaatatggce 1260
aattacctgt ttagctatgc gtgcgttcca ctgctgaage cattcatggce ggaactgcag 1320
ccaggtgatc tgggcaaggc gatcccagag ggtgctgttg acaatggtca gcetgcgcgac 1380
gttaatgagg ctatccgttce tcacgctatc gaacaagttyg gcaaaaagct gcgtggttac 1440
atgaccgaca tgaagcgcat cgcggtggct ggctaa 1476
<210> SEQ ID NO 21

<211> LENGTH: 498

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 21

Met Ala Asn Tyr Phe Asn Thr Leu Asn Leu Arg Gln Gln Leu Ala Gln
1 5 10 15

Leu Gly Lys Cys Arg Phe Met Gly Arg Asp Glu Phe Ala Asp Gly Ala
20 25 30

Ser Tyr Leu Gln Gly Lys Lys Val Val Ile Val Gly Cys Gly Ala Gln
35 40 45

Gly Leu Asn Gln Gly Leu Asn Met Arg Asp Ser Gly Leu Asp Ile Ser
50 55 60

Tyr Ala Leu Arg Lys Glu Ala Ile Ala Glu Lys Arg Ala Ser Trp Arg
65 70 75 80

Lys Ala Thr Glu Asn Gly Phe Lys Val Gly Thr Tyr Glu Glu Leu Ile
85 90 95

Pro Gln Ala Asp Leu Val Ile Asn Leu Thr Pro Asp Lys Ala His Ser
100 105 110

Asp Val Val Arg Thr Val Gln Pro Leu Met Lys Asp Gly Ala Ala Leu
115 120 125

Gly Tyr Ser His Gly Phe Asn Ile Val Glu Val Gly Glu Gln Ile Arg
130 135 140
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Lys Asp Ile Thr Val Val Met Val Ala Pro Lys Cys Pro Gly Thr Glu
145 150 155 160

Val Arg Glu Glu Tyr Lys Arg Gly Phe Gly Val Pro Thr Leu Ile Ala
165 170 175

Val His Pro Glu Asn Asp Pro Lys Gly Glu Gly Met Ala Ile Ala Lys
180 185 190

Ala Trp Ala Ala Ala Thr Gly Gly His Arg Ala Gly Val Leu Glu Ser
195 200 205

Ser Phe Val Ala Glu Val Lys Ser Asp Leu Met Gly Glu Gln Thr Ile
210 215 220

Leu Cys Gly Met Leu Gln Ala Gly Ser Leu Leu Cys Phe Asp Lys Leu
225 230 235 240

Val Glu Glu Gly Thr Asp Pro Ala Tyr Ala Glu Lys Leu Ile Gln Phe
245 250 255

Gly Trp Glu Thr Ile Thr Glu Ala Leu Lys Gln Gly Gly Ile Thr Leu
260 265 270

Met Met Asp Arg Leu Ser Asn Pro Ala Lys Leu Arg Ala Tyr Ala Leu
275 280 285

Ser Glu Gln Leu Lys Glu Ile Met Ala Pro Leu Phe Gln Lys His Met
290 295 300

Asp Asp Ile Ile Ser Gly Glu Phe Ser Ser Gly Met Met Ala Asp Trp
305 310 315 320

Ala Asn Asp Asp Lys Lys Leu Leu Thr Trp Arg Glu Glu Thr Gly Lys
325 330 335

Thr Ala Phe Glu Thr Ala Pro Gln Tyr Glu Gly Lys Ile Gly Glu Gln
340 345 350

Glu Tyr Phe Asp Lys Gly Val Leu Met Ile Ala Met Val Lys Ala Gly
355 360 365

Val Glu Leu Ala Phe Glu Thr Met Val Asp Ser Gly Ile Ile Glu Glu
370 375 380

Ser Ala Tyr Tyr Glu Ser Leu His Glu Leu Pro Leu Ile Ala Asn Thr
385 390 395 400

Ile Ala Arg Lys Arg Leu Tyr Glu Met Asn Val Val Ile Ser Asp Thr
405 410 415

Ala Glu Tyr Gly Asn Tyr Leu Phe Ser Tyr Ala Cys Val Pro Leu Leu
420 425 430

Lys Pro Phe Met Ala Glu Leu Gln Pro Gly Asp Leu Gly Lys Ala Ile
435 440 445

Pro Glu Gly Ala Val Asp Asn Gly Gln Leu Arg Asp Val Asn Glu Ala
450 455 460

Ile Arg Ser His Ala Ile Glu Gln Val Gly Lys Lys Leu Arg Gly Tyr
465 470 475 480

Met Thr Asp Met Lys Arg Ile Ala Val Ala Gly Leu Glu His His His
485 490 495

<210> SEQ ID NO 22

<211> LENGTH: 1500

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 22
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atggcgaatt atttcaacac tctgaacctg cgtcaacaac tggcgcaact gggtaagtgce 60
cgtttcatgg gtcegtgacga gtttgcggac ggtgcttcett atctgcaagg caagaaggtt 120
gttattgttg gttgcggtge gcaaggcctg aatcaaggtc tgaatatgeg cgacageggce 180
ctggacatta gctatgcgcet gecgcaaggag gctatcgegg aaaaacgtgce tagctggegce 240
aaggctactg agaacggctt caaggttggce acctatgagg agctgattcc gcaagctgac 300
ctggttatca atctgacccce agataaagtg catagcgacg ttgttcgtac tgttcaaccg 360
ctgatgaagg atggtgctgce tctgggttat agccacggcet ttaacattgt tgaggtaggt 420
gaacaaattc gcaaggacat tactgttgtt atggtggctc caaagtgtcc gggtactgag 480
gttcgcgagg aatataagceg cggttttggt gttccaaccce tgatcgeggt gcatccagag 540

aatgacccaa agggtgaggg tatggctate gegaaggegt gggetgegge gactggegge 600

catcgegetyg gegttetgga gagcagettt gtggetgagg ttaagagega tcetgatgggt 660
gaacagacta ttctgtgtgg tatgctgcaa gegggtagee tgetgtgttt tgataaactg 720
gttgaggagg gcactgaccc ggcgtatgeg gagaagctga tccaatttgyg ctgggagact 780
attactgagg cgctgaagca aggtggtatt actctgatga tggategect gagcaatcca 840
gctaagetge gegegtacge tetgagegag caactgaagg aaattatgge accgetgttt 900
caaaagcaca tggatgatat cattageggt gagtttagea geggcatgat ggetgattgg 960

gcgaatgacg acaaaaagct gctgacttgg cgcgaggaaa ctggtaagac tgctttcgag 1020
actgctceccac aatacgaggg taagattggt gaacaagaat attttgacaa gggtgttctg 1080
atgatcgcta tggttaaggc tggtgtggag ctggcttttg agactatggt tgacagcggt 1140
attatcgagg aaagcgcgta ctacgagagc ctgcatgaac tgccactgat cgcgaatact 1200
attgcgcgca aacgcctgta tgagatgaat gttgtgatta gcgacactgce ggaatatggce 1260
aattacctgt ttagctatgc gtgcgttcca ctgctgaage cattcatggce ggaactgcag 1320
ccaggtgatc tgggcaaggc gatcccagag ggtgctgttg acaatggtca gcetgcgcgac 1380
gttaatgagg ctatccgttce tcacgctatc gaacaagttyg gcaaaaagct gcgtggttac 1440
atgaccgaca tgaagcgcat cgcggtgget ggectcegage accaccacca ccaccactaa 1500
<210> SEQ ID NO 23

<211> LENGTH: 499

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 23

Met Ala Asn Tyr Phe Asn Thr Leu Asn Leu Arg Gln Gln Leu Ala Gln
1 5 10 15

Leu Gly Lys Cys Arg Phe Met Gly Arg Asp Glu Phe Ala Asp Gly Ala
20 25 30

Ser Tyr Leu Gln Gly Lys Lys Val Val Ile Val Gly Cys Gly Ala Gln
35 40 45

Gly Leu Asn Gln Gly Leu Asn Met Arg Asp Ser Gly Leu Asp Ile Ser
50 55 60

Tyr Ala Leu Arg Lys Glu Ala Ile Ala Glu Lys Arg Ala Ser Trp Arg
65 70 75 80

Lys Ala Thr Glu Asn Gly Phe Lys Val Gly Thr Tyr Glu Glu Leu Ile
85 90 95
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Pro Gln Ala Asp Leu Val Ile Asn Leu Thr Pro Asp Lys Val His Ser
100 105 110

Asp Val Val Arg Thr Val Gln Pro Leu Met Lys Asp Gly Ala Ala Leu
115 120 125

Gly Tyr Ser His Gly Phe Asn Ile Val Glu Val Gly Glu Gln Ile Arg
130 135 140

Lys Asp Ile Thr Val Val Met Val Ala Pro Lys Cys Pro Gly Thr Glu
145 150 155 160

Val Arg Glu Glu Tyr Lys Arg Gly Phe Gly Val Pro Thr Leu Ile Ala
165 170 175

Val His Pro Glu Asn Asp Pro Lys Gly Glu Gly Met Ala Ile Ala Lys
180 185 190

Ala Trp Ala Ala Ala Thr Gly Gly His Arg Ala Gly Val Leu Glu Ser
195 200 205

Ser Phe Val Ala Glu Val Lys Ser Asp Leu Met Gly Glu Gln Thr Ile
210 215 220

Leu Cys Gly Met Leu Gln Ala Gly Ser Leu Leu Cys Phe Asp Lys Leu
225 230 235 240

Val Glu Glu Gly Thr Asp Pro Ala Tyr Ala Glu Lys Leu Ile Gln Phe
245 250 255

Gly Trp Glu Thr Ile Thr Glu Ala Leu Lys Gln Gly Gly Ile Thr Leu
260 265 270

Met Met Asp Arg Leu Ser Asn Pro Ala Lys Leu Arg Ala Tyr Ala Leu
275 280 285

Ser Glu Gln Leu Lys Glu Ile Met Ala Pro Leu Phe Gln Lys His Met
290 295 300

Asp Asp Ile Ile Ser Gly Glu Phe Ser Ser Gly Met Met Ala Asp Trp
305 310 315 320

Ala Asn Asp Asp Lys Lys Leu Leu Thr Trp Arg Glu Glu Thr Gly Lys
325 330 335

Thr Ala Phe Glu Thr Ala Pro Gln Tyr Glu Gly Lys Ile Gly Glu Gln
340 345 350

Glu Tyr Phe Asp Lys Gly Val Leu Met Ile Ala Met Val Lys Ala Gly
355 360 365

Val Glu Leu Ala Phe Glu Thr Met Val Asp Ser Gly Ile Ile Glu Glu
370 375 380

Ser Ala Tyr Tyr Glu Ser Leu His Glu Leu Pro Leu Ile Ala Asn Thr
385 390 395 400

Ile Ala Arg Lys Arg Leu Tyr Glu Met Asn Val Val Ile Ser Asp Thr
405 410 415

Ala Glu Tyr Gly Asn Tyr Leu Phe Ser Tyr Ala Cys Val Pro Leu Leu
420 425 430

Lys Pro Phe Met Ala Glu Leu Gln Pro Gly Asp Leu Gly Lys Ala Ile
435 440 445

Pro Glu Gly Ala Val Asp Asn Gly Gln Leu Arg Asp Val Asn Glu Ala
450 455 460

Ile Arg Ser His Ala Ile Glu Gln Val Gly Lys Lys Leu Arg Gly Tyr
465 470 475 480

Met Thr Asp Met Lys Arg Ile Ala Val Ala Gly Leu Glu His His His
485 490 495
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<210> SEQ ID NO 24

<211> LENGTH: 1476

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 24

atggcgaatt atttcaacac tctgaacctyg cgtcaacaac tggcgcaact gggtaagtge
cgtttecatgg gtegtgacga gtttgeggac ggtgcttett atctgcaagy caagaaggtt
gttattgttyg gttgcggtge gcaaggcctg aatcaaggte tgaatatgeg cgacagegge
ctggacatta gctatgeget gegcaaggag getategegg aaaaacgtge tagetggege
aaggctactyg agaacggcett caaggttgge acctatgagyg agetgattece gcaagetgac
ctggttatca atctgaccce agataaagtyg catagcegacyg ttgttegtac tgttcaaccyg
ctgatgaagg atggtgctge tctgggttat agecacgget ttaacattgt tgaggtaggt
gaacaaattc gcaaggacat tactgttgtt atggtggctce caaagtgtce gggtactgag
gttegegagyg aatataageg cggttttggt gttccaacce tgatcegeggt geatccagag
aatgacccaa agggtgaggg tatggctate gegaaggegt gggetgegge gactggegge
catcgegety gegttetgga gagcagettt gtggetgagyg ttaagagega tetgatgggt
gaacagacta ttctgtgtgg tatgetgcaa gegggtagee tgetgtgttt tgataaacty
gttgaggagyg gcactgacce ggegtatgeg gagaagetga tccaatttgg ctgggagact
attactgagg cgctgaagca aggtggtatt actctgatga tggatcgect gagecaatcca
gctaagetge gegegtacge tetgagegag caactgaagg aaattatgge accgetgttt
caaaagcaca tggatgatat cattageggt gagtttageca geggcatgat ggetgattgg
gcgaatgacyg acaaaaagcet getgacttgg cgcgaggaaa ctggtaagac tgetttegag
actgctccac aatacgaggg taagattggt gaacaagaat attttgacaa gggtgttetg
atgatcgcta tggttaagge tggtgtggag ctggettttyg agactatggt tgacageggt
attatcgagg aaagegegta ctacgagage ctgcatgaac tgecactgat cgegaatact
attgecgegea aacgectgta tgagatgaat gttgtgatta gegacactge ggaatatgge
aattacctgt ttagectatge gtgegtteca ctgctgaage cattcatgge ggaactgcag
ccaggtgate tgggcaagge gatcccagag ggtgctgttyg acaatggtca getgegegac
gttaatgagyg ctatcecgtte tcacgctate gaacaagttyg gcaaaaaget gegtggttac
atgaccgaca tgaagegcat cgeggtgget ggetaa

<210> SEQ ID NO 25

<211> LENGTH: 493

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 25

Met Ala Asn Tyr Phe Asn Thr Leu Asn Leu Arg Gln Gln Leu Ala Gln
1 5 10 15

Leu Gly Lys Cys Arg Phe Met Gly Arg Asp Glu Phe Ala Asp Gly Ala
20 25 30

Ser Tyr Leu Gln Gly Lys Lys Val Val Ile Val Gly Cys Gly Ala Gln
35 40 45

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1476
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Gly Leu Asn Gln Gly Leu Asn Met Arg Asp Ser Gly Leu Asp Ile Ser
50 55 60

Tyr Ala Leu Arg Lys Glu Ala Ile Ala Glu Lys Arg Ala Ser Trp Arg
65 70 75 80

Lys Ala Thr Glu Asn Gly Phe Lys Val Gly Thr Tyr Glu Glu Leu Ile
85 90 95

Pro Gln Ala Asp Leu Val Ile Asn Leu Thr Pro Asp Lys Val His Ser
100 105 110

Asp Val Val Arg Thr Val Gln Pro Leu Met Lys Asp Gly Ala Ala Leu
115 120 125

Gly Tyr Ser His Gly Phe Asn Ile Val Glu Val Gly Glu Gln Ile Arg
130 135 140

Lys Asp Ile Thr Val Val Met Val Ala Pro Lys Cys Pro Gly Thr Glu
145 150 155 160

Val Arg Glu Glu Tyr Lys Arg Gly Phe Gly Val Pro Thr Leu Ile Ala
165 170 175

Val His Pro Glu Asn Asp Pro Lys Gly Glu Gly Met Ala Ile Ala Lys
180 185 190

Ala Trp Ala Ala Ala Thr Gly Gly His Arg Ala Gly Val Leu Glu Ser
195 200 205

Ser Phe Val Ala Glu Val Lys Ser Asp Leu Met Gly Glu Gln Thr Ile
210 215 220

Leu Cys Gly Met Leu Gln Ala Gly Ser Leu Leu Cys Phe Asp Lys Leu
225 230 235 240

Val Glu Glu Gly Thr Asp Pro Ala Tyr Ala Glu Lys Leu Ile Gln Phe
245 250 255

Gly Trp Glu Thr Ile Thr Glu Ala Leu Lys Gln Gly Gly Ile Thr Leu
260 265 270

Met Met Asp Arg Leu Ser Asn Pro Ala Lys Leu Arg Ala Tyr Ala Leu
275 280 285

Ser Glu Gln Leu Lys Glu Ile Met Ala Pro Leu Phe Gln Lys His Met
290 295 300

Asp Asp Ile Ile Ser Gly Glu Phe Ser Ser Gly Met Met Ala Asp Trp
305 310 315 320

Ala Asn Asp Asp Lys Lys Leu Leu Thr Trp Arg Glu Glu Thr Gly Lys
325 330 335

Thr Ala Phe Glu Thr Ala Pro Gln Tyr Glu Gly Lys Ile Gly Glu Gln
340 345 350

Glu Tyr Phe Asp Lys Gly Val Leu Met Ile Ala Met Val Lys Ala Gly
355 360 365

Val Glu Leu Ala Phe Glu Thr Met Val Asp Ser Gly Ile Ile Glu Glu
370 375 380

Ser Ala Tyr Tyr Glu Ser Leu His Glu Leu Pro Leu Ile Ala Asn Thr
385 390 395 400

Ile Ala Arg Lys Arg Leu Tyr Glu Met Asn Val Val Ile Ser Asp Thr
405 410 415

Ala Glu Tyr Gly Asn Tyr Leu Phe Ser Tyr Ala Cys Val Pro Leu Leu
420 425 430

Lys Pro Phe Met Ala Glu Leu Gln Pro Gly Asp Leu Gly Lys Ala Ile
435 440 445

Pro Glu Gly Ala Val Asp Asn Gly Gln Leu Arg Asp Val Asn Glu Ala
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450 455 460

Ile Arg Ser His Ala Ile Glu Gln Val Gly Lys Lys Leu Arg Gly Tyr
465 470 475 480

Met Thr Asp Met Lys Arg Ile Ala Val Ala Gly Leu Glu
485 490

<210> SEQ ID NO 26

<211> LENGTH: 1494

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 26

atggcgaatt atttcaacac tctgaacctyg cgtcaacaac tggcgcaact gggtaagtge
cgtttecatgg gtegtgacga gtttgeggac ggtgcttett atctgcaagy caagaaggtt
gttattgttyg gttgcggtge gcaaggcctg aatcaaggte tgaatatgeg cgacagegge
ctggacatta gctatgeget gegcaaggag getategegg aaaaacgtge tgactggege
aaggctactyg agaacggcett caaggttgge acctatgagyg agetgattece gcaagetgac
ctggttatca atctgaccce agataaagtyg catagcegacyg ttgttegtac tgttcaaccyg
ctgatgaagg atggtgctge tctgggttat agecacgget ttaacattgt tgaggtaggt
gaacaaattc gcaaggacat tactgttgtt atggtggctce caaagtgtce gggtactgag
gttegegagyg aatataageg cggttttggt gttccaacce tgatcegeggt geatccagag
aatgacccaa agggtgaggg tatggctate gegaaggegt gggetgegge gactggegge
catcgegety gegttetgga gagcagettt gtggetgagyg ttaagagega tetgatgggt
gaacagacta ttctgtgtgg tatgetgcaa gegggtagee tgetgtgttt tgataaacty
gttgaggagyg gcactgacce ggegtatgeg gagaagetga tccaatttgg ctgggagact
attactgagg cgctgaagca aggtggtatt actctgatga tggatcgect gagecaatcca
gctaagetge gegegtacge tetgagegag caactgaagg aaattatgge accgetgttt
caaaagcaca tggatgatat cattageggt gagtttageca geggcatgat ggetgattgg
gcgaatgacyg acaaaaagcet getgacttgg cgcgaggaaa ctggtaagac tgetttegag
actgctccac aatacgaggg taagattggt gaacaagaat attttgacaa gggtgttetg
atgatcgcta tggttaagge tggtgtggag ctggettttyg agactatggt tgacageggt
attatcgagg aaagegegta ctacgagage ctgcatgaac tgecactgat cgegaatact
attgecgegea aacgectgta tgagatgaat gttgtgatta gegacactge ggaatatgge
aattacctgt ttagectatge gtgegtteca ctgctgaage cattcatgge ggaactgcag
ccaggtgate tgggcaagge gatcccagag ggtgctgttyg acaatggtca getgegegac
gttaatgagyg ctatcecgtte tcacgctate gaacaagttyg gcaaaaaget gegtggttac
atgaccgaca tgaagegcat cgcggtgget ggecaccacce accaccacca ctaa

<210> SEQ ID NO 27

<211> LENGTH: 499

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 27

Met Ala Asn Tyr Phe Asn Thr Leu Asn Leu Arg Gln Gln Leu Ala Gln
1 5 10 15

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1494
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Leu Gly Lys Cys Arg Phe Met Gly Arg Asp Glu Phe Ala Asp Gly Ala
20 25 30

Ser Tyr Leu Gln Gly Lys Lys Val Val Ile Val Gly Cys Gly Ala Gln
35 40 45

Gly Leu Asn Gln Gly Leu Asn Met Arg Asp Ser Gly Leu Asp Ile Ser
50 55 60

Tyr Ala Leu Arg Lys Glu Ala Ile Ala Glu Lys Arg Ala Asp Trp Arg
65 70 75 80

Lys Ala Thr Glu Asn Gly Phe Lys Val Gly Thr Tyr Glu Glu Leu Ile
85 90 95

Pro Gln Ala Asp Leu Val Ile Asn Leu Thr Pro Asp Lys Val His Ser
100 105 110

Asp Val Val Arg Thr Val Gln Pro Leu Met Lys Asp Gly Ala Ala Leu
115 120 125

Gly Tyr Ser His Gly Phe Asn Ile Val Glu Val Gly Glu Gln Ile Arg
130 135 140

Lys Asp Ile Thr Val Val Met Val Ala Pro Lys Cys Pro Gly Thr Glu
145 150 155 160

Val Arg Glu Glu Tyr Lys Arg Gly Phe Gly Val Pro Thr Leu Ile Ala
165 170 175

Val His Pro Glu Asn Asp Pro Lys Gly Glu Gly Met Ala Ile Ala Lys
180 185 190

Ala Trp Ala Ala Ala Thr Gly Gly His Arg Ala Gly Val Leu Glu Ser
195 200 205

Ser Phe Val Ala Glu Val Lys Ser Asp Leu Met Gly Glu Gln Thr Ile
210 215 220

Leu Cys Gly Met Leu Gln Ala Gly Ser Leu Leu Cys Phe Asp Lys Leu
225 230 235 240

Val Glu Glu Gly Thr Asp Pro Ala Tyr Ala Glu Lys Leu Ile Gln Phe
245 250 255

Gly Trp Glu Thr Ile Thr Glu Ala Leu Lys Gln Gly Gly Ile Thr Leu
260 265 270

Met Met Asp Arg Leu Ser Asn Pro Ala Lys Leu Arg Ala Tyr Ala Leu
275 280 285

Ser Glu Gln Leu Lys Glu Ile Met Ala Pro Leu Phe Gln Lys His Met
290 295 300

Asp Asp Ile Ile Ser Gly Glu Phe Ser Ser Gly Met Met Ala Asp Trp
305 310 315 320

Ala Asn Asp Asp Lys Lys Leu Leu Thr Trp Arg Glu Glu Thr Gly Lys
325 330 335

Thr Ala Phe Glu Thr Ala Pro Gln Tyr Glu Gly Lys Ile Gly Glu Gln
340 345 350

Glu Tyr Phe Asp Lys Gly Val Leu Met Ile Ala Met Val Lys Ala Gly
355 360 365

Val Glu Leu Ala Phe Glu Thr Met Val Asp Ser Gly Ile Ile Glu Glu
370 375 380

Ser Ala Tyr Tyr Glu Ser Leu His Glu Leu Pro Leu Ile Ala Asn Thr
385 390 395 400

Ile Ala Arg Lys Arg Leu Tyr Glu Met Asn Val Val Ile Ser Asp Thr
405 410 415
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Ala Glu Tyr Gly Asn Tyr Leu Phe Ser Tyr Ala Cys Val Pro Leu Leu
420 425 430

Lys Pro Phe Met Ala Glu Leu Gln Pro Gly Asp Leu Gly Lys Ala Ile
435 440 445

Pro Glu Gly Ala Val Asp Asn Gly Gln Leu Arg Asp Val Asn Glu Ala
450 455 460

Ile Arg Ser His Ala Ile Glu Gln Val Gly Lys Lys Leu Arg Gly Tyr
465 470 475 480

Met Thr Asp Met Lys Arg Ile Ala Val Ala Gly Leu Glu His His His
485 490 495

His His His

<210> SEQ ID NO 28
<211> LENGTH: 1494
<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 28

atggcgaatt atttcaacac tctgaacctg cgtcaacaac tggegcaact gggtaagtge 60
cgtttcatgg gtegtgacga gtttgeggac ggtgettett atctgcaagg caagaaggtt 120
gttattgttyg gttgeggtge gcaaggcectyg aatcaaggte tgaatatgeg cgacagegge 180
ctggacatta gctatgeget gegcaaggag tctatcgegg aaaaacgtge tgactggege 240
aaggctactyg agaacggctt caaggttgge acctatgagg agctgattce gcaagctgac 300
ctggttatca atctgaccce agataaagtg catagcgacg ttgttegtac tgttcaaccg 360
ctgatgaagg atggtgctge tctgggttat agecacgget ttaacattgt tgaggtaggt 420
gaacaaattc gcaaggacat tactgttgtt atggtggcte caaagtgtcce gggtactgag 480
gttcgegagg aatataageg cggttttggt gttccaacce tgatcgeggt geatccagag 540

aatgacccaa agggtgaggg tatggctate gegaaggegt gggetgegge gactggegge 600

catcgegetyg gegttetgga gagcagettt gtggetgagg ttaagagega tcetgatgggt 660
gaacagacta ttctgtgtgg tatgctgcaa gegggtagee tgetgtgttt tgataaactg 720
gttgaggagg gcactgaccc ggcgtatgeg gagaagctga tccaatttgyg ctgggagact 780
attactgagg cgctgaagca aggtggtatt actctgatga tggategect gagcaatcca 840
gctaagetge gegegtacge tetgagegag caactgaagg aaattatgge accgetgttt 900
caaaagcaca tggatgatat cattageggt gagtttagea geggcatgat ggetgattgg 960

gcgaatgacg acaaaaagct gctgacttgg cgcgaggaaa ctggtaagac tgctttcgag 1020
actgctceccac aatacgaggg taagattggt gaacaagaat attttgacaa gggtgttctg 1080
atgatcgcta tggttaaggc tggtgtggag ctggcttttg agactatggt tgacagcggt 1140
attatcgagg aaagcgcgta ctacgagagc ctgcatgaac tgccactgat cgcgaatact 1200
attgcgcgca aacgcctgta tgagatgaat gttgtgatta gcgacactgce ggaatatggce 1260
aattacctgt ttagctatgc gtgcgttcca ctgctgaage cattcatggce ggaactgcag 1320
ccaggtgatc tgggcaaggc gatcccagag ggtgctgttg acaatggtca gcetgcgcgac 1380
gttaatgagg ctatccgttce tcacgctatc gaacaagttyg gcaaaaagct gcgtggttac 1440

atgaccgaca tgaagcgcat cgcggtggct ggccaccacc accaccacca ctaa 1494
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<210> SEQ ID NO 29

<211> LENGTH: 499

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 29

Met Ala Asn Tyr Phe Asn Thr Leu Asn Leu Arg Gln Gln Leu Ala Gln
1 5 10 15

Leu Gly Lys Cys Arg Phe Met Gly Arg Asp Glu Phe Ala Asp Gly Ala
20 25 30

Ser Tyr Leu Gln Gly Lys Lys Val Val Ile Val Gly Cys Gly Ala Gln
35 40 45

Gly Leu Asn Gln Gly Leu Asn Met Arg Asp Ser Gly Leu Asp Ile Ser
50 55 60

Tyr Ala Leu Arg Lys Glu Ser Ile Ala Glu Lys Arg Ala Asp Trp Arg
65 70 75 80

Lys Ala Thr Glu Asn Gly Phe Lys Val Gly Thr Tyr Glu Glu Leu Ile
85 90 95

Pro Gln Ala Asp Leu Val Ile Asn Leu Thr Pro Asp Lys Val His Ser
100 105 110

Asp Val Val Arg Thr Val Gln Pro Leu Met Lys Asp Gly Ala Ala Leu
115 120 125

Gly Tyr Ser His Gly Phe Asn Ile Val Glu Val Gly Glu Gln Ile Arg
130 135 140

Lys Asp Ile Thr Val Val Met Val Ala Pro Lys Cys Pro Gly Thr Glu
145 150 155 160

Val Arg Glu Glu Tyr Lys Arg Gly Phe Gly Val Pro Thr Leu Ile Ala
165 170 175

Val His Pro Glu Asn Asp Pro Lys Gly Glu Gly Met Ala Ile Ala Lys
180 185 190

Ala Trp Ala Ala Ala Thr Gly Gly His Arg Ala Gly Val Leu Glu Ser
195 200 205

Ser Phe Val Ala Glu Val Lys Ser Asp Leu Met Gly Glu Gln Thr Ile
210 215 220

Leu Cys Gly Met Leu Gln Ala Gly Ser Leu Leu Cys Phe Asp Lys Leu
225 230 235 240

Val Glu Glu Gly Thr Asp Pro Ala Tyr Ala Glu Lys Leu Ile Gln Phe
245 250 255

Gly Trp Glu Thr Ile Thr Glu Ala Leu Lys Gln Gly Gly Ile Thr Leu
260 265 270

Met Met Asp Arg Leu Ser Asn Pro Ala Lys Leu Arg Ala Tyr Ala Leu
275 280 285

Ser Glu Gln Leu Lys Glu Ile Met Ala Pro Leu Phe Gln Lys His Met
290 295 300

Asp Asp Ile Ile Ser Gly Glu Phe Ser Ser Gly Met Met Ala Asp Trp
305 310 315 320

Ala Asn Asp Asp Lys Lys Leu Leu Thr Trp Arg Glu Glu Thr Gly Lys
325 330 335

Thr Ala Phe Glu Thr Ala Pro Gln Tyr Glu Gly Lys Ile Gly Glu Gln
340 345 350

Glu Tyr Phe Asp Lys Gly Val Leu Met Ile Ala Met Val Lys Ala Gly
355 360 365
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Val Glu Leu Ala Phe Glu Thr Met Val Asp Ser Gly Ile Ile Glu Glu
370 375 380

Ser Ala Tyr Tyr Glu Ser Leu His Glu Leu Pro Leu Ile Ala Asn Thr
385 390 395 400

Ile Ala Arg Lys Arg Leu Tyr Glu Met Asn Val Val Ile Ser Asp Thr
405 410 415

Ala Glu Tyr Gly Asn Tyr Leu Phe Ser Tyr Ala Cys Val Pro Leu Leu
420 425 430

Lys Pro Phe Met Ala Glu Leu Gln Pro Gly Asp Leu Gly Lys Ala Ile
435 440 445

Pro Glu Gly Ala Val Asp Asn Gly Gln Leu Arg Asp Val Asn Glu Ala
450 455 460

Ile Arg Ser His Ala Ile Glu Gln Val Gly Lys Lys Leu Arg Gly Tyr
465 470 475 480

Met Thr Asp Met Lys Arg Ile Ala Val Ala Gly Leu Glu His His His
485 490 495

His His His

<210> SEQ ID NO 30
<211> LENGTH: 1494
<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 30

atggcgaatt atttcaacac tctgaacctg cgtcaacaac tggegcaact gggtaagtge 60
cgtttcatgg gtegtgacga gtttgeggac ggtgettett atctgcaagg caagaaggtt 120
gttattgttyg gttgeggtge gcaaggcectyg aatcaaggte tgaatatgeg cgacagegge 180
ctggacatta gctatgeget gegcaaggag tctatcgegg aaaaagatge tgattggege 240
aaggctactyg agaacggctt caaggttgge acctatgagg agctgattce gcaagctgac 300
ctggttatca atctgaccce agataaagca catagcgacg ttgttegtac tgttcaaccg 360
ctgatgaagg atggtgctge tctgggttat agecacgget ttaacattgt tgaggtaggt 420
gaacaaattc gcaaggacat tactgttgtt atggtggcte caaagtgtcce gggtactgag 480
gttcgegagg aatataageg cggttttggt gttccaacce tgatcgeggt geatccagag 540

aatgacccaa agggtgaggg tatggctate gegaaggegt gggetgegge gactggegge 600

catcgegetyg gegttetgga gagcagettt gtggetgagg ttaagagega tcetgatgggt 660
gaacagacta ttctgtgtgg tatgctgcaa gegggtagee tgetgtgttt tgataaactg 720
gttgaggagg gcactgaccc ggcgtatgeg gagaagctga tccaatttgyg ctgggagact 780
attactgagg cgctgaagca aggtggtatt actctgatga tggategect gagcaatcca 840
gctaagetge gegegtacge tetgagegag caactgaagg aaattatgge accgetgttt 900
caaaagcaca tggatgatat cattageggt gagtttagea geggcatgat ggetgattgg 960

gcgaatgacg acaaaaagct gctgacttgg cgcgaggaaa ctggtaagac tgctttcgag 1020
actgctceccac aatacgaggg taagattggt gaacaagaat attttgacaa gggtgttctg 1080
atgatcgcta tggttaaggc tggtgtggag ctggcttttg agactatggt tgacagcggt 1140
attatcgagg aaagcgcgta ctacgagagc ctgcatgaac tgccactgat cgcgaatact 1200

attgcgcgca aacgcctgta tgagatgaat gttgtgatta gcgacactgce ggaatatggce 1260
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aattacctgt ttagctatgc gtgcgttcca ctgctgaage cattcatggce ggaactgcag 1320
ccaggtgatc tgggcaaggc gatcccagag ggtgctgttg acaatggtca gcetgcgcgac 1380
gttaatgagg ctatccgttce tcacgctatc gaacaagttyg gcaaaaagct gcgtggttac 1440
atgaccgaca tgaagcgcat cgcggtggct ggccaccacc accaccacca ctaa 1494
<210> SEQ ID NO 31

<211> LENGTH: 499

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 31

Met Ala Asn Tyr Phe Asn Thr Leu Asn Leu Arg Gln Gln Leu Ala Gln
1 5 10 15

Leu Gly Lys Cys Arg Phe Met Gly Arg Asp Glu Phe Ala Asp Gly Ala
20 25 30

Ser Tyr Leu Gln Gly Lys Lys Val Val Ile Val Gly Cys Gly Ala Gln
35 40 45

Gly Leu Asn Gln Gly Leu Asn Met Arg Asp Ser Gly Leu Asp Ile Ser
50 55 60

Tyr Ala Leu Arg Lys Glu Ser Ile Ala Glu Lys Asp Ala Asp Trp Arg
65 70 75 80

Lys Ala Thr Glu Asn Gly Phe Lys Val Gly Thr Tyr Glu Glu Leu Ile
85 90 95

Pro Gln Ala Asp Leu Val Ile Asn Leu Thr Pro Asp Lys Ala His Ser
100 105 110

Asp Val Val Arg Thr Val Gln Pro Leu Met Lys Asp Gly Ala Ala Leu
115 120 125

Gly Tyr Ser His Gly Phe Asn Ile Val Glu Val Gly Glu Gln Ile Arg
130 135 140

Lys Asp Ile Thr Val Val Met Val Ala Pro Lys Cys Pro Gly Thr Glu
145 150 155 160

Val Arg Glu Glu Tyr Lys Arg Gly Phe Gly Val Pro Thr Leu Ile Ala
165 170 175

Val His Pro Glu Asn Asp Pro Lys Gly Glu Gly Met Ala Ile Ala Lys
180 185 190

Ala Trp Ala Ala Ala Thr Gly Gly His Arg Ala Gly Val Leu Glu Ser
195 200 205

Ser Phe Val Ala Glu Val Lys Ser Asp Leu Met Gly Glu Gln Thr Ile
210 215 220

Leu Cys Gly Met Leu Gln Ala Gly Ser Leu Leu Cys Phe Asp Lys Leu
225 230 235 240

Val Glu Glu Gly Thr Asp Pro Ala Tyr Ala Glu Lys Leu Ile Gln Phe
245 250 255

Gly Trp Glu Thr Ile Thr Glu Ala Leu Lys Gln Gly Gly Ile Thr Leu
260 265 270

Met Met Asp Arg Leu Ser Asn Pro Ala Lys Leu Arg Ala Tyr Ala Leu
275 280 285

Ser Glu Gln Leu Lys Glu Ile Met Ala Pro Leu Phe Gln Lys His Met
290 295 300

Asp Asp Ile Ile Ser Gly Glu Phe Ser Ser Gly Met Met Ala Asp Trp
305 310 315 320
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Ala Asn Asp Asp Lys Lys Leu Leu Thr Trp Arg Glu Glu Thr Gly Lys
325 330 335

Thr Ala Phe Glu Thr Ala Pro Gln Tyr Glu Gly Lys Ile Gly Glu Gln
340 345 350

Glu Tyr Phe Asp Lys Gly Val Leu Met Ile Ala Met Val Lys Ala Gly
355 360 365

Val Glu Leu Ala Phe Glu Thr Met Val Asp Ser Gly Ile Ile Glu Glu
370 375 380

Ser Ala Tyr Tyr Glu Ser Leu His Glu Leu Pro Leu Ile Ala Asn Thr
385 390 395 400

Ile Ala Arg Lys Arg Leu Tyr Glu Met Asn Val Val Ile Ser Asp Thr
405 410 415

Ala Glu Tyr Gly Asn Tyr Leu Phe Ser Tyr Ala Cys Val Pro Leu Leu
420 425 430

Lys Pro Phe Met Ala Glu Leu Gln Pro Gly Asp Leu Gly Lys Ala Ile
435 440 445

Pro Glu Gly Ala Val Asp Asn Gly Gln Leu Arg Asp Val Asn Glu Ala
450 455 460

Ile Arg Ser His Ala Ile Glu Gln Val Gly Lys Lys Leu Arg Gly Tyr
465 470 475 480

Met Thr Asp Met Lys Arg Ile Ala Val Ala Gly Leu Glu His His His
485 490 495

His His His

<210> SEQ ID NO 32
<211> LENGTH: 1494
<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 32

atggcgaatt atttcaacac tctgaacctg cgtcaacaac tggegcaact gggtaagtge 60
cgtttcatgg gtegtgacga gtttgeggac ggtgettett atctgcaagg caagaaggtt 120
gttattgttyg gttgeggtge gcaaggcectyg aatcaaggte tgaatatgeg cgacagegge 180
ctggacatta gctatgeget gegcaaggag tctatcgegg aaaaagatge tgattggege 240
aaggctactyg agaacggctt caaggttgge acctatgagg agctgattce gcaagctgac 300
ctggttatca atctgaccce agataaagta catagcgacg ttgttegtac tgttcaacceg 360
ctgatgaagg atggtgctge tctgggttat agecacgget ttaacattgt tgaggtaggt 420
gaacaaattc gcaaggacat tactgttgtt atggtggcte caaagtgtcce gggtactgag 480
gttcgegagg aatataageg cggttttggt gttccaacce tgatcgeggt geatccagag 540

aatgacccaa agggtgaggg tatggctate gegaaggegt gggetgegge gactggegge 600

catcgegetyg gegttetgga gagcagettt gtggetgagg ttaagagega tcetgatgggt 660
gaacagacta ttctgtgtgg tatgctgcaa gegggtagee tgetgtgttt tgataaactg 720
gttgaggagg gcactgaccc ggcgtatgeg gagaagctga tccaatttgyg ctgggagact 780
attactgagg cgctgaagca aggtggtatt actctgatga tggategect gagcaatcca 840
gctaagetge gegegtacge tetgagegag caactgaagg aaattatgge accgetgttt 900
caaaagcaca tggatgatat cattageggt gagtttagea geggcatgat ggetgattgg 960

gcgaatgacg acaaaaagct gctgacttgg cgcgaggaaa ctggtaagac tgctttcgag 1020
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actgctceccac aatacgaggg taagattggt gaacaagaat attttgacaa gggtgttctg 1080
atgatcgcta tggttaaggc tggtgtggag ctggcttttg agactatggt tgacagcggt 1140
attatcgagg aaagcgcgta ctacgagagc ctgcatgaac tgccactgat cgcgaatact 1200
attgcgcgca aacgcctgta tgagatgaat gttgtgatta gcgacactgce ggaatatggce 1260
aattacctgt ttagctatgc gtgcgttcca ctgctgaage cattcatggce ggaactgcag 1320
ccaggtgatc tgggcaaggc gatcccagag ggtgctgttg acaatggtca gcetgcgcgac 1380
gttaatgagg ctatccgttce tcacgctatc gaacaagttyg gcaaaaagct gcgtggttac 1440
atgaccgaca tgaagcgcat cgcggtggct ggccaccacc accaccacca ctaa 1494
<210> SEQ ID NO 33

<211> LENGTH: 1494

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 33

atggccaact attttaacac attaaatttg agacaacaat tggctcaact gggtaagtgce 60
agatttatgg gaagggacga gtttgctgat ggtgettett atctgcaagg aaagaaagta 120
gtaattgttyg gctgeggtge tcagggtcta aaccaaggtt taaacatgag agattcaggt 180
ctggatattt cgtatgcatt gaggaaagag tctattgcag aaaaggatge cgattggegt 240
aaagcgacgyg aaaatgggtt caaagttggt acttacgaag aactgatcce tcaggcagat 300
ttagtgatta acctaacacc agataaggtt cactcagacg tagtaagaac agttcaaccg 360
ctgatgaagg atggggcage tttaggttac tctcatgget ttaatategt tgaagtggge 420
gagcagatca gaaaagatat aacagtcgta atggttgcac caaagtgccce aggtacggaa 480
gtcagagagg agtacaagag gggttttggt gtacctacat tgatcgcegt acatcctgaa 540
aatgacccca aaggtgaagg tatggcaatt gegaaggcat gggcageege aaccggaggt 600
catagagcegg gtgtgttaga gagttcettte gtagetgagg tcaagagtga cttaatgggt 660
gaacaaacca ttctgtgegg aatgttgcag gcagggtcett tactatgett tgataaattg 720
gtcgaagagg gtacagatcc tgcctatget gaaaagttga tacaatttgg ttgggagaca 780
atcaccgagyg cacttaaaca aggtggcata acattgatga tggatagact ttcaaatccg 840
gccaagctaa gagcectacge cttatctgag caactaaaag agatcatgge accattattce 900
caaaagcaca tggacgatat tatctcecggt gagtttteet caggaatgat ggcagattgg 960

gcaaacgatyg ataaaaagtt attgacgtgg agagaagaaa ccggcaagac ggcattcgag 1020
acagccceccac aatacgaagg taaaattggt gaacaagaat actttgataa gggagtattg 1080
atgatagcta tggtgaaggc aggggtagaa cttgcattcg aaactatggt tgactccggt 1140
atcattgaag aatctgcata ctatgagtct ttgcatgaat tgcctttgat agcaaatact 1200
attgcaagaa aaagacttta cgagatgaat gttgtcatat cagacactgc agaatatggt 1260
aattacttat ttagctacgc atgtgtcccg ttgttaaage ccttcatggce cgagttacaa 1320
cctggtgatt tggggaaggc tattccggaa ggagcggttg acaatggcca actgagagac 1380
gtaaatgaag ctattcgttc acatgctata gaacaggtgg gtaaaaagct gagaggatat 1440

atgaccgata tgaaaagaat tgcagtggca ggacaccacc accaccacca ctga 1494
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<210> SEQ ID NO 34

<211> LENGTH: 499

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 34

Met Ala Asn Tyr Phe Asn Thr Leu Asn Leu Arg Gln Gln Leu Ala Gln
1 5 10 15

Leu Gly Lys Cys Arg Phe Met Gly Arg Asp Glu Phe Ala Asp Gly Ala
20 25 30

Ser Tyr Leu Gln Gly Lys Lys Val Val Ile Val Gly Cys Gly Ala Gln
35 40 45

Gly Leu Asn Gln Gly Leu Asn Met Arg Asp Ser Gly Leu Asp Ile Ser
50 55 60

Tyr Ala Leu Arg Lys Glu Ser Ile Ala Glu Lys Asp Ala Asp Trp Arg
65 70 75 80

Lys Ala Thr Glu Asn Gly Phe Lys Val Gly Thr Tyr Glu Glu Leu Ile
85 90 95

Pro Gln Ala Asp Leu Val Ile Asn Leu Thr Pro Asp Lys Val His Ser
100 105 110

Asp Val Val Arg Thr Val Gln Pro Leu Met Lys Asp Gly Ala Ala Leu
115 120 125

Gly Tyr Ser His Gly Phe Asn Ile Val Glu Val Gly Glu Gln Ile Arg
130 135 140

Lys Asp Ile Thr Val Val Met Val Ala Pro Lys Cys Pro Gly Thr Glu
145 150 155 160

Val Arg Glu Glu Tyr Lys Arg Gly Phe Gly Val Pro Thr Leu Ile Ala
165 170 175

Val His Pro Glu Asn Asp Pro Lys Gly Glu Gly Met Ala Ile Ala Lys
180 185 190

Ala Trp Ala Ala Ala Thr Gly Gly His Arg Ala Gly Val Leu Glu Ser
195 200 205

Ser Phe Val Ala Glu Val Lys Ser Asp Leu Met Gly Glu Gln Thr Ile
210 215 220

Leu Cys Gly Met Leu Gln Ala Gly Ser Leu Leu Cys Phe Asp Lys Leu
225 230 235 240

Val Glu Glu Gly Thr Asp Pro Ala Tyr Ala Glu Lys Leu Ile Gln Phe
245 250 255

Gly Trp Glu Thr Ile Thr Glu Ala Leu Lys Gln Gly Gly Ile Thr Leu
260 265 270

Met Met Asp Arg Leu Ser Asn Pro Ala Lys Leu Arg Ala Tyr Ala Leu
275 280 285

Ser Glu Gln Leu Lys Glu Ile Met Ala Pro Leu Phe Gln Lys His Met
290 295 300

Asp Asp Ile Ile Ser Gly Glu Phe Ser Ser Gly Met Met Ala Asp Trp
305 310 315 320

Ala Asn Asp Asp Lys Lys Leu Leu Thr Trp Arg Glu Glu Thr Gly Lys
325 330 335

Thr Ala Phe Glu Thr Ala Pro Gln Tyr Glu Gly Lys Ile Gly Glu Gln
340 345 350

Glu Tyr Phe Asp Lys Gly Val Leu Met Ile Ala Met Val Lys Ala Gly
355 360 365
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Val Glu Leu Ala Phe Glu Thr Met Val Asp Ser Gly Ile Ile Glu Glu
370 375 380

Ser Ala Tyr Tyr Glu Ser Leu His Glu Leu Pro Leu Ile Ala Asn Thr
385 390 395 400

Ile Ala Arg Lys Arg Leu Tyr Glu Met Asn Val Val Ile Ser Asp Thr
405 410 415

Ala Glu Tyr Gly Asn Tyr Leu Phe Ser Tyr Ala Cys Val Pro Leu Leu
420 425 430

Lys Pro Phe Met Ala Glu Leu Gln Pro Gly Asp Leu Gly Lys Ala Ile
435 440 445

Pro Glu Gly Ala Val Asp Asn Gly Gln Leu Arg Asp Val Asn Glu Ala
450 455 460

Ile Arg Ser His Ala Ile Glu Gln Val Gly Lys Lys Leu Arg Gly Tyr
465 470 475 480

Met Thr Asp Met Lys Arg Ile Ala Val Ala Gly Leu Glu His His His
485 490 495

<210> SEQ ID NO 35

<211> LENGTH: 1476

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 35

atggccaact attttaacac attaaatttg agacaacaat tggctcaact gggtaagtgce 60
agatttatgg gaagggacga gtttgctgat ggtgettett atctgcaagg aaagaaagta 120
gtaattgttyg gctgeggtge tcagggtcta aaccaaggtt taaacatgag agattcaggt 180
ctggatattt cgtatgcatt gaggaaagag tctattgcag aaaaggatge cgattggegt 240
aaagcgacgyg aaaatgggtt caaagttggt acttacgaag aactgatcce tcaggcagat 300
ttagtgatta acctaacacc agataaggtt cactcagacg tagtaagaac agttcaaccg 360
ctgatgaagg atggggcage tttaggttac tctcatgget ttaatategt tgaagtggge 420
gagcagatca gaaaagatat aacagtcgta atggttgcac caaagtgccce aggtacggaa 480
gtcagagagg agtacaagag gggttttggt gtacctacat tgatcgcegt acatcctgaa 540
aatgacccca aaggtgaagg tatggcaatt gegaaggcat gggcageege aaccggaggt 600
catagagcegg gtgtgttaga gagttcettte gtagetgagg tcaagagtga cttaatgggt 660
gaacaaacca ttctgtgegg aatgttgcag gcagggtcett tactatgett tgataaattg 720
gtcgaagagg gtacagatcc tgcctatget gaaaagttga tacaatttgg ttgggagaca 780
atcaccgagyg cacttaaaca aggtggcata acattgatga tggatagact ttcaaatccg 840
gccaagctaa gagcectacge cttatctgag caactaaaag agatcatgge accattattce 900
caaaagcaca tggacgatat tatctcecggt gagtttteet caggaatgat ggcagattgg 960

gcaaacgatyg ataaaaagtt attgacgtgg agagaagaaa ccggcaagac ggcattcgag 1020
acagccceccac aatacgaagg taaaattggt gaacaagaat actttgataa gggagtattg 1080
atgatagcta tggtgaaggc aggggtagaa cttgcattcg aaactatggt tgactccggt 1140
atcattgaag aatctgcata ctatgagtct ttgcatgaat tgcctttgat agcaaatact 1200

attgcaagaa aaagacttta cgagatgaat gttgtcatat cagacactgc agaatatggt 1260
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aattacttat ttagctacgc atgtgtcccg ttgttaaage ccttcatggce cgagttacaa 1320
cctggtgatt tggggaaggc tattccggaa ggagcggttg acaatggcca actgagagac 1380
gtaaatgaag ctattcgttc acatgctata gaacaggtgg gtaaaaagct gagaggatat 1440
atgaccgata tgaaaagaat tgcagtggca ggatga 1476
<210> SEQ ID NO 36

<211> LENGTH: 491

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 36

Met Ala Asn Tyr Phe Asn Thr Leu Asn Leu Arg Gln Gln Leu Ala Gln
1 5 10 15

Leu Gly Lys Cys Arg Phe Met Gly Arg Asp Glu Phe Ala Asp Gly Ala
20 25 30

Ser Tyr Leu Gln Gly Lys Lys Val Val Ile Val Gly Cys Gly Ala Gln
35 40 45

Gly Leu Asn Gln Gly Leu Asn Met Arg Asp Ser Gly Leu Asp Ile Ser
50 55 60

Tyr Ala Leu Arg Lys Glu Ser Ile Ala Glu Lys Asp Ala Asp Trp Arg
65 70 75 80

Lys Ala Thr Glu Asn Gly Phe Lys Val Gly Thr Tyr Glu Glu Leu Ile
85 90 95

Pro Gln Ala Asp Leu Val Ile Asn Leu Thr Pro Asp Lys Val His Ser
100 105 110

Asp Val Val Arg Thr Val Gln Pro Leu Met Lys Asp Gly Ala Ala Leu
115 120 125

Gly Tyr Ser His Gly Phe Asn Ile Val Glu Val Gly Glu Gln Ile Arg
130 135 140

Lys Asp Ile Thr Val Val Met Val Ala Pro Lys Cys Pro Gly Thr Glu
145 150 155 160

Val Arg Glu Glu Tyr Lys Arg Gly Phe Gly Val Pro Thr Leu Ile Ala
165 170 175

Val His Pro Glu Asn Asp Pro Lys Gly Glu Gly Met Ala Ile Ala Lys
180 185 190

Ala Trp Ala Ala Ala Thr Gly Gly His Arg Ala Gly Val Leu Glu Ser
195 200 205

Ser Phe Val Ala Glu Val Lys Ser Asp Leu Met Gly Glu Gln Thr Ile
210 215 220

Leu Cys Gly Met Leu Gln Ala Gly Ser Leu Leu Cys Phe Asp Lys Leu
225 230 235 240

Val Glu Glu Gly Thr Asp Pro Ala Tyr Ala Glu Lys Leu Ile Gln Phe
245 250 255

Gly Trp Glu Thr Ile Thr Glu Ala Leu Lys Gln Gly Gly Ile Thr Leu
260 265 270

Met Met Asp Arg Leu Ser Asn Pro Ala Lys Leu Arg Ala Tyr Ala Leu
275 280 285

Ser Glu Gln Leu Lys Glu Ile Met Ala Pro Leu Phe Gln Lys His Met
290 295 300

Asp Asp Ile Ile Ser Gly Glu Phe Ser Ser Gly Met Met Ala Asp Trp
305 310 315 320
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Ala Asn Asp Asp Lys Lys Leu Leu Thr Trp Arg Glu Glu Thr Gly Lys
325 330 335

Thr Ala Phe Glu Thr Ala Pro Gln Tyr Glu Gly Lys Ile Gly Glu Gln
340 345 350

Glu Tyr Phe Asp Lys Gly Val Leu Met Ile Ala Met Val Lys Ala Gly
355 360 365

Val Glu Leu Ala Phe Glu Thr Met Val Asp Ser Gly Ile Ile Glu Glu
370 375 380

Ser Ala Tyr Tyr Glu Ser Leu His Glu Leu Pro Leu Ile Ala Asn Thr
385 390 395 400

Ile Ala Arg Lys Arg Leu Tyr Glu Met Asn Val Val Ile Ser Asp Thr
405 410 415

Ala Glu Tyr Gly Asn Tyr Leu Phe Ser Tyr Ala Cys Val Pro Leu Leu
420 425 430

Lys Pro Phe Met Ala Glu Leu Gln Pro Gly Asp Leu Gly Lys Ala Ile
435 440 445

Pro Glu Gly Ala Val Asp Asn Gly Gln Leu Arg Asp Val Asn Glu Ala
450 455 460

Ile Arg Ser His Ala Ile Glu Gln Val Gly Lys Lys Leu Arg Gly Tyr
465 470 475 480

Met Thr Asp Met Lys Arg Ile Ala Val Ala Gly
485 490

<210> SEQ ID NO 37

<211> LENGTH: 1494

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 37

atggccaact attttaacac attaaatttg agacaacaat tggctcaact gggtaagtgce 60
agatttatgg gaagggacga gtttgctgat ggtgettett atctgcaagg aaagaaagta 120
gtaattgttyg gctgeggtge tcagggtcta aaccaaggtt taaacatgag agattcaggt 180
ctggatattt cgtatgcatt gaggaaagag tctattgcag aaaaggatge cgattggegt 240
aaagcgacgyg aaaatgggtt caaagttggt acttacgaag aactgatcce tcaggcagat 300
ttagtgatta acctaacacc agataaggtt cactcagacg tagtaagaac agttcaaccg 360
ctgatgaagg atggggcage tttaggttac tctcatgget ttaatategt tgaagtggge 420
gagcagatca gaaaaggtat aacagtcgta atggttgcge caaagtgccce aggtacggaa 480
gtcagagagg agtacaagag gggttttggt gtacctacat tgatcgcegt acatcctgaa 540
aatgacccca aacgtgaagg tatggcaatt gegaaggcat gggcageege aaccggaggt 600
catagagcegg gtgtgttaga gagttcettte gtagetgagg tcaagagtga cttaatgggt 660
gaacaaacca ttctgtgegg aatgttgcag gcagggtcett tactatgett tgataaattg 720
gtcgaagagg gtacagatcc tgcctatget gaaaagttga tacaatttgg ttgggagaca 780
atcaccgagyg cacttaaaca aggtggcata acattgatga tggatagact ttcaaatccg 840
gccaagctaa gagcectacge cttatctgag caactaaaag agatcatgge accattattce 900
caaaagcaca tggacgatat tatctcecggt gagtttteet caggaatgat ggcagattgg 960

gcaaacgatyg ataaaaagtt attgacgtgg agagaagaaa ccggcaagac ggcattcgag 1020

acagccceccac aatacgaagg taaaattggt gaacaagaat actttgataa gggagtattg 1080
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atgatagcta tggtgaaggc aggggtagaa cttgcattcg aaactatggt tgactccggt 1140
atcattgaag aatctgcata ctatgagtct ttgcatgaat tgcctttgat agcaaatact 1200
attgcaagaa aaagacttta cgagatgaat gttgtcatat cagacactgc agaatatggt 1260
aattacttat ttagctacgc atgtgtcccg ttgttaaage ccttcatggce cgagttacaa 1320
cctggtgatt tggggaaggc tattccggaa ggagcggttg acaatggcca actgagagac 1380
gtaaatgaag ctattcgttc acatgctata gaacaggtgg gtaaaaagct gagaggatat 1440
atgaccgata tgaaaagaat tgcagtggca ggacaccacc accaccacca ctga 1494
<210> SEQ ID NO 38

<211> LENGTH: 497

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 38

Met Ala Asn Tyr Phe Asn Thr Leu Asn Leu Arg Gln Gln Leu Ala Gln
1 5 10 15

Leu Gly Lys Cys Arg Phe Met Gly Arg Asp Glu Phe Ala Asp Gly Ala
20 25 30

Ser Tyr Leu Gln Gly Lys Lys Val Val Ile Val Gly Cys Gly Ala Gln
35 40 45

Gly Leu Asn Gln Gly Leu Asn Met Arg Asp Ser Gly Leu Asp Ile Ser
50 55 60

Tyr Ala Leu Arg Lys Glu Ser Ile Ala Glu Lys Asp Ala Asp Trp Arg
65 70 75 80

Lys Ala Thr Glu Asn Gly Phe Lys Val Gly Thr Tyr Glu Glu Leu Ile
85 90 95

Pro Gln Ala Asp Leu Val Ile Asn Leu Thr Pro Asp Lys Val His Ser
100 105 110

Asp Val Val Arg Thr Val Gln Pro Leu Met Lys Asp Gly Ala Ala Leu
115 120 125

Gly Tyr Ser His Gly Phe Asn Ile Val Glu Val Gly Glu Gln Ile Arg
130 135 140

Lys Gly Ile Thr Val Val Met Val Ala Pro Lys Cys Pro Gly Thr Glu
145 150 155 160

Val Arg Glu Glu Tyr Lys Arg Gly Phe Gly Val Pro Thr Leu Ile Ala
165 170 175

Val His Pro Glu Asn Asp Pro Lys Arg Glu Gly Met Ala Ile Ala Lys
180 185 190

Ala Trp Ala Ala Ala Thr Gly Gly His Arg Ala Gly Val Leu Glu Ser
195 200 205

Ser Phe Val Ala Glu Val Lys Ser Asp Leu Met Gly Glu Gln Thr Ile
210 215 220

Leu Cys Gly Met Leu Gln Ala Gly Ser Leu Leu Cys Phe Asp Lys Leu
225 230 235 240

Val Glu Glu Gly Thr Asp Pro Ala Tyr Ala Glu Lys Leu Ile Gln Phe
245 250 255

Gly Trp Glu Thr Ile Thr Glu Ala Leu Lys Gln Gly Gly Ile Thr Leu
260 265 270

Met Met Asp Arg Leu Ser Asn Pro Ala Lys Leu Arg Ala Tyr Ala Leu
275 280 285
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Ser Glu Gln Leu Lys Glu Ile Met Ala Pro Leu Phe Gln Lys His Met
290 295 300

Asp Asp Ile Ile Ser Gly Glu Phe Ser Ser Gly Met Met Ala Asp Trp
305 310 315 320

Ala Asn Asp Asp Lys Lys Leu Leu Thr Trp Arg Glu Glu Thr Gly Lys
325 330 335

Thr Ala Phe Glu Thr Ala Pro Gln Tyr Glu Gly Lys Ile Gly Glu Gln
340 345 350

Glu Tyr Phe Asp Lys Gly Val Leu Met Ile Ala Met Val Lys Ala Gly
355 360 365

Val Glu Leu Ala Phe Glu Thr Met Val Asp Ser Gly Ile Ile Glu Glu
370 375 380

Ser Ala Tyr Tyr Glu Ser Leu His Glu Leu Pro Leu Ile Ala Asn Thr
385 390 395 400

Ile Ala Arg Lys Arg Leu Tyr Glu Met Asn Val Val Ile Ser Asp Thr
405 410 415

Ala Glu Tyr Gly Asn Tyr Leu Phe Ser Tyr Ala Cys Val Pro Leu Leu
420 425 430

Lys Pro Phe Met Ala Glu Leu Gln Pro Gly Asp Leu Gly Lys Ala Ile
435 440 445

Pro Glu Gly Ala Val Asp Asn Gly Gln Leu Arg Asp Val Asn Glu Ala
450 455 460

Ile Arg Ser His Ala Ile Glu Gln Val Gly Lys Lys Leu Arg Gly Tyr
465 470 475 480

Met Thr Asp Met Lys Arg Ile Ala Val Ala Gly His His His His His
485 490 495

<210> SEQ ID NO 39

<211> LENGTH: 1476

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 39

atggccaact attttaacac attaaatttg agacaacaat tggctcaact gggtaagtgce 60
agatttatgg gaagggacga gtttgctgat ggtgettett atctgcaagg aaagaaagta 120
gtaattgttyg gctgeggtge tcagggtcta aaccaaggtt taaacatgag agattcaggt 180
ctggatattt cgtatgcatt gaggaaagag tctattgcag aaaaggatge cgattggegt 240
aaagcgacgyg aaaatgggtt caaagttggt acttacgaag aactgatcce tcaggcagat 300
ttagtgatta acctaacacc agataaggtt cactcagacg tagtaagaac agttcaaccg 360
ctgatgaagg atggggcage tttaggttac tctcatgget ttaatategt tgaagtggge 420
gagcagatca gaaaaggtat aacagtcgta atggttgcge caaagtgccce aggtacggaa 480
gtcagagagg agtacaagag gggttttggt gtacctacat tgatcgcegt acatcctgaa 540
aatgacccca aacgtgaagg tatggcaatt gegaaggcat gggcageege aaccggaggt 600
catagagcegg gtgtgttaga gagttcettte gtagetgagg tcaagagtga cttaatgggt 660
gaacaaacca ttctgtgegg aatgttgcag gcagggtcett tactatgett tgataaattg 720

gtcgaagagg gtacagatcc tgcctatget gaaaagttga tacaatttgg ttgggagaca 780
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atcaccgagg cacttaaaca aggtggcata acattgatga tggatagact ttcaaatccg 840
gccaagctaa gagcctacge cttatctgag caactaaaag agatcatggce accattattc 900
caaaagcaca tggacgatat tatctccggt gagttttcct caggaatgat ggcagattgg 960

gcaaacgatyg ataaaaagtt attgacgtgg agagaagaaa ccggcaagac ggcattcgag 1020
acagccceccac aatacgaagg taaaattggt gaacaagaat actttgataa gggagtattg 1080
atgatagcta tggtgaaggc aggggtagaa cttgcattcg aaactatggt tgactccggt 1140
atcattgaag aatctgcata ctatgagtct ttgcatgaat tgcctttgat agcaaatact 1200
attgcaagaa aaagacttta cgagatgaat gttgtcatat cagacactgc agaatatggt 1260
aattacttat ttagctacgc atgtgtcccg ttgttaaage ccttcatggce cgagttacaa 1320
cctggtgatt tggggaaggc tattccggaa ggagcggttg acaatggcca actgagagac 1380
gtaaatgaag ctattcgttc acatgctata gaacaggtgg gtaaaaagct gagaggatat 1440
atgaccgata tgaaaagaat tgcagtggca ggatga 1476
<210> SEQ ID NO 40

<211> LENGTH: 491

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 40

Met Ala Asn Tyr Phe Asn Thr Leu Asn Leu Arg Gln Gln Leu Ala Gln
1 5 10 15

Leu Gly Lys Cys Arg Phe Met Gly Arg Asp Glu Phe Ala Asp Gly Ala
20 25 30

Ser Tyr Leu Gln Gly Lys Lys Val Val Ile Val Gly Cys Gly Ala Gln
35 40 45

Gly Leu Asn Gln Gly Leu Asn Met Arg Asp Ser Gly Leu Asp Ile Ser
50 55 60

Tyr Ala Leu Arg Lys Glu Ser Ile Ala Glu Lys Asp Ala Asp Trp Arg
65 70 75 80

Lys Ala Thr Glu Asn Gly Phe Lys Val Gly Thr Tyr Glu Glu Leu Ile
85 90 95

Pro Gln Ala Asp Leu Val Ile Asn Leu Thr Pro Asp Lys Val His Ser
100 105 110

Asp Val Val Arg Thr Val Gln Pro Leu Met Lys Asp Gly Ala Ala Leu
115 120 125

Gly Tyr Ser His Gly Phe Asn Ile Val Glu Val Gly Glu Gln Ile Arg
130 135 140

Lys Gly Ile Thr Val Val Met Val Ala Pro Lys Cys Pro Gly Thr Glu
145 150 155 160

Val Arg Glu Glu Tyr Lys Arg Gly Phe Gly Val Pro Thr Leu Ile Ala
165 170 175

Val His Pro Glu Asn Asp Pro Lys Arg Glu Gly Met Ala Ile Ala Lys
180 185 190

Ala Trp Ala Ala Ala Thr Gly Gly His Arg Ala Gly Val Leu Glu Ser
195 200 205

Ser Phe Val Ala Glu Val Lys Ser Asp Leu Met Gly Glu Gln Thr Ile
210 215 220

Leu Cys Gly Met Leu Gln Ala Gly Ser Leu Leu Cys Phe Asp Lys Leu
225 230 235 240
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Val Glu Glu Gly Thr Asp Pro Ala Tyr Ala Glu Lys Leu Ile Gln Phe
245 250 255

Gly Trp Glu Thr Ile Thr Glu Ala Leu Lys Gln Gly Gly Ile Thr Leu
260 265 270

Met Met Asp Arg Leu Ser Asn Pro Ala Lys Leu Arg Ala Tyr Ala Leu
275 280 285

Ser Glu Gln Leu Lys Glu Ile Met Ala Pro Leu Phe Gln Lys His Met
290 295 300

Asp Asp Ile Ile Ser Gly Glu Phe Ser Ser Gly Met Met Ala Asp Trp
305 310 315 320

Ala Asn Asp Asp Lys Lys Leu Leu Thr Trp Arg Glu Glu Thr Gly Lys
325 330 335

Thr Ala Phe Glu Thr Ala Pro Gln Tyr Glu Gly Lys Ile Gly Glu Gln
340 345 350

Glu Tyr Phe Asp Lys Gly Val Leu Met Ile Ala Met Val Lys Ala Gly
355 360 365

Val Glu Leu Ala Phe Glu Thr Met Val Asp Ser Gly Ile Ile Glu Glu
370 375 380

Ser Ala Tyr Tyr Glu Ser Leu His Glu Leu Pro Leu Ile Ala Asn Thr
385 390 395 400

Ile Ala Arg Lys Arg Leu Tyr Glu Met Asn Val Val Ile Ser Asp Thr
405 410 415

Ala Glu Tyr Gly Asn Tyr Leu Phe Ser Tyr Ala Cys Val Pro Leu Leu
420 425 430

Lys Pro Phe Met Ala Glu Leu Gln Pro Gly Asp Leu Gly Lys Ala Ile
435 440 445

Pro Glu Gly Ala Val Asp Asn Gly Gln Leu Arg Asp Val Asn Glu Ala
450 455 460

Ile Arg Ser His Ala Ile Glu Gln Val Gly Lys Lys Leu Arg Gly Tyr
465 470 475 480

Met Thr Asp Met Lys Arg Ile Ala Val Ala Gly
485 490

<210> SEQ ID NO 41

<211> LENGTH: 1494

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 41

atggccaact attttaacac attaaatttg agacaacaat tggctcaact gggtaagtgce 60
agatttatgg gaagggacga gtttgctgat ggtgettett atctgcaagg aaagaaagta 120
gtaattgttyg gctgeggtge tcagggtcta aaccaaggtt taaacatgag agattcaggt 180
ctggatattt cgtatgcatt gaggaaagag tctattgcag aaaaggatge cgattggegt 240
aaagcgacgyg aaaatgggtt caaagttggt acttacgaag aactgatcce tcaggcagat 300
ttagtgatta acctaacacc agataaggtt cactcagacg tagtaagaac agttcaaccg 360
ctgatgaagg atggggcage tttaggttac tctcatgget ttaatategt tgaagtggge 420
gagcagatca gaaaaggtat aacagtcgta atggttgcge caaagtgccce aggtacggaa 480
gtcagagagg agtacaagag gggttttggt gtacctacat tgatcgcegt acatcctgaa 540

aatgacccca aacgtgaagg tatggcaata gcgaaggcat gggcageege aaccggaggt 600
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catagagcgg gtgtgttaga gagttctttce gtagctgagg tcaagagtga cttaatgggt 660
gaacaaacca ttctgtgegg aatgttgcag gcagggtctt tactatgett tgataaattg 720
gtcgaagagg gtacagatcc tgcctatgcet gaaaagttga tacaatttgg ttgggagaca 780
atcaccgagg cacttaaaca aggtggcata acattgatga tggatagact ttcaaatccg 840
gccaagctaa gagcctacge cttatctgag caactaaaag agatcatggce accattattc 900
caaaagcaca tggacgatat tatctccggt gagttttcct caggaatgat ggcagattgg 960

gcaaacgatyg ataaaaagtt attgacgtgg agagaagaaa ccggcaagac ggcattcgag 1020
acagccceccac aatacgaagg taaaattggt gaacaagaat actttgataa gggagtattg 1080
atgatagcta tggtgaaggc aggggtagaa cttgcattcg aaactatggt tgactccggt 1140
atcattgaag aatctgcata ctatgagtct ttgcatgaat tgcctttgat agcaaatact 1200
attgcaagaa aaagacttta cgagatgaat gttgtcatat cagacactgc agaatatggt 1260
aattacttat ttagctacgc gtgtgtcccg ttgttagage ccttcatgge cgagttacaa 1320
cctggtgatt tggggaaggc tattccggaa ggagcggttg acaatggcca actgagagac 1380
gtaaatgaag ctattcgttc gcatgctata gaacaggtgg gtaaaaagct gagaggatat 1440
atgaccgata tgaaaagaat tgcagtggca ggacaccacc accaccacca ctga 1494
<210> SEQ ID NO 42

<211> LENGTH: 497

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 42

Met Ala Asn Tyr Phe Asn Thr Leu Asn Leu Arg Gln Gln Leu Ala Gln
1 5 10 15

Leu Gly Lys Cys Arg Phe Met Gly Arg Asp Glu Phe Ala Asp Gly Ala
20 25 30

Ser Tyr Leu Gln Gly Lys Lys Val Val Ile Val Gly Cys Gly Ala Gln
35 40 45

Gly Leu Asn Gln Gly Leu Asn Met Arg Asp Ser Gly Leu Asp Ile Ser
50 55 60

Tyr Ala Leu Arg Lys Glu Ser Ile Ala Glu Lys Asp Ala Asp Trp Arg
65 70 75 80

Lys Ala Thr Glu Asn Gly Phe Lys Val Gly Thr Tyr Glu Glu Leu Ile
85 90 95

Pro Gln Ala Asp Leu Val Ile Asn Leu Thr Pro Asp Lys Val His Ser
100 105 110

Asp Val Val Arg Thr Val Gln Pro Leu Met Lys Asp Gly Ala Ala Leu
115 120 125

Gly Tyr Ser His Gly Phe Asn Ile Val Glu Val Gly Glu Gln Ile Arg
130 135 140

Lys Gly Ile Thr Val Val Met Val Ala Pro Lys Cys Pro Gly Thr Glu
145 150 155 160

Val Arg Glu Glu Tyr Lys Arg Gly Phe Gly Val Pro Thr Leu Ile Ala
165 170 175

Val His Pro Glu Asn Asp Pro Lys Arg Glu Gly Met Ala Ile Ala Lys
180 185 190

Ala Trp Ala Ala Ala Thr Gly Gly His Arg Ala Gly Val Leu Glu Ser
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195 200 205

Ser Phe Val Ala Glu Val Lys Ser Asp Leu Met Gly Glu Gln Thr Ile
210 215 220

Leu Cys Gly Met Leu Gln Ala Gly Ser Leu Leu Cys Phe Asp Lys Leu
225 230 235 240

Val Glu Glu Gly Thr Asp Pro Ala Tyr Ala Glu Lys Leu Ile Gln Phe
245 250 255

Gly Trp Glu Thr Ile Thr Glu Ala Leu Lys Gln Gly Gly Ile Thr Leu
260 265 270

Met Met Asp Arg Leu Ser Asn Pro Ala Lys Leu Arg Ala Tyr Ala Leu
275 280 285

Ser Glu Gln Leu Lys Glu Ile Met Ala Pro Leu Phe Gln Lys His Met
290 295 300

Asp Asp Ile Ile Ser Gly Glu Phe Ser Ser Gly Met Met Ala Asp Trp
305 310 315 320

Ala Asn Asp Asp Lys Lys Leu Leu Thr Trp Arg Glu Glu Thr Gly Lys
325 330 335

Thr Ala Phe Glu Thr Ala Pro Gln Tyr Glu Gly Lys Ile Gly Glu Gln
340 345 350

Glu Tyr Phe Asp Lys Gly Val Leu Met Ile Ala Met Val Lys Ala Gly
355 360 365

Val Glu Leu Ala Phe Glu Thr Met Val Asp Ser Gly Ile Ile Glu Glu
370 375 380

Ser Ala Tyr Tyr Glu Ser Leu His Glu Leu Pro Leu Ile Ala Asn Thr
385 390 395 400

Ile Ala Arg Lys Arg Leu Tyr Glu Met Asn Val Val Ile Ser Asp Thr
405 410 415

Ala Glu Tyr Gly Asn Tyr Leu Phe Ser Tyr Ala Cys Val Pro Leu Leu
420 425 430

Glu Pro Phe Met Ala Glu Leu Gln Pro Gly Asp Leu Gly Lys Ala Ile
435 440 445

Pro Glu Gly Ala Val Asp Asn Gly Gln Leu Arg Asp Val Asn Glu Ala
450 455 460

Ile Arg Ser His Ala Ile Glu Gln Val Gly Lys Lys Leu Arg Gly Tyr
465 470 475 480

Met Thr Asp Met Lys Arg Ile Ala Val Ala Gly His His His His His
485 490 495

<210> SEQ ID NO 43

<211> LENGTH: 1476

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 43

atggccaact attttaacac attaaatttg agacaacaat tggctcaact gggtaagtgce 60
agatttatgg gaagggacga gtttgctgat ggtgettett atctgcaagg aaagaaagta 120
gtaattgttyg gctgeggtge tcagggtcta aaccaaggtt taaacatgag agattcaggt 180
ctggatattt cgtatgcatt gaggaaagag tctattgcag aaaaggatge cgattggegt 240

aaagcgacgyg aaaatgggtt caaagttggt acttacgaag aactgatcce tcaggcagat 300
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ttagtgatta acctaacacc agataaggtt cactcagacg tagtaagaac agttcaaccg 360
ctgatgaagg atggggcagc tttaggttac tctcatgget ttaatatcgt tgaagtgggce 420
gagcagatca gaaaaggtat aacagtcgta atggttgcgc caaagtgccc aggtacggaa 480
gtcagagagg agtacaagag gggttttggt gtacctacat tgatcgcegt acatcctgaa 540
aatgacccca aacgtgaagg tatggcaata gcgaaggcat gggcagccgce aaccggaggt 600
catagagcgg gtgtgttaga gagttctttce gtagctgagg tcaagagtga cttaatgggt 660
gaacaaacca ttctgtgegg aatgttgcag gcagggtctt tactatgett tgataaattg 720
gtcgaagagg gtacagatcc tgcctatgcet gaaaagttga tacaatttgg ttgggagaca 780
atcaccgagg cacttaaaca aggtggcata acattgatga tggatagact ttcaaatccg 840
gccaagctaa gagcctacge cttatctgag caactaaaag agatcatggce accattattc 900
caaaagcaca tggacgatat tatctccggt gagttttcct caggaatgat ggcagattgg 960

gcaaacgatyg ataaaaagtt attgacgtgg agagaagaaa ccggcaagac ggcattcgag 1020
acagccceccac aatacgaagg taaaattggt gaacaagaat actttgataa gggagtattg 1080
atgatagcta tggtgaaggc aggggtagaa cttgcattcg aaactatggt tgactccggt 1140
atcattgaag aatctgcata ctatgagtct ttgcatgaat tgcctttgat agcaaatact 1200
attgcaagaa aaagacttta cgagatgaat gttgtcatat cagacactgc agaatatggt 1260
aattacttat ttagctacgc gtgtgtcccg ttgttagage ccttcatgge cgagttacaa 1320
cctggtgatt tggggaaggc tattccggaa ggagcggttg acaatggcca actgagagac 1380
gtaaatgaag ctattcgttc gcatgctata gaacaggtgg gtaaaaagct gagaggatat 1440
atgaccgata tgaaaagaat tgcagtggca ggatga 1476
<210> SEQ ID NO 44

<211> LENGTH: 491

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 44

Met Ala Asn Tyr Phe Asn Thr Leu Asn Leu Arg Gln Gln Leu Ala Gln
1 5 10 15

Leu Gly Lys Cys Arg Phe Met Gly Arg Asp Glu Phe Ala Asp Gly Ala
20 25 30

Ser Tyr Leu Gln Gly Lys Lys Val Val Ile Val Gly Cys Gly Ala Gln
35 40 45

Gly Leu Asn Gln Gly Leu Asn Met Arg Asp Ser Gly Leu Asp Ile Ser
50 55 60

Tyr Ala Leu Arg Lys Glu Ser Ile Ala Glu Lys Asp Ala Asp Trp Arg
65 70 75 80

Lys Ala Thr Glu Asn Gly Phe Lys Val Gly Thr Tyr Glu Glu Leu Ile
85 90 95

Pro Gln Ala Asp Leu Val Ile Asn Leu Thr Pro Asp Lys Val His Ser
100 105 110

Asp Val Val Arg Thr Val Gln Pro Leu Met Lys Asp Gly Ala Ala Leu
115 120 125

Gly Tyr Ser His Gly Phe Asn Ile Val Glu Val Gly Glu Gln Ile Arg
130 135 140

Lys Gly Ile Thr Val Val Met Val Ala Pro Lys Cys Pro Gly Thr Glu
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145 150 155 160

Val Arg Glu Glu Tyr Lys Arg Gly Phe Gly Val Pro Thr Leu Ile Ala
165 170 175

Val His Pro Glu Asn Asp Pro Lys Arg Glu Gly Met Ala Ile Ala Lys
180 185 190

Ala Trp Ala Ala Ala Thr Gly Gly His Arg Ala Gly Val Leu Glu Ser
195 200 205

Ser Phe Val Ala Glu Val Lys Ser Asp Leu Met Gly Glu Gln Thr Ile
210 215 220

Leu Cys Gly Met Leu Gln Ala Gly Ser Leu Leu Cys Phe Asp Lys Leu
225 230 235 240

Val Glu Glu Gly Thr Asp Pro Ala Tyr Ala Glu Lys Leu Ile Gln Phe
245 250 255

Gly Trp Glu Thr Ile Thr Glu Ala Leu Lys Gln Gly Gly Ile Thr Leu
260 265 270

Met Met Asp Arg Leu Ser Asn Pro Ala Lys Leu Arg Ala Tyr Ala Leu
275 280 285

Ser Glu Gln Leu Lys Glu Ile Met Ala Pro Leu Phe Gln Lys His Met
290 295 300

Asp Asp Ile Ile Ser Gly Glu Phe Ser Ser Gly Met Met Ala Asp Trp
305 310 315 320

Ala Asn Asp Asp Lys Lys Leu Leu Thr Trp Arg Glu Glu Thr Gly Lys
325 330 335

Thr Ala Phe Glu Thr Ala Pro Gln Tyr Glu Gly Lys Ile Gly Glu Gln
340 345 350

Glu Tyr Phe Asp Lys Gly Val Leu Met Ile Ala Met Val Lys Ala Gly
355 360 365

Val Glu Leu Ala Phe Glu Thr Met Val Asp Ser Gly Ile Ile Glu Glu
370 375 380

Ser Ala Tyr Tyr Glu Ser Leu His Glu Leu Pro Leu Ile Ala Asn Thr
385 390 395 400

Ile Ala Arg Lys Arg Leu Tyr Glu Met Asn Val Val Ile Ser Asp Thr
405 410 415

Ala Glu Tyr Gly Asn Tyr Leu Phe Ser Tyr Ala Cys Val Pro Leu Leu
420 425 430

Glu Pro Phe Met Ala Glu Leu Gln Pro Gly Asp Leu Gly Lys Ala Ile
435 440 445

Pro Glu Gly Ala Val Asp Asn Gly Gln Leu Arg Asp Val Asn Glu Ala
450 455 460

Ile Arg Ser His Ala Ile Glu Gln Val Gly Lys Lys Leu Arg Gly Tyr
465 470 475 480

Met Thr Asp Met Lys Arg Ile Ala Val Ala Gly
485 490

<210> SEQ ID NO 45

<211> LENGTH: 1647

<212> TYPE: DNA

<213> ORGANISM: Lactococcus lactis

<400> SEQUENCE: 45

atgtatacag taggagatta cctattagac cgattacacg agttaggaat tgaagaaatt 60

tttggagtce ctggagacta taacttacaa tttttagatc aaattattte ccgcaaggat 120
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atgaaatggg tcggaaatgc taatgaatta aatgcttcat atatggctga tggctatget 180
cgtactaaaa aagctgccge atttcttaca acctttggag taggtgaatt gagtgcagtt 240
aatggattag caggaagtta cgccgaaaat ttaccagtag tagaaatagt gggatcacct 300
acatcaaaag ttcaaaatga aggaaaattt gttcatcata cgctggctga cggtgatttt 360
aaacacttta tgaaaatgca cgaacctgtt acagcagcte gaactttact gacagcagaa 420
aatgcaaccg ttgaaattga ccgagtactt tctgcactat taaaagaaag aaaacctgte 480
tatatcaact taccagttga tgttgctgcet gcaaaagcag agaaaccctce actcecctttg 540
aaaaaagaaa actcaacttc aaatacaagt gaccaagaga tcttgaacaa aattcaagaa 600
agcttgaaaa atgccaaaaa accaatcgtg attacaggac atgaaataat tagttttgge 660
ttagaaaaaa cagtctctca atttatttca aagacaaaac tacctattac gacattaaac 720
tttggaaaaa gttcagttga tgaagctcte ccttcatttt taggaatcta taatggtaaa 780
ctctecagage ctaatcttaa agaattegtg gaatcagecg acttcatcct gatgettgga 840
gttaaactca cagactcttc aacaggagcc ttcactcatc atttaaatga aaataaaatg 900
atttcactga atatagatga aggaaaaata tttaacgaaa gcatccaaaa ttttgatttt 960
gaatcccteca tetectectet cttagaccta agcgaaatag aatacaaagg aaaatatatc 1020

gataaaaagc aagaagactt tgttccatca aatgcgcttt tatcacaaga ccgcctatgg 1080
caagcagttg aaaacctaac tcaaagcaat gaaacaatcg ttgctgaaca agggacatca 1140
ttetttggeg cttcatcaat tttcttaaaa ccaaagagtc attttattgg tcaaccctta 1200
tggggatcaa ttggatatac attcccagca gcattaggaa gccaaattgc agataaagaa 1260
agcagacacc ttttatttat tggtgatggt tcacttcaac ttacggtgca agaattagga 1320
ttagcaatca gagaaaaaat taatccaatt tgctttatta tcaataatga tggttataca 1380
gtcgaaagag aaattcatgg accaaatcaa agctacaatg atattccaat gtggaattac 1440
tcaaaattac cagaatcatt tggagcaaca gaagaacgag tagtctcgaa aatcgttaga 1500
actgaaaatg aatttgtgtc tgtcatgaaa gaagctcaag cagatccaaa tagaatgtac 1560
tggattgagt taattttggc aaaagaagat gcaccaaaag tactgaaaaa aatgggcaaa 1620
ctatttgctg aacaaaataa atcataa 1647
<210> SEQ ID NO 46

<211> LENGTH: 1647

<212> TYPE: DNA

<213> ORGANISM: Lactococcus lactis

<400> SEQUENCE: 46

atgtatactyg ttggtgatta tctgctggat cgtctgeatg aactgggtat tgaggagatce 60
tttggtgtte cgggcgacta caacctgecag ttectggatce agatcattte ccgtaaggat 120
atgaaatggg ttggcaacge caacgagetyg aatgetaget atatggetga tggttatgeg 180
cgtaccaaaa aggcggcetge cttectgace acgtteggtg ttggegaact gtetgecegte 240
aacggcctgg ctggtageta tgctgagaac ctgccagtgg ttgaaattgt tggttctect 300
acctctaaag ttcagaacga aggtaaattce gtgcatcaca ctcectggetga cggtgattte 360
aaacacttca tgaaaatgca cgagceggtyg accgetgece gtactetget gacggetgag 420

aacgcgactyg tggagatcga cegtgtgetyg tctgeactge tgaaagageg taaaccggtg 480
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tacattaacc tgccggtgga tgtcgccgca gctaaagcag agaaaccgtc tctgecgetg 540
aaaaaggaga acagcacgtc taacacgtcc gatcaggaga tcctgaacaa aatccaggag 600
tccctgaaaa acgcgaagaa accgatcgta atcactggtce atgaaattat cagetttgge 660
ctggaaaaga ctgtaagcca gtttatctct aaaaccaaac tgccgatcac cactctgaat 720
ttcggcaaaa gcagegttga tgaggcactg cctteocttee tgggcattta taacggtaaa 780
ctgtccgage cgaacctgaa agagttcegtt gagtcecgeeg atttcattct gatgetggge 840
gtcaaactga ctgactcttc tactggtgcc ttcacccacc acctgaacga aaacaaaatg 900
atttccctga acattgatga gggtaaaatc ttcaacgaaa gcatccagaa cttegacttce 960

gaatctctga tcectectectet gctggatetg agcgagatcg aatacaaggg caaatacatt 1020
gataagaaac aggaggactt cgttccgtct aacgctctge tgagccagga ccgtcectgtgg 1080
caggcagtcg aaaacctgac ccagtccaac gaaaccateg ttgcagagca gggtacttce 1140
ttetteggtyg cctcettcectat cttectgaaa ccgaagtece acttcattgg ccagecgetg 1200
tggggtagca tcggctatac cttccectgca gctetgggtt ctcagattge ggataaagaa 1260
tctegecate tgctgttcecat cggcgacggce agectgcage tgaccgttca ggaactgggce 1320
ctggctatcc gtgaaaagat caacccaatt tgcttcatca tcaataacga cggttacact 1380
gtggaacgcg agatccacgg tccgaaccag tcttacaacg atatcccgat gtggaactac 1440
tccaagetge cagagagcett cggtgctact gaggaacgtg tcgttagcaa gatcgtacgce 1500
accgaaaatg agttcgtaag cgttatgaaa gaagctcaag ctgatccgaa ccgcatgtat 1560
tggatcgagce tgatcctggce aaaagaggat gccccaaaag ttctgaagaa aatgggcaaa 1620
ctgttcecgeccg agcaaaacaa atcataa 1647
<210> SEQ ID NO 47

<211> LENGTH: 548

<212> TYPE: PRT

<213> ORGANISM: Lactococcus lactis

<400> SEQUENCE: 47

Met Tyr Thr Val Gly Asp Tyr Leu Leu Asp Arg Leu His Glu Leu Gly
1 5 10 15

Ile Glu Glu Ile Phe Gly Val Pro Gly Asp Tyr Asn Leu Gln Phe Leu
20 25 30

Asp Gln Ile Ile Ser Arg Lys Asp Met Lys Trp Val Gly Asn Ala Asn
35 40 45

Glu Leu Asn Ala Ser Tyr Met Ala Asp Gly Tyr Ala Arg Thr Lys Lys
50 55 60

Ala Ala Ala Phe Leu Thr Thr Phe Gly Val Gly Glu Leu Ser Ala Val
65 70 75 80

Asn Gly Leu Ala Gly Ser Tyr Ala Glu Asn Leu Pro Val Val Glu Ile
85 90 95

Val Gly Ser Pro Thr Ser Lys Val Gln Asn Glu Gly Lys Phe Val His
100 105 110

His Thr Leu Ala Asp Gly Asp Phe Lys His Phe Met Lys Met His Glu
115 120 125

Pro Val Thr Ala Ala Arg Thr Leu Leu Thr Ala Glu Asn Ala Thr Val
130 135 140
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Glu Ile Asp Arg Val Leu Ser Ala Leu Leu Lys Glu Arg Lys Pro Val
145 150 155 160

Tyr Ile Asn Leu Pro Val Asp Val Ala Ala Ala Lys Ala Glu Lys Pro
165 170 175

Ser Leu Pro Leu Lys Lys Glu Asn Ser Thr Ser Asn Thr Ser Asp Gln
180 185 190

Glu Ile Leu Asn Lys Ile Gln Glu Ser Leu Lys Asn Ala Lys Lys Pro
195 200 205

Ile Val Ile Thr Gly His Glu Ile Ile Ser Phe Gly Leu Glu Lys Thr
210 215 220

Val Ser Gln Phe Ile Ser Lys Thr Lys Leu Pro Ile Thr Thr Leu Asn
225 230 235 240

Phe Gly Lys Ser Ser Val Asp Glu Ala Leu Pro Ser Phe Leu Gly Ile
245 250 255

Tyr Asn Gly Lys Leu Ser Glu Pro Asn Leu Lys Glu Phe Val Glu Ser
260 265 270

Ala Asp Phe Ile Leu Met Leu Gly Val Lys Leu Thr Asp Ser Ser Thr
275 280 285

Gly Ala Phe Thr His His Leu Asn Glu Asn Lys Met Ile Ser Leu Asn
290 295 300

Ile Asp Glu Gly Lys Ile Phe Asn Glu Ser Ile Gln Asn Phe Asp Phe
305 310 315 320

Glu Ser Leu Ile Ser Ser Leu Leu Asp Leu Ser Glu Ile Glu Tyr Lys
325 330 335

Gly Lys Tyr Ile Asp Lys Lys Gln Glu Asp Phe Val Pro Ser Asn Ala
340 345 350

Leu Leu Ser Gln Asp Arg Leu Trp Gln Ala Val Glu Asn Leu Thr Gln
355 360 365

Ser Asn Glu Thr Ile Val Ala Glu Gln Gly Thr Ser Phe Phe Gly Ala
370 375 380

Ser Ser Ile Phe Leu Lys Pro Lys Ser His Phe Ile Gly Gln Pro Leu
385 390 395 400

Trp Gly Ser Ile Gly Tyr Thr Phe Pro Ala Ala Leu Gly Ser Gln Ile
405 410 415

Ala Asp Lys Glu Ser Arg His Leu Leu Phe Ile Gly Asp Gly Ser Leu
420 425 430

Gln Leu Thr Val Gln Glu Leu Gly Leu Ala Ile Arg Glu Lys Ile Asn
435 440 445

Pro Ile Cys Phe Ile Ile Asn Asn Asp Gly Tyr Thr Val Glu Arg Glu
450 455 460

Ile His Gly Pro Asn Gln Ser Tyr Asn Asp Ile Pro Met Trp Asn Tyr
465 470 475 480

Ser Lys Leu Pro Glu Ser Phe Gly Ala Thr Glu Glu Arg Val Val Ser
485 490 495

Lys Ile Val Arg Thr Glu Asn Glu Phe Val Ser Val Met Lys Glu Ala
500 505 510

Gln Ala Asp Pro Asn Arg Met Tyr Trp Ile Glu Leu Ile Leu Ala Lys
515 520 525

Glu Asp Ala Pro Lys Val Leu Lys Lys Met Gly Lys Leu Phe Ala Glu
530 535 540

Gln Asn Lys Ser
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545
<210> SEQ ID NO 48
<211> LENGTH: 1647
<212> TYPE: DNA
<213> ORGANISM: Lactococcus lactis
<400> SEQUENCE: 48
atgtatactg ttggtgatta tctgctggac cgtcectgcatyg aactgggtat cgaagaaatc 60
tteggegtte cgggtgatta caatctgcag ttectggate agatcatctce tcataaagac 120
atgaaatggg tgggtaacgc taacgaactg aacgcaagct acatggcaga tggttatgca 180
cgtaccaaga aagccgegge atttctgacce acttteggtyg ttggcgaact gagegecgte 240
aacggtctgg cgggctecta cgccgaaaac ctgeceggtgyg tggagatcegt aggcagecca 300
acgagcaaag ttcagaacga aggtaaattc gtccaccaca ctctggcetga cggegattte 360
aaacacttca tgaaaatgca tgaacctgtg actgcggcac gtacgctget gactgcagag 420
aacgctactg tggaaatcga ccgcgttetg tetgegetge tgaaagaacyg caaaccagtt 480
tacatcaacc tgcctgtgga tgttgeggca gectaaagegg aaaaaccgag cctgecgetg 540
aagaaagaaa actccacttc taacactagc gaccaggaaa tcctgaacaa aatccaggag 600
tctectgaaaa acgcaaagaa accaatcgtg atcaccggec acgaaatcat ttettttggt 660
ctggagaaga ccgtgaccca attcatcage aaaaccaaac tgccgattac caccctgaac 720
tteggcaagt cctetgttga cgaggetetg cegtetttece tgggcatcta caacggtact 780
ctgagcgaac cgaacctgaa agaatttgtt gaatctgegg acttcatcct gatgetggge 840
gttaaactga ccgactctte taccggtgca ttcactcacce atctgaacga aaacaaaatg 900
attagcctga acatcgacga gggtaaaatc ttcaacgage gtatccagaa cttcgactte 960
gaaagcctga tcagctcectcet gctggacctg tccgaaatcg agtataaagg caaatacatt 1020
gacaaaaagc aagaagattt cgtaccatct aacgcactgc tgtcccagga tcgectgtgg 1080
caggcegtgg agaacctgac ccagagcaat gaaaccateg tggcggaaca aggtacgage 1140
tttttecggeg cgtcttctat ctttcectgaaa tccaaaagcce attttatcgg tcagecgetg 1200
tggggtagca ttggctatac tttcccggca gcgetgggcet ctcagatcge tgataaagaa 1260
tctegtecate tgctgttcecat cggtgacggt tcectgcage tgaccgtaca ggaactgggt 1320
ctggcaattc gtgaaaagat caacccgatt tgcttcatta ttaacaatga cggctacacc 1380
gttgagcgtyg agatccacgg tccgaaccag tcecttacaacg atatccctat gtggaactac 1440
tctaaactge cggagtcctt cggcgcaact gaggaccgtg ttgtgtctaa aattgtgegt 1500
accgaaaacg aatttgtgag cgtgatgaaa gaggcccagg ccgatccgaa ccgtatgtac 1560
tggatcgaac tgatcctgge gaaagaaggce gcaccgaagg tactgaagaa aatgggcaag 1620
ctgtttgctg aacagaataa atcctaa 1647

<210> SEQ ID NO 49
<211> LENGTH: 548
<212> TYPE: PRT

<213> ORGANISM: Lactococcus lactis

<400> SEQUENCE: 49

Met Tyr Thr Val Gly Asp Tyr Leu Leu Asp Arg Leu His Glu Leu Gly

1 5

10

15
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Ile Glu Glu Ile Phe Gly Val Pro Gly Asp Tyr Asn Leu Gln Phe Leu
Asp Gln Ile Ile Ser His Lys Asp Met Lys Trp Val Gly Asn Ala Asn
35 40 45

Glu Leu Asn Ala Ser Tyr Met Ala Asp Gly Tyr Ala Arg Thr Lys Lys
50 55 60

Ala Ala Ala Phe Leu Thr Thr Phe Gly Val Gly Glu Leu Ser Ala Val
65 70 75 80

Asn Gly Leu Ala Gly Ser Tyr Ala Glu Asn Leu Pro Val Val Glu Ile
Val Gly Ser Pro Thr Ser Lys Val Gln Asn Glu Gly Lys Phe Val His
100 105 110

His Thr Leu Ala Asp Gly Asp Phe Lys His Phe Met Lys Met His Glu
115 120 125

Pro Val Thr Ala Ala Arg Thr Leu Leu Thr Ala Glu Asn Ala Thr Val
130 135 140

Glu Ile Asp Arg Val Leu Ser Ala Leu Leu Lys Glu Arg Lys Pro Val
145 150 155 160

Tyr Ile Asn Leu Pro Val Asp Val Ala Ala Ala Lys Ala Glu Lys Pro
165 170 175

Ser Leu Pro Leu Lys Lys Glu Asn Ser Thr Ser Asn Thr Ser Asp Gln
180 185 190

Glu Ile Leu Asn Lys Ile Gln Glu Ser Leu Lys Asn Ala Lys Lys Pro
195 200 205

Ile Val Ile Thr Gly His Glu Ile Ile Ser Phe Gly Leu Glu Lys Thr
210 215 220

Val Thr Gln Phe Ile Ser Lys Thr Lys Leu Pro Ile Thr Thr Leu Asn
225 230 235 240

Phe Gly Lys Ser Ser Val Asp Glu Ala Leu Pro Ser Phe Leu Gly Ile
245 250 255

Tyr Asn Gly Thr Leu Ser Glu Pro Asn Leu Lys Glu Phe Val Glu Ser
260 265 270

Ala Asp Phe Ile Leu Met Leu Gly Val Lys Leu Thr Asp Ser Ser Thr
275 280 285

Gly Ala Phe Thr His His Leu Asn Glu Asn Lys Met Ile Ser Leu Asn
290 295 300

Ile Asp Glu Gly Lys Ile Phe Asn Glu Arg Ile Gln Asn Phe Asp Phe
305 310 315 320

Glu Ser Leu Ile Ser Ser Leu Leu Asp Leu Ser Glu Ile Glu Tyr Lys
325 330 335

Gly Lys Tyr Ile Asp Lys Lys Gln Glu Asp Phe Val Pro Ser Asn Ala
340 345 350

Leu Leu Ser Gln Asp Arg Leu Trp Gln Ala Val Glu Asn Leu Thr Gln
355 360 365

Ser Asn Glu Thr Ile Val Ala Glu Gln Gly Thr Ser Phe Phe Gly Ala
370 375 380

Ser Ser Ile Phe Leu Lys Ser Lys Ser His Phe Ile Gly Gln Pro Leu
385 390 395 400

Trp Gly Ser Ile Gly Tyr Thr Phe Pro Ala Ala Leu Gly Ser Gln Ile
405 410 415
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Ala Asp Lys Glu Ser Arg His Leu Leu Phe Ile Gly Asp Gly Ser Leu
420 425 430

Gln Leu Thr Val Gln Glu Leu Gly Leu Ala Ile Arg Glu Lys Ile Asn
435 440 445

Pro Ile Cys Phe Ile Ile Asn Asn Asp Gly Tyr Thr Val Glu Arg Glu
450 455 460

Ile His Gly Pro Asn Gln Ser Tyr Asn Asp Ile Pro Met Trp Asn Tyr
465 470 475 480

Ser Lys Leu Pro Glu Ser Phe Gly Ala Thr Glu Asp Arg Val Val Ser
485 490 495

Lys Ile Val Arg Thr Glu Asn Glu Phe Val Ser Val Met Lys Glu Ala
500 505 510

Gln Ala Asp Pro Asn Arg Met Tyr Trp Ile Glu Leu Ile Leu Ala Lys
515 520 525

Glu Gly Ala Pro Lys Val Leu Lys Lys Met Gly Lys Leu Phe Ala Glu
530 535 540

Gln Asn Lys Ser
545

<210> SEQ ID NO 50

<211> LENGTH: 1851

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 50

atgcctaagt accgtteege caccaccact catggtegta atatggeggg tgctegtgeg 60
ctgtggegeg ccaccggaat gaccgacgece gattteggta ageegattat cgeggttgtg 120
aactcgttca cccaatttgt accgggtcac gtecatetge gegatctegg taaactggte 180
geccgaacaaa ttgaagegge tggeggegtt gecaaagagt tcaacaccat tgeggtggat 240
gatgggattyg ccatgggcca cggggggatg ctttattcac tgccatcteg cgaactgatc 300
getgatteeg ttgagtatat ggtcaacgece cactgegeeg acgccatggt ctgeatctet 360
aactgcgaca aaatcaccce ggggatgetg atggetteee tgegectgaa tattceggtg 420
atctttgttt ccggeggece gatggaggee gggaaaacca aactttcega tcagatcate 480
aagctcgate tggttgatge gatgatccag ggegcagace cgaaagtate tgactcccag 540
agcgatcagg ttgaacgtte cgegtgteeg acctgeggtt cetgetcegg gatgtttace 600
gctaactcaa tgaactgect gaccgaageg ctgggectgt cgcagecggyg caacggeteg 660
ctgctggcaa cccacgecga ccgtaageag ctgttectta atgetggtaa acgcattgtt 720
gaattgacca aacgttatta cgagcaaaac gacgaaagtg cactgccgeg taatategec 780
agtaaggcgyg cgtttgaaaa cgccatgacg ctggatateg cgatgggtgg atcgactaac 840
accgtactte acctgetgge ggcggegeag gaageggaaa tegacttcac catgagtgat 900
atcgataage tttceecgecaa ggttccacag ctgtgtaaag ttgegecgag cacccagaaa 960

taccatatgg aagatgttca ccgtgctggt ggtgttatcg gtattctcgg cgaactggat 1020
cgegeggggt tactgaaccg tgatgtgaaa aacgtacttg gectgacgtt gecgcaaacg 1080
ctggaacaat acgacgttat gctgacccag gatgacgcgg taaaaaatat gttccgcgca 1140
ggtcctgcag gcattcgtac cacacaggca ttctcgcaag attgccegttg ggatacgetg 1200

gacgacgatc gcgccaatgg ctgtatcege tegectggaac acgectacag caaagacggce 1260
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ggcetggegyg tgctctacgg taactttgeg gaaaacggcet gcatcgtgaa aacggcaggce 1320
gtecgatgaca gcatcctcaa attcaccgge ccggcgaaag tgtacgaaag ccaggacgat 1380
gcggtagaag cgattctcgg cggtaaagtt gtcgccggag atgtggtagt aattcgcetat 1440
gaaggcccga aaggcggtcece ggggatgcag gaaatgetcet acccaaccag cttectgaaa 1500
tcaatgggtc tcggcaaagc ctgtgcgctg atcaccgacg gtcecgtttcte tggtggcacce 1560
tctggtettt ccatcggecca cgtctcaccg gaagcggcaa gcggcggcag cattggectg 1620
attgaagatg gtgacctgat cgctatcgac atcccgaacc gtggcattca gttacaggta 1680
agcgatgceg aactggegge gegtcgtgaa gegcaggacyg ctcecgaggtga caaagectgg 1740
acgccgaaaa atcgtgaacg tcaggtctce tttgcccetge gtgcttatge cagectggca 1800
accagcgccg acaaaggcgce ggtgcgcgat aaatcgaaac tggggggtta a 1851
<210> SEQ ID NO 51

<211> LENGTH: 1851

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 51

atgcctaaat atcgcagege aactactace cacggecgea acatggcagg cgegegtget 60
ctgtggegtyg cgactggtat gactgatgeg gactttggea aaccaatcat tgetgtggtt 120
aatagcttta ctcagttegt tccaggecat gttcacctge gtgacetggg caagetggtt 180
geggagcaga tcgaggcetge gggtggtgtyg gegaaggaat ttaacaccat cgetgttgac 240
gacggtatcg cgatgggtca tggtggtatg ctgtacagece tgccgagecyg tgagetgatt 300
geggacageg tggaatacat ggttaatgeg cattgtgegg atgcegatggt ttgtattage 360
aactgtgata agattactcc aggtatgetg atggegagec tgegtetgaa catcccagtt 420
attttcegtga geggtggtece aatggaageg ggtaagacta agctgagega ccagattate 480
aaactggacc tggtggacge tatgattcaa ggtgetgatce caaaggttag cgatagccaa 540
tctgaccaag tggagegecag cgcttgecca acttgtggea getgtagegg tatgttcact 600
gcgaatagca tgaattgtct gactgagget ctgggtetga gecaaccagyg taatggtage 660
ctgctggega ctcatgegga tegcaaacaa ctgtttetga acgegggcaa gegtategtg 720
gagctgacta agcgctacta tgaacagaat gatgagtceg cgetgecacyg caacattgeg 780
tccaaagetyg ctttegagaa tgcgatgace ctggacattg ctatgggegg tagcaccaat 840
actgttctge atctgetgge tgctgetcaa gaggetgaga ttgattttac tatgtccgac 900
attgacaaac tgagccgtaa agtgccgcaa ctgtgcaagg tggcetccate tactcaaaag 960

tatcacatgg aggacgtgca tcgcgcegggt ggegtgattg gcatcctggg tgagctggac 1020
cgtgctggte tgctgaatcg cgacgttaag aatgttcectgg gtctgaccet gecacagacce 1080
ctggagcagt atgatgtgat gctgactcaa gacgatgctg ttaagaacat gtttcgtget 1140
ggtcecggegyg gtatccgcac tacccaageg tttageccagg actgtcegetg ggacaccectg 1200
gatgatgacc gtgcgaacgg ttgcattecgt agcctggaac atgcgtattc taaggatggt 1260
ggtctggetyg ttectgtatgg caatttceget gagaatggtt gtattgttaa gaccgcgggt 1320
gttgacgatt ctattctgaa gtttactggt ccagctaagg tttatgagtc tcaagatgac 1380

gctgttgagg ctatcctggg tggcaaggtg gttgcgggtyg acgttgttgt tatccgttac 1440
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gagggtccaa agggtggccce aggtatgcaa gagatgctgt atccgacttce ttttcectgaag 1500
agcatgggcce tgggtaaggc gtgcgctctg attactgatg geccgctttag cggcggtact 1560
agcggcectga gcattggtca tgttageccca gaggctgegt ctggtggtte tatcggtcetg 1620
atcgaggacg gcgatctgat tgcgattgat attccaaatc gcggtatcca actgcaagtt 1680
tctgacgegg agctggctge tegceccgegag gctcaagatg cgcgtggcga taaggcegtgg 1740
accccaaaga accgcgagceg ccaagttage ttegegetge gegegtacge ctcetetggeg 1800
acttctgegg ataagggtgce tgttcecgtgac aagagcaagce tgggtggcta a 1851
<210> SEQ ID NO 52

<211> LENGTH: 616

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 52

Met Pro Lys Tyr Arg Ser Ala Thr Thr Thr His Gly Arg Asn Met Ala
1 5 10 15

Gly Ala Arg Ala Leu Trp Arg Ala Thr Gly Met Thr Asp Ala Asp Phe
20 25 30

Gly Lys Pro Ile Ile Ala Val Val Asn Ser Phe Thr Gln Phe Val Pro
35 40 45

Gly His Val His Leu Arg Asp Leu Gly Lys Leu Val Ala Glu Gln Ile
50 55 60

Glu Ala Ala Gly Gly Val Ala Lys Glu Phe Asn Thr Ile Ala Val Asp
65 70 75 80

Asp Gly Ile Ala Met Gly His Gly Gly Met Leu Tyr Ser Leu Pro Ser
85 90 95

Arg Glu Leu Ile Ala Asp Ser Val Glu Tyr Met Val Asn Ala His Cys
100 105 110

Ala Asp Ala Met Val Cys Ile Ser Asn Cys Asp Lys Ile Thr Pro Gly
115 120 125

Met Leu Met Ala Ser Leu Arg Leu Asn Ile Pro Val Ile Phe Val Ser
130 135 140

Gly Gly Pro Met Glu Ala Gly Lys Thr Lys Leu Ser Asp Gln Ile Ile
145 150 155 160

Lys Leu Asp Leu Val Asp Ala Met Ile Gln Gly Ala Asp Pro Lys Val
165 170 175

Ser Asp Ser Gln Ser Asp Gln Val Glu Arg Ser Ala Cys Pro Thr Cys
180 185 190

Gly Ser Cys Ser Gly Met Phe Thr Ala Asn Ser Met Asn Cys Leu Thr
195 200 205

Glu Ala Leu Gly Leu Ser Gln Pro Gly Asn Gly Ser Leu Leu Ala Thr
210 215 220

His Ala Asp Arg Lys Gln Leu Phe Leu Asn Ala Gly Lys Arg Ile Val
225 230 235 240

Glu Leu Thr Lys Arg Tyr Tyr Glu Gln Asn Asp Glu Ser Ala Leu Pro
245 250 255

Arg Asn Ile Ala Ser Lys Ala Ala Phe Glu Asn Ala Met Thr Leu Asp
260 265 270

Ile Ala Met Gly Gly Ser Thr Asn Thr Val Leu His Leu Leu Ala Ala
275 280 285
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Ala Gln Glu Ala Glu Ile Asp Phe Thr Met Ser Asp Ile Asp Lys Leu
290 295 300

Ser Arg Lys Val Pro Gln Leu Cys Lys Val Ala Pro Ser Thr Gln Lys
305 310 315 320

Tyr His Met Glu Asp Val His Arg Ala Gly Gly Val Ile Gly Ile Leu
325 330 335

Gly Glu Leu Asp Arg Ala Gly Leu Leu Asn Arg Asp Val Lys Asn Val
340 345 350

Leu Gly Leu Thr Leu Pro Gln Thr Leu Glu Gln Tyr Asp Val Met Leu
355 360 365

Thr Gln Asp Asp Ala Val Lys Asn Met Phe Arg Ala Gly Pro Ala Gly
370 375 380

Ile Arg Thr Thr Gln Ala Phe Ser Gln Asp Cys Arg Trp Asp Thr Leu
385 390 395 400

Asp Asp Asp Arg Ala Asn Gly Cys Ile Arg Ser Leu Glu His Ala Tyr
405 410 415

Ser Lys Asp Gly Gly Leu Ala Val Leu Tyr Gly Asn Phe Ala Glu Asn
420 425 430

Gly Cys Ile Val Lys Thr Ala Gly Val Asp Asp Ser Ile Leu Lys Phe
435 440 445

Thr Gly Pro Ala Lys Val Tyr Glu Ser Gln Asp Asp Ala Val Glu Ala
450 455 460

Ile Leu Gly Gly Lys Val Val Ala Gly Asp Val Val Val Ile Arg Tyr
465 470 475 480

Glu Gly Pro Lys Gly Gly Pro Gly Met Gln Glu Met Leu Tyr Pro Thr
485 490 495

Ser Phe Leu Lys Ser Met Gly Leu Gly Lys Ala Cys Ala Leu Ile Thr
500 505 510

Asp Gly Arg Phe Ser Gly Gly Thr Ser Gly Leu Ser Ile Gly His Val
515 520 525

Ser Pro Glu Ala Ala Ser Gly Gly Ser Ile Gly Leu Ile Glu Asp Gly
530 535 540

Asp Leu Ile Ala Ile Asp Ile Pro Asn Arg Gly Ile Gln Leu Gln Val
545 550 555 560

Ser Asp Ala Glu Leu Ala Ala Arg Arg Glu Ala Gln Asp Ala Arg Gly
565 570 575

Asp Lys Ala Trp Thr Pro Lys Asn Arg Glu Arg Gln Val Ser Phe Ala
580 585 590

Leu Arg Ala Tyr Ala Ser Leu Ala Thr Ser Ala Asp Lys Gly Ala Val
595 600 605

Arg Asp Lys Ser Lys Leu Gly Gly
610 615

<210> SEQ ID NO 53

<400> SEQUENCE: 53

000

<210> SEQ ID NO 54

<211> LENGTH: 1713

<212> TYPE: DNA
<213> ORGANISM: Lactococcus lactis
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<400> SEQUENCE: 54

atggagttta agtataacgg caaagttgaa tctgttgaac tgaataagta cagcaaaacg 60
ttgacacaag atcccacaca acccgccaca caggcaatgt attacggcat cgggtttaaa 120
gacgaagatt tcaagaaagc tcaagtgggt atagtgtcga tggactggga tggaaatcca 180
tgcaacatgc atttaggaac ccttggatca aagattaaaa gctcagtaaa tcagacagat 240
ggtctgatcg gcttacaatt tcatacgata ggagtttctg atgggatagc aaatggaaag 300
ttgggaatga gatactccct tgtttccaga gaagttatag ctgactctat tgaaaccaac 360
gctggcegetyg aatactatga tgcaattgta gccatcccag gttgtgacaa aaatatgcca 420
ggttctatta ttggtatggc aagacttaat aggccaagca ttatggtgta tggaggaaca 480
atagaacacg gtgaatataa aggtgagaaa ttgaacatcg tatcggcttt tgaatctcta 540
ggccagaaaa ttaccggcaa tatctctgat gaagattatc acggtgttat ttgtaatget 600
attcctggtc aaggggcatg tggggggatg tacacagcta ataccttagce tgccgctatce 660
gaaacactag gtatgtcatt gccgtattct tcttcgaacce ctgcagtatc tcaagaaaaa 720
caagaagaat gtgatgagat tggattagcc attaagaatc ttttggaaaa agacatcaag 780
cctagtgata taatgactaa ggaggcgttc gagaacgcta ttaccattgt gatggtcttg 840
gggggtagta ctaatgctgt cttgcatatt attgcaatgg ctaacgcgat aggtgtcgaa 900
ataactcagg atgacttcca aagaattagt gacattactc cagtactagg tgattttaaa 960

ccttcaggta aatatatgat ggaagatttg cataaaattg gaggcttgcc agcagtgcett 1020
aagtaccttc taaaggaagg aaaattgcat ggtgactgcce ttactgtgac gggtaaaaca 1080
ttagccgaga atgtcgagac tgccctagac ttggatttecg actcacaaga tatcatgagg 1140
ccactaaaga atcctatcaa ggccaccggce cacttgcaga ttctgtacgg taatttaget 1200
caagggggtt ccgtagcaaa aattagcggt aaagaaggag agttcttcaa aggcactgcce 1260
agagtctttg atggtgaaca acattttatc gacggcatag aatctggtcg tttgcatget 1320
ggagatgtag cggtaattag gaatataggt cccgtcggeg gacctggtat gcccgaaatg 1380
ctgaagccta catcagcatt aattggtgcg ggtttaggga aaagttgcgce gttaattacg 1440
gatggtagat tctccggtgg cactcacggt tttgttgteg gecatattgt gcctgaagece 1500
gttgagggtyg gactaatcgg cttagttgaa gatgacgata taatagagat agatgcagtc 1560
aacaactcta tatccctgaa agtttccgat gaagaaatcg caaagagaag agctaattat 1620
cagaagccaa ctccgaaagc caccagggga gttttggcaa aattcgctaa attaacccgt 1680
cctgcatcgg aagggtgtgt tactgatctg taa 1713
<210> SEQ ID NO 55

<211> LENGTH: 570

<212> TYPE: PRT

<213> ORGANISM: Lactococcus lactis

<400> SEQUENCE: 55

Met Glu Phe Lys Tyr Asn Gly Lys Val Glu Ser Val Glu Leu Asn Lys
1 5 10 15

Tyr Ser Lys Thr Leu Thr Gln Asp Pro Thr Gln Pro Ala Thr Gln Ala
20 25 30

Met Tyr Tyr Gly Ile Gly Phe Lys Asp Glu Asp Phe Lys Lys Ala Gln



US 2010/0143997 Al Jun. 10, 2010
126

-continued

35 40 45
Val Gly Ile Val Ser Met Asp Trp Asp Gly Asn Pro Cys Asn Met His
Leu Gly Thr Leu Gly Ser Lys Ile Lys Ser Ser Val Asn Gln Thr Asp
65 70 75 80

Gly Leu Ile Gly Leu Gln Phe His Thr Ile Gly Val Ser Asp Gly Ile
85 90 95

Ala Asn Gly Lys Leu Gly Met Arg Tyr Ser Leu Val Ser Arg Glu Val
100 105 110

Ile Ala Asp Ser Ile Glu Thr Asn Ala Gly Ala Glu Tyr Tyr Asp Ala
115 120 125

Ile Val Ala Ile Pro Gly Cys Asp Lys Asn Met Pro Gly Ser Ile Ile
130 135 140

Gly Met Ala Arg Leu Asn Arg Pro Ser Ile Met Val Tyr Gly Gly Thr
145 150 155 160

Ile Glu His Gly Glu Tyr Lys Gly Glu Lys Leu Asn Ile Val Ser Ala
165 170 175

Phe Glu Ser Leu Gly Gln Lys Ile Thr Gly Asn Ile Ser Asp Glu Asp
180 185 190

Tyr His Gly Val Ile Cys Asn Ala Ile Pro Gly Gln Gly Ala Cys Gly
195 200 205

Gly Met Tyr Thr Ala Asn Thr Leu Ala Ala Ala Ile Glu Thr Leu Gly
210 215 220

Met Ser Leu Pro Tyr Ser Ser Ser Asn Pro Ala Val Ser Gln Glu Lys
225 230 235 240

Gln Glu Glu Cys Asp Glu Ile Gly Leu Ala Ile Lys Asn Leu Leu Glu
245 250 255

Lys Asp Ile Lys Pro Ser Asp Ile Met Thr Lys Glu Ala Phe Glu Asn
260 265 270

Ala Ile Thr Ile Val Met Val Leu Gly Gly Ser Thr Asn Ala Val Leu
275 280 285

His Ile Ile Ala Met Ala Asn Ala Ile Gly Val Glu Ile Thr Gln Asp
290 295 300

Asp Phe Gln Arg Ile Ser Asp Ile Thr Pro Val Leu Gly Asp Phe Lys
305 310 315 320

Pro Ser Gly Lys Tyr Met Met Glu Asp Leu His Lys Ile Gly Gly Leu
325 330 335

Pro Ala Val Leu Lys Tyr Leu Leu Lys Glu Gly Lys Leu His Gly Asp
340 345 350

Cys Leu Thr Val Thr Gly Lys Thr Leu Ala Glu Asn Val Glu Thr Ala
355 360 365

Leu Asp Leu Asp Phe Asp Ser Gln Asp Ile Met Arg Pro Leu Lys Asn
370 375 380

Pro Ile Lys Ala Thr Gly His Leu Gln Ile Leu Tyr Gly Asn Leu Ala
385 390 395 400

Gln Gly Gly Ser Val Ala Lys Ile Ser Gly Lys Glu Gly Glu Phe Phe
405 410 415

Lys Gly Thr Ala Arg Val Phe Asp Gly Glu Gln His Phe Ile Asp Gly
420 425 430

Ile Glu Ser Gly Arg Leu His Ala Gly Asp Val Ala Val Ile Arg Asn
435 440 445
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Ile Gly Pro Val Gly Gly Pro Gly Met Pro Glu Met Leu Lys Pro Thr
450 455 460

Ser Ala Leu Ile Gly Ala Gly Leu Gly Lys Ser Cys Ala Leu Ile Thr
465 470 475 480

Asp Gly Arg Phe Ser Gly Gly Thr His Gly Phe Val Val Gly His Ile
485 490 495

Val Pro Glu Ala Val Glu Gly Gly Leu Ile Gly Leu Val Glu Asp Asp
500 505 510

Asp Ile Ile Glu Ile Asp Ala Val Asn Asn Ser Ile Ser Leu Lys Val
515 520 525

Ser Asp Glu Glu Ile Ala Lys Arg Arg Ala Asn Tyr Gln Lys Pro Thr
530 535 540

Pro Lys Ala Thr Arg Gly Val Leu Ala Lys Phe Ala Lys Leu Thr Arg
545 550 555 560

Pro Ala Ser Glu Gly Cys Val Thr Asp Leu
565 570

<210> SEQ ID NO 56

<211> LENGTH: 1758

<212> TYPE: DNA

<213> ORGANISM: Saccharomyces cerevisiae

<400> SEQUENCE: 56

atgggettgt taacgaaagt tgctacatct agacaattct ctacaacgag atgcegttgca 60
aagaagctca acaagtactc gtatatcatc actgaaccta agggccaagyg tgcgtcccag 120
gecatgettt atgecaccgg tttcaagaag gaagatttca agaagcctca agtcggggtt 180
ggttccetgtt ggtggtccgg taacccatgt aacatgcatce tattggactt gaataacaga 240
tgttctcaat ccattgaaaa agcgggtttg aaagctatge agttcaacac catcggtgtt 300
tcagacggta tctctatggg tactaaaggt atgagatact cgttacaaag tagagaaatc 360
attgcagact cctttgaaac catcatgatg gcacaacact acgatgctaa catcgccate 420
ccatcatgtg acaaaaacat gcccggtgte atgatggeca tgggtagaca taacagacct 480
tccatcatgg tatatggtgg tactatcttg ceecggtcate caacatgtgg ttcttcgaag 540
atctctaaaa acatcgatat cgtctctgeg tteccaatcct acggtgaata tatttccaag 600
caattcactg aagaagaaag agaagatgtt gtggaacatg catgcccagyg tcctggttcet 660
tgtggtggta tgtatactgc caacacaatg gcttctgeeg ctgaagtget aggtttgace 720
attccaaact cctcettectt cccagecgtt tecaaggaga agttagcetga gtgtgacaac 780
attggtgaat acatcaagaa gacaatggaa ttgggtattt tacctcgtga tatcctcaca 840
aaagaggctt ttgaaaacgc cattacttat gtegttgcaa ceggtgggte cactaatget 900
gttttgcatt tggtggctgt tgctcactct gecgggtgtca agttgtcacc agatgatttce 960

caaagaatca gtgatactac accattgatc ggtgacttca aaccttctgg taaatacgtc 1020
atggccgatt tgattaacgt tggtggtacc caatctgtga ttaagtatct atatgaaaac 1080
aacatgttgc acggtaacac aatgactgtt accggtgaca ctttggcaga acgtgcaaag 1140
aaagcaccaa gcctacctga aggacaagag attattaage cactctccca cccaatcaag 1200
gccaacggte acttgcaaat tctgtacggt tcattggcac caggtggagce tgtgggtaaa 1260

attaccggta aggaaggtac ttacttcaag ggtagagcac gtgtgttcga agaggaaggt 1320
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gcctttattg aageccttgga aagaggtgaa atcaagaagyg gtgaaaaaac cgttgttgtt 1380
atcagatatg aaggtccaag aggtgcacca ggtatgcctg aaatgctaaa gccttcectcet 1440
gctetgatgg gttacggttt gggtaaagat gttgcattgt tgactgatgg tagattctcect 1500
ggtggttcte acgggttctt aatcggccac attgttcceg aagccgctga aggtggtect 1560
atcgggttgg tcagagacgg cgatgagatt atcattgatg ctgataataa caagattgac 1620
ctattagtct ctgataagga aatggctcaa cgtaaacaaa gttgggttgc acctccacct 1680
cgttacacaa gaggtactct atccaagtat gctaagttgg tttccaacgce ttccaacggt 1740
tgtgttttag atgcttga 1758
<210> SEQ ID NO 57

<211> LENGTH: 585

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<400> SEQUENCE: 57

Met Gly Leu Leu Thr Lys Val Ala Thr Ser Arg Gln Phe Ser Thr Thr
1 5 10 15

Arg Cys Val Ala Lys Lys Leu Asn Lys Tyr Ser Tyr Ile Ile Thr Glu
20 25 30

Pro Lys Gly Gln Gly Ala Ser Gln Ala Met Leu Tyr Ala Thr Gly Phe
35 40 45

Lys Lys Glu Asp Phe Lys Lys Pro Gln Val Gly Val Gly Ser Cys Trp
50 55 60

Trp Ser Gly Asn Pro Cys Asn Met His Leu Leu Asp Leu Asn Asn Arg
65 70 75 80

Cys Ser Gln Ser Ile Glu Lys Ala Gly Leu Lys Ala Met Gln Phe Asn
85 90 95

Thr Ile Gly Val Ser Asp Gly Ile Ser Met Gly Thr Lys Gly Met Arg
100 105 110

Tyr Ser Leu Gln Ser Arg Glu Ile Ile Ala Asp Ser Phe Glu Thr Ile
115 120 125

Met Met Ala Gln His Tyr Asp Ala Asn Ile Ala Ile Pro Ser Cys Asp
130 135 140

Lys Asn Met Pro Gly Val Met Met Ala Met Gly Arg His Asn Arg Pro
145 150 155 160

Ser Ile Met Val Tyr Gly Gly Thr Ile Leu Pro Gly His Pro Thr Cys
165 170 175

Gly Ser Ser Lys Ile Ser Lys Asn Ile Asp Ile Val Ser Ala Phe Gln
180 185 190

Ser Tyr Gly Glu Tyr Ile Ser Lys Gln Phe Thr Glu Glu Glu Arg Glu
195 200 205

Asp Val Val Glu His Ala Cys Pro Gly Pro Gly Ser Cys Gly Gly Met
210 215 220

Tyr Thr Ala Asn Thr Met Ala Ser Ala Ala Glu Val Leu Gly Leu Thr
225 230 235 240

Ile Pro Asn Ser Ser Ser Phe Pro Ala Val Ser Lys Glu Lys Leu Ala
245 250 255

Glu Cys Asp Asn Ile Gly Glu Tyr Ile Lys Lys Thr Met Glu Leu Gly
260 265 270
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Ile Leu Pro Arg Asp Ile Leu Thr Lys Glu Ala Phe Glu Asn Ala Ile
275 280 285

Thr Tyr Val Val Ala Thr Gly Gly Ser Thr Asn Ala Val Leu His Leu
290 295 300

Val Ala Val Ala His Ser Ala Gly Val Lys Leu Ser Pro Asp Asp Phe
305 310 315 320

Gln Arg Ile Ser Asp Thr Thr Pro Leu Ile Gly Asp Phe Lys Pro Ser
325 330 335

Gly Lys Tyr Val Met Ala Asp Leu Ile Asn Val Gly Gly Thr Gln Ser
340 345 350

Val Ile Lys Tyr Leu Tyr Glu Asn Asn Met Leu His Gly Asn Thr Met
355 360 365

Thr Val Thr Gly Asp Thr Leu Ala Glu Arg Ala Lys Lys Ala Pro Ser
370 375 380

Leu Pro Glu Gly Gln Glu Ile Ile Lys Pro Leu Ser His Pro Ile Lys
385 390 395 400

Ala Asn Gly His Leu Gln Ile Leu Tyr Gly Ser Leu Ala Pro Gly Gly
405 410 415

Ala Val Gly Lys Ile Thr Gly Lys Glu Gly Thr Tyr Phe Lys Gly Arg
420 425 430

Ala Arg Val Phe Glu Glu Glu Gly Ala Phe Ile Glu Ala Leu Glu Arg
435 440 445

Gly Glu Ile Lys Lys Gly Glu Lys Thr Val Val Val Ile Arg Tyr Glu
450 455 460

Gly Pro Arg Gly Ala Pro Gly Met Pro Glu Met Leu Lys Pro Ser Ser
465 470 475 480

Ala Leu Met Gly Tyr Gly Leu Gly Lys Asp Val Ala Leu Leu Thr Asp
485 490 495

Gly Arg Phe Ser Gly Gly Ser His Gly Phe Leu Ile Gly His Ile Val
500 505 510

Pro Glu Ala Ala Glu Gly Gly Pro Ile Gly Leu Val Arg Asp Gly Asp
515 520 525

Glu Ile Ile Ile Asp Ala Asp Asn Asn Lys Ile Asp Leu Leu Val Ser
530 535 540

Asp Lys Glu Met Ala Gln Arg Lys Gln Ser Trp Val Ala Pro Pro Pro
545 550 555 560

Arg Tyr Thr Arg Gly Thr Leu Ser Lys Tyr Ala Lys Leu Val Ser Asn
565 570 575

Ala Ser Asn Gly Cys Val Leu Asp Ala
580 585

<210> SEQ ID NO 58

<211> LENGTH: 1701

<212> TYPE: DNA

<213> ORGANISM: Saccharomyces cerevisiae

<400> SEQUENCE: 58

atgaagaagc tcaacaagta ctecgtatate atcactgaac ctaagggeca aggtgegtcece 60
caggccatge tttatgecac cggtttcaag aaggaagatt tcaagaagcece tcaagtceggg 120
gttggttcect gttggtggte cggtaaccca tgtaacatge atctattgga cttgaataac 180

agatgttcte aatccattga aaaagcegggt ttgaaagcta tgcagttcaa caccatceggt 240
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gtttcagacg gtatctctat gggtactaaa ggtatgagat actcgttaca aagtagagaa 300
atcattgcag actcctttga aaccatcatg atggcacaac actacgatgc taacatcgcc 360
atcccatcat gtgacaaaaa catgcccggt gtcatgatgg ccatgggtag acataacaga 420
ccttecatca tggtatatgg tggtactatce ttgcceggte atccaacatg tggttcetteg 480
aagatctcta aaaacatcga tatcgtctct gegttccaat cctacggtga atatatttcece 540
aagcaattca ctgaagaaga aagagaagat gttgtggaac atgcatgccc aggtcctggt 600
tcttgtggtg gtatgtatac tgccaacaca atggcttctg ccgctgaagt gctaggtttg 660
accattccaa actcctctte cttcccagec gtttccaagg agaagttagce tgagtgtgac 720
aacattggtg aatacatcaa gaagacaatg gaattgggta ttttacctcg tgatatcctc 780
acaaaagagg cttttgaaaa cgccattact tatgtcgttg caaccggtgg gtccactaat 840
gctgttttge atttggtgge tgttgctcac tctgegggtg tcaagttgtce accagatgat 900
ttccaaagaa tcagtgatac tacaccattg atcggtgact tcaaaccttc tggtaaatac 960

gtcatggcceg atttgattaa cgttggtggt acccaatctg tgattaagta tctatatgaa 1020
aacaacatgt tgcacggtaa cacaatgact gttaccggtg acactttggc agaacgtgca 1080
aagaaagcac caagcctacc tgaaggacaa gagattatta agccactctce ccacccaatce 1140
aaggccaacg gtcacttgca aattctgtac ggttcattgg caccaggtgg agctgtgggt 1200
aaaattaccg gtaaggaagg tacttacttc aagggtagag cacgtgtgtt cgaagaggaa 1260
ggtgccttta ttgaagectt ggaaagaggt gaaatcaaga agggtgaaaa aaccgttgtt 1320
gttatcagat atgaaggtcc aagaggtgca ccaggtatgc ctgaaatgct aaagccttcece 1380
tctgctetga tgggttacgg tttgggtaaa gatgttgcat tgttgactga tggtagattce 1440
tctggtggtt ctcacgggtt cttaatcgge cacattgttc ccgaagccge tgaaggtggt 1500
cctatcgggt tggtcagaga cggcgatgag attatcattg atgctgataa taacaagatt 1560
gacctattag tctctgataa ggaaatggct caacgtaaac aaagttgggt tgcacctceca 1620
cctegttaca caagaggtac tctatccaag tatgctaagt tggtttccaa cgcttccaac 1680
ggttgtgttt tagatgcttg a 1701
<210> SEQ ID NO 59

<211> LENGTH: 566

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<400> SEQUENCE: 59

Met Lys Lys Leu Asn Lys Tyr Ser Tyr Ile Ile Thr Glu Pro Lys Gly
1 5 10 15

Gln Gly Ala Ser Gln Ala Met Leu Tyr Ala Thr Gly Phe Lys Lys Glu
20 25 30

Asp Phe Lys Lys Pro Gln Val Gly Val Gly Ser Cys Trp Trp Ser Gly
35 40 45

Asn Pro Cys Asn Met His Leu Leu Asp Leu Asn Asn Arg Cys Ser Gln
50 55 60

Ser Ile Glu Lys Ala Gly Leu Lys Ala Met Gln Phe Asn Thr Ile Gly

Val Ser Asp Gly Ile Ser Met Gly Thr Lys Gly Met Arg Tyr Ser Leu
85 90 95
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Gln Ser Arg Glu Ile Ile Ala Asp Ser Phe Glu Thr Ile Met Met Ala
100 105 110

Gln His Tyr Asp Ala Asn Ile Ala Ile Pro Ser Cys Asp Lys Asn Met
115 120 125

Pro Gly Val Met Met Ala Met Gly Arg His Asn Arg Pro Ser Ile Met
130 135 140

Val Tyr Gly Gly Thr Ile Leu Pro Gly His Pro Thr Cys Gly Ser Ser
145 150 155 160

Lys Ile Ser Lys Asn Ile Asp Ile Val Ser Ala Phe Gln Ser Tyr Gly
165 170 175

Glu Tyr Ile Ser Lys Gln Phe Thr Glu Glu Glu Arg Glu Asp Val Val
180 185 190

Glu His Ala Cys Pro Gly Pro Gly Ser Cys Gly Gly Met Tyr Thr Ala
195 200 205

Asn Thr Met Ala Ser Ala Ala Glu Val Leu Gly Leu Thr Ile Pro Asn
210 215 220

Ser Ser Ser Phe Pro Ala Val Ser Lys Glu Lys Leu Ala Glu Cys Asp
225 230 235 240

Asn Ile Gly Glu Tyr Ile Lys Lys Thr Met Glu Leu Gly Ile Leu Pro
245 250 255

Arg Asp Ile Leu Thr Lys Glu Ala Phe Glu Asn Ala Ile Thr Tyr Val
260 265 270

Val Ala Thr Gly Gly Ser Thr Asn Ala Val Leu His Leu Val Ala Val
275 280 285

Ala His Ser Ala Gly Val Lys Leu Ser Pro Asp Asp Phe Gln Arg Ile
290 295 300

Ser Asp Thr Thr Pro Leu Ile Gly Asp Phe Lys Pro Ser Gly Lys Tyr
305 310 315 320

Val Met Ala Asp Leu Ile Asn Val Gly Gly Thr Gln Ser Val Ile Lys
325 330 335

Tyr Leu Tyr Glu Asn Asn Met Leu His Gly Asn Thr Met Thr Val Thr
340 345 350

Gly Asp Thr Leu Ala Glu Arg Ala Lys Lys Ala Pro Ser Leu Pro Glu
355 360 365

Gly Gln Glu Ile Ile Lys Pro Leu Ser His Pro Ile Lys Ala Asn Gly
370 375 380

His Leu Gln Ile Leu Tyr Gly Ser Leu Ala Pro Gly Gly Ala Val Gly
385 390 395 400

Lys Ile Thr Gly Lys Glu Gly Thr Tyr Phe Lys Gly Arg Ala Arg Val
405 410 415

Phe Glu Glu Glu Gly Ala Phe Ile Glu Ala Leu Glu Arg Gly Glu Ile
420 425 430

Lys Lys Gly Glu Lys Thr Val Val Val Ile Arg Tyr Glu Gly Pro Arg
435 440 445

Gly Ala Pro Gly Met Pro Glu Met Leu Lys Pro Ser Ser Ala Leu Met
450 455 460

Gly Tyr Gly Leu Gly Lys Asp Val Ala Leu Leu Thr Asp Gly Arg Phe
465 470 475 480

Ser Gly Gly Ser His Gly Phe Leu Ile Gly His Ile Val Pro Glu Ala
485 490 495

Ala Glu Gly Gly Pro Ile Gly Leu Val Arg Asp Gly Asp Glu Ile Ile
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500 505 510

Ile Asp Ala Asp Asn Asn Lys Ile Asp Leu Leu Val Ser Asp Lys Glu
515 520 525

Met Ala Gln Arg Lys Gln Ser Trp Val Ala Pro Pro Pro Arg Tyr Thr
530 535 540

Arg Gly Thr Leu Ser Lys Tyr Ala Lys Leu Val Ser Asn Ala Ser Asn
545 550 555 560

Gly Cys Val Leu Asp Ala
565

<210> SEQ ID NO 60

<211> LENGTH: 771

<212> TYPE: DNA

<213> ORGANISM: Drosophila melanogaster

<400> SEQUENCE: 60

atgtcgttta ctttgaccaa caagaacgtg attttegttg ceggtetggg aggcattggt 60
ctggacacca gcaaggagct gcetcaagege gatctgaaga acctggtgat cctcegaccge 120
attgagaacc cggctgecat tgccgagetg aaggcaatca atccaaaggt gaccgtcacce 180
ttctacccct atgatgtgac cgtgeccatt gecgagacca ccaagetget gaagaccatce 240
ttcgeccage tgaagaccgt cgatgtectyg atcaacggag ctggtatect ggacgatcac 300
cagatcgage gcaccattge cgtcaactac actggectgg tcaacaccac gacggcecatt 360
ctggacttet gggacaageg caagggeggt cceggtggta tcatctgcaa cattggatcece 420
gtcactggat tcaatgccat ctaccaggtyg cccgtctact cecggcaccaa ggecgeegtyg 480
gtcaacttca ccagctccct ggcgaaactyg geccccatta ceggegtgac ggettacact 540
gtgaaccceg gcatcacceg caccaccctyg gtgcacacgt tcaactectyg gttggatgtt 600
gagcctcagg ttgccgagaa getectgget catcccacce agecctegtt ggectgegec 660
gagaacttcg tcaaggctat cgagctgaac cagaacggag ccatctggaa actggacttg 720
ggcaccctgg aggccatcca gtggaccaag cactgggact ccggeatcta a 771

<210> SEQ ID NO 61

<211> LENGTH: 256

<212> TYPE: PRT

<213> ORGANISM: Drosophila melanogaster

<400> SEQUENCE: 61

Met Ser Phe Thr Leu Thr Asn Lys Asn Val Ile Phe Val Ala Gly Leu
1 5 10 15

Gly Gly Ile Gly Leu Asp Thr Ser Lys Glu Leu Leu Lys Arg Asp Leu
20 25 30

Lys Asn Leu Val Ile Leu Asp Arg Ile Glu Asn Pro Ala Ala Ile Ala
35 40 45

Glu Leu Lys Ala Ile Asn Pro Lys Val Thr Val Thr Phe Tyr Pro Tyr
50 55 60

Asp Val Thr Val Pro Ile Ala Glu Thr Thr Lys Leu Leu Lys Thr Ile
65 70 75 80

Phe Ala Gln Leu Lys Thr Val Asp Val Leu Ile Asn Gly Ala Gly Ile
85 90 95

Leu Asp Asp His Gln Ile Glu Arg Thr Ile Ala Val Asn Tyr Thr Gly
100 105 110
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Leu Val Asn Thr Thr Thr Ala Ile Leu Asp Phe Trp Asp Lys Arg Lys
115 120 125

Gly Gly Pro Gly Gly Ile Ile Cys Asn Ile Gly Ser Val Thr Gly Phe
130 135 140

Asn Ala Ile Tyr Gln Val Pro Val Tyr Ser Gly Thr Lys Ala Ala Val
145 150 155 160

Val Asn Phe Thr Ser Ser Leu Ala Lys Leu Ala Pro Ile Thr Gly Val
165 170 175

Thr Ala Tyr Thr Val Asn Pro Gly Ile Thr Arg Thr Thr Leu Val His
180 185 190

Thr Phe Asn Ser Trp Leu Asp Val Glu Pro Gln Val Ala Glu Lys Leu
195 200 205

Leu Ala His Pro Thr Gln Pro Ser Leu Ala Cys Ala Glu Asn Phe Val
210 215 220

Lys Ala Ile Glu Leu Asn Gln Asn Gly Ala Ile Trp Lys Leu Asp Leu
225 230 235 240

Gly Thr Leu Glu Ala Ile Gln Trp Thr Lys His Trp Asp Ser Gly Ile
245 250 255

<210> SEQ ID NO 62

<211> LENGTH: 1164

<212> TYPE: DNA

<213> ORGANISM: Klebsiella pneumoniae

<400> SEQUENCE: 62

atgagctacce gtatgtttga ctatctggte cctaacgtga acttcttegg cccgaatgca 60
atctctgtgg ttggcgaacg ttgccaactyg ctgggtggta aaaaggeget getggtgacg 120
gataaaggtc tgcgtgcaat taaagacggt gccgttgata aaaccctgea ctatetgegt 180
gaggcceggcea ttgaggttge catcttegat ggtgtagaac cgaacccgaa agatacgaac 240
gtgcgegacyg gtcetggetgt tttecgtegt gaacaatgtg acattategt taccgtgggt 300
ggtggetete cgcatgattg cggtaaagge atcggtateg cggctaccca cgaaggtgat 360
ctgtaccagt atgcgggecat cgagactetg accaacccge tgcegecgat cgttgetgta 420
aacaccacgg ccggcaccge ctecgaagtt accegteatt gtgtgetgac taacaccgag 480
acgaaagtga aattcgttat tgtgtectgg cgcaatctge ctagegtaag cattaacgat 540
cegetgetga tgatceggecaa accageggcea ctgaccgetg caactggtat ggacgcecctg 600
actcacgcag tcgaagcata tatctccaaa gatgectaacce cggtaaccga cgeggcaget 660
atgcaggcga ttegtectgat tgcccgtaac ctgegtecagg cagtggetcet gggcagcaac 720
ctgcaggete gtgagaacat ggectacgeg agectgetgg ceggcatgge attcaacaac 780
gctaacctgg gttacgttca tgcgatgget catcagetgg geggectgta cgacatgeceg 840
cacggtgtag ctaacgcagt tctgetgeca catgttgete gttataacct gatcgctaat 900
ccggaaaaat tcgcagacat cgcagaactg atgggcgaga acatcacggg tctgagcact 960

ctggatgccg cggaaaaagc gatcgcagcg attacgegtce tgtctatgga cattggtatt 1020
ccgcaacacce tgcgtgacct gggtgtaaaa gaagctgatt tcccttacat ggcggaaatg 1080
gcactgaaag atggtaatgc gttttccaac ccacgtaaag gtaacgaaca ggagattgcg 1140

gctattttee gtcaagcatt ctga 1164
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<210> SEQ ID NO 63

<211> LENGTH: 387

<212> TYPE: PRT

<213> ORGANISM: Klebsiella pneumoniae

<400> SEQUENCE: 63

Met Ser Tyr Arg Met Phe Asp Tyr Leu Val Pro Asn Val Asn Phe Phe
1 5 10 15

Gly Pro Asn Ala Ile Ser Val Val Gly Glu Arg Cys Gln Leu Leu Gly
Gly Lys Lys Ala Leu Leu Val Thr Asp Lys Gly Leu Arg Ala Ile Lys
35 40 45

Asp Gly Ala Val Asp Lys Thr Leu His Tyr Leu Arg Glu Ala Gly Ile
50 55 60

Glu Val Ala Ile Phe Asp Gly Val Glu Pro Asn Pro Lys Asp Thr Asn
65 70 75 80

Val Arg Asp Gly Leu Ala Val Phe Arg Arg Glu Gln Cys Asp Ile Ile
85 90 95

Val Thr Val Gly Gly Gly Ser Pro His Asp Cys Gly Lys Gly Ile Gly
100 105 110

Ile Ala Ala Thr His Glu Gly Asp Leu Tyr Gln Tyr Ala Gly Ile Glu
115 120 125

Thr Leu Thr Asn Pro Leu Pro Pro Ile Val Ala Val Asn Thr Thr Ala
130 135 140

Gly Thr Ala Ser Glu Val Thr Arg His Cys Val Leu Thr Asn Thr Glu
145 150 155 160

Thr Lys Val Lys Phe Val Ile Val Ser Trp Arg Asn Leu Pro Ser Val
165 170 175

Ser Ile Asn Asp Pro Leu Leu Met Ile Gly Lys Pro Ala Ala Leu Thr
180 185 190

Ala Ala Thr Gly Met Asp Ala Leu Thr His Ala Val Glu Ala Tyr Ile
195 200 205

Ser Lys Asp Ala Asn Pro Val Thr Asp Ala Ala Ala Met Gln Ala Ile
210 215 220

Arg Leu Ile Ala Arg Asn Leu Arg Gln Ala Val Ala Leu Gly Ser Asn
225 230 235 240

Leu Gln Ala Arg Glu Asn Met Ala Tyr Ala Ser Leu Leu Ala Gly Met
245 250 255

Ala Phe Asn Asn Ala Asn Leu Gly Tyr Val His Ala Met Ala His Gln
260 265 270

Leu Gly Gly Leu Tyr Asp Met Pro His Gly Val Ala Asn Ala Val Leu
275 280 285

Leu Pro His Val Ala Arg Tyr Asn Leu Ile Ala Asn Pro Glu Lys Phe
290 295 300

Ala Asp Ile Ala Glu Leu Met Gly Glu Asn Ile Thr Gly Leu Ser Thr
305 310 315 320

Leu Asp Ala Ala Glu Lys Ala Ile Ala Ala Ile Thr Arg Leu Ser Met
325 330 335

Asp Ile Gly Ile Pro Gln His Leu Arg Asp Leu Gly Val Lys Glu Ala
340 345 350

Asp Phe Pro Tyr Met Ala Glu Met Ala Leu Lys Asp Gly Asn Ala Phe
355 360 365
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Ser Asn Pro Arg Lys Gly Asn Glu Gln Glu Ile Ala Ala Ile Phe Arg
370 375 380

Gln Ala Phe
385

<210> SEQ ID NO 64

<211> LENGTH: 1152

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 64

atgatggcta acagaatgat tctgaacgaa acggcatggt ttggtegggg tgetgttggg 60
getttaaccyg atgaggtgaa acgccgtggt tatcagaagg cgctgategt caccgataaa 120
acgctggtge aatgeggegt ggtggegaaa gtgaccgata agatggatge tgcagggetg 180
gecatgggega tttacgacgg cgtagtgcce aacccaacaa ttactgtegt caaagaaggg 240
ctceggtgtat tccagaatag cggegeggat tacctgateg ctattggtgg tggttcetcca 300
caggatactt gtaaagcgat tggcattate agcaacaacc cggagtttge cgatgtgegt 360
agcctggaag ggctttecce gaccaataaa cccagtgtac cgattetgge aattcctace 420
acagcaggta ctgcggcaga agtgaccatt aactacgtga tcactgacga agagaaacgg 480
cgcaagtttyg tttgcegttga tccgecatgat atccegeagg tggegtttat tgacgetgac 540
atgatggatg gtatgectee agegetgaaa getgegacgg gtgtcgatge getcactceat 600
getattgagg ggtatattac cegtggegeyg tgggcegctaa ccgatgcact gcacattaaa 660
gegattgaaa tcattgetgg ggcgctgcega ggatceggttg ctggtgataa ggatgecgga 720
gaagaaatgg cgctcgggca gtatgttgeg ggtatggget tctegaatgt tgggttaggg 780
ttggtgcatg gtatggcgea tccactggge gegttttata acactccaca cggtgttgeg 840
aacgccatce tgttaccgea tgtcatgegt tataacgetg actttacegg tgagaagtac 900

cgegatateg cgcgegttat gggcgtgaaa gtggaaggta tgagectgga agaggegegt 960
aatgccgetg ttgaagcggt gtttgctcte aaccgtgatg tcggtattcce gecacatttg 1020
cgtgatgttg gtgtacgcaa ggaagacatt ccggcactgg cgcaggcggce actggatgat 1080
gtttgtaccyg gtggcaacce gcgtgaagca acgcttgagg atattgtaga gctttaccat 1140
accgceetggt aa 1152
<210> SEQ ID NO 65

<211> LENGTH: 383

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 65

Met Met Ala Asn Arg Met Ile Leu Asn Glu Thr Ala Trp Phe Gly Arg
1 5 10 15

Gly Ala Val Gly Ala Leu Thr Asp Glu Val Lys Arg Arg Gly Tyr Gln
20 25 30

Lys Ala Leu Ile Val Thr Asp Lys Thr Leu Val Gln Cys Gly Val Val
35 40 45

Ala Lys Val Thr Asp Lys Met Asp Ala Ala Gly Leu Ala Trp Ala Ile
50 55 60

Tyr Asp Gly Val Val Pro Asn Pro Thr Ile Thr Val Val Lys Glu Gly
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65 70 75 80

Leu Gly Val Phe Gln Asn Ser Gly Ala Asp Tyr Leu Ile Ala Ile Gly
85 90 95

Gly Gly Ser Pro Gln Asp Thr Cys Lys Ala Ile Gly Ile Ile Ser Asn
100 105 110

Asn Pro Glu Phe Ala Asp Val Arg Ser Leu Glu Gly Leu Ser Pro Thr
115 120 125

Asn Lys Pro Ser Val Pro Ile Leu Ala Ile Pro Thr Thr Ala Gly Thr
130 135 140

Ala Ala Glu Val Thr Ile Asn Tyr Val Ile Thr Asp Glu Glu Lys Arg
145 150 155 160

Arg Lys Phe Val Cys Val Asp Pro His Asp Ile Pro Gln Val Ala Phe
165 170 175

Ile Asp Ala Asp Met Met Asp Gly Met Pro Pro Ala Leu Lys Ala Ala
180 185 190

Thr Gly Val Asp Ala Leu Thr His Ala Ile Glu Gly Tyr Ile Thr Arg
195 200 205

Gly Ala Trp Ala Leu Thr Asp Ala Leu His Ile Lys Ala Ile Glu Ile
210 215 220

Ile Ala Gly Ala Leu Arg Gly Ser Val Ala Gly Asp Lys Asp Ala Gly
225 230 235 240

Glu Glu Met Ala Leu Gly Gln Tyr Val Ala Gly Met Gly Phe Ser Asn
245 250 255

Val Gly Leu Gly Leu Val His Gly Met Ala His Pro Leu Gly Ala Phe
260 265 270

Tyr Asn Thr Pro His Gly Val Ala Asn Ala Ile Leu Leu Pro His Val
275 280 285

Met Arg Tyr Asn Ala Asp Phe Thr Gly Glu Lys Tyr Arg Asp Ile Ala
290 295 300

Arg Val Met Gly Val Lys Val Glu Gly Met Ser Leu Glu Glu Ala Arg
305 310 315 320

Asn Ala Ala Val Glu Ala Val Phe Ala Leu Asn Arg Asp Val Gly Ile
325 330 335

Pro Pro His Leu Arg Asp Val Gly Val Arg Lys Glu Asp Ile Pro Ala
340 345 350

Leu Ala Gln Ala Ala Leu Asp Asp Val Cys Thr Gly Gly Asn Pro Arg
355 360 365

Glu Ala Thr Leu Glu Asp Ile Val Glu Leu Tyr His Thr Ala Trp
370 375 380

<210> SEQ ID NO 66

<211> LENGTH: 1023

<212> TYPE: DNA

<213> ORGANISM: Lactococcus lactis

<400> SEQUENCE: 66

atgaaagcag cagtagtaag acacaatcca gatggttatg cggaccttgt tgaaaaggaa 60
cttcegagcaa tcaaacctaa tgaagetttg cttgacatgg agtattgtgg agtctgtceat 120
accgatttge acgttgcage aggtgattat ggcaacaaag cagggactgt tcttggtcat 180
gaaggaattg gaattgtcaa agaaattgga gctgatgtaa gctcgettca agttggtgat 240

cgggtttcag tggcttggtt ctttgaagga tgtggtcact gtgaatactg tgtatctggt 300



US 2010/0143997 Al Jun. 10, 2010
137

-continued
aatgaaactt tttgtcgaga agttaaaaat gcaggatatt cagttgatgg cggaatggct 360
gaagaagcaa ttgttgttgc cgattatgct gtcaaagttc ctgacggact tgacccaatt 420
gaagctagct caattacttg tgctggagta acaacttaca aagcaatcaa agtatcagga 480
gtaaaacctg gtgattggca agtaattttt ggtgctggag gacttggaaa tttagcaatt 540
caatatgcta aaaatgtttt tggagcaaaa gtaattgctg ttgatattaa tcaagataaa 600
ttaaatttag ctaaaaaaat tggagctgat gtgattatca attctggtga tgtaaatcca 660
gttgatgaaa ttaaaaaaat aactggcggc ttaggggtgc aaagtgcaat agtttgtget 720
gttgcaagga ttgcttttga acaagcggtt gcttctttga aacctatggg caaaatggtt 780
gctgtggcac ttcccaatac tgagatgact ttatcagttc caacagttgt ttttgacgga 840
gtggaggttg caggttcact tgtcggaaca agacttgact tggcagaagc ttttcaattt 900
ggagcagaag gtaaggtaaa accaattgtt gcgacacgca aactggaaga aatcaatgat 960

attattgatg aaatgaaggc aggaaaaatt gaaggccgaa tggtcattga ttttactaaa 1020
taa 1023
<210> SEQ ID NO 67

<211> LENGTH: 340

<212> TYPE: PRT

<213> ORGANISM: Lactococcus lactis

<400> SEQUENCE: 67

Met Lys Ala Ala Val Val Arg His Asn Pro Asp Gly Tyr Ala Asp Leu
1 5 10 15

Val Glu Lys Glu Leu Arg Ala Ile Lys Pro Asn Glu Ala Leu Leu Asp
20 25 30

Met Glu Tyr Cys Gly Val Cys His Thr Asp Leu His Val Ala Ala Gly
35 40 45

Asp Tyr Gly Asn Lys Ala Gly Thr Val Leu Gly His Glu Gly Ile Gly
50 55 60

Ile Val Lys Glu Ile Gly Ala Asp Val Ser Ser Leu Gln Val Gly Asp
Arg Val Ser Val Ala Trp Phe Phe Glu Gly Cys Gly His Cys Glu Tyr
85 90 95

Cys Val Ser Gly Asn Glu Thr Phe Cys Arg Glu Val Lys Asn Ala Gly
100 105 110

Tyr Ser Val Asp Gly Gly Met Ala Glu Glu Ala Ile Val Val Ala Asp
115 120 125

Tyr Ala Val Lys Val Pro Asp Gly Leu Asp Pro Ile Glu Ala Ser Ser
130 135 140

Ile Thr Cys Ala Gly Val Thr Thr Tyr Lys Ala Ile Lys Val Ser Gly
145 150 155 160

Val Lys Pro Gly Asp Trp Gln Val Ile Phe Gly Ala Gly Gly Leu Gly
165 170 175

Asn Leu Ala Ile Gln Tyr Ala Lys Asn Val Phe Gly Ala Lys Val Ile
180 185 190

Ala Val Asp Ile Asn Gln Asp Lys Leu Asn Leu Ala Lys Lys Ile Gly
195 200 205

Ala Asp Val Ile Ile Asn Ser Gly Asp Val Asn Pro Val Asp Glu Ile
210 215 220
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Lys Lys Ile Thr Gly Gly Leu Gly Val Gln Ser Ala Ile Val Cys Ala
225 230 235 240

Val Ala Arg Ile Ala Phe Glu Gln Ala Val Ala Ser Leu Lys Pro Met
245 250 255

Gly Lys Met Val Ala Val Ala Leu Pro Asn Thr Glu Met Thr Leu Ser
260 265 270

Val Pro Thr Val Val Phe Asp Gly Val Glu Val Ala Gly Ser Leu Val
275 280 285

Gly Thr Arg Leu Asp Leu Ala Glu Ala Phe Gln Phe Gly Ala Glu Gly
290 295 300

Lys Val Lys Pro Ile Val Ala Thr Arg Lys Leu Glu Glu Ile Asn Asp
305 310 315 320

Ile Ile Asp Glu Met Lys Ala Gly Lys Ile Glu Gly Arg Met Val Ile
325 330 335

Asp Phe Thr Lys
340

<210> SEQ ID NO 68

<211> LENGTH: 1164

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 68

atgaacaact ttaatctgca caccccaacce cgeattetgt ttggtaaagg cgcaatcget 60
ggtttacgcg aacaaattcc tcacgatget cgegtattga ttacctacgg cggeggeage 120
gtgaaaaaaa ccggcegttet cgatcaagtt ctggatgccce tgaaaggcat ggacgtgetg 180
gaatttggceg gtattgagec aaacceggcet tatgaaacge tgatgaacgce cgtgaaactg 240
gttcgegaac agaaagtgac tttectgetyg geggttggeg geggttetgt actggacgge 300
accaaattta tcgccgeage ggctaactat ccggaaaata tegatcegtg gcacattetg 360
caaacgggcg gtaaagagat taaaagcgcece atccegatgg getgtgtget gacgetgeca 420
gcaaccggtt cagaatccaa cgcaggcgeg gtgatctcee gtaaaaccac aggcgacaag 480
caggcgttee attctgecca tgttcageeg gtatttgeeg tgctcgatce ggtttatace 540
tacaccctge cgccgegtea ggtggctaac ggegtagtgg acgectttgt acacaccegtg 600
gaacagtatg ttaccaaacc ggttgatgcc aaaattcagg accgtttege agaaggecatt 660
ttgctgacge taatcgaaga tggtccgaaa gecctgaaag agccagaaaa ctacgatgtg 720
cgegecaacy tcatgtggge ggcgactcag gegetgaacg gtttgattgg cgetggegta 780
ccgcaggact gggcaacgca tatgetggge cacgaactga ctgegatgca cggtcetggat 840
cacgcgcaaa cactggcetat cgtectgect geactgtgga atgaaaaacg cgataccaag 900
cgegetaage tgctgcaata tgctgaacge gtetggaaca tcactgaagg ttcecgatgat 960

gagcgtattg acgccgcgat tgccgcaacc cgcaatttet ttgagcaatt aggcgtgecyg 1020

acccacctet ccgactacgg tetggacgge agctccatcce cggctttget gaaaaaactg 1080

gaagagcacg gcatgaccca actgggcgaa aatcatgaca ttacgttgga tgtcagccge 1140

cgtatatacg aagccgceceg ctaa 1164

<210> SEQ ID NO 69
<211> LENGTH: 387
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<212> TYPE: PRT
<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 69

Met Asn Asn Phe Asn Leu His Thr Pro Thr Arg Ile Leu Phe Gly Lys
1 5 10 15

Gly Ala Ile Ala Gly Leu Arg Glu Gln Ile Pro His Asp Ala Arg Val
20 25 30

Leu Ile Thr Tyr Gly Gly Gly Ser Val Lys Lys Thr Gly Val Leu Asp
35 40 45

Gln Val Leu Asp Ala Leu Lys Gly Met Asp Val Leu Glu Phe Gly Gly
50 55 60

Ile Glu Pro Asn Pro Ala Tyr Glu Thr Leu Met Asn Ala Val Lys Leu
65 70 75 80

Val Arg Glu Gln Lys Val Thr Phe Leu Leu Ala Val Gly Gly Gly Ser
85 90 95

Val Leu Asp Gly Thr Lys Phe Ile Ala Ala Ala Ala Asn Tyr Pro Glu
100 105 110

Asn Ile Asp Pro Trp His Ile Leu Gln Thr Gly Gly Lys Glu Ile Lys
115 120 125

Ser Ala Ile Pro Met Gly Cys Val Leu Thr Leu Pro Ala Thr Gly Ser
130 135 140

Glu Ser Asn Ala Gly Ala Val Ile Ser Arg Lys Thr Thr Gly Asp Lys
145 150 155 160

Gln Ala Phe His Ser Ala His Val Gln Pro Val Phe Ala Val Leu Asp
165 170 175

Pro Val Tyr Thr Tyr Thr Leu Pro Pro Arg Gln Val Ala Asn Gly Val
180 185 190

Val Asp Ala Phe Val His Thr Val Glu Gln Tyr Val Thr Lys Pro Val
195 200 205

Asp Ala Lys Ile Gln Asp Arg Phe Ala Glu Gly Ile Leu Leu Thr Leu
210 215 220

Ile Glu Asp Gly Pro Lys Ala Leu Lys Glu Pro Glu Asn Tyr Asp Val
225 230 235 240

Arg Ala Asn Val Met Trp Ala Ala Thr Gln Ala Leu Asn Gly Leu Ile
245 250 255

Gly Ala Gly Val Pro Gln Asp Trp Ala Thr His Met Leu Gly His Glu
260 265 270

Leu Thr Ala Met His Gly Leu Asp His Ala Gln Thr Leu Ala Ile Val
275 280 285

Leu Pro Ala Leu Trp Asn Glu Lys Arg Asp Thr Lys Arg Ala Lys Leu
290 295 300

Leu Gln Tyr Ala Glu Arg Val Trp Asn Ile Thr Glu Gly Ser Asp Asp
305 310 315 320

Glu Arg Ile Asp Ala Ala Ile Ala Ala Thr Arg Asn Phe Phe Glu Gln
325 330 335

Leu Gly Val Pro Thr His Leu Ser Asp Tyr Gly Leu Asp Gly Ser Ser
340 345 350

Ile Pro Ala Leu Leu Lys Lys Leu Glu Glu His Gly Met Thr Gln Leu
355 360 365

Gly Glu Asn His Asp Ile Thr Leu Asp Val Ser Arg Arg Ile Tyr Glu
370 375 380
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Ala Ala Arg

385

<210> SEQ ID NO 70

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Leu Arg Thr

1

Thr

Arg

Lys

Asp

Ala

Arg

Ser

Phe

Leu

145

Leu

Phe

Leu

Glu

Gly

225

Gly

Tyr

Ala

Phe

Gly

305

Arg

Pro

Ala

Pro

Gln

50

Trp

Leu

Asp

Trp

Thr

130

Ser

Thr

Lys

Val

Gly

210

Lys

Tyr

Gly

Gln

Asn

290

Lys

Arg

Val

Lys

Ala

35

Ile

Pro

Ile

Asn

Lys

115

Val

Asp

Lys

Asp

Ala

195

Arg

Ala

Val

Glu

Tyr

275

Glu

Tyr

Gly

Phe

Arg

20

Ala

Asn

Arg

Gly

Gly

100

Ala

Glu

Ala

Gly

Leu

180

Pro

Gly

His

Tyr

Arg

260

Asp

Thr

Gly

Ala

Gln

395

Saccharomyces cerevisiae

70

Gln

Thr

Arg

Phe

Glu

Tyr

85

Leu

Ala

Asp

Ala

Lys

165

Thr

Lys

Ile

Glu

Gln

245

Gly

Val

Val

Met

Leu

325

Asp

Ala

Phe

Phe

Gly

Lys

70

Gly

Asn

Ile

Ala

Gln

150

Thr

His

Gly

Asn

Lys

230

Thr

Cys

Leu

Glu

Asp

310

Asp

Leu

Ala

Ala

Val

Gly

55

Leu

Ser

Val

Glu

Ile

135

Ser

Leu

Val

Ser

Ser

215

Ala

Thr

Leu

Arg

Glu

295

Tyr

Trp

Tyr

Arg

Leu

Lys

40

Thr

Leu

Gln

Ile

Asp

120

Lys

Glu

Tyr

Glu

Gly

200

Ser

Gln

Phe

Met

Glu

280

Ala

Met

Tyr

Glu

Leu

Ala

25

Pro

Val

Asp

Gly

Ile

105

Gly

Arg

Thr

Phe

Pro

185

Arg

Tyr

Ala

Glu

Gly

265

Asn

Thr

Tyr

Pro

Ser

Ile

Thr

Met

Glu

Tyr

Tyr

90

Gly

Trp

Gly

Trp

Ser

170

Pro

Thr

Ala

Leu

Arg

250

Gly

Gly

Gln

Asp

Ile

330

Thr

Cys

Arg

Ile

Thr

Phe

75

Gly

Val

Val

Ser

Pro

155

His

Lys

Val

Val

Ala

235

Glu

Ile

His

Ser

Ala

315

Phe

Lys

Asn

Ala

Thr

Val

60

Lys

Gln

Arg

Pro

Tyr

140

Ala

Gly

Asp

Arg

Trp

220

Val

Val

His

Ser

Leu

300

Cys

Lys

Asn

Ser

Ala

Thr

45

Tyr

Asn

Gly

Lys

Gly

125

Val

Ile

Phe

Leu

Ser

205

Asn

Ala

Asn

Gly

Pro

285

Tyr

Ser

Asn

Gly

Arg

Ala

30

Arg

Glu

Asp

Leu

Asp

110

Lys

Met

Lys

Ser

Asp

190

Leu

Asp

Ile

Ser

Met

270

Ser

Pro

Thr

Ala

Thr

Val

Tyr

Gly

Arg

Thr

Asn

95

Gly

Asn

Asn

Pro

Pro

175

Val

Phe

Val

Gly

Asp

255

Phe

Glu

Leu

Thr

Leu

335

Glu

Ile

Ser

Leu

Ala

Phe

80

Leu

Ala

Leu

Leu

Leu

160

Val

Ile

Lys

Thr

Ser

240

Leu

Leu

Ala

Ile

Ala

320

Lys

Thr
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340 345 350

Lys Arg Ser Leu Glu Phe Asn Ser Gln Pro Asp Tyr Arg Glu Lys Leu
355 360 365

Glu Lys Glu Leu Asp Thr Ile Arg Asn Met Glu Ile Trp Lys Val Gly
370 375 380

Lys Glu Val Arg Lys Leu Arg Pro Glu Asn Gln
385 390 395

<210> SEQ ID NO 71

<211> LENGTH: 330

<212> TYPE: PRT

<213> ORGANISM: Methanococcus maripaludis

<400> SEQUENCE: 71

Met Lys Val Phe Tyr Asp Ser Asp Phe Lys Leu Asp Ala Leu Lys Glu
1 5 10 15

Lys Thr Ile Ala Val Ile Gly Tyr Gly Ser Gln Gly Arg Ala Gln Ser
20 25 30

Leu Asn Met Lys Asp Ser Gly Leu Asn Val Val Val Gly Leu Arg Lys
35 40 45

Asn Gly Ala Ser Trp Glu Asn Ala Lys Ala Asp Gly His Asn Val Met
50 55 60

Thr Ile Glu Glu Ala Ala Glu Lys Ala Asp Ile Ile His Ile Leu Ile
65 70 75 80

Pro Asp Glu Leu Gln Ala Glu Val Tyr Glu Ser Gln Ile Lys Pro Tyr
85 90 95

Leu Lys Glu Gly Lys Thr Leu Ser Phe Ser His Gly Phe Asn Ile His
100 105 110

Tyr Gly Phe Ile Val Pro Pro Lys Gly Val Asn Val Val Leu Val Ala
115 120 125

Pro Lys Ser Pro Gly Lys Met Val Arg Arg Thr Tyr Glu Glu Gly Phe
130 135 140

Gly Val Pro Gly Leu Ile Cys Ile Glu Ile Asp Ala Thr Asn Asn Ala
145 150 155 160

Phe Asp Ile Val Ser Ala Met Ala Lys Gly Ile Gly Leu Ser Arg Ala
165 170 175

Gly Val Ile Gln Thr Thr Phe Lys Glu Glu Thr Glu Thr Asp Leu Phe
180 185 190

Gly Glu Gln Ala Val Leu Cys Gly Gly Val Thr Glu Leu Ile Lys Ala
195 200 205

Gly Phe Glu Thr Leu Val Glu Ala Gly Tyr Ala Pro Glu Met Ala Tyr
210 215 220

Phe Glu Thr Cys His Glu Leu Lys Leu Ile Val Asp Leu Ile Tyr Gln
225 230 235 240

Lys Gly Phe Lys Asn Met Trp Asn Asp Val Ser Asn Thr Ala Glu Tyr
245 250 255

Gly Gly Leu Thr Arg Arg Ser Arg Ile Val Thr Ala Asp Ser Lys Ala
260 265 270

Ala Met Lys Glu Ile Leu Lys Glu Ile Gln Asp Gly Arg Phe Thr Lys
275 280 285

Glu Phe Val Leu Glu Lys Gln Val Asn His Ala His Leu Lys Ala Met
290 295 300
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Arg Arg Ile Glu Gly Asp Leu Gln Ile Glu Glu Val Gly Ala Lys Leu
305 310 315 320

Arg Lys Met Cys Gly Leu Glu Lys Glu Glu
325 330

<210> SEQ ID NO 72

<211> LENGTH: 342

<212> TYPE: PRT

<213> ORGANISM: Bacillus subtilis

<400> SEQUENCE: 72

Met Val Lys Val Tyr Tyr Asn Gly Asp Ile Lys Glu Asn Val Leu Ala
1 5 10 15

Gly Lys Thr Val Ala Val Ile Gly Tyr Gly Ser Gln Gly His Ala His
20 25 30

Ala Leu Asn Leu Lys Glu Ser Gly Val Asp Val Ile Val Gly Val Arg
35 40 45

Gln Gly Lys Ser Phe Thr Gln Ala Gln Glu Asp Gly His Lys Val Phe
Ser Val Lys Glu Ala Ala Ala Gln Ala Glu Ile Ile Met Val Leu Leu
65 70 75 80

Pro Asp Glu Gln Gln Gln Lys Val Tyr Glu Ala Glu Ile Lys Asp Glu
85 90 95

Leu Thr Ala Gly Lys Ser Leu Val Phe Ala His Gly Phe Asn Val His
100 105 110

Phe His Gln Ile Val Pro Pro Ala Asp Val Asp Val Phe Leu Val Ala
115 120 125

Pro Lys Gly Pro Gly His Leu Val Arg Arg Thr Tyr Glu Gln Gly Ala
130 135 140

Gly Val Pro Ala Leu Phe Ala Ile Tyr Gln Asp Val Thr Gly Glu Ala
145 150 155 160

Arg Asp Lys Ala Leu Ala Tyr Ala Lys Gly Ile Gly Gly Ala Arg Ala
165 170 175

Gly Val Leu Glu Thr Thr Phe Lys Glu Glu Thr Glu Thr Asp Leu Phe
180 185 190

Gly Glu Gln Ala Val Leu Cys Gly Gly Leu Ser Ala Leu Val Lys Ala
195 200 205

Gly Phe Glu Thr Leu Thr Glu Ala Gly Tyr Gln Pro Glu Leu Ala Tyr
210 215 220

Phe Glu Cys Leu His Glu Leu Lys Leu Ile Val Asp Leu Met Tyr Glu
225 230 235 240

Glu Gly Leu Ala Gly Met Arg Tyr Ser Ile Ser Asp Thr Ala Gln Trp
245 250 255

Gly Asp Phe Val Ser Gly Pro Arg Val Val Asp Ala Lys Val Lys Glu
260 265 270

Ser Met Lys Glu Val Leu Lys Asp Ile Gln Asn Gly Thr Phe Ala Lys
275 280 285

Glu Trp Ile Val Glu Asn Gln Val Asn Arg Pro Arg Phe Asn Ala Ile
290 295 300

Asn Ala Ser Glu Asn Glu His Gln Ile Glu Val Val Gly Arg Lys Leu
305 310 315 320

Arg Glu Met Met Pro Phe Val Lys Gln Gly Lys Lys Lys Glu Ala Val
325 330 335



US 2010/0143997 Al

143

-continued

Jun. 10, 2010

Val Ser Val Ala Gln Asn

340

<210> SEQ ID NO 73

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Val Lys Val

1

Arg

Val

Asn

Pro

65

Leu

Leu

Leu

Phe

Met

145

Glu

Gly

Gly

Thr

Ala

225

Phe

Gly

Arg

Pro

Glu

305

Ala

Val

Ala

Phe

Leu

50

Ser

Phe

Leu

Val

Lys

130

Val

Gly

Lys

Tyr

Gly

210

Gln

Ser

Lys

Arg

Val

290

Asn

Lys

Thr

Asp

Val

35

Arg

Trp

Glu

Ser

His

115

Glu

Ala

Arg

Ala

Leu

195

Glu

Phe

Glu

Asp

Gly

275

Phe

Thr

Glu

Val

Phe

20

Val

Asp

Asp

Ile

Asp

100

Gly

Lys

Pro

Gly

Glu

180

Tyr

Arg

Glu

Thr

Gly

260

Ala

Glu

Leu

Leu

Arg

352

Piromyces sp.

73

Ile

Pro

Ile

Lys

Leu

Thr

85

Ala

Lys

Thr

Lys

Ile

165

Glu

Pro

Gly

Val

Val

245

Met

Leu

Glu

Val

Lys

325

Ser

Asn

Gln

Gly

Gly

Ala

70

Glu

Gly

Thr

Gly

Gly

150

Asn

Arg

Thr

Thr

Leu

230

Glu

Asp

Asp

Leu

Ala

310

Glu

Leu

Phe

Glu

Tyr

Phe

55

Lys

Ala

Gln

Leu

Val

135

Ser

Ser

Ala

Thr

Leu

215

Ile

Glu

Trp

Trp

Tyr

295

Asn

Leu

Arg

Gly

Lys

Gly

40

Lys

Glu

Cys

Lys

Tyr

120

Val

Gly

Ser

Tyr

Phe

200

Met

Ala

Ala

Met

Met

280

Glu

Ser

Arg

Pro

Gly

Leu

25

Thr

Val

Asp

Gln

Ala

105

Phe

Pro

Thr

Val

Ala

185

Glu

Gly

Asn

Thr

Tyr

265

Asp

Ser

Lys

Glu

Glu

Val

Asn

Gln

Ile

Gly

Lys

90

Cys

Ser

Pro

Thr

Ala

170

Ala

Arg

Cys

Gly

Gln

250

Asp

Lys

Val

Pro

Ser

330

Asn

Asp

Glu

Gly

Val

Trp

Gly

Trp

His

Glu

Val

155

Val

Gly

Glu

Ile

His

235

Ser

Asn

Phe

Arg

Asp

315

Gln

Gln

Glu

Ile

Arg

Gly

60

Val

Thr

Asn

Gly

Asp

140

Arg

Phe

Ile

Thr

Gln

220

Thr

Leu

Cys

Tyr

Asn

300

Tyr

Met

Lys

Thr

Phe

Asn

45

Leu

Glu

Ile

Thr

Phe

125

Cys

Thr

Gln

Ala

Tyr

205

Gly

Pro

Tyr

Ser

Ala

285

Gly

Arg

Trp

Val

Val

Lys

30

Gln

Arg

Ser

Ile

Ile

110

Ser

Asp

Leu

Asn

Ile

190

Ser

Cys

Ser

Pro

Thr

270

Ala

Thr

Glu

Gln

Glu

Tyr

15

Asp

Ser

Lys

Glu

Met

95

Lys

Ile

Val

Phe

Trp

175

Gly

Asp

Phe

Glu

Leu

255

Thr

Thr

Glu

Asn

Thr

335

Lys

Glu

Asp

Arg

Gly

Ser

80

Tyr

Glu

Val

Ile

Leu

160

Ser

Ser

Leu

Lys

Ala

240

Ile

Ala

Lys

Ala

Leu

320

Ala

Asn
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340

<210> SEQ ID NO 74

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Lys Asn Tyr

1

Leu

Asn

Gly

Tyr

65

Asn

Pro

Gln

Gly

Asn

145

Val

Val

Ser

Ser

Leu

225

Ile

Gly

Met

Ser

Asp

305

Lys

Thr

Gln

Val

Leu

50

Ala

Ala

Thr

Val

Phe

130

Asp

Arg

His

Trp

Phe

210

Cys

Phe

Trp

Leu

Lys

290

Asp

Asn

Asp

Lys

Leu

35

Asn

Leu

Thr

Ala

Val

115

Ser

Ile

Glu

Ser

Ala

195

Ile

Gly

Gln

Glu

Asp

275

Lys

Ile

Asn

Phe

Cys

20

Lys

Gln

Arg

Ser

Asp

100

Asn

His

Thr

Glu

Glu

180

Ile

Ala

Met

Gly

Val

260

Arg

Leu

Ile

Asp

Glu
340

490

345

Buchnera aphidicola

74

Phe

Lys

Gly

Gly

Asp

Asn

85

Leu

Val

Gly

Val

Tyr

165

Asn

Ser

Glu

Leu

Val

245

Ile

Leu

Lys

Ser

Gln

325

Lys

Asn

Leu

Lys

Leu

Asp

70

Gly

Val

Leu

Phe

Ile

150

Lys

Asp

Ile

Val

Gln

230

Asn

Thr

Ser

Lys

Gly

310

Gln

Cys

Ser

Ile

Asn

Asn

55

Ser

Phe

Ile

Gln

Asn

135

Met

Arg

Pro

Gly

Lys

215

Ala

Pro

Glu

Asn

Ile

295

Glu

Leu

Asn

Leu

Asp

Ile

40

Met

Ile

Phe

Asn

Lys

120

Ile

Val

Gly

His

Ser

200

Ser

Ser

Ser

Ser

Thr

280

Phe

Phe

Lys

Ile

Asn

Asn

25

Val

Arg

Phe

Val

Leu

105

Phe

Val

Ala

Phe

Asp

185

His

Asp

Ser

Tyr

Val

265

Ala

Phe

Ser

Glu

Tyr
345

Phe

10

Gln

Ile

Asp

Asn

Gly

Thr

Met

Glu

Pro

Gly

170

Ile

His

Leu

Leu

Ala

250

Lys

Lys

Pro

Lys

Trp

330

Tyr

Arg

Phe

Val

Ser

Lys

75

Thr

Pro

Lys

Val

Lys

155

Val

Gly

Ala

Met

Val

235

Gly

His

Ile

Leu

Asn

315

Arg

Lys

Gln

Leu

Gly

Gly

60

Asn

Tyr

Asp

Pro

Gly

140

Cys

Pro

Phe

Gly

Gly

220

Cys

Lys

Gly

Arg

Phe

300

Met

Thr

Gln

Lys

Ser

Cys

45

Leu

Gln

Glu

Lys

Asn

125

Gln

Pro

Ala

Glu

Ile

205

Glu

Tyr

Leu

Gly

Ala

285

Arg

Met

Glu

Ile

350

Leu

Glu

30

Gly

Asn

Ser

Asn

Gln

110

Ser

Leu

Gly

Leu

Ile

190

Leu

Gln

Asn

Ile

Ile

270

Tyr

Lys

Phe

Ile

Pro
350

Ile

15

Lys

Ser

Ile

Trp

Ile

His

Val

Ile

Thr

Ile

175

Ala

His

Thr

Gln

Gln

255

Thr

Phe

His

Asp

Gln

335

Glu

Asn

Asn

Gln

Ser

Ile

80

Ile

Glu

Leu

Arg

Glu

160

Ala

Lys

Ser

Ile

Leu

240

Thr

Leu

Leu

Met

Trp

320

Asn

Gln



US 2010/0143997 Al Jun. 10, 2010
145

-continued

Glu Tyr Phe Asp Asn Gly Leu Leu Met Val Ala Ile Leu Lys Ala Gly
355 360 365

Ile Glu Leu Ser Phe Glu Ile Met Ile Glu Thr Gly Ile Lys Glu Glu
370 375 380

Ser Ala Tyr Tyr Glu Ser Leu His Glu Leu Pro Leu Ile Ala Asn Thr
385 390 395 400

Ile Ala Arg Lys Arg Leu Tyr Glu Met Asn Leu Val Ile Ser Asp Thr
405 410 415

Ala Glu Tyr Gly Ser Tyr Leu Phe Ser His Ala Ala Ile Pro Leu Leu
420 425 430

Lys Lys Phe Met Asn Glu Leu Gln Pro Gly Asp Leu Gly Asn Lys Ile
435 440 445

Ser Thr Ser Glu Leu Asp Asn Ile Thr Leu Tyr Lys Val Asn Ala Lys
450 455 460

Ile Glu Ser His Pro Ile Glu Ile Ile Gly Lys Lys Leu Arg Leu Tyr
465 470 475 480

Met Thr Ser Met Val Pro Ile Lys Thr Lys
485 490

<210> SEQ ID NO 75

<211> LENGTH: 595

<212> TYPE: PRT

<213> ORGANISM: Spinacia oleracea

<400> SEQUENCE: 75

Met Ala Ala Thr Ala Ala Thr Thr Phe Ser Leu Ser Ser Ser Ser Ser
1 5 10 15

Thr Ser Ala Ala Ala Ser Lys Ala Leu Lys Gln Ser Pro Lys Pro Ser
20 25 30

Ala Leu Asn Leu Gly Phe Leu Gly Ser Ser Ser Thr Ile Lys Ala Cys
35 40 45

Arg Ser Leu Lys Ala Ala Arg Val Leu Pro Ser Gly Ala Asn Gly Gly
50 55 60

Gly Ser Ala Leu Ser Ala Gln Met Val Ser Ala Pro Ser Ile Asn Thr
Pro Ser Ala Thr Thr Phe Asp Phe Asp Ser Ser Val Phe Lys Lys Glu
85 90 95

Lys Val Thr Leu Ser Gly His Asp Glu Tyr Ile Val Arg Gly Gly Arg
100 105 110

Asn Leu Phe Pro Leu Leu Pro Asp Ala Phe Lys Gly Ile Lys Gln Ile
115 120 125

Gly Val Ile Gly Trp Gly Ser Gln Ala Pro Ala Gln Ala Gln Asn Leu
130 135 140

Lys Asp Ser Leu Thr Glu Ala Lys Ser Asp Val Val Val Lys Ile Gly
145 150 155 160

Leu Arg Lys Gly Ser Asn Ser Phe Ala Glu Ala Arg Ala Ala Gly Phe
165 170 175

Ser Glu Glu Asn Gly Thr Leu Gly Asp Met Trp Glu Thr Ile Ser Gly
180 185 190

Ser Asp Leu Val Leu Leu Leu Ile Ser Asp Ser Ala Gln Ala Asp Asn
195 200 205

Tyr Glu Lys Val Phe Ser His Met Lys Pro Asn Ser Ile Leu Gly Leu
210 215 220
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-continued

Ser His Gly Phe Leu Leu Gly His Leu Gln Ser Leu Gly Gln Asp Phe
225 230 235 240

Pro Lys Asn Ile Ser Val Ile Ala Val Cys Pro Lys Gly Met Gly Pro
245 250 255

Ser Val Arg Arg Leu Tyr Val Gln Gly Lys Glu Val Asn Gly Ala Gly
260 265 270

Ile Asn Ser Ser Phe Ala Val His Gln Asp Val Asp Gly Arg Ala Thr
275 280 285

Asp Val Ala Leu Gly Trp Ser Ile Ala Leu Gly Ser Pro Phe Thr Phe
290 295 300

Ala Thr Thr Leu Glu Gln Glu Tyr Lys Ser Asp Ile Phe Gly Glu Arg
305 310 315 320

Gly Ile Leu Leu Gly Ala Val His Gly Ile Val Glu Cys Leu Phe Arg
325 330 335

Arg Tyr Thr Glu Ser Gly Met Ser Glu Asp Leu Ala Tyr Lys Asn Thr
340 345 350

Val Glu Cys Ile Thr Gly Val Ile Ser Lys Thr Ile Ser Thr Lys Gly
355 360 365

Met Leu Ala Leu Tyr Asn Ser Leu Ser Glu Glu Gly Lys Lys Asp Phe
370 375 380

Gln Ala Ala Tyr Ser Ala Ser Tyr Tyr Pro Ser Met Asp Ile Leu Tyr
385 390 395 400

Glu Cys Tyr Glu Asp Val Ala Ser Gly Ser Glu Ile Arg Ser Val Val
405 410 415

Leu Ala Gly Arg Arg Phe Tyr Glu Lys Glu Gly Leu Pro Ala Phe Pro
420 425 430

Met Gly Lys Ile Asp Gln Thr Arg Met Trp Lys Val Gly Glu Lys Val
435 440 445

Arg Ser Val Arg Pro Ala Gly Asp Leu Gly Pro Leu Tyr Pro Phe Thr
450 455 460

Ala Gly Val Tyr Val Ala Leu Met Met Ala Gln Ile Glu Ile Leu Arg
465 470 475 480

Lys Lys Gly His Ser Tyr Ser Glu Ile Ile Asn Glu Ser Val Ile Glu
485 490 495

Ala Val Asp Ser Leu Asn Pro Phe Met His Ala Arg Gly Val Ser Phe
500 505 510

Met Val Asp Asn Cys Ser Thr Thr Ala Arg Leu Gly Ser Arg Lys Trp
515 520 525

Ala Pro Arg Phe Asp Tyr Ile Leu Ser Gln Gln Ala Leu Val Ala Val
530 535 540

Asp Asn Gly Ala Pro Ile Asn Gln Asp Leu Ile Ser Asn Phe Leu Ser
545 550 555 560

Asp Pro Val His Glu Ala Ile Gly Val Cys Ala Gln Leu Arg Pro Ser
565 570 575

Val Asp Ile Ser Val Thr Ala Asp Ala Asp Phe Val Arg Pro Glu Leu
580 585 590

Arg Gln Ala
595

<210> SEQ ID NO 76
<211> LENGTH: 578
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-continued

<212> TYPE: PRT
<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 76

Met Ala Ala Ser Thr Thr Leu Ala Leu Ser His Pro Lys Thr Leu Ala
1 5 10 15

Ala Ala Ala Ala Ala Ala Pro Lys Ala Pro Thr Ala Pro Ala Ala Val
20 25 30

Ser Phe Pro Val Ser His Ala Ala Cys Ala Pro Leu Ala Ala Arg Arg
35 40 45

Arg Ala Val Thr Ala Met Val Ala Ala Pro Pro Ala Val Gly Ala Ala
50 55 60

Met Pro Ser Leu Asp Phe Asp Thr Ser Val Phe Asn Lys Glu Lys Val
65 70 75 80

Ser Leu Ala Gly His Glu Glu Tyr Ile Val Arg Gly Gly Arg Asn Leu
85 90 95

Phe Pro Leu Leu Pro Glu Ala Phe Lys Gly Ile Lys Gln Ile Gly Val
100 105 110

Ile Gly Trp Gly Ser Gln Gly Pro Ala Gln Ala Gln Asn Leu Arg Asp
115 120 125

Ser Leu Ala Glu Ala Lys Ser Asp Ile Val Val Lys Ile Gly Leu Arg
130 135 140

Lys Gly Ser Lys Ser Phe Asp Glu Ala Arg Ala Ala Gly Phe Thr Glu
145 150 155 160

Glu Ser Gly Thr Leu Gly Asp Ile Trp Glu Thr Val Ser Gly Ser Asp
165 170 175

Leu Val Leu Leu Leu Ile Ser Asp Ala Ala Gln Ala Asp Asn Tyr Glu
180 185 190

Lys Ile Phe Ser His Met Lys Pro Asn Ser Ile Leu Gly Leu Ser His
195 200 205

Gly Phe Leu Leu Gly His Leu Gln Ser Ala Gly Leu Asp Phe Pro Lys
210 215 220

Asn Ile Ser Val Ile Ala Val Cys Pro Lys Gly Met Gly Pro Ser Val
225 230 235 240

Arg Arg Leu Tyr Val Gln Gly Lys Glu Ile Asn Gly Ala Gly Ile Asn
245 250 255

Ser Ser Phe Ala Val His Gln Asp Val Asp Gly Arg Ala Thr Asp Val
260 265 270

Ala Leu Gly Trp Ser Val Ala Leu Gly Ser Pro Phe Thr Phe Ala Thr
275 280 285

Thr Leu Glu Gln Glu Tyr Lys Ser Asp Ile Phe Gly Glu Arg Gly Ile
290 295 300

Leu Leu Gly Ala Val His Gly Ile Val Glu Ala Leu Phe Arg Arg Tyr
305 310 315 320

Thr Glu Gln Gly Met Asp Glu Glu Met Ala Tyr Lys Asn Thr Val Glu
325 330 335

Gly Ile Thr Gly Ile Ile Ser Lys Thr Ile Ser Lys Lys Gly Met Leu
340 345 350

Glu Val Tyr Asn Ser Leu Thr Glu Glu Gly Lys Lys Glu Phe Asn Lys
355 360 365

Ala Tyr Ser Ala Ser Phe Tyr Pro Cys Met Asp Ile Leu Tyr Glu Cys
370 375 380
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-continued

Tyr Glu Asp Val Ala Ser Gly Ser Glu Ile Arg Ser Val Val Leu Ala
385 390 395 400

Gly Arg Arg Phe Tyr Glu Lys Glu Gly Leu Pro Ala Phe Pro Met Gly
405 410 415

Asn Ile Asp Gln Thr Arg Met Trp Lys Val Gly Glu Lys Val Arg Ser
420 425 430

Thr Arg Pro Glu Asn Asp Leu Gly Pro Leu His Pro Phe Thr Ala Gly
435 440 445

Val Tyr Val Ala Leu Met Met Ala Gln Ile Glu Val Leu Arg Lys Lys
450 455 460

Gly His Ser Tyr Ser Glu Ile Ile Asn Glu Ser Val Ile Glu Ser Val
465 470 475 480

Asp Ser Leu Asn Pro Phe Met His Ala Arg Gly Val Ala Phe Met Val
485 490 495

Asp Asn Cys Ser Thr Thr Ala Arg Leu Gly Ser Arg Lys Trp Ala Pro
500 505 510

Arg Phe Asp Tyr Ile Leu Thr Gln Gln Ala Phe Val Thr Val Asp Lys
515 520 525

Asp Ala Pro Ile Asn Gln Asp Leu Ile Ser Asn Phe Met Ser Asp Pro
530 535 540

Val His Gly Ala Ile Glu Val Cys Ala Glu Leu Arg Pro Thr Val Asp
545 550 555 560

Ile Ser Val Pro Ala Asn Ala Asp Phe Val Arg Pro Glu Leu Arg Gln
565 570 575

Ser Ser

<210> SEQ ID NO 77

<211> LENGTH: 555

<212> TYPE: PRT

<213> ORGANISM: Chlamydomonas reinhardtii

<400> SEQUENCE: 77

Met Gln Leu Leu Asn Ser Lys Ser Arg Val Leu Ser Gly Ser Arg Gln
1 5 10 15

Gln Ala Ala Ala Lys Ala Val Arg Val Ala Pro Ser Gly Arg Arg Ser
20 25 30

Ala Val Arg Val Ser Ala Ala Val His Leu Asp Phe Asn Thr Lys Val
35 40 45

Phe Gln Lys Glu His Ala Lys Phe Gly Pro Thr Glu Glu Tyr Ile Val
50 55 60

Arg Gly Gly Arg Asp Lys Tyr Pro Leu Leu Lys Glu Ala Phe Lys Gly
Ile Lys Lys Val Ser Val Ile Gly Trp Gly Ser Gln Ala Pro Ala Gln
85 90 95

Ala Gln Asn Leu Arg Asp Ser Ile Ala Glu Ala Gly Met Asp Ile Lys
100 105 110

Val Ala Ile Gly Leu Arg Pro Asp Ser Pro Ser Trp Ala Glu Ala Glu
115 120 125

Ala Cys Gly Phe Ser Lys Thr Asp Gly Thr Leu Gly Glu Val Phe Glu
130 135 140

Gln Ile Ser Ser Ser Asp Phe Val Ile Leu Leu Ile Ser Asp Ala Ala
145 150 155 160
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-continued

Gln Ala Lys Leu Tyr Pro Arg Ile Leu Ala Ala Met Lys Pro Gly Ala
165 170 175

Thr Leu Gly Leu Ser His Gly Phe Leu Leu Gly Val Met Arg Asn Asp
180 185 190

Gly Val Asp Phe Arg Lys Asp Ile Asn Val Val Leu Val Ala Pro Lys
195 200 205

Gly Met Gly Pro Ser Val Arg Arg Leu Tyr Glu Gln Gly Lys Ser Val
210 215 220

Asn Gly Ala Gly Ile Asn Cys Ser Phe Ala Ile Gln Gln Asp Ala Thr
225 230 235 240

Gly Gln Ala Ala Asp Ile Ala Ile Gly Trp Ala Ile Gly Val Gly Ala
245 250 255

Pro Phe Ala Phe Pro Thr Thr Leu Glu Ser Glu Tyr Lys Ser Asp Ile
260 265 270

Tyr Gly Glu Arg Cys Val Leu Leu Gly Ala Val His Gly Ile Val Glu
275 280 285

Ala Leu Phe Arg Arg Tyr Thr Arg Gln Gly Met Ser Asp Glu Glu Ala
290 295 300

Phe Lys Gln Ser Val Glu Ser Ile Thr Gly Pro Ile Ser Arg Thr Ile
305 310 315 320

Ser Thr Lys Gly Met Leu Ser Val Tyr Asn Ser Phe Asn Glu Ala Asp
325 330 335

Lys Lys Ile Phe Glu Gln Ala Tyr Ser Ala Ser Tyr Lys Pro Ala Leu
340 345 350

Asp Ile Cys Phe Glu Ile Tyr Glu Asp Val Ala Ser Gly Asn Glu Ile
355 360 365

Lys Ser Val Val Gln Ala Val Gln Arg Phe Asp Arg Phe Pro Met Gly
370 375 380

Lys Ile Asp Gln Thr Tyr Met Trp Lys Val Gly Gln Lys Val Arg Ala
385 390 395 400

Glu Arg Asp Glu Ser Lys Ile Pro Val Asn Pro Phe Thr Ala Gly Val
405 410 415

Tyr Val Ala Val Met Met Ala Thr Val Glu Val Leu Arg Glu Lys Gly
420 425 430

His Pro Phe Ser Glu Ile Cys Asn Glu Ser Ile Ile Glu Ala Val Asp
435 440 445

Ser Leu Asn Pro Tyr Met His Ala Arg Gly Val Ala Phe Met Val Asp
450 455 460

Asn Cys Ser Tyr Thr Ala Arg Leu Gly Ser Arg Lys Trp Ala Pro Arg
465 470 475 480

Phe Asp Tyr Ile Ile Glu Gln Gln Ala Phe Val Asp Ile Asp Ser Gly
485 490 495

Lys Ala Ala Asp Lys Glu Val Met Ala Glu Phe Leu Ala His Pro Val
500 505 510

His Ser Ala Leu Ala Thr Cys Ser Ser Met Arg Pro Ser Val Asp Ile
515 520 525

Ser Val Gly Gly Glu Asn Ser Ser Val Gly Val Gly Ala Gly Ala Ala
530 535 540

Arg Thr Glu Phe Arg Ser Thr Ala Ala Lys Val
545 550 555
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<210> SEQ ID NO 78

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Ala Ala Arg

1

Leu

Ala

Gln

Glu

65

Phe

Gly

Val

Val

Thr

145

Pro

Thr

Val

Val

225

Gly

Glu

Ile

Ser
305
Ala

Phe

Lys

Ala

Val

Gln

50

Val

Lys

Gln

Arg

Pro

130

Ile

His

Gly

Asp

Arg

210

Tyr

Val

Val

His

Ser

290

Leu

Cys

Lys

Asn

Thr

Arg

35

Val

His

Asn

Gly

Lys

115

Gly

Val

Ile

Phe

Val

195

Ser

Gln

Ala

Tyr

Gly

275

Pro

Tyr

Ser

Asp

Gly
355

Pro

20

Ala

Arg

Glu

Asp

Leu

100

Asn

Lys

Met

Lys

Ser

180

Asp

Leu

Asp

Val

Ser

260

Met

Ser

Pro

Thr

Ala

340

Asp

402

Neuro spora crassa

78

Asn

5

Ala

Ser

Gly

Arg

Thr

85

Asn

Gly

Asn

Asn

Pro

165

Pro

Val

Phe

Val

Gly

245

Asp

Phe

Glu

Leu

Thr

325

Leu

Glu

Cys

Val

Val

Val

Ala

70

Leu

Leu

Lys

Leu

Leu

150

Gln

Val

Ile

Arg

Thr

230

Ser

Leu

Leu

Ala

Ile

310

Ala

Lys

Thr

Thr

Gln

Ala

Lys

55

Asp

Ala

Arg

Ser

Phe

135

Leu

Ile

Phe

Leu

Glu

215

Gly

Gly

Tyr

Ala

Phe

295

Gly

Arg

Pro

Lys

Lys

Arg

Val

40

Thr

Trp

Leu

Asp

Trp

120

Asp

Ser

Thr

Lys

Val

200

Gly

Lys

Tyr

Gly

Gln

280

Asn

Ala

Arg

Val

Arg
360

Ala

Arg

Lys

Met

Pro

Ile

Asn

105

Glu

Val

Asp

Lys

Asp

185

Ala

Arg

Ala

Leu

Glu

265

Tyr

Glu

His

Gly

Phe

345

Ser

Leu

10

Thr

Ala

Asp

Ala

Gly

Gly

Asp

Asp

Ala

Gly

170

Leu

Pro

Gly

Lys

Tyr

250

Arg

Glu

Thr

Gly

Ala

330

Asn

Leu

Arg

Phe

Val

Phe

Glu

75

Tyr

Leu

Ala

Glu

Ala

155

Lys

Thr

Lys

Ile

Glu

235

Glu

Gly

Val

Val

Met

315

Ile

Asn

Glu

Pro

Val

Ala

Ala

60

Lys

Gly

Asn

Ile

Ala

140

Gln

Thr

Lys

Gly

Asn

220

Lys

Thr

Cys

Leu

Glu

300

Asp

Asp

Leu

Tyr

Leu

Ala

Ala

45

Gly

Leu

Ser

Val

Gln

125

Ile

Ser

Leu

Val

Ser

205

Ser

Ala

Thr

Leu

Arg

285

Glu

Trp

Trp

Tyr

Asn
365

Ala

Ala

Pro

His

Leu

Gln

Ile

110

Asp

Ser

Glu

Tyr

Glu

190

Gly

Ser

Val

Phe

Met

270

Glu

Ala

Met

Thr

Asp

350

Ser

Arg

15

Ala

Ala

Lys

Asp

Gly

Val

Gly

Arg

Thr

Phe

175

Val

Arg

Phe

Ala

Glu

255

Gly

Arg

Thr

Phe

Pro

335

Ser

Gln

Gln

Ser

Arg

Glu

Tyr

80

His

Gly

Trp

Gly

Trp

160

Ser

Pro

Thr

Ala

Leu

240

Lys

Gly

Gly

Gln

Asp

320

Lys

Val

Pro
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Asp Tyr Arg Glu Arg Tyr Glu Ala Glu Leu Asp Glu Ile Arg Asn Leu
370 375 380

Glu Ile Trp Arg Ala Gly Lys Ala Val Arg Ser Leu Arg Pro Glu Asn
385 390 395 400

Gln Lys

<210> SEQ ID NO 79

<211> LENGTH: 404

<212> TYPE: PRT

<213> ORGANISM: Schizosaccharomyces pombe

<400> SEQUENCE: 79

Met Ser Phe Arg Asn Ser Ser Arg Met Ala Met Lys Ala Leu Arg Thr
1 5 10 15

Met Gly Ser Arg Arg Leu Ala Thr Arg Ser Met Ser Val Met Ala Arg
20 25 30

Thr Ile Ala Ala Pro Ser Met Arg Phe Ala Pro Arg Met Thr Ala Pro
Leu Met Gln Thr Arg Gly Met Arg Val Met Asp Phe Ala Gly Thr Lys
50 55 60

Glu Asn Val Trp Glu Arg Ser Asp Trp Pro Arg Glu Lys Leu Val Asp
65 70 75 80

Tyr Phe Lys Asn Asp Thr Leu Ala Ile Ile Gly Tyr Gly Ser Gln Gly
85 90 95

His Gly Gln Gly Leu Asn Ala Arg Asp Gln Gly Leu Asn Val Ile Val
100 105 110

Gly Val Arg Lys Asp Gly Ala Ser Trp Lys Gln Ala Ile Glu Asp Gly
115 120 125

Trp Val Pro Gly Lys Thr Leu Phe Pro Val Glu Glu Ala Ile Lys Lys
130 135 140

Gly Ser Ile Ile Met Asn Leu Leu Ser Asp Ala Ala Gln Thr Glu Thr
145 150 155 160

Trp Pro Lys Ile Ala Pro Leu Ile Thr Lys Gly Lys Thr Leu Tyr Phe
165 170 175

Ser His Gly Phe Ser Val Ile Phe Lys Asp Gln Thr Lys Ile His Pro
180 185 190

Pro Lys Asp Val Asp Val Ile Leu Val Ala Pro Lys Gly Ser Gly Arg
195 200 205

Thr Val Arg Thr Leu Phe Lys Glu Gly Arg Gly Ile Asn Ser Ser Phe
210 215 220

Ala Val Tyr Gln Asp Val Thr Gly Lys Ala Gln Glu Lys Ala Ile Gly
225 230 235 240

Leu Ala Val Ala Val Gly Ser Gly Phe Ile Tyr Gln Thr Thr Phe Lys
245 250 255

Lys Glu Val Ile Ser Asp Leu Val Gly Glu Arg Gly Cys Leu Met Gly
260 265 270

Gly Ile Asn Gly Leu Phe Leu Ala Gln Tyr Gln Val Leu Arg Glu Arg
275 280 285

Gly His Ser Pro Ala Glu Ala Phe Asn Glu Thr Val Glu Glu Ala Thr
290 295 300

Gln Ser Leu Tyr Pro Leu Ile Gly Lys Tyr Gly Leu Asp Tyr Met Phe
305 310 315 320
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Ala Ala Cys Ser Thr Thr Ala Arg Arg Gly Ala Ile Asp Trp Thr Pro
325 330 335

Arg Phe Leu Glu Ala Asn Lys Lys Val Leu Asn Glu Leu Tyr Asp Asn
340 345 350

Val Glu Asn Gly Asn Glu Ala Lys Arg Ser Leu Glu Tyr Asn Ser Ala
355 360 365

Pro Asn Tyr Arg Glu Leu Tyr Asp Lys Glu Leu Glu Glu Ile Arg Asn
370 375 380

Leu Glu Ile Trp Lys Ala Gly Glu Val Val Arg Ser Leu Arg Pro Glu
385 390 395 400

His Asn Lys His

<210> SEQ ID NO 80

<211> LENGTH: 415

<212> TYPE: PRT

<213> ORGANISM: Laccaria bicolor

<400> SEQUENCE: 80

Met Ala Ser Leu Ala Arg Ser Ala Ser Gln Ser Leu Arg Ala Ser Ala
1 5 10 15

Arg Arg Ala Pro Arg Ser Leu Ala Lys Ser Ala Val Arg Pro Thr Gln
20 25 30

Ala Ala Ser Tyr Ser Leu Phe Ala Arg Ala Ala Ala Ala Lys Val Ala
35 40 45

Gln Thr Ser Thr Ala Lys Gly Val Arg Gly Val Lys Thr Leu Asp Phe
50 55 60

Ala Gly Thr Lys Glu Val Val Tyr Glu Arg Ser Asp Trp Pro Leu Ala
65 70 75 80

Lys Leu Gln Asp Tyr Phe Lys Asn Asp Thr Leu Ala Leu Ile Gly Tyr
85 90 95

Gly Ser Gln Gly His Gly Gln Gly Leu Asn Ala Arg Asp Asn Gly Leu
100 105 110

Asn Val Ile Val Gly Val Arg Lys Asp Gly Glu Ser Trp Arg Gln Ala
115 120 125

Leu Glu Asp Gly Trp Glu Ser Phe Ser Pro Val Pro Gly Glu Thr Leu
130 135 140

Phe Pro Ile Glu Glu Ala Ile Asn Lys Gly Thr Ile Ile Met Asn Leu
145 150 155 160

Leu Ser Asp Ala Ala Gln Ser Gln Thr Trp Pro Gln Leu Ala Pro Leu
165 170 175

Ile Thr Lys Gly Lys Thr Leu Tyr Phe Ser His Gly Phe Ser Val Val
180 185 190

Tyr Lys Asp Asp Thr His Val Ile Pro Pro Lys Asp Val Asp Val Ile
195 200 205

Leu Val Ala Pro Lys Gly Ser Gly Arg Thr Val Arg Thr Leu Phe Lys
210 215 220

Glu Gly Arg Gly Ile Asn Ser Ser Ile Ala Val Trp Gln Asp Val Thr
225 230 235 240

Gly Lys Ala Lys Glu Lys Ala Ile Ala Leu Gly Val Gly Ile Gly Ser
245 250 255

Gly Tyr Met Tyr Glu Thr Thr Phe Glu Lys Glu Val Tyr Ser Asp Leu
260 265 270
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Tyr Gly Glu Arg Gly Val Leu Met Gly Gly Ile Gln Gly Leu Phe Leu
275 280 285

Ala Gln Tyr Gln Val Leu Arg Lys Asn Gly His Ser Pro Ser Glu Ala
290 295 300

Phe Asn Glu Thr Val Glu Glu Ala Thr Gln Ser Leu Tyr Pro Leu Ile
305 310 315 320

Gly Gln Lys Gly Met Asp Tyr Met Tyr Asn Ala Cys Ser Thr Thr Ala
325 330 335

Arg Arg Gly Ala Leu Asp Trp Ala Pro Ile Phe Glu Lys Ala Asn Val
340 345 350

Pro Val Phe Glu Ala Leu Tyr Glu Ser Val Arg Asn Gly Thr Glu Thr
355 360 365

Arg Lys Ser Leu Glu Phe Asn Gly Arg Ala Thr Tyr Arg Glu Asp Leu
370 375 380

Ala Lys Glu Leu Ala Val Ile Asp Asn Gln Glu Ile Trp Arg Ala Gly
385 390 395 400

Lys Thr Val Arg Ser Leu Arg Pro Asp Tyr Lys Pro Glu Ser Glu
405 410 415

<210> SEQ ID NO 81

<211> LENGTH: 343

<212> TYPE: PRT

<213> ORGANISM: Ignicoccus hospitalis
<400> SEQUENCE: 81

Met Gly Leu Asn Ala Gly Ala Leu Arg Arg Val Gly Val Thr Val Ala
1 5 10 15

Gln Ile Trp Lys Asp Ser Asp Val Ser Leu Glu Pro Leu Lys Gly Arg
20 25 30

Lys Val Ala Ile Ile Gly Tyr Gly Ser Gln Gly Arg Ala Trp Ala Leu
35 40 45

Asn Ile Arg Asp Ser Gly Val Asp Val Val Val Gly Leu Arg Pro Gly
50 55 60

Gly Lys Ser Trp Glu Leu Ala Thr Lys Asp Gly Phe Glu Pro Lys Pro
Ile Pro Glu Ala Ala Lys Glu Gly Asp Val Ile Ala Met Leu Ile Pro
85 90 95

Asp Met Ala Gln Pro Glu Ile Tyr Glu Lys Tyr Val Glu Pro Asn Leu
100 105 110

His Glu Gly Asn Ala Leu Val Phe Ala His Gly Phe Asn Ile His Tyr
115 120 125

Gly Leu Ile Lys Pro Pro Lys Asn Val Asp Val Ile Met Val Ala Pro
130 135 140

Lys Ser Pro Gly Pro Lys Val Arg Glu Ala Phe Leu Ser Gly Arg Gly
145 150 155 160

Val Pro Ala Leu Val Ala Val His Gln Asp Tyr Thr Gly Lys Ala Trp
165 170 175

Asp Leu Val Leu Ala Leu Ala Lys Ala Leu Gly Cys Thr Arg Ala Gly
180 185 190

Val Ile Lys Thr Thr Phe Lys Glu Glu Thr Glu Ser Asp Leu Ile Gly
195 200 205

Glu Gln Thr Val Leu Val Gly Gly Leu Met Glu Leu Leu Lys Lys Gly
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210 215 220

Phe Glu Asn Leu Val Glu Leu Gly Tyr Gln Pro Glu Val Ala Tyr Phe
225 230 235 240

Glu Ala Ile Asn Glu Ala Lys Leu Ile Met Asp Leu Ile Trp Gln Tyr
245 250 255

Gly Phe Tyr Gly Met Leu Leu Arg Val Ser Asp Thr Ala Lys Tyr Gly
260 265 270

Gly Leu Thr Val Gly Pro Lys Val Ile Asp Glu His Val Lys Glu Asn
275 280 285

Met Lys Lys Ala Ser Glu Arg Val Ile Ser Gly Glu Phe Ala Lys Glu
290 295 300

Trp Val Glu Glu Tyr Lys Lys Gly Met Pro Thr Leu Lys Glu Leu Met
305 310 315 320

Glu Lys Val Lys Glu His Gln Ala Glu Lys Val Gly Lys Glu Leu Arg
325 330 335

Lys Leu Met Gly Leu Glu Glu
340

<210> SEQ ID NO 82

<211> LENGTH: 329

<212> TYPE: PRT

<213> ORGANISM: Picrophilus torridus

<400> SEQUENCE: 82

Met Glu Lys Val Tyr Thr Glu Asn Asp Leu Lys Glu Asn Leu Met Arg
1 5 10 15

Asn Lys Lys Ile Ala Val Leu Gly Tyr Gly Ser Gln Gly Arg Ala Trp
20 25 30

Ala Leu Asn Met Arg Asp Ser Gly Leu Asn Val Thr Val Gly Leu Glu
35 40 45

Arg Gln Gly Lys Ser Trp Glu Lys Ala Val Ala Asp Gly Phe Lys Pro
50 55 60

Leu Lys Ser Arg Asp Ala Val Arg Asp Ala Asp Ala Val Ile Phe Leu
65 70 75 80

Val Pro Asp Met Ala Gln Arg Glu Leu Tyr Lys Asn Ile Met Asn Asp
85 90 95

Ile Lys Asp Asp Ala Asp Ile Val Phe Ala His Gly Phe Asn Val His
100 105 110

Tyr Gly Leu Ile Asn Pro Lys Asn His Asp Val Tyr Met Val Ala Pro
115 120 125

Lys Ala Pro Gly Pro Ser Val Arg Glu Phe Tyr Glu Arg Gly Gly Gly
130 135 140

Val Pro Val Leu Ile Ala Val Ala Asn Asp Val Ser Gly Arg Ser Lys
145 150 155 160

Glu Lys Ala Leu Ser Ile Ala Tyr Ser Leu Gly Ala Leu Arg Ala Gly
165 170 175

Ala Ile Glu Thr Thr Phe Lys Glu Glu Thr Glu Thr Asp Leu Ile Gly
180 185 190

Glu Gln Leu Asp Leu Val Gly Gly Ile Thr Glu Leu Leu Arg Ser Thr
195 200 205

Phe Asn Ile Met Val Glu Met Gly Tyr Lys Pro Glu Met Ala Tyr Phe
210 215 220
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Glu Ala Ile Asn Glu Met Lys Leu Ile Val Asp Gln Val Phe Glu Lys
225 230 235 240

Gly Ile Ser Gly Met Leu Arg Ala Val Ser Asp Thr Ala Lys Tyr Gly
245 250 255

Gly Leu Thr Thr Gly Lys Tyr Ile Ile Asn Asp Asp Val Arg Lys Arg
260 265 270

Met Arg Glu Arg Ala Glu Tyr Ile Val Ser Gly Lys Phe Ala Glu Glu
275 280 285

Trp Ile Glu Glu Tyr Gly Glu Gly Ser Lys Asn Leu Glu Ser Met Met
290 295 300

Leu Asp Ile Asp Asn Ser Leu Glu Glu Gln Val Gly Lys Gln Leu Arg
305 310 315 320

Glu Ile Val Leu Arg Gly Arg Pro Lys
325

<210> SEQ ID NO 83

<211> LENGTH: 339

<212> TYPE: PRT

<213> ORGANISM: Acidiphilium cryptum

<400> SEQUENCE: 83

Met Arg Val Tyr Tyr Asp Ser Asp Ala Asp Val Asn Leu Ile Lys Ala
1 5 10 15

Lys Lys Val Ala Val Val Gly Tyr Gly Ser Gln Gly His Ala His Ala
20 25 30

Leu Asn Leu Lys Glu Ser Gly Val Lys Glu Leu Val Val Ala Leu Arg
35 40 45

Lys Gly Ser Ala Ala Val Ala Lys Ala Glu Ala Ala Gly Leu Arg Val
50 55 60

Met Thr Pro Glu Glu Ala Ala Ala Trp Ala Asp Val Val Met Ile Leu
65 70 75 80

Thr Pro Asp Glu Gly Gln Gly Asp Leu Tyr Arg Asp Ser Leu Ala Ala
85 90 95

Asn Leu Lys Pro Gly Ala Ala Ile Ala Phe Ala His Gly Leu Asn Ile
100 105 110

His Phe Asn Leu Ile Glu Pro Arg Ala Asp Ile Asp Val Phe Met Ile
115 120 125

Ala Pro Lys Gly Pro Gly His Thr Val Arg Ser Glu Tyr Gln Arg Gly
130 135 140

Gly Gly Val Pro Cys Leu Val Ala Val Ala Gln Asn Pro Ser Gly Asn
145 150 155 160

Ala Leu Asp Ile Ala Leu Ser Tyr Ala Ser Ala Ile Gly Gly Gly Arg
165 170 175

Ala Gly Ile Ile Glu Thr Thr Phe Lys Glu Glu Cys Glu Thr Asp Leu
180 185 190

Phe Gly Glu Gln Thr Val Leu Cys Gly Gly Leu Val Glu Leu Ile Lys
195 200 205

Ala Gly Phe Glu Thr Leu Val Glu Ala Gly Tyr Ala Pro Glu Met Ala
210 215 220

Tyr Phe Glu Cys Leu His Glu Val Lys Leu Ile Val Asp Leu Ile Tyr
225 230 235 240

Glu Gly Gly Ile Ala Asn Met Asn Tyr Ser Ile Ser Asn Thr Ala Glu
245 250 255
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Tyr Gly Glu Tyr Val Thr Gly Pro Arg Met Ile Thr Pro Glu Thr Lys
260 265 270

Ala Glu Met Lys Arg Val Leu Asp Asp Ile Gln Lys Gly Arg Phe Thr
275 280 285

Arg Asp Trp Met Leu Glu Asn Lys Val Asn Gln Thr Asn Phe Lys Ala
290 295 300

Met Arg Arg Ala Asn Ala Ala His Pro Ile Glu Glu Val Gly Glu Lys
305 310 315 320

Leu Arg Ala Met Met Pro Trp Ile Lys Lys Gly Ala Leu Val Asp Lys
325 330 335

Thr Arg Asn

<210> SEQ ID NO 84

<211> LENGTH: 330

<212> TYPE: PRT

<213> ORGANISM: Cyanobacteria/Synechococcus sp.

<400> SEQUENCE: 84

Met Ala Arg Leu Tyr Tyr Asp Thr Asp Ala Asn Leu Asp Leu Leu Asp
1 5 10 15

Gly Lys Thr Val Ala Ile Ile Gly Tyr Gly Ser Gln Gly His Ala His
20 25 30

Ala Leu Asn Leu Arg Asp Ser Gly Val Asn Val Leu Val Gly Leu Tyr
35 40 45

Pro Gly Ser Pro Ser Trp Pro Lys Ala Glu Arg Asp Gly Leu Thr Val
Lys Thr Val Ala Asp Ala Ala Ala Ala Ala Asp Trp Val Met Ile Leu
65 70 75 80

Leu Pro Asp Glu Val Gln Lys Thr Val Phe Gln Ser Glu Ile Arg Pro
85 90 95

His Leu Lys Pro Gly Lys Val Leu Leu Phe Ala His Gly Phe Asn Ile
100 105 110

His Phe Gly Gln Ile Gln Pro Pro Pro Asp Ile Asp Val Ile Met Val
115 120 125

Ala Pro Lys Gly Pro Gly His Leu Val Arg Arg Thr Tyr Leu Glu Gly
130 135 140

Gln Gly Val Pro Cys Leu Phe Ala Val Tyr Gln Asp Ala Ser Gly Met
145 150 155 160

Ala Arg Glu Arg Ala Met Ala Tyr Ala Lys Ala Ile Gly Gly Thr Arg
165 170 175

Ala Gly Ile Leu Glu Thr Ser Phe Arg Glu Glu Thr Glu Thr Asp Leu
180 185 190

Phe Gly Glu Gln Val Val Leu Cys Gly Gly Leu Thr Ala Leu Ile Lys
195 200 205

Ala Gly Phe Glu Thr Leu Val Glu Ala Gly Tyr Gln Pro Glu Leu Ala
210 215 220

Tyr Phe Glu Cys Leu His Glu Val Lys Leu Ile Val Asp Leu Ile Val
225 230 235 240

Glu Gly Gly Leu Glu Lys Met Arg His Ser Ile Ser Asn Thr Ala Glu
245 250 255

Tyr Gly Asp Tyr Thr Arg Gly Pro Arg Ile Ile Thr Glu Gln Thr Arg
260 265 270
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Ala Glu Met Lys Arg Ile Leu Ser Glu Ile Gln Ser Gly Gln Phe Ala
275 280 285

Arg Glu Phe Val Leu Glu Asn Gln Ala Gly Lys Pro Val Leu Thr Ala
290 295 300

Met Arg Arg Arg Glu Ala Glu His Pro Ile Glu Lys Val Gly Lys Glu
305 310 315 320

Leu Arg Ala Met Phe Ser Trp Leu Lys Lys
325 330

<210> SEQ ID NO 85

<211> LENGTH: 339

<212> TYPE: PRT

<213> ORGANISM: Zymomonas mobilis
<400> SEQUENCE: 85

Met Lys Val Tyr Tyr Asp Ser Asp Ala Asp Leu Gly Leu Ile Lys Ser
1 5 10 15

Lys Lys Ile Ala Ile Leu Gly Tyr Gly Ser Gln Gly His Ala His Ala
Gln Asn Leu Arg Asp Ser Gly Val Ala Glu Val Ala Ile Ala Leu Arg
35 40 45

Pro Asp Ser Ala Ser Val Lys Lys Ala Gln Asp Ala Gly Phe Lys Val
50 55 60

Leu Thr Asn Ala Glu Ala Ala Lys Trp Ala Asp Ile Leu Met Ile Leu
65 70 75 80

Ala Pro Asp Glu His Gln Ala Ala Ile Tyr Ala Glu Asp Leu Lys Asp
Asn Leu Arg Pro Gly Ser Ala Ile Ala Phe Ala His Gly Leu Asn Ile
100 105 110

His Phe Gly Leu Ile Glu Pro Arg Lys Asp Ile Asp Val Phe Met Ile
115 120 125

Ala Pro Lys Gly Pro Gly His Thr Val Arg Ser Glu Tyr Val Arg Gly
130 135 140

Gly Gly Val Pro Cys Leu Val Ala Val Asp Gln Asp Ala Ser Gly Asn
145 150 155 160

Ala His Asp Ile Ala Leu Ala Tyr Ala Ser Gly Ile Gly Gly Gly Arg
165 170 175

Ser Gly Val Ile Glu Thr Thr Phe Arg Glu Glu Val Glu Thr Asp Leu
180 185 190

Phe Gly Glu Gln Ala Val Leu Cys Gly Gly Leu Thr Ala Leu Ile Thr
195 200 205

Ala Gly Phe Glu Thr Leu Thr Glu Ala Gly Tyr Ala Pro Glu Met Ala
210 215 220

Phe Phe Glu Cys Met His Glu Met Lys Leu Ile Val Asp Leu Ile Tyr
225 230 235 240

Glu Ala Gly Ile Ala Asn Met Arg Tyr Ser Ile Ser Asn Thr Ala Glu
245 250 255

Tyr Gly Asp Ile Val Ser Gly Pro Arg Val Ile Asn Glu Glu Ser Lys
260 265 270

Lys Ala Met Lys Ala Ile Leu Asp Asp Ile Gln Ser Gly Arg Phe Val
275 280 285

Ser Lys Phe Val Leu Asp Asn Arg Ala Gly Gln Pro Glu Leu Lys Ala
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290 295 300

Ala Arg Lys Arg Met Ala Ala His Pro Ile Glu Gln Val Gly Ala Arg
305 310 315 320

Leu Arg Lys Met Met Pro Trp Ile Ala Ser Asn Lys Leu Val Asp Lys
325 330 335

Ala Arg Asn

<210> SEQ ID NO 8¢

<211> LENGTH: 359

<212> TYPE: PRT

<213> ORGANISM: Bacteroides thetaiotaomicron

<400> SEQUENCE: 86

Met Ala Gln Val Ile Lys Thr Lys Lys Gln Lys Lys Met Ala Gln Leu
1 5 10 15

Asn Phe Gly Gly Thr Val Glu Asn Val Val Ile Arg Asp Glu Phe Pro
20 25 30

Leu Glu Lys Ala Arg Glu Val Leu Lys Asn Glu Thr Ile Ala Val Ile
35 40 45

Gly Tyr Gly Val Gln Gly Pro Gly Gln Ala Leu Asn Leu Arg Asp Asn
50 55 60

Gly Phe Asn Val Ile Val Gly Gln Arg Gln Gly Lys Thr Tyr Asp Lys
65 70 75 80

Ala Val Ala Asp Gly Trp Val Pro Gly Glu Thr Leu Phe Gly Ile Glu
85 90 95

Glu Ala Cys Glu Lys Gly Thr Ile Ile Met Cys Leu Leu Ser Asp Ala
100 105 110

Ala Val Met Ser Val Trp Pro Thr Ile Lys Pro Tyr Leu Thr Ala Gly
115 120 125

Lys Ala Leu Tyr Phe Ser His Gly Phe Ala Ile Thr Trp Ser Asp Arg
130 135 140

Thr Gly Val Val Pro Pro Ala Asp Ile Asp Val Ile Met Val Ala Pro
145 150 155 160

Lys Gly Ser Gly Thr Ser Leu Arg Thr Met Phe Leu Glu Gly Arg Gly
165 170 175

Leu Asn Ser Ser Tyr Ala Ile Tyr Gln Asp Ala Thr Gly Asn Ala Met
180 185 190

Asp Arg Thr Ile Ala Leu Gly Ile Gly Ile Gly Ser Gly Tyr Leu Phe
195 200 205

Glu Thr Thr Phe Ile Arg Glu Ala Thr Ser Asp Leu Thr Gly Glu Arg
210 215 220

Gly Ser Leu Met Gly Ala Ile Gln Gly Leu Leu Leu Ala Gln Tyr Glu
225 230 235 240

Val Leu Arg Glu Asn Gly His Thr Pro Ser Glu Ala Phe Asn Glu Thr
245 250 255

Val Glu Glu Leu Thr Gln Ser Leu Met Pro Leu Phe Ala Lys Asn Gly
260 265 270

Met Asp Trp Met Tyr Ala Asn Cys Ser Thr Thr Ala Gln Arg Gly Ala
275 280 285

Leu Asp Trp Met Gly Pro Phe His Asp Ala Ile Lys Pro Val Val Glu
290 295 300

Lys Leu Tyr His Ser Val Lys Thr Gly Asn Glu Ala Gln Ile Ser Ile
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305 310 315 320

Asp Ser Asn Ser Lys Pro Asp Tyr Arg Glu Lys Leu Glu Glu Glu Leu
325 330 335

Lys Ala Leu Arg Glu Ser Glu Met Trp Gln Thr Ala Val Thr Val Arg
340 345 350

Lys Leu Arg Pro Glu Asn Asn
355

<210> SEQ ID NO 87

<211> LENGTH: 494

<212> TYPE: PRT

<213> ORGANISM: Vibrio fischeri

<400> SEQUENCE: 87

Met Ser Asn Tyr Phe Asn Thr Leu Asn Leu Arg Glu Gln Leu Asp Gln
1 5 10 15

Leu Gly Arg Cys Arg Phe Met Asp Arg Glu Glu Phe Ala Thr Glu Ala
20 25 30

Asp Tyr Leu Lys Gly Lys Lys Val Val Ile Val Gly Cys Gly Ala Gln
35 40 45

Gly Leu Asn Gln Gly Leu Asn Met Arg Asp Ser Gly Leu Asp Val Ala
50 55 60

Tyr Ala Leu Arg Gln Ala Ala Ile Asp Glu Gln Arg Gln Ser Tyr Lys
65 70 75 80

Asn Ala Lys Glu Asn Gly Phe Glu Val Ala Ser Tyr Glu Thr Leu Ile
85 90 95

Pro Gln Ala Asp Leu Val Ile Asn Leu Thr Pro Asp Lys Gln His Thr
100 105 110

Asn Val Val Glu Thr Val Met Pro Leu Met Lys Glu Gly Ala Ala Leu
115 120 125

Gly Tyr Ser His Gly Phe Asn Val Val Glu Glu Gly Met Gln Ile Arg
130 135 140

Lys Asp Leu Thr Val Val Met Val Ala Pro Lys Cys Pro Gly Thr Glu
145 150 155 160

Val Arg Glu Glu Tyr Lys Arg Gly Phe Gly Val Pro Thr Leu Ile Ala
165 170 175

Val His Pro Glu Asn Asp Pro Lys Gly Glu Gly Trp Asp Ile Ala Lys
180 185 190

Ala Trp Ala Ala Gly Thr Gly Gly His Arg Ala Gly Cys Leu Glu Ser
195 200 205

Ser Phe Val Ala Glu Val Lys Ser Asp Leu Met Gly Glu Gln Thr Ile
210 215 220

Leu Cys Gly Met Leu Gln Ala Gly Ser Ile Val Ser Tyr Glu Lys Met
225 230 235 240

Ile Ala Asp Gly Ile Glu Pro Gly Tyr Ala Gly Lys Leu Leu Gln Tyr
245 250 255

Gly Trp Glu Thr Ile Thr Glu Ala Leu Lys Phe Gly Gly Val Thr His
260 265 270

Met Met Asp Arg Leu Ser Asn Pro Ala Lys Val Lys Ala Phe Glu Leu
275 280 285

Ser Glu Glu Leu Lys Glu Leu Met Arg Pro Leu Tyr Asn Lys His Met
290 295 300
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Asp Asp Ile Ile Ser Gly Glu Phe Ser Arg Thr Met Met Ala Asp Trp
305 310 315 320

Ala Asn Asp Asp Val Asn Leu Phe Gly Trp Arg Glu Glu Thr Gly Gln
325 330 335

Thr Ala Phe Glu Asn Tyr Pro Glu Ser Asp Val Glu Ile Ser Glu Gln
340 345 350

Glu Tyr Phe Asp Asn Gly Ile Leu Leu Val Ala Met Val Arg Ala Gly
355 360 365

Val Glu Leu Ala Phe Glu Ala Met Thr Ala Ser Gly Ile Ile Asp Glu
370 375 380

Ser Ala Tyr Tyr Glu Ser Leu His Glu Leu Pro Leu Ile Ala Asn Thr
385 390 395 400

Val Ala Arg Lys Arg Leu Tyr Glu Met Asn Val Val Ile Ser Asp Thr
405 410 415

Ala Glu Tyr Gly Asn Tyr Leu Phe Ala Asn Val Ala Thr Pro Leu Leu
420 425 430

Arg Glu Lys Phe Met Pro Ser Val Glu Thr Asp Val Ile Gly Arg Gly
435 440 445

Leu Gly Glu Ala Ser Asn Gln Val Asp Asn Ala Thr Leu Ile Ala Val
450 455 460

Asn Asp Ala Ile Arg Asn His Pro Val Glu Tyr Ile Gly Glu Glu Leu
465 470 475 480

Arg Ser Tyr Met Ser Asp Met Lys Arg Ile Ala Val Gly Gly
485 490

<210> SEQ ID NO 88

<211> LENGTH: 492

<212> TYPE: PRT

<213> ORGANISM: Shewanella sp.

<400> SEQUENCE: 88

Met Ala Asn Tyr Phe Asn Ser Leu Asn Leu Arg Gln Gln Leu Glu Gln
1 5 10 15

Leu Gly Gln Cys Arg Phe Met Asp Arg Ser Glu Phe Ser Asp Gly Cys
20 25 30

Asn Tyr Ile Lys Asp Trp Asn Ile Val Ile Leu Gly Cys Gly Ala Gln
35 40 45

Gly Leu Asn Gln Gly Leu Asn Met Arg Asp Ser Gly Leu Asn Ile Ala
50 55 60

Tyr Ala Leu Arg Pro Glu Ala Ile Ala Gln Lys Arg Ala Ser Trp Gln
65 70 75 80

Lys Ala Thr Asp Asn Gly Phe Lys Val Gly Thr Phe Glu Glu Leu Ile
85 90 95

Pro Thr Ala Asp Leu Val Leu Asn Leu Thr Pro Asp Lys Gln His Ser
100 105 110

Asn Val Val Ser Ala Val Met Pro Leu Met Lys Gln Gly Ala Thr Leu
115 120 125

Ser Tyr Ser His Gly Phe Asn Ile Val Glu Glu Gly Met Gln Ile Arg
130 135 140

Pro Asp Ile Thr Val Val Met Val Ala Pro Lys Cys Pro Gly Thr Glu
145 150 155 160

Val Arg Glu Glu Tyr Lys Arg Gly Phe Gly Val Pro Thr Leu Ile Ala
165 170 175
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Val His Pro Glu Asn Asp Pro Asn Gly Asp Gly Leu Glu Ile Ala Lys
180 185 190

Ala Tyr Ala Ser Ala Thr Gly Gly Asp Arg Ala Gly Val Leu Gln Ser
195 200 205

Ser Phe Ile Ala Glu Val Lys Ser Asp Leu Met Gly Glu Gln Thr Ile
210 215 220

Leu Cys Gly Met Leu Gln Thr Gly Ala Ile Leu Gly Tyr Asp Lys Met
225 230 235 240

Val Ala Asp Gly Val Glu Pro Gly Tyr Ala Ala Lys Leu Ile Gln Gln
245 250 255

Gly Trp Glu Thr Val Thr Glu Ala Leu Lys His Gly Gly Ile Thr Asn
260 265 270

Met Met Asp Arg Leu Ser Asn Pro Ala Lys Ile Lys Ala Phe Glu Ile
275 280 285

Ala Glu Asp Leu Lys Glu Ile Leu Gln Pro Leu Phe Glu Lys His Met
290 295 300

Asp Asp Ile Ile Ser Gly Glu Phe Ser Arg Thr Met Met Gln Asp Trp
305 310 315 320

Ala Asn Asp Asp Ala Asn Leu Leu Arg Trp Arg Ala Glu Thr Ala Glu
325 330 335

Thr Gly Phe Glu Asn Ala Pro Val Ser Ser Glu His Ile Asp Glu Gln
340 345 350

Thr Tyr Phe Asp Lys Gly Ile Phe Leu Val Ala Met Ile Lys Ala Gly
355 360 365

Val Glu Leu Ala Phe Asp Thr Met Val Ser Ala Gly Ile Val Glu Glu
370 375 380

Ser Ala Tyr Tyr Glu Ser Leu His Glu Thr Pro Leu Ile Ala Asn Thr
385 390 395 400

Ile Ala Arg Lys Arg Leu Tyr Glu Met Asn Val Val Ile Ser Asp Thr
405 410 415

Ala Glu Tyr Gly Cys Tyr Leu Phe Asn His Ala Ala Val Pro Met Leu
420 425 430

Arg Asp Tyr Val Asn Ala Met Ser Pro Glu Tyr Leu Gly Ala Gly Leu
435 440 445

Lys Asp Ser Ser Asn Asn Val Asp Asn Leu Gln Leu Ile Ala Ile Asn
450 455 460

Asp Ala Ile Arg His Thr Ser Val Glu Tyr Ile Gly Ala Glu Leu Arg
465 470 475 480

Gly Tyr Met Thr Asp Met Lys Ser Ile Val Gly Ala
485 490

<210> SEQ ID NO 89

<211> LENGTH: 491

<212> TYPE: PRT

<213> ORGANISM: Gramella forsetti

<400> SEQUENCE: 89

Met Thr Asn Tyr Phe Asn Ser Leu Ser Leu Arg Asp Gln Leu Ala Gln
1 5 10 15

Leu Gly Thr Cys Arg Phe Met Glu Leu Asp Glu Phe Ser Asn Glu Val
20 25 30

Ala Val Leu Lys Asp Lys Lys Ile Val Ile Val Gly Cys Gly Ala Gln
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35 40 45

Gly Leu Asn Gln Gly Leu Asn Met Arg Asp Ser Gly Leu Asp Ile Ser
50 55 60

Tyr Ala Leu Arg Glu Gly Ala Ile Lys Glu Lys Arg Gln Ser Trp Lys
65 70 75 80

Asn Ala Thr Glu Asn Asn Phe Asn Val Gly Thr Tyr Glu Glu Leu Ile
85 90 95

Pro Lys Ala Asp Leu Val Ile Asn Leu Thr Pro Asp Lys Gln His Thr
100 105 110

Ser Val Ile Lys Ala Ile Gln Pro His Ile Lys Lys Asp Ala Val Leu
115 120 125

Ser Tyr Ser His Gly Phe Asn Ile Val Glu Glu Gly Thr Lys Ile Arg
130 135 140

Glu Asp Ile Thr Val Ile Met Val Ala Pro Lys Cys Pro Gly Thr Glu
145 150 155 160

Val Arg Glu Glu Tyr Lys Arg Gly Phe Gly Val Pro Thr Leu Ile Ala
165 170 175

Val His Pro Glu Asn Asp Pro His Gly Ile Gly Leu Asp Trp Ala Lys
180 185 190

Ala Tyr Ala Tyr Ala Thr Gly Gly His Arg Ala Gly Val Leu Glu Ser
195 200 205

Ser Phe Val Ala Glu Val Lys Ser Asp Leu Met Gly Glu Gln Thr Met
210 215 220

Leu Cys Gly Val Leu Gln Thr Gly Ser Ile Leu Thr Phe Asp Lys Met
225 230 235 240

Val Ala Asp Gly Val Glu Pro Asn Tyr Ala Ala Lys Leu Ile Gln Tyr
245 250 255

Gly Trp Glu Thr Ile Thr Glu Ala Leu Lys His Gly Gly Ile Thr Asn
260 265 270

Met Met Asp Arg Leu Ser Asn Pro Ala Lys Leu Arg Ala Asn Glu Ile
275 280 285

Ala Glu Glu Leu Lys Glu Lys Met Arg Pro Leu Phe Gln Lys His Met
290 295 300

Asp Asp Ile Ile Ser Gly Glu Phe Ser Ser Arg Met Met Arg Asp Trp
305 310 315 320

Ala Asn Asp Asp Lys Glu Leu Leu Thr Trp Arg Ala Glu Thr Glu Asn
325 330 335

Thr Ala Phe Glu Lys Thr Glu Ala Thr Ser Glu Glu Ile Lys Glu Gln
340 345 350

Glu Tyr Phe Asp Lys Gly Val Leu Met Val Ala Phe Val Arg Ala Gly
355 360 365

Val Glu Leu Ala Phe Glu Thr Met Val Glu Ala Gly Ile Ile Glu Glu
370 375 380

Ser Ala Tyr Tyr Glu Ser Leu His Glu Thr Pro Leu Ile Ala Asn Thr
385 390 395 400

Ile Ala Arg Lys Lys Leu Tyr Glu Met Asn Arg Val Ile Ser Asp Thr
405 410 415

Ala Glu Tyr Gly Cys Tyr Leu Phe Asp His Ala Ala Lys Pro Leu Val
420 425 430

Lys Asp Tyr Val Asn Ser Leu Glu Pro Glu Val Ala Gly Lys Lys Phe
435 440 445
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Gly Thr Asp Cys Asn Gly Val Asp Asn Gln Lys Leu Ile His Val Asn
450 455 460

Asp Asp Leu Arg Ser His Pro Val Glu Lys Val Gly Ala Arg Leu Arg
465 470 475 480

Thr Ala Met Thr Ala Met Lys Lys Ile Tyr Ala
485 490

<210> SEQ ID NO 90

<211> LENGTH: 493

<212> TYPE: PRT

<213> ORGANISM: Psychromonas ingrhamaii

<400> SEQUENCE: 90

Met Ala Asn Tyr Phe Asn Thr Leu Ser Leu Arg Glu Lys Leu Asn Gln
1 5 10 15

Leu Gly Gln Cys Arg Phe Met Asp Arg Ser Glu Phe Thr Asp Gly Cys
20 25 30

Asp Ala Leu Lys Gly Lys Lys Val Val Ile Ile Gly Cys Gly Ala Gln
35 40 45

Gly Leu Asn Gln Gly Leu Asn Met Arg Asp Ser Gly Leu Asp Val Ser
50 55 60

Tyr Thr Leu Arg Ala Gln Ala Ile Ala Glu Lys Arg Gln Ser Trp Lys
65 70 75 80

Asn Ala Thr Glu Asn Gly Phe Val Val Gly Thr Tyr Glu Glu Leu Ile
85 90 95

Pro Glu Ala Asp Leu Leu Cys Asn Leu Thr Pro Asp Lys Gln His Thr
100 105 110

Ala Val Val Gly Ala Val Met Pro Leu Met Lys Glu Gly Ala Thr Leu
115 120 125

Ser Tyr Ser His Gly Phe Asn Ile Val Glu Glu Gly Met Gln Val Arg
130 135 140

Glu Asp Leu Thr Val Ile Met Cys Ala Pro Lys Cys Pro Gly Ser Glu
145 150 155 160

Val Arg Glu Glu Tyr Lys Arg Gly Phe Gly Val Pro Thr Leu Ile Ala
165 170 175

Val His Pro Ala Asn Asp Pro Gln Gly Gln Gly Leu Val Trp Ala Lys
180 185 190

Ala Tyr Ala Ser Ala Thr Gly Gly Asp Arg Ala Gly Val Leu Met Ser
195 200 205

Ser Phe Val Ala Glu Val Lys Ser Asp Leu Met Gly Glu Gln Thr Ile
210 215 220

Leu Cys Gly Met Leu Gln Thr Gly Ala Ile Ile Gly Tyr Glu Lys Met
225 230 235 240

Val Ala Asp Gly Ile Glu Pro Gly Tyr Ala Ser Lys Leu Ile Gln Tyr
245 250 255

Gly Trp Glu Thr Val Thr Glu Gly Met Lys Tyr Gly Gly Ile Thr Asn
260 265 270

Met Met Asp Arg Leu Ser Asn Pro Ala Lys Ile Lys Ala Phe Asp Met
275 280 285

Ser Leu Glu Leu Lys Glu Ile Leu Arg Pro Leu Phe Asn Lys His Met
290 295 300

Asp Asp Ile Ile Glu Gly Glu Phe Ser Arg Thr Met Met Glu Asp Trp
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305 310 315 320

Ala Asn Asp Asp Lys Asn Leu Leu Gln Trp Arg Ala Glu Thr Ala Glu
325 330 335

Thr Gly Phe Glu Lys Gln Pro Ala Gly Asp Met Lys Ile Asp Glu Gln
340 345 350

Glu Phe Tyr Asp Asn Gly Ile Phe Leu Ile Ala Met Ile Lys Ala Gly
355 360 365

Val Glu Leu Ala Phe Asp Ala Met Thr Ala Ser Gly Ile Ile Ala Asp
370 375 380

Ser Ala Tyr Tyr Glu Ser Leu His Glu Thr Pro Leu Ile Ala Asn Thr
385 390 395 400

Ile Ala Arg Lys Lys Leu Tyr Glu Met Asn Val Val Ile Ser Asp Thr
405 410 415

Ala Glu Tyr Gly Cys Tyr Leu Phe Asp His Ala Ala Lys Pro Leu Leu
420 425 430

Ala Asp Phe Val Lys Ala Leu Asp Pro Glu Met Leu Gly Lys Pro Leu
435 440 445

Thr Val Lys Asn Asn Ala Val Asp Asn Ala Arg Leu Ile Glu Val Asn
450 455 460

Glu Ala Ile Arg Ser His Pro Val Glu Ile Val Gly Lys Lys Leu Arg
465 470 475 480

Gly Tyr Met Thr Glu Met Lys Thr Ile Ile Thr Ala Ser
485 490

<210> SEQ ID NO 91

<211> LENGTH: 492

<212> TYPE: PRT

<213> ORGANISM: Cytophaga hutchinsonii

<400> SEQUENCE: 91

Met Ala Asn Tyr Phe Asn Thr Leu Ser Leu Arg Glu Lys Leu Asp Gln
1 5 10 15

Leu Gly Val Cys Glu Phe Met Asp Arg Ser Glu Phe Ser Asp Gly Val
20 25 30

Ala Ala Leu Lys Gly Lys Lys Ile Val Ile Val Gly Cys Gly Ala Gln
35 40 45

Gly Leu Asn Gln Gly Leu Asn Leu Arg Asp Ser Gly Leu Asp Val Ser
50 55 60

Tyr Thr Leu Arg Lys Glu Ala Ile Asp Ser Lys Arg Gln Ser Phe Leu
65 70 75 80

Asn Ala Ser Glu Asn Gly Phe Lys Val Gly Thr Tyr Glu Glu Leu Ile
85 90 95

Pro Thr Ala Asp Leu Val Ile Asn Leu Thr Pro Asp Lys Gln His Thr
100 105 110

Ala Val Val Ser Ala Val Met Pro Leu Met Lys Lys Gly Ser Thr Leu
115 120 125

Ser Tyr Ser His Gly Phe Asn Ile Val Glu Glu Gly Met Gln Ile Arg
130 135 140

Lys Asp Ile Thr Val Ile Met Val Ala Pro Lys Ser Pro Gly Ser Glu
145 150 155 160

Val Arg Glu Glu Tyr Lys Arg Gly Phe Gly Val Pro Thr Leu Ile Ala
165 170 175
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Val His Pro Glu Asn Asp Pro Glu Gly Lys Gly Trp Asp Tyr Ala Lys
180 185 190

Ala Tyr Cys Val Gly Thr Gly Gly Asp Arg Ala Gly Val Leu Lys Ser
195 200 205

Ser Phe Val Ala Glu Val Lys Ser Asp Leu Met Gly Glu Gln Thr Ile
210 215 220

Leu Cys Gly Leu Leu Gln Thr Gly Ser Ile Leu Cys Phe Asp Lys Met
225 230 235 240

Val Glu Lys Gly Ile Asp Lys Gly Tyr Ala Ser Lys Leu Ile Gln Tyr
245 250 255

Gly Trp Glu Val Ile Thr Glu Ser Leu Lys His Gly Gly Ile Ser Gly
260 265 270

Met Met Asp Arg Leu Ser Asn Pro Ala Lys Ile Lys Ala Phe Gln Val
275 280 285

Ser Glu Glu Leu Lys Asp Ile Met Arg Pro Leu Phe Arg Lys His Gln
290 295 300

Asp Asp Ile Ile Ser Gly Glu Phe Ser Arg Ile Met Met Glu Asp Trp
305 310 315 320

Ala Asn Gly Asp Lys Asn Leu Leu Thr Trp Arg Ala Ala Thr Gly Glu
325 330 335

Thr Ala Phe Glu Lys Thr Pro Ala Gly Asp Val Lys Ile Ala Glu Gln
340 345 350

Glu Tyr Tyr Asp Asn Gly Leu Leu Met Val Ala Met Val Arg Ala Gly
355 360 365

Val Glu Leu Ala Phe Glu Thr Met Thr Glu Ser Gly Ile Ile Asp Glu
370 375 380

Ser Ala Tyr Tyr Glu Ser Leu His Glu Thr Pro Leu Ile Ala Asn Thr
385 390 395 400

Ile Ala Arg Lys Lys Leu Phe Glu Met Asn Arg Val Ile Ser Asp Thr
405 410 415

Ala Glu Tyr Gly Cys Tyr Leu Phe Asp His Ala Cys Lys Pro Leu Leu
420 425 430

Ala Asn Phe Met Lys Thr Val Asp Thr Asp Ile Ile Gly Lys Asn Phe
435 440 445

Asn Ala Gly Lys Asp Asn Gly Val Asp Asn Gln Met Leu Ile Ala Val
450 455 460

Asn Glu Val Leu Arg Ser His Pro Ile Glu Ile Val Gly Ala Glu Leu
465 470 475 480

Arg Glu Ala Met Thr Glu Met Lys Ala Ile Val Ser
485 490

<210> SEQ ID NO 92

<400> SEQUENCE: 92

000

<210> SEQ ID NO 93
<400> SEQUENCE: 93

000

<210> SEQ ID NO 94
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<400> SEQUENCE: 94

000

<210> SEQ ID NO 95

<400> SEQUENCE: 95

000

<210> SEQ ID NO 96

<400> SEQUENCE: 96

000

<210> SEQ ID NO 97

<400> SEQUENCE: 97

000

<210> SEQ ID NO 98

<400> SEQUENCE: 98

000

<210> SEQ ID NO 99

<400> SEQUENCE: 99

000

<210> SEQ ID NO 100

<400> SEQUENCE: 100

000

<210> SEQ ID NO 101

<211> LENGTH: 6362
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pGV1102

<400> SEQUENCE: 101

tcgegegttt cggtgatgac

cagcttgtet gtaageggat

ttggegggtyg teggggctgg

accataccac agcttttcaa

ggtttctttyg aaattttttt

agcacagact tagattggta

cagtattctt aacccaactg

cgaaagctac atataaggaa

ttaatatcat gcacgaaaag

aggaattact ggagttagtt

ggtgaaaacc

gccgggagca

cttaactatg

ttcaattcat

gattcggtaa

tatatacgca

cacagaacaa

cgtgetgeta

caaacaaact

gaagcattag

tctgacacat

gacaagcccyg

cggcatcaga

catttttrttet

tctecgaaca

tatgtagtgt

aaacctgcag

ctcatcctag

tgtgtgette

gtcccaaaat

gcagctceeg

tcagggcgcg

gcagattgta

ttattctttt

gaaggaagaa

tgaagaaaca

gaaacgaaga

teetgttget

attggatgtt

ttgtttacta

gagacggtca
tecagegggtyg
ctgagagtge
ttttgatttc
cgaaggaagg
tgaaattgce
taaatcatgt
gccaagcetat
cgtaccacca

aaaacacatg

60

120

180

240

300

360

420

480

540

600
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tggatatctt gactgatttt tccatggagg gcacagttaa gccgctaaag gcattatccg 660
ccaagtacaa ttttttactc ttcgaagaca gaaaatttge tgacattggt aatacagtca 720
aattgcagta ctctgegggt gtatacagaa tagcagaatg ggcagacatt acgaatgcac 780
acggtgtggt gggcccaggt attgttageg gtttgaagca ggcggcagaa gaagtaacaa 840
aggaacctag aggccttttg atgttagcag aattgtcatg caagggctcc ctatctactg 900
gagaatatac taagggtact gttgacattg cgaagagcga caaagatttt gttatcgget 960

ttattgctca aagagacatg ggtggaagag atgaaggtta cgattggttg attatgacac 1020
ccggtgtggg tttagatgac aagggagacg cattgggtca acagtataga accgtggatg 1080
atgtggtctc tacaggatct gacattatta ttgttggaag aggactattt gcaaagggaa 1140
gggatgctaa ggtagagggt gaacgttaca gaaaagcagg ctgggaagca tatttgagaa 1200
gatgcggcca gcaaaactaa aaaactgtat tataagtaaa tgcatgtata ctaaactcac 1260
aaattagagc ttcaatttaa ttatatcagt tattacccta tgcggtgtga aataccgcac 1320
agatgcgtaa ggagaaaata ccgcatcagg aaattgtaaa cgttaatatt ttgttaaaat 1380
tcgcgttaaa tttttgttaa atcagctcat tttttaacca ataggccgaa atcggcaaaa 1440
tcecttataa atcaaaagaa tagaccgaga tagggttgag tgttgttcca gtttggaaca 1500
agagtccact attaaagaac gtggactcca acgtcaaagg gcgaaaaacc gtctatcagg 1560
gcgatggecec actacgtgaa ccatcaccct aatcaagttt tttggggtcg aggtgccgta 1620
aagcactaaa tcggaaccct aaagggagcece cecgatttag agettgacgyg ggaaagccgg 1680
cgaacgtggce gagaaaggaa gggaagaaag cgaaaggagce gggcgctagyg gcgctggcaa 1740
gtgtageggt cacgetgcege gtaaccacca cacccgecge gettaatgeg cegetacagyg 1800
gcgegtegeg ccattcgeca ttcaggetge gcaactgttyg ggaagggcga tcggtgceggyg 1860
cctetteget attacgccag ctggcgaaag ggggatgtge tgcaaggcga ttaagttggg 1920
taacgccagg gttttcccag tcacgacgtt gtaaaacgac ggccagtgag cgcgcgtaat 1980
acgactcact atagggcgaa ttgggtaccg gccgcaaatt aaagcctteg agcgtceccaa 2040
aaccttcectca agcaaggttt tcagtataat gttacatgecg tacacgcgtce tgtacagaaa 2100
aaaaagaaaa atttgaaata taaataacgt tcttaatact aacataacta taaaaaaata 2160
aatagggacc tagacttcag gttgtctaac tccttecttt teggttagag cggatgtggg 2220
gggagggcegt gaatgtaagc gtgacataac taattacatg actcgagcgg ccgcggatcce 2280
cgggaattcg tcgacacceg catagtcagg aacatcgtat gggtacatgce tagttctaga 2340
aaacttagat tagattgcta tgctttecttt ctaatgagca agaagtaaaa aaagttgtaa 2400
tagaacaaga aaaatgaaac tgaaacttga gaaattgaag accgtttatt aacttaaata 2460
tcaatgggag gtcatcgaaa gagaaaaaaa tcaaaaaaaa aattttcaag aaaaagaaac 2520
gtgataaaaa tttttattgc ctttttcgac gaagaaaaag aaacgaggcg gtctcttttt 2580
tcttttecaa acctttagta cgggtaatta acgacaccct agaggaagaa agaggggaaa 2640
tttagtatgc tgtgcttggg tgttttgaag tggtacggcg atgcgcggag tcecgagaaaa 2700
tctggaagag taaaaaagga gtagaaacat tttgaagcta tgagctccag cttttgttcce 2760
ctttagtgag ggttaattgc gcgcttggceg taatcatggt catagetgtt tectgtgtga 2820

aattgttatc cgctcacaat tccacacaac ataggagcecg gaagcataaa gtgtaaagcce 2880
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tggggtgcct aatgagtgag gtaactcaca ttaattgegt tgcgctcact geccgcttte 2940
cagtcgggaa acctgtegtg ccagctgeat taatgaateg gccaacgege ggggagagge 3000
ggtttgcgta ttgggcgcte ttecegcttece tecgctcactg actcecgctgeg cteggtegtt 3060
cggctgegge gagcggtatce agctcactca aaggcggtaa tacggttatc cacagaatca 3120
ggggataacyg caggaaagaa catgtgagca aaaggccagc aaaaggccag gaaccgtaaa 3180
aaggccgegt tgctggcegtt tttceccatagg ctecgcecccece ctgacgagca tcacaaaaat 3240
cgacgctcaa gtcagaggtg gcgaaaccceg acaggactat aaagatacca ggcegtttcce 3300
cctggaagcet cectegtgeg ctetectgtt ccgaccetge cgcttaccgg atacctgtcece 3360
gcctttetee cttegggaag cgtggcgett tcectcataget cacgctgtag gtatctcagt 3420
tcggtgtagg tegttcecgete caagcetggge tgtgtgcacg aaccccccegt tcagceccgac 3480
cgctgegect tatccggtaa ctatcgtcectt gagtccaacce cggtaagaca cgacttatcg 3540
ccactggcag cagccactgg taacaggatt agcagagcga ggtatgtagg cggtgctaca 3600
gagttcttga agtggtggce taactacggce tacactagaa ggacagtatt tggtatctge 3660
gctetgctga agccagttac ctteggaaaa agagttggta gectcttgatce cggcaaacaa 3720
accaccgctg gtageggtgg tttttttgtt tgcaagcage agattacgcg cagaaaaaaa 3780
ggatctcaag aagatccttt gatcttttect acggggtctyg acgctcagtg gaacgaaaac 3840
tcacgttaag ggattttggt catgagatta tcaaaaagga tcttcaccta gatcctttta 3900
aattaaaaat gaagttttaa atcaatctaa agtatatatg agtaaacttg gtctgacagt 3960
taccaatgct taatcagtga ggcacctatc tcagcgatct gtctattteg ttcatccata 4020
gttgcctgac tcceccecgtegt gtagataact acgatacggg agggcttacce atctggeccce 4080
agtgctgcaa tgataccgcg agacccacgc tcaccggctce cagatttatc agcaataaac 4140
cagccagcecg gaagggcecga gcgcagaagt ggtcectgcaa ctttatcege ctccatccag 4200
tctattaatt gttgccggga agctagagta agtagttcege cagttaatag tttgcgcaac 4260
gttgttgcca ttgctacagg catcgtggtg tcacgctcecgt cgtttggtat ggcttcatte 4320
agctceggtt cccaacgatc aaggcgagtt acatgatccce ccatgttgtg caaaaaagcg 4380
gttagctect teggtectcee gategttgte agaagtaagt tggccgcagt gttatcactce 4440
atggttatgg cagcactgca taattctctt actgtcatgc catccgtaag atgettttcet 4500
gtgactggtyg agtactcaac caagtcattc tgagaatagt gtatgcggcg accgagttge 4560
tcttgecececgg cgtcaatacyg ggataatacce gcgccacata gcagaacttt aaaagtgcectce 4620
atcattggaa aacgttcttc ggggcgaaaa ctctcaagga tcttaccget gttgagatcce 4680
agttcgatgt aacccactcg tgcacccaac tgatcttcag catcttttac tttcaccagce 4740
gtttctgggt gagcaaaaac aggaaggcaa aatgccgcaa aaaagggaat aagggcgaca 4800
cggaaatgtt gaatactcat actcttcctt tttcaatatt attgaagcat ttatcagggt 4860
tattgtctca tgagcggata catatttgaa tgtatttaga aaaataaaca aataggggtt 4920
ccgcgcacat ttccccgaaa agtgccacct gaacgaagca tcectgtgcectte attttgtaga 4980
acaaaaatgc aacgcgagag cgctaatttt tcaaacaaag aatctgagct gcatttttac 5040
agaacagaaa tgcaacgcga aagcgctatt ttaccaacga agaatctgtg cttcattttt 5100

gtaaaacaaa aatgcaacgc gagagcgcta atttttcaaa caaagaatct gagctgcatt 5160
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tttacagaac agaaatgcaa cgcgagagcg ctattttacc aacaaagaat ctatacttct 5220
tttttgttct acaaaaatgc atcccgagag cgctattttt ctaacaaagce atcttagatt 5280
actttttttc tecctttgtge gcectctataat gcagtctett gataactttt tgcactgtag 5340
gtcecgttaag gttagaagaa ggctactttg gtgtctattt tcectcectteccat aaaaaaagcece 5400
tgactccact tcccgegttt actgattact agcgaagetg cgggtgcatt ttttcaagat 5460
aaaggcatcc ccgattatat tctataccga tgtggattgce gecatactttg tgaacagaaa 5520
gtgatagcgt tgatgattct tcattggtca gaaaattatg aacggtttct tctattttgt 5580
ctctatatac tacgtatagg aaatgtttac attttcgtat tgttttcgat tcactctatg 5640
aatagttctt actacaattt ttttgtctaa agagtaatac tagagataaa cataaaaaat 5700
gtagaggtcg agtttagatg caagttcaag gagcgaaagg tggatgggta ggttatatag 5760
ggatatagca cagagatata tagcaaagag atacttttga gcaatgtttg tggaagcggt 5820
attcgcaata ttttagtagc tcecgttacagt ccggtgegtt tttggttttt tgaaagtgceg 5880
tcttcagage gettttggtt ttcaaaagcg ctctgaagtt cctatacttt ctagagaata 5940
ggaacttcgg aataggaact tcaaagcgtt tccgaaaacyg agcgcttccg aaaatgcaac 6000
gcgagctgeg cacatacagce tcactgttca cgtcgcacct atatctgegt gttgectgta 6060
tatatatata catgagaaga acggcatagt gcgtgtttat gcttaaatgc gtacttatat 6120
gcgtectattt atgtaggatg aaaggtagtc tagtacctcecc tgtgatatta tcccattceca 6180
tgcggggtat cgtatgctte cttcagcact accctttage tgttctatat getgccactce 6240
ctcaattgga ttagtctcat ccttcaatgc tatcatttcce tttgatattg gatcatacta 6300
agaaaccatt attatcatga cattaaccta taaaaatagg cgtatcacga ggccctttcg 6360
tc 6362
<210> SEQ ID NO 102

<211> LENGTH: 7314

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pGV1323

<400> SEQUENCE: 102

tegegegttt cggtgatgac ggtgaaaacce tctgacacat gcagctcceeyg gagacggtca 60
cagcttgtet gtaagcggat geccgggagca gacaagcceg tcagggcegeyg tcagegggtyg 120
ttggegggty tceggggetgg cttaactatg cggcatcaga gcagattgta ctgagagtge 180
accataaacg acattactat atatataata taggaagcat ttaatagaca gcatcgtaat 240
atatgtgtac tttgcagtta tgacgccaga tggcagtagt ggaagatatt ctttattgaa 300
aaatagcttg tcaccttacg tacaatcttg atccggaget tttcetttttt tgccgattaa 360
gaattaattc ggtcgaaaaa agaaaaggag agggccaaga gggagggcat tggtgactat 420
tgagcacgtg agtatacgtg attaagcaca caaaggcagce ttggagtatg tctgttatta 480
atttcacagg tagttctggt ccattggtga aagtttgegyg cttgcagage acagaggccyg 540
cagaatgtgce tctagattcc gatgctgact tgetgggtat tatatgtgtyg cccaatagaa 600
agagaacaat tgacccggtt attgcaagga aaatttcaag tcttgtaaaa gcatataaaa 660

atagttcagg cactccgaaa tacttggttg gegtgttteg taatcaacct aaggaggatg 720
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ttttggctct ggtcaatgat tacggcattg atatcgtcca actgcatgga gatgagtcgt 780
ggcaagaata ccaagagttc ctcggtttgc cagttattaa aagactcgta tttccaaaag 840
actgcaacat actactcagt gcagcttcac agaaacctca ttcgtttatt cccttgtttg 900
attcagaagc aggtgggaca ggtgaacttt tggattggaa ctcgatttct gactgggttg 960

gaaggcaaga gagccccgaa agcttacatt ttatgttage tggtggactg acgccagaaa 1020
atgttggtga tgcgcttaga ttaaatggcg ttattggtgt tgatgtaage ggaggtgtgg 1080
agacaaatgg tgtaaaagac tctaacaaaa tagcaaattt cgtcaaaaat gctaagaaat 1140
aggttattac tgagtagtat ttatttaagt attgtttgtg cacttgccta tgcggtgtga 1200
aataccgcac agatgcgtaa ggagaaaata ccgcatcagg aaattgtaaa cgttaatatt 1260
ttgttaaaat tcgcgttaaa tttttgttaa atcagctcat tttttaacca ataggccgaa 1320
atcggcaaaa tcccttataa atcaaaagaa tagaccgaga tagggttgag tgttgttcca 1380
gtttggaaca agagtccact attaaagaac gtggactcca acgtcaaagg gcgaaaaacce 1440
gtctatcagg gcgatggcce actacgtgaa ccatcaccct aatcaagttt tttggggtceg 1500
aggtgccgta aagcactaaa tcggaaccct aaagggagcc cccgatttag agcttgacgg 1560
ggaaagccegyg cgaacgtgge gagaaaggaa gggaagaaag cgaaaggagce gggcgctagg 1620
gegetggeaa gtgtageggt cacgetgege gtaaccacca cacccgecge gettaatgeg 1680
ccgctacagg gcgcegtcegeg ccattcegeca ttcaggetge gcaactgttg ggaagggcga 1740
tcggtgeggg cctcetteget attacgeccag ctggcgaaag ggggatgtge tgcaaggcga 1800
ttaagttggg taacgccagg gttttcccag tcacgacgtt gtaaaacgac ggccagtgag 1860
cgcgcgtaat acgactcact atagggcgaa ttgggtaccg gccgcaaatt aaagecttceg 1920
agcgtcccaa aaccttctca agcaaggttt tcagtataat gttacatgcg tacacgcgtce 1980
tgtacagaaa aaaaagaaaa atttgaaata taaataacgt tcttaatact aacataacta 2040
taaaaaaata aatagggacc tagacttcag gttgtctaac tcctteccttt teggttagag 2100
cggatgtggg gggagggcgt gaatgtaagc gtgacataac taattacatg actcgagcgg 2160
ccgcggatce ttaaacacca gcecttcgaagt ccttttgage catgaaaatg gataaatcaa 2220
ccactcttga agagtaacca tattcattat cataccaaga aaggaccttg aaaaaatggt 2280
cgttcaattc aataccggcc ttggcatcaa caatagatga acgtgaatcg gatgtgaagt 2340
cagaggacac aacggcgtct ttggtaacac ccaaaacacc cttcatatcg ctgcgagatc 2400
tttgttctag ggccttcata atgtcatcgt aagaagtttt ctttgctgta cggaatgtca 2460
agtcaaccag ggaaatatta attgttggga ctcttataga cataccggtg atcttaccat 2520
taagttcagg caagattttc cctacagcct tagcectgcacc agtagatgaa ggaatgatat 2580
ttccctggca agatctacceg cctcectecagt ccttaccacce agaactggta ccatcgacag 2640
tcttttgaga agcagtagtt gcatgaatag ttgtcatcaa ggcttctteg ataccgaact 2700
catcgtceccaa agccttaacc aacggagcca aacagttggt agtacaggag gcattagaga 2760
ccacgtgatc cgtcaatggg ttgtatttaa cgtggttaac accatagacg tacattggcg 2820
cggtctttga tggagcagta atgataactt ttttgacacc tttatgtcta gaggctgtat 2880
cgacttecctt gaagacaccg gttgagtcaa ttacataatc gacgttgtag gaagcccatg 2940

ggatacgcte tggttcccta aaatgagata gagggatatg agccgaaaca tggtcatttt 3000



US 2010/0143997 Al Jun. 10, 2010
171

-continued

gaatgatgat acgttcatcg tcgaattcaa cttcaccacg atacttgccg tgagtagaat 3060
cgtatttgaa caaataagca gcgtattctg gtgttgtgga tggattattg attaatctga 3120
ccttaacttce tgggtgcgtc aaagcagcac gtagaaccaa tctaccgatt ctaccaaaac 3180
cattgatacc aatgttaatt tgagctggct tagaagaaga ttcgtttgtce atatcgggca 3240
tgtcgacacc cgcatagtca ggaacatcgt atgggtacat gctagttcta gaaaacttag 3300
attagattgc tatgctttcect ttctaatgag caagaagtaa aaaaagttgt aatagaacaa 3360
gaaaaatgaa actgaaactt gagaaattga agaccgttta ttaacttaaa tatcaatggg 3420
aggtcatcga aagagaaaaa aatcaaaaaa aaaattttca agaaaaagaa acgtgataaa 3480
aatttttatt gecttttteg acgaagaaaa agaaacgagg cggtctcttt tttettttee 3540
aaacctttag tacgggtaat taacgacacc ctagaggaag aaagagggga aatttagtat 3600
gctgtgettyg ggtgttttga agtggtacgg cgatgcgcgg agtccgagaa aatctggaag 3660
agtaaaaaag gagtagaaac attttgaagc tatgagctcc agcettttgtt cecctttagtg 3720
agggttaatt gcgcgcttgg cgtaatcatg gtcatagetg tttcectgtgt gaaattgtta 3780
tcegectcaca attccacaca acataggagce cggaagcata aagtgtaaag cctggggtgce 3840
ctaatgagtg aggtaactca cattaattgc gttgcgctca ctgccecgctt tecagteggg 3900
aaacctgtcg tgccagctge attaatgaat cggccaacgce gcggggagag geggtttgeg 3960
tattgggcgce tcttecgett cctegcetcac tgactcecgetg cgcteggteg tteggetgeg 4020
gcgagcggta tcagctcact caaaggceggt aatacggtta tccacagaat caggggataa 4080
cgcaggaaag aacatgtgag caaaaggcca gcaaaaggcec aggaaccgta aaaaggccgce 4140
gttgctggeg ttttteccata ggctccgece cecctgacgag catcacaaaa atcgacgcetce 4200
aagtcagagg tggcgaaacc cgacaggact ataaagatac caggcgtttce cccctggaag 4260
ctecectegtg cgctetectyg ttecgaccct gecegecttace ggatacctgt cegectttet 4320
ccetteggga agegtggege tttcetcatag ctcacgetgt aggtatctca gtteggtgta 4380
ggtcgttege tceccaagetgg gctgtgtgca cgaaccccee gttcagecccg accgctgege 4440
cttatceggt aactatcgtce ttgagtccaa cccggtaaga cacgacttat cgccactggce 4500
agcagccact ggtaacagga ttagcagagc gaggtatgta ggcggtgcta cagagttctt 4560
gaagtggtgg cctaactacg gctacactag aaggacagta tttggtatct gcgctctget 4620
gaagccagtt accttcggaa aaagagttgg tagctcttga tccggcaaac aaaccaccgce 4680
tggtagcggt ggtttttttg tttgcaagca gcagattacg cgcagaaaaa aaggatctca 4740
agaagatcct ttgatctttt ctacggggtc tgacgctcag tggaacgaaa actcacgtta 4800
agggattttg gtcatgagat tatcaaaaag gatcttcacc tagatccttt taaattaaaa 4860
atgaagtttt aaatcaatct aaagtatata tgagtaaact tggtctgaca gttaccaatg 4920
cttaatcagt gaggcaccta tctcagcgat ctgtctattt cgttcatcca tagttgectg 4980
actcceegte gtgtagataa ctacgatacg ggagggctta ccatctggece ccagtgctgce 5040
aatgataccg cgagacccac gctcaccgge tcecagattta tcagcaataa accagccage 5100
cggaagggcce gagcgcagaa gtggtcectge aactttatcce gectceccatce agtctattaa 5160
ttgttgccgg gaagctagag taagtagttc gccagttaat agtttgcgca acgttgttgce 5220

cattgctaca ggcatcgtgg tgtcacgctce gtecgtttggt atggcttcat tcagctcececgg 5280
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ttcccaacga tcaaggcgag ttacatgatc ccccatgttg tgcaaaaaag cggttagcetce 5340
cttcggtect cecgatcgttyg tcagaagtaa gttggccgca gtgttatcac tcatggttat 5400
ggcagcactg cataattctc ttactgtcat gccatccgta agatgcetttt ctgtgactgg 5460
tgagtactca accaagtcat tctgagaata gtgtatgcegg cgaccgagtt gcectcttgecce 5520
ggcgtcaata cgggataata ccgcgccaca tagcagaact ttaaaagtgc tcatcattgg 5580
aaaacgttct tcggggcgaa aactctcaag gatcttaccg ctgttgagat ccagttcgat 5640
gtaacccact cgtgcaccca actgatcttc agcatctttt actttcacca gcgtttetgg 5700
gtgagcaaaa acaggaaggc aaaatgccgc aaaaaaggga ataagggcga cacggaaatg 5760
ttgaatactc atactcttcc tttttcaata ttattgaagc atttatcagg gttattgtct 5820
catgagcgga tacatatttg aatgtattta gaaaaataaa caaatagggg ttccgcgcac 5880
atttccecga aaagtgccac ctgaacgaag catctgtget tcattttgta gaacaaaaat 5940
gcaacgcgag agcgctaatt tttcaaacaa agaatctgag ctgcattttt acagaacaga 6000
aatgcaacgc gaaagcgcta ttttaccaac gaagaatctg tgcttcattt ttgtaaaaca 6060
aaaatgcaac gcgagagcgce taatttttca aacaaagaat ctgagctgca tttttacaga 6120
acagaaatgc aacgcgagag cgctatttta ccaacaaaga atctatactt cttttttgtt 6180
ctacaaaaat gcatcccgag agcgctattt ttctaacaaa gcatcttaga ttactttttt 6240
tctectttgt gegctctata atgcagtcte ttgataactt tttgcactgt aggtccgtta 6300
aggttagaag aaggctactt tggtgtctat tttctcttecce ataaaaaaag cctgactcca 6360
cttcecegegt ttactgatta ctagcgaage tgcgggtgca ttttttcaag ataaaggcat 6420
ccecgattat attctatacc gatgtggatt gcgcatactt tgtgaacaga aagtgatagc 6480
gttgatgatt cttcattggt cagaaaatta tgaacggttt cttctatttt gtctctatat 6540
actacgtata ggaaatgttt acattttcgt attgttttcg attcactcta tgaatagttce 6600
ttactacaat ttttttgtct aaagagtaat actagagata aacataaaaa atgtagaggt 6660
cgagtttaga tgcaagttca aggagcgaaa ggtggatggg taggttatat agggatatag 6720
cacagagata tatagcaaag agatactttt gagcaatgtt tgtggaagcg gtattcgcaa 6780
tattttagta gctcgttaca gtccggtgeg tttttggttt tttgaaagtg cgtcttcaga 6840
gcgettttgg ttttcaaaag cgctctgaag ttcectatact ttctagagaa taggaacttce 6900
ggaataggaa cttcaaagcg tttccgaaaa cgagcgcttce cgaaaatgca acgcgagcetg 6960
cgcacataca gctcactgtt cacgtcgcac ctatatctge gtgttgcctg tatatatata 7020
tacatgagaa gaacggcata gtgcgtgttt atgcttaaat gcgtacttat atgcgtctat 7080
ttatgtagga tgaaaggtag tctagtacct cctgtgatat tatcccatte catgcecggggt 7140
atcgtatgcet tcecttcagca ctacccttta gctgttetat atgctgccac tectcaattg 7200
gattagtctc atccttcaat gctatcattt cctttgatat tggatcatat taagaaacca 7260
ttattatcat gacattaacc tataaaaata ggcgtatcac gaggcccttt cgtce 7314
<210> SEQ ID NO 103

<211> LENGTH: 6294

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION: Plasmid pGV1485
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<400> SEQUENCE: 103

taagaaacca ttattatcat gacattaacc tataaaaata ggcgtatcac gaggcccttt 60
cgtcttcace tcgagaattg tgagcggata acaattgaca ttgtgagcgg ataacaagat 120
actgagcaca tcagcaggac gcactgaccg aattcattaa agaggagaaa ggtaccatgt 180
atacagtagg agattaccta ttagaccgat tacacgagtt aggaattgaa gaaatttttg 240
gagtccctgg agactataac ttacaatttt tagatcaaat tatttccecgc aaggatatga 300
aatgggtcgg aaatgctaat gaattaaatg cttcatatat ggctgatggc tatgctcgta 360
ctaaaaaagc tgccgcattt cttacaacct ttggagtagg tgaattgagt gcagttaatg 420
gattagcagg aagttacgcc gaaaatttac cagtagtaga aatagtggga tcacctacat 480
caaaagttca aaatgaagga aaatttgttc atcatacgct ggctgacggt gattttaaac 540
actttatgaa aatgcacgaa cctgttacag cagctcgaac tttactgaca gcagaaaatg 600
caaccgttga aattgaccga gtactttctg cactattaaa agaaagaaaa cctgtctata 660
tcaacttacc agttgatgtt gctgctgcaa aagcagagaa accctcactc cctttgaaaa 720
aagaaaactc aacttcaaat acaagtgacc aagagatctt gaacaaaatt caagaaagct 780
tgaaaaatgc caaaaaacca atcgtgatta caggacatga aataattagt tttggcttag 840
aaaaaacagt ctctcaattt atttcaaaga caaaactacc tattacgaca ttaaactttg 900
gaaaaagttc agttgatgaa gctctccctt catttttagg aatctataat ggtaaactct 960

cagagcctaa tcttaaagaa ttcgtggaat cagccgactt catcctgatg cttggagtta 1020
aactcacaga ctcttcaaca ggagccttca ctcatcattt aaatgaaaat aaaatgattt 1080
cactgaatat agatgaagga aaaatattta acgaaagcat ccaaaatttt gattttgaat 1140
ccetecatete ctetetcetta gacctaagceg aaatagaata caaaggaaaa tatatcgata 1200
aaaagcaaga agactttgtt ccatcaaatg cgcttttatc acaagaccgc ctatggcaag 1260
cagttgaaaa cctaactcaa agcaatgaaa caatcgttgc tgaacaaggg acatcattct 1320
ttggcgcette atcaattttc ttaaaaccaa agagtcattt tattggtcaa cccttatggg 1380
gatcaattgg atatacattc ccagcagcat taggaagcca aattgcagat aaagaaagca 1440
gacacctttt atttattggt gatggttcac ttcaacttac ggtgcaagaa ttaggattag 1500
caatcagaga aaaaattaat ccaatttgct ttattatcaa taatgatggt tatacagtcg 1560
aaagagaaat tcatggacca aatcaaagct acaatgatat tccaatgtgg aattactcaa 1620
aattaccaga atcatttgga gcaacagaag aacgagtagt ctcgaaaatc gttagaactg 1680
aaaatgaatt tgtgtctgtc atgaaagaag ctcaagcaga tccaaataga atgtactgga 1740
ttgagttaat tttggcaaaa gaagatgcac caaaagtact gaaaaaaatg ggcaaactat 1800
ttgctgaaca aaataaatca taagcatgca ggagatatac catgtctatt ccagaaactc 1860
aaaaagccat tatcttctac gaatccaacg gcaagttgga gcataaggat atcccagttce 1920
caaagccaaa gcccaacgaa ttgttaatca acgtcaagta ctctggtgtce tgccacaccg 1980
atttgcacgce ttggcatggt gactggccat tgccaactaa gttaccatta gttggtggtce 2040
acgaaggtgc cggtgtcgtt gtcggcatgg gtgaaaacgt taagggctgg aagatcggtg 2100
actacgccgg tatcaaatgg ttgaacggtt cttgtatgge ctgtgaatac tgtgaattgg 2160

gtaacgaatc caactgtcct cacgctgact tgtctggtta cacccacgac ggttctttece 2220
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aagaatacgc taccgctgac gcectgttcaag ccgctcacat tecctcaaggt actgacttgg 2280
ctgaagtcgce gccaatcttg tgtgctggta tcaccgtata caaggctttg aagtctgeca 2340
acttgagagc aggccactgg gecggccattt ctggtgcetge tggtggtcta ggttcetttgg 2400
ctgttcaata tgctaaggcg atgggttaca gagtcttagg tattgatggt ggtccaggaa 2460
aggaagaatt gtttacctcg ctcggtggtg aagtattcat cgacttcacc aaagagaagg 2520
acattgttag cgcagtcgtt aaggctacca acggcggtgc ccacggtatc atcaatgttt 2580
ccgtttecga agccgctate gaagcettcta ccagatactg tagggcgaac ggtactgttg 2640
tcttggttgg tttgccagec ggtgcaaagt gctectetga tgtcttcaac cacgttgtca 2700
agtctatctc cattgtcgge tettacgtgg ggaacagagce tgataccaga gaagcecttag 2760
atttctttge cagaggtcta gtcaagtctce caataaaggt agttggctta tccagtttac 2820
cagaaattta cgaaaagatg gagaagggcc aaattgctgg tagatacgtt gttgacactt 2880
ctaaataatc tagaggcatc aaataaaacg aaaggctcag tcgaaagact gggcctttceg 2940
ttttatctgt tgtttgtcecgg tgaacgctct cctgagtagg acaaatccge cgccctagac 3000
ctagggtacg ggttttgctg cccgcaaacg ggctgttetg gtgttgctag tttgttatca 3060
gaatcgcaga tccggcttca ggtttgeccgg ctgaaagcge tatttcttcecce agaattgceca 3120
tgattttttc cccacgggag gcgtcactgg cteccgtgtt gtcggcaget ttgattcgat 3180
aagcagcatc gecctgtttca ggctgtctat gtgtgactgt tgagctgtaa caagttgtcet 3240
caggtgttca atttcatgtt ctagttgctt tgttttactg gtttcacctg ttctattagg 3300
tgttacatgc tgttcatctg ttacattgtc gatctgttca tggtgaacag ctttaaatgc 3360
accaaaaact cgtaaaagct ctgatgtatc tatctttttt acaccgtttt catctgtgca 3420
tatggacagt tttccctttg atatctaacg gtgaacagtt gttctacttt tgtttgttag 3480
tcttgatget tcactgatag atacaagagc cataagaacc tcagatcctt ccgtatttag 3540
ccagtatgtt ctctagtgtg gttcgttgtt tttgcgtgag ccatgagaac gaaccattga 3600
gatcatgctt actttgcatg tcactcaaaa attttgcctc aaaactggtg agctgaattt 3660
ttgcagttaa agcatcgtgt agtgtttttc ttagtcegtt acgtaggtag gaatctgatg 3720
taatggttgt tggtattttg tcaccattca tttttatctg gttgttctca agttcggtta 3780
cgagatccat ttgtctatct agttcaactt ggaaaatcaa cgtatcagtc gggcggcctce 3840
gcttatcaac caccaatttc atattgctgt aagtgtttaa atctttactt attggtttca 3900
aaacccattg gttaagcctt ttaaactcat ggtagttatt ttcaagcatt aacatgaact 3960
taaattcatc aaggctaatc tctatatttg ccttgtgagt tttcttttgt gttagttcett 4020
ttaataacca ctcataaatc ctcatagagt atttgttttc aaaagactta acatgttcca 4080
gattatattt tatgaatttt tttaactgga aaagataagg caatatctct tcactaaaaa 4140
ctaattctaa tttttcgectt gagaacttgg catagtttgt ccactggaaa atctcaaagc 4200
ctttaaccaa aggattcctg atttccacag ttctcecgtcat cagctctctg gttgetttag 4260
ctaatacacc ataagcattt tccctactga tgttcatcat ctgagcgtat tggttataag 4320
tgaacgatac cgtccgttet ttecttgtag ggttttcaat cgtggggttg agtagtgeca 4380
cacagcataa aattagcttg gtttcatgct ccgttaagtc atagcgacta atcgctagtt 4440

catttgcttt gaaaacaact aattcagaca tacatctcaa ttggtctagg tgattttaat 4500
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cactatacca attgagatgg gctagtcaat gataattact agtcctttte ccgggagatc 4560
tgggtatctg taaattctgce tagacctttg ctggaaaact tgtaaattct gctagaccct 4620
ctgtaaattc cgctagacct ttgtgtgttt tttttgttta tattcaagtg gttataattt 4680
atagaataaa gaaagaataa aaaaagataa aaagaataga tcccagccct gtgtataact 4740
cactacttta gtcagttccg cagtattaca aaaggatgtc gcaaacgctg tttgctecte 4800
tacaaaacag accttaaaac cctaaaggct taagtagcac cctcgcaagce tcgggcaaat 4860
cgctgaatat tccttttgte tcecgaccatce aggcacctga gtcgetgtet ttttegtgac 4920
attcagttcg ctgcgctcac ggctctggca gtgaatgggg gtaaatggca ctacaggcgce 4980
cttttatgga ttcatgcaag gaaactaccc ataatacaag aaaagcccgt cacgggcttce 5040
tcagggcegtt ttatggcggg tcetgctatgt ggtgctatct gactttttge tgttcagcag 5100
ttecctgecct ctgattttec agtctgacca ctteggatta tcccgtgaca ggtcattcag 5160
actggctaat gcacccagta aggcagcggt atcatcaaca ggcttacccg tcettactgte 5220
cctagtgett ggattctcac caataaaaaa cgcccggcegg caaccgagceg ttctgaacaa 5280
atccagatgg agttctgagg tcattactgg atctatcaac aggagtccaa gcgagctctce 5340
gaaccccaga gtcecgetca gaagaactceg tcaagaaggce gatagaaggce gatgegetge 5400
gaatcgggayg cggcgatacce gtaaagcacg aggaagcggt cagcccattc gecgccaage 5460
tcttcagcaa tatcacgggt agccaacgct atgtcctgat agcggtccge cacacccagce 5520
cggccacagt cgatgaatcc agaaaagcgg ccattttcecca ccatgatatt cggcaagcag 5580
gcatcgccat gggtcacgac gagatccteg cecgtecgggca tgcgcegectt gagectggeg 5640
aacagttcgg ctggcgcgag cccctgatge tcettegteca gatcatcctg atcgacaaga 5700
ccggctteca teccgagtacg tgctcegetceg atgegatgtt tegettggtg gtecgaatggg 5760
caggtagccg gatcaagegt atgcagccgce cgcattgcat cagccatgat ggatacttte 5820
tcggcaggag caaggtgaga tgacaggaga tcectgcceeg gcacttcegece caatagcage 5880
cagtcccectte cecgcttcagt gacaacgtcg agcacagcetg cgcaaggaac geccgtegtg 5940
gccagccacg atagcecgcege tgcctcegtece tgcagttcat tcagggcacce ggacaggtceg 6000
gtecttgacaa aaagaaccgg gcgeccectge getgacagee ggaacacggce ggcatcagag 6060
cagccgattg tectgttgtge ccagtcatag ccgaatagcec tcectcecaccca agcggcecgga 6120
gaacctgegt gcaatccatce ttgttcaatc atgcgaaacg atcctcatcce tgtcectcttga 6180
tcagatcttg atccecctgeg ccatcagatce cttggcggca agaaagccat ccagtttact 6240
ttgcagggct tcccaacctt accagagggc gccccagcetg gcaattccga cgte 6294
<210> SEQ ID NO 104
<211> LENGTH: 1980
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Plasmid pGV1490
<400> SEQUENCE: 104
ctecgagtece tatcagtgat agagattgac atccctatca gtgatagaga tactgagcac 60
atcagcagga cgcactgacc gaattcatta aagaggagaa aggtacctgce acgtcgacte 120
cgtectaggg gatatattce gettectege tecactgacte getacgeteyg gtcegttegac 180
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tgcggegage ggaaatggct tacgaacggg gcggagattt cctggaagat gccaggaaga 240
tacttaacag ggaagtgaga gggccgcggce aaagccgttt ttccataggce tccegeccccce 300
tgacaagcat cacgaaatct gacgctcaaa tcagtggtgg cgaaacccga caggactata 360
aagataccag gcgtttccce ctggcggcte cctegtgege tctectgttce ctgecttteg 420
gtttaccggt gtcattcege tgttatggcece gegtttgtet cattccacge ctgacactca 480
gttcegggta ggcagttege tccaagetgg actgtatgca cgaacccccc gttcagtceeg 540
accgctgege cttatccggt aactatcgte ttgagtccaa cccggaaaga catgcaaaag 600
caccactggc agcagccact ggtaattgat ttagaggagt tagtcttgaa gtcatgegcec 660
ggttaaggct aaactgaaag gacaagtttt ggtgactgcg ctecctccaag ccagttacct 720
cggttcaaag agttggtagce tcagagaacc ttcgaaaaac cgccctgcaa ggceggttttt 780
tcegttttcag agcaagagat tacgcgcaga ccaaaacgat ctcaagaaga tcatcttatt 840
aatcagataa aatatttcta gatttcagtg caatttatct cttcaaatgt agcacctgaa 900
gtcagcccca tacgatataa gttgttacta gtgcttggat tctcaccaat aaaaaacgcc 960

cggcggcaac cgagcgttcet gaacaaatcce agatggagtt ctgaggtcat tactggatct 1020
atcaacagga gtccaagcga gctcgatatc aaattacgcc ccgccctgece actcatcgca 1080
gtactgttgt aattcattaa gcattctgcc gacatggaag ccatcacaga cggcatgatg 1140
aacctgaatc gccagcggca tcagcacctt gtcegecttge gtataatatt tgcccatggt 1200
gaaaacgggg gcgaagaagt tgtccatatt ggccacgttt aaatcaaaac tggtgaaact 1260
cacccaggga ttggctgaga cgaaaaacat attctcaata aaccctttag ggaaataggc 1320
caggttttca ccgtaacacg ccacatcttg cgaatatatg tgtagaaact gccggaaatc 1380
gtcgtggtat tcactccaga gcgatgaaaa cgtttcagtt tgctcatgga aaacggtgta 1440
acaagggtga acactatccc atatcaccag ctcaccgtct ttcattgcca tacgaaactce 1500
cggatgagca ttcatcaggc gggcaagaat gtgaataaag gccggataaa acttgtgett 1560
atttttettt acggtcttta aaaaggccgt aatatccagce tgaacggtct ggttataggt 1620
acattgagca actgactgaa atgcctcaaa atgttcttta cgatgccatt gggatatatc 1680
aacggtggta tatccagtga tttttttcte cattttaget teccttagcte ctgaaaatct 1740
cgataactca aaaaatacgc ccggtagtga tcttatttca ttatggtgaa agttggaacc 1800
tcttacgtge cgatcaacgt ctcattttcg ccagatatcg acgtctaaga aaccattatt 1860
atcatgacat taacctataa aaataggcgt atcacgaggc cctttcecgtet tcacgaaacc 1920
attattatca tgacattaac ctataaaaat aggcgtatca cgaggccctt tegtcttcac 1980
<210> SEQ ID NO 105

<211> LENGTH: 2077

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pGV1572

<400> SEQUENCE: 105

ctagtgcttyg gattctcacce aataaaaaac geccggegge aaccgagegt tctgaacaaa 60
tccagatgga gttctgaggt cattactgga tctatcaaca ggagtccaag cgagctcgat 120

atcaaattac gcccegecct gecactcate gecagtactgt tgtaattcat taagcattcet 180
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gecgacatgg aagccatcac
cttgtegect tgcgtataat
attggccacyg tttaaatcaa
catattctca ataaaccctt
ttgcgaatat atgtgtagaa
aaacgtttca gtttgctcat
cagctcacceyg tcttteattg
aatgtgaata aaggccggat
cgtaatatce agctgaacgg
aaaatgttct ttacgatgec
ctccatttta gettecttag
tgatcttatt tcattatggt
tcgcecagata tcgacgtcta
cgtatcacga ggcecttteg
gtgagcggat aacaagatac
agaggagaaa gtcgacatta
cgggtgatce catggtacge
gactgggect ttegttttat
cegecgeact agacctaggg
gtegttegac tgeggcegage
gccaggaaga tacttaacag
tcegeccece tgacaagcat
caggactata aagataccag
ctgecttteg gtttaccggt
ctgacactca gttcegggta
gttcagtceg accgetgege
catgcaaaag caccactggc
gtcatgcgee ggttaaggcet
ccagttacct cggttcaaag
ggcggttttt tegttttcag
tcatcttatt aatcagataa
agcacctgaa gtcageccca
<210> SEQ ID NO 106

<211> LENGTH: 3135
<212> TYPE: DNA

agacggcatg
atttgcccat
aactggtgaa
tagggaaata
actgccggaa
ggaaaacggt
ccatacgaaa
aaaacttgtg
tctggttata
attgggatat
ctcctgaaaa
gaaagttgga
agaaaccatt
tcttecaccte
tgagcacatc
tgcggeegeyg
gtgctagagg
ctgttgtttyg
gatatattce
ggaaatggcet
ggaagtgaga
cacgaaatct
gegtttecce
gtcattcege
ggcagttcge
cttatceggt
agcagccact
aaactgaaag
agttggtage
agcaagagat
aatatttcta

tacgatataa

atgaacctga

ggtgaaaacyg

actcacccag

ggccaggttt

atcgtegtygg

gtaacaaggg

ctceggatga

cttattttte

ggtacattga

atcaacggtyg

tctegataac

acctcttacyg

attatcatga

gagaaatgtg

agcaggacgc

gatccataag

catcaaataa

tcggtgaacy

gettectege

tacgaacggyg

dggcecgegge

gacgctcaaa

ctggeggete

tgttatggee

tccaagetygyg

aactatcgte

ggtaattgat

gacaagtttt

tcagagaacc

tacgcgcaga

gatttcagtyg

gttgtta

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pGV1573

<400> SEQUENCE: 106

atcgccageg gcatcagcac

ggggcgaaga agttgtccat

ggattggetyg agacgaaaaa

tcaccgtaac acgccacatce

tattcactcc agagcgatga

tgaacactat cccatatcac

gcattcatca ggcgggcaag

tttacggtct ttaaaaaggce

gcaactgact gaaatgccte

gtatatccag tgattttttt

tcaaaaaata cgcccggtag

tgccgatcaa cgtctcattt

cattaaccta taaaaatagg

agcggataac aattgacatt

actgaccggg aattcattaa

gaggattaat taagacttcc

aacgaaaggc tcagtcgaaa

ctctectgag taggacaaat

tcactgacte gctacgeteg

geggagattt cctggaagat

aaagccgttt ttccatagge

tcagtggtgg cgaaacccga

cctegtgege tetectgtte

gegtttgtet cattccacge

actgtatgca cgaaccccce

ttgagtccaa cccggaaaga

ttagaggagt tagtcttgaa

ggtgactgeg ctectccaag

ttcgaaaaac cgccctgcaa

ccaaaacgat ctcaagaaga

caatttatct cttcaaatgt

ctagtgcettyg gattctcace aataaaaaac geccggegge aaccgagegt tctgaacaaa

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2077

60
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tccagatgga gttctgaggt cattactgga tctatcaaca ggagtccaag cgagctcgat 120
atcaaattac gcccegecct gecactcatce gecagtactgt tgtaattcat taagcattcet 180
geegacatgyg aagcecatcac agacggcatg atgaacctga atcgccageg gcatcagcac 240
cttgtegect tgcgtataat atttgecccat ggtgaaaacyg ggggcgaaga agttgtccat 300
attggccacyg tttaaatcaa aactggtgaa actcacccag ggattggetyg agacgaaaaa 360
catattctca ataaaccctt tagggaaata ggccaggttt tcaccgtaac acgccacatce 420
ttgcgaatat atgtgtagaa actgccggaa atcgtcegtgg tattcactcece agagcgatga 480
aaacgtttca gtttgctcat ggaaaacggt gtaacaaggyg tgaacactat cccatatcac 540
cagctcaceg tetttecattg ccatacgaaa ctcecggatga gcattcatca ggcgggcaag 600
aatgtgaata aaggccggat aaaacttgtg cttattttte tttacggtet ttaaaaagge 660
cgtaatatce agctgaacgg tctggttata ggtacattga gcaactgact gaaatgecte 720
aaaatgttct ttacgatgcc attgggatat atcaacggtg gtatatccag tgattttttt 780
ctccatttta gecttecttag ctectgaaaa tcetcgataac tcaaaaaata cgcccggtag 840
tgatcttatt tcattatggt gaaagttgga acctcttacg tgccgatcaa cgtctcattt 900
tcgecagata tcgacgtcta agaaaccatt attatcatga cattaaccta taaaaatagg 960

cgtatcacga ggcccttteg tettcaccte gagaaatgtg agcggataac aattgacatt 1020
gtgagcggat aacaagatac tgagcacatc agcaggacgc actgaccggg aattcattaa 1080
agaggagaaa gtcgacatgc ccgatatgac aaacgaatct tcttctaage cagctcaaat 1140
taacattggt atcaatggtt ttggtagaat cggtagattg gttctacgtg ctgctttgac 1200
gcacccagaa gttaaggtca gattaatcaa taatccatcc acaacaccag aatacgctge 1260
ttatttgttc aaatacgatt ctactcacgg caagtatcgt ggtgaagttg aattcgacga 1320
tgaacgtatc atcattcaaa atgaccatgt ttcggctcat atccctctat ctcattttag 1380
ggaaccagag cgtatcccat gggcttcecta caacgtcgat tatgtaattg actcaaccgg 1440
tgtcttcaag gaagtcgata cagcctctag acataaaggt gtcaaaaaag ttatcattac 1500
tgctccatca aagaccgcgce caatgtacgt ctatggtgtt aaccacgtta aatacaaccc 1560
attgacggat cacgtggtct ctaatgccte ctgtactacc aactgtttgg ctcecgttggt 1620
taaggctttg gacgatgagt tcggtatcga agaagccttg atgacaacta ttcatgcaac 1680
tactgcttct caaaagactg tcgatggtac cagttctggt ggtaaggact ggagaggcgg 1740
tagatcttgc cagggaaata tcattcctte atctactggt gcagctaagg ctgtagggaa 1800
aatcttgecct gaacttaatg gtaagatcac cggtatgtct ataagagtcc caacaattaa 1860
tatttcectg gttgacttga cattccgtac agcaaagaaa acttcttacg atgacattat 1920
gaaggcccta gaacaaagat ctcgcagcga tatgaagggt gttttgggtg ttaccaaaga 1980
cgecgttgtg tectectgact tcacatccga ttcacgttca tcectattgttg atgccaaggce 2040
cggtattgaa ttgaacgacc attttttcaa ggtcctttect tggtatgata atgaatatgg 2100
ttactcttca agagtggttg atttatccat tttcatggct caaaaggact tcgaagctgg 2160
tgtttaagga tccataagga ggattaatta agacttcccg ggtgatccca tggtacgegt 2220
gctagaggca tcaaataaaa cgaaaggctc agtcgaaaga ctgggccttt cgttttatcet 2280

gttgtttgtc ggtgaacgct ctectgagta ggacaaatcc gecgcecctag acctagggga 2340
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tatattccge ttcecctcecgete actgactcecge tacgcteggt cgttcgactg cggcgagegg 2400
aaatggctta cgaacggggc ggagatttcce tggaagatgc caggaagata cttaacaggg 2460
aagtgagagg gccgcggcaa agccgttttt ccataggcectce cgcccccctg acaagcatca 2520
cgaaatctga cgctcaaatc agtggtggeg aaacccgaca ggactataaa gataccaggce 2580
gtttccecect ggecggctcece tcecgtgegete tectgtteet gecttteggt ttaccggtgt 2640
cattccgetg ttatggcege gtttgtectca tteccacgect gacactcagt tecgggtagg 2700
cagttcgectce caagctggac tgtatgcacg aacccceegt tcagtccgac cgctgcgect 2760
tatccggtaa ctatcgtett gagtccaacce cggaaagaca tgcaaaagca ccactggcag 2820
cagccactgg taattgattt agaggagtta gtcttgaagt catgcgccgg ttaaggctaa 2880
actgaaagga caagttttgg tgactgcgct cctceccaagcce agttaccteg gttcaaagag 2940
ttggtagctc agagaacctt cgaaaaaccg ccctgcaagg cggtttttte gttttcagag 3000
caagagatta cgcgcagacc aaaacgatct caagaagatc atcttattaa tcagataaaa 3060
tatttctaga tttcagtgca atttatctct tcaaatgtag cacctgaagt cagccccata 3120
cgatataagt tgtta 3135
<210> SEQ ID NO 107

<211> LENGTH: 3069

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pGV1575

<400> SEQUENCE: 107

ctagtgcttyg gattctcacce aataaaaaac geccggegge aaccgagegt tctgaacaaa 60
tccagatgga gttctgaggt cattactgga tctatcaaca ggagtccaag cgagctcgat 120
atcaaattac gcccegecct gecactcatce gecagtactgt tgtaattcat taagcattcet 180
geegacatgyg aagcecatcac agacggcatg atgaacctga atcgccageg gcatcagcac 240
cttgtegect tgcgtataat atttgecccat ggtgaaaacyg ggggcgaaga agttgtccat 300
attggccacyg tttaaatcaa aactggtgaa actcacccag ggattggetyg agacgaaaaa 360
catattctca ataaaccctt tagggaaata ggccaggttt tcaccgtaac acgccacatce 420
ttgcgaatat atgtgtagaa actgccggaa atcgtcegtgg tattcactcece agagcgatga 480
aaacgtttca gtttgctcat ggaaaacggt gtaacaaggyg tgaacactat cccatatcac 540
cagctcaceg tetttecattg ccatacgaaa ctcecggatga gcattcatca ggcgggcaag 600
aatgtgaata aaggccggat aaaacttgtg cttattttte tttacggtet ttaaaaagge 660
cgtaatatce agctgaacgg tctggttata ggtacattga gcaactgact gaaatgecte 720
aaaatgttct ttacgatgcc attgggatat atcaacggtg gtatatccag tgattttttt 780
ctccatttta gecttecttag ctectgaaaa tcetcgataac tcaaaaaata cgcccggtag 840
tgatcttatt tcattatggt gaaagttgga acctcttacg tgccgatcaa cgtctcattt 900
tcgecagata tcgacgtcta agaaaccatt attatcatga cattaaccta taaaaatagg 960

cgtatcacga ggcccttteg tettcaccte gagaaatgtg agcggataac aattgacatt 1020
gtgagcggat aacaagatac tgagcacatc agcaggacgc actgaccggg aattcattaa 1080

agaggagaaa gtcgacatgg caaagatagc tattaatggt tttggaagaa taggaagatt 1140
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agctttaaga agaattcttg aagtacctgg attggaagtt gttgcaataa acgacttaac 1200
tgatgcaaaa atgttagcac acttatttaa atatgattca tcacaaggaa gattcaatgg 1260
agaaattgaa gttaaagaag gagctttcgt agtaaacgga aaagaagtta aagttttcgc 1320
tgaagcagat cctgaaaaat taccttgggg agatcttgga atagacgttg ttcttgagtg 1380
cacaggtttce ttcacaaaga aagaaaaagc agaagctcac gtaagagcag gcgctaaaaa 1440
agttgttata tcagctccag ctggaaacga cttaaagaca atagttttca acgttaataa 1500
tgaagatctt gatggaacag aaacagttat atcaggtgca tcatgcacaa ctaactgcett 1560
agctccaatg gctaaagtat taaatgataa atttggaata gaaaaaggat tcatgactac 1620
aattcatgcg ttcactaatg accaaaacac attagatggt ccacacagaa aaggagattt 1680
aagaagagct agagctgctg ctgtaagtat catccctaac tcaactggtg ctgctaaagce 1740
tataagccaa gttattcctg acttagctgg aaaattagac ggaaacgctc aaagagttcc 1800
agttccaact ggttcaataa ctgaattagt ttcagttctt aagaaaaaag ttacagttga 1860
agaaatcaac gctgctatga aagaagctgc tgatgaatca tttggataca ctgaagatcc 1920
aatcgtttca gectgacgtag taggaatcaa ctacggatca ttatttgatg caactttaac 1980
taaaattgtt gatgttaacg gatcacaatt agttaaaaca gctgcttggt atgataatga 2040
aatgtcatac acttcacaat tagttagaac tttagcttac tttgcaaaaa tagcaaaata 2100
gggatccata aggaggatta attaagactt cccgggtgat cccatggtac gcgtgctaga 2160
ggcatcaaat aaaacgaaag gctcagtcga aagactgggc ctttcegtttt atctgttgtt 2220
tgtcggtgaa cgctcectcecetyg agtaggacaa atccgccgece ctagacctag gggatatatt 2280
ccgcttecte getcactgac tegctacgcet cggtegtteg actgcggcga geggaaatgg 2340
cttacgaacg gggcggagat ttcctggaag atgccaggaa gatacttaac agggaagtga 2400
gagggccgeg gcaaagccgt ttttceccatag gectccgcecece cctgacaagce atcacgaaat 2460
ctgacgctca aatcagtggt ggcgaaaccce gacaggacta taaagatacc aggcgtttcce 2520
ccetggegge tecctegtge getcectectgt tectgecttt cggtttaccg gtgtcattcece 2580
gctgttatgg ccgegtttgt ctcecattcecac gectgacact cagttcecggg taggcagtte 2640
gcteccaaget ggactgtatg cacgaacccce ccgttcagte cgaccgectgce gcecttatecyg 2700
gtaactatcyg tcttgagtce aacccggaaa gacatgcaaa agcaccactg gcagcagceca 2760
ctggtaattg atttagagga gttagtcttg aagtcatgcg ccggttaagg ctaaactgaa 2820
aggacaagtt ttggtgactg cgctcctcca agccagttac ctcggttcaa agagttggta 2880
gctcagagaa ccttcgaaaa accgccctge aaggcggttt tttegtttte agagcaagag 2940
attacgcgca gaccaaaacg atctcaagaa gatcatctta ttaatcagat aaaatatttc 3000
tagatttcag tgcaatttat ctcttcaaat gtagcacctg aagtcagccce catacgatat 3060
aagttgtta 3069
<210> SEQ ID NO 108

<211> LENGTH: 7093

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pGV1609

<400> SEQUENCE: 108
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cgatatcaaa ttacgccccg ccctgecact catcgcagta ctgttgtaat tcattaagca 60
ttetgecgac atggaagcca tcacagacgg catgatgaac ctgaatcgec agcggcatca 120
gcaccttgte gecttgcegta taatatttge ccatggtgaa aacgggggcyg aagaagttgt 180
ccatattgge cacgtttaaa tcaaaactgg tgaaactcac ccagggattyg gctgagacga 240
aaaacatatt ctcaataaac cctttaggga aataggccag gttttcaccyg taacacgcca 300
catcttgcga atatatgtgt agaaactgcc ggaaatcgte gtggtattca ctccagageg 360
atgaaaacgt ttcagtttgc tcatggaaaa cggtgtaaca agggtgaaca ctatcccata 420
tcaccagcte accgtettte attgccatac gaaactcegg atgagcattce atcaggcggg 480
caagaatgtg aataaaggcc ggataaaact tgtgcttatt tttctttacyg gtctttaaaa 540
aggccgtaat atccagcectga acggtctggt tataggtaca ttgagcaact gactgaaatg 600
cctcaaaatg ttctttacga tgccattggg atatatcaac ggtggtatat ccagtgattt 660
ttttectecat tttagettce ttagctectg aaaatctcga taactcaaaa aatacgcccyg 720
gtagtgatct tatttcatta tggtgaaagt tggaacctct tacgtgccga tcaacgtcete 780
attttcgcca gatatcgacg tctaagaaac cattattatce atgacattaa cctataaaaa 840
taggcgtate acgaggccct ttegtcettca cectcgagaat tgtgagcegga taacaattga 900
cattgtgagce ggataacaag atactgagca catcagcagg acgcactgac cgaattcatt 960
aaagaggaga aaggtacaat gttgacaaaa gcaacaaaag aacaaaaatc ccttgtgaaa 1020
aacagagggg cggagcttgt tgttgattgc ttagtggagc aaggtgtcac acatgtattt 1080
ggcattccag gtgcaaaaat tgatgcggta tttgacgctt tacaagataa aggacctgaa 1140
attatcgttg cccggcacga acaaaacgca gcattcatgg cccaagcagt cggccgttta 1200
actggaaaac cgggagtcgt gttagtcaca tcaggaccgg gtgcctctaa cttggcaaca 1260
ggcctgctga cagcgaacac tgaaggagac cctgtegttg cgettgetgg aaacgtgatce 1320
cgtgcagatc gtttaaaacg gacacatcaa tctttggata atgcggcgct attccagecg 1380
attacaaaat acagtgtaga agttcaagat gtaaaaaata taccggaagc tgttacaaat 1440
gcatttagga tagcgtcagce agggcaggct ggggccgctt ttgtgagett tccgcaagat 1500
gttgtgaatg aagtcacaaa tacgaaaaac gtgcgtgctg ttgcagcgcc aaaactcggt 1560
cctgcagcag atgatgcaat cagtgcggcce atagcaaaaa tccaaacagc aaaacttcect 1620
gtcgttttgg tcggcatgaa aggcggaaga ccggaagcaa ttaaagcggt tcgcaagett 1680
ttgaaaaagg ttcagcttcc atttgttgaa acatatcaag ctgccggtac cctttctaga 1740
gatttagagg atcaatattt tggccgtatc ggtttgttcc gcaaccagcc tggcgattta 1800
ctgctagagc aggcagatgt tgttctgacg atcggctatg acccgattga atatgatccg 1860
aaattctgga atatcaatgg agaccggaca attatccatt tagacgagat tatcgctgac 1920
attgatcatg cttaccagcc tgatcttgaa ttgatcggtg acattccgte cacgatcaat 1980
catatcgaac acgatgctgt gaaagtggaa tttgcagagc gtgagcagaa aatcctttcet 2040
gatttaaaac aatatatgca tgaaggtgag caggtgcctg cagattggaa atcagacaga 2100
gcgcacccete ttgaaatcgt taaagagttg cgtaatgcag tcgatgatca tgttacagta 2160
acttgcgata tcggttcgca cgccatttgg atgtcacgtt atttccgcag ctacgagecg 2220
ttaacattaa tgatcagtaa cggtatgcaa acactcggcg ttgcgcttcece ttgggcaatce 2280
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ggcgcttcecat tggtgaaacc gggagaaaaa gtggtttctg tcectcectggtga cggeggttte 2340
ttattctcag caatggaatt agagacagca gttcgactaa aagcaccaat tgtacacatt 2400
gtatggaacg acagcacata tgacatggtt gcattccagc aattgaaaaa atataaccgt 2460
acatctgecgg tcgatttecgg aaatatcgat atcgtgaaat atgcggaaag cttcggagca 2520
actggcttge gecgtagaatc accagaccag ctggcagatg ttctgcgtca aggcatgaac 2580
gctgaaggte ctgtcatcat cgatgtcccg gttgactaca gtgataacat taatttagca 2640
agtgacaagc ttccgaaaga attcggggaa ctcatgaaaa cgaaagctct ctaggtcgac 2700
gaggaatcac catggctaac tacttcaata cactgaatct gcgccagcag ctggcacagce 2760
tgggcaaatg tcgctttatg ggccgcgatg aattcgecga tggcgcgage taccttcagg 2820
gtaaaaaagt agtcatcgtc ggctgtggceg cacagggtcet gaaccagggc ctgaacatge 2880
gtgattctgg tcectcgatatce tcectacgete tgcgtaaaga agcgattgcece gagaagcegcyg 2940
cgtcectggeg taaagcgacce gaaaatggtt ttaaagtggg tacttacgaa gaactgatcce 3000
cacaggcgga tctggtgatt aacctgacgc cggacaagca gcactctgat gtagtgcgca 3060
ccgtacagcece actgatgaaa gacggcgcgg cgctgggcta ctcecgcacggt ttcaacatcg 3120
tcgaagtggg cgagcagatc cgtaaagata tcaccgtagt gatggttgcg ccgaaatgcce 3180
caggcaccga agtgcgtgaa gagtacaaac gtgggttcegg cgtaccgacg ctgattgecg 3240
ttcacccgga aaacgatccg aaaggcgaag gcatggcgat tgccaaagece tgggeggcetg 3300
caaccggtgg tcaccgtgeg ggtgtgectgg aatcgtectt cgttgecggaa gtgaaatctg 3360
acctgatggg cgagcaaacc atcctgtgcg gtatgttgca ggctggctcet ctgetgtget 3420
tcgacaagct ggtggaagaa ggtaccgatc cagcatacgc agaaaaactg attcagttcg 3480
gttgggaaac catcaccgaa gcactgaaac agggcggcat caccctgatg atggaccgtce 3540
tctctaacce ggcgaaactyg cgtgcttatg cgctttetga acagctgaaa gagatcatgg 3600
cacccetgtt ccagaaacat atggacgaca tcatctecegg cgaattctet tecggtatga 3660
tggcggactyg ggccaacgat gataagaaac tgctgacctyg gegtgaagag accggcaaaa 3720
ccgegtttga aaccgcgecg cagtatgaag gcaaaatcgg cgagcaggag tacttcgata 3780
aaggcgtact gatgattgcg atggtgaaag cgggcgttga actggcgttce gaaaccatgg 3840
tcgatteccgg catcattgaa gagtctgcat attatgaatc actgcacgag ctgccgctga 3900
ttgccaacac catcgccegt aagcgtectgt acgaaatgaa cgtggttatce tetgataccg 3960
ctgagtacgg taactatctg ttctcttacg cttgtgtgece gttgctgaaa ccgtttatgg 4020
cagagctgca accgggcgac ctgggtaaag ctattccgga aggcgceggta gataacggge 4080
aactgcgtga tgtgaacgaa gcgattcgca gccatgcgat tgagcaggta ggtaagaaac 4140
tgcgcggcta tatgacagat atgaaacgta ttgctgttge gggttaacce ggaaggagat 4200
ataccatgcce taagtaccgt tceccgccacca ccactcatgg tcgtaatatg gegggtgcetce 4260
gtgcgctgtyg gegegccace ggaatgaccg acgccgattt cggtaagecg attatcgegg 4320
ttgtgaactc gttcacccaa tttgtaccgg gtcacgtcecca tctgcgcgat ctcecggtaaac 4380
tggtcgecga acaaattgaa gcggctggceg gcgttgccaa agagttcaac accattgegg 4440
tggatgatgg gattgccatg ggccacgggg ggatgcttta ttcactgcca tcectecgcgaac 4500

tgatcgcectga ttccecgttgag tatatggtca acgcccactg cgccgacgcece atggtcectgcea 4560
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tctctaactg cgacaaaatc accccgggga tgctgatgge ttccctgcge ctgaatattce 4620
cggtgatctt tgtttccgge ggcccgatgg aggccgggaa aaccaaactt tcecgatcaga 4680
tcatcaagct cgatctggtt gatgcgatga tccagggcegce agacccgaaa gtatctgact 4740
cccagagcga tcaggttgaa cgttceccgegt gtecgacctg cggttectge tecgggatgt 4800
ttaccgctaa ctcaatgaac tgcctgaccg aagegctggg ccectgtegcag ccgggcaacyg 4860
gctegetget ggcaacccac gccgaccgta agcagetgtt ccttaatget ggtaaacgca 4920
ttgttgaatt gaccaaacgt tattacgagc aaaacgacga aagtgcactg ccgcgtaata 4980
tcgccagtaa ggcggcgttt gaaaacgcca tgacgctgga tatcgcgatg ggtggatcga 5040
ctaacaccgt acttcacctg ctggcggcgg cgcaggaagce ggaaatcgac ttcaccatga 5100
gtgatatcga taagctttce cgcaaggttc cacagctgtg taaagttgcg ccgagcaccce 5160
agaaatacca tatggaagat gttcaccgtg ctggtggtgt tatcggtatt ctcggcgaac 5220
tggatcgcge ggggttactyg aaccgtgatg tgaaaaacgt acttggcctg acgttgccgce 5280
aaacgctgga acaatacgac gttatgctga cccaggatga cgcggtaaaa aatatgttcce 5340
gcgcaggtec tgcaggcatt cgtaccacac aggcattctce gcaagattgce cgttgggata 5400
cgetggacga cgatcgegece aatggetgta tecgetceget ggaacacgece tacagcaaag 5460
acggcggect ggcggtgete tacggtaact ttgcggaaaa cggctgcatce gtgaaaacgg 5520
caggcgtcega tgacagcatc ctcaaattca ceggeccgge gaaagtgtac gaaagccagg 5580
acgatgcggt agaagcgatt ctcecggcggta aagttgtege cggagatgtg gtagtaattce 5640
gctatgaagyg cccgaaagge ggtccgggga tgcaggaaat getctaccca accagcettec 5700
tgaaatcaat gggtctcggc aaagcctgtg cgctgatcac cgacggtcgt ttectetggtg 5760
gcacctctgg tettteccate ggeccacgtcet caccggaage ggcaagcggce ggcagcattg 5820
gcctgattga agatggtgac ctgatcgcta tcgacatcec gaaccgtggce attcagttac 5880
aggtaagcga tgccgaactg geggcgegte gtgaagegea ggacgctcega ggtgacaaag 5940
cctggacgcce gaaaaatcgt gaacgtcagg tctectttge cctgegtget tatgcecagece 6000
tggcaaccag cgccgacaaa ggcgcggtge gegataaatce gaaactgggyg ggttaaacge 6060
gtgctagagg catcaaataa aacgaaaggc tcagtcgaaa gactgggcect ttecgttttat 6120
ctgttgtttg tcggtgaacg ctctectgag taggacaaat ccgccgccct agacctaggg 6180
gatatattcc gcecttectege tcactgactce gcectacgcteg gtegttecgac tgcggcgagce 6240
ggaaatggct tacgaacggg gcggagattt cctggaagat gccaggaaga tacttaacag 6300
ggaagtgaga gggccgcggce aaagccgttt ttccatagge tcecgceccceccce tgacaagcat 6360
cacgaaatct gacgctcaaa tcagtggtgg cgaaacccga caggactata aagataccag 6420
gcgttteeee ctggeggcte cctegtgege tectectgtte ctgecttteg gtttacceggt 6480
gtcattcege tgttatggce gcecgtttgtet cattccacge ctgacactca gtteccgggta 6540
ggcagttcege tccaagetgg actgtatgca cgaaccccec gttcagtceccg accgctgege 6600
cttatceggt aactatcgtce ttgagtccaa cccggaaaga catgcaaaag caccactggce 6660
agcagccact ggtaattgat ttagaggagt tagtcttgaa gtcatgcgcc ggttaaggct 6720
aaactgaaag gacaagtttt ggtgactgcg ctcctccaag ccagttacct cggttcaaag 6780

agttggtagc tcagagaacc ttcgaaaaac cgccctgcaa ggcggttttt tegttttcag 6840
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agcaagagat tacgcgcaga ccaaaacgat ctcaagaaga tcatcttatt aatcagataa 6900
aatatttcta gatttcagtg caatttatct cttcaaatgt agcacctgaa gtcagcccca 6960
tacgatataa gttgttacta gtgcttggat tctcaccaat aaaaaacgcc cggcggcaac 7020
cgagcgttcect gaacaaatcc agatggagtt ctgaggtcat tactggatct atcaacagga 7080
gtccaagcga gct 7093
<210> SEQ ID NO 109

<211> LENGTH: 7112

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pGV1655

<400> SEQUENCE: 109

taagaaacca ttattatcat gacattaacc tataaaaata ggcgtatcac gaggcccttt 60
cgtettecace tcgagaattg tgagecggata acaattgaca ttgtgagegg ataacaagat 120
actgagcaca tcagcaggac gcactgaccg aattcattaa agaggagaaa ggtaccatgt 180
atacagtagg agattaccta ttagaccgat tacacgagtt aggaattgaa gaaatttttg 240
gagtccctgg agactataac ttacaatttt tagatcaaat tatttcccge aaggatatga 300
aatgggtcgyg aaatgctaat gaattaaatg cttcatatat ggetgatgge tatgetcgta 360
ctaaaaaagc tgccgeattt cttacaacct ttggagtagg tgaattgagt gcagttaatg 420
gattagcagg aagttacgcc gaaaatttac cagtagtaga aatagtggga tcacctacat 480
caaaagttca aaatgaagga aaatttgttc atcatacget ggctgacggt gattttaaac 540
actttatgaa aatgcacgaa cctgttacag cagctcgaac tttactgaca gcagaaaatg 600
caaccgttga aattgaccga gtactttetg cactattaaa agaaagaaaa cctgtctata 660
tcaacttacc agttgatgtt gectgctgecaa aagcagagaa accctcacte cctttgaaaa 720
aagaaaactc aacttcaaat acaagtgacc aagagatctt gaacaaaatt caagaaagct 780
tgaaaaatgc caaaaaacca atcgtgatta caggacatga aataattagt tttggcttag 840
aaaaaacagt ctctcaattt atttcaaaga caaaactacc tattacgaca ttaaactttg 900
gaaaaagttc agttgatgaa gctctcecctt catttttagg aatctataat ggtaaactcet 960

cagagcctaa tcttaaagaa ttcgtggaat cagccgactt catcctgatg cttggagtta 1020
aactcacaga ctcttcaaca ggagccttca ctcatcattt aaatgaaaat aaaatgattt 1080
cactgaatat agatgaagga aaaatattta acgaaagcat ccaaaatttt gattttgaat 1140
ccetecatete ctetetcetta gacctaagceg aaatagaata caaaggaaaa tatatcgata 1200
aaaagcaaga agactttgtt ccatcaaatg cgcttttatc acaagaccgc ctatggcaag 1260
cagttgaaaa cctaactcaa agcaatgaaa caatcgttgc tgaacaaggg acatcattct 1320
ttggcgcette atcaattttc ttaaaaccaa agagtcattt tattggtcaa cccttatggg 1380
gatcaattgg atatacattc ccagcagcat taggaagcca aattgcagat aaagaaagca 1440
gacacctttt atttattggt gatggttcac ttcaacttac ggtgcaagaa ttaggattag 1500
caatcagaga aaaaattaat ccaatttgct ttattatcaa taatgatggt tatacagtcg 1560
aaagagaaat tcatggacca aatcaaagct acaatgatat tccaatgtgg aattactcaa 1620

aattaccaga atcatttgga gcaacagaag aacgagtagt ctcgaaaatc gttagaactg 1680
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aaaatgaatt tgtgtctgtc atgaaagaag ctcaagcaga tccaaataga atgtactgga 1740
ttgagttaat tttggcaaaa gaagatgcac caaaagtact gaaaaaaatg ggcaaactat 1800
ttgctgaaca aaataaatca taaggtcgac aggagatata ctatgcctaa atatcgcagc 1860
gcaactacta cccacggccg caacatggca ggcgcgcegtyg ctetgtggeg tgcgactggt 1920
atgactgatg cggactttgg caaaccaatc attgctgtgg ttaatagctt tactcagttce 1980
gttccaggec atgttcacct gcgtgacctg ggcaagctgg ttgcggagca gatcgaggcet 2040
gcgggtggtyg tggcgaagga atttaacacc atcgectgttg acgacggtat cgcgatgggt 2100
catggtggta tgctgtacag cctgccgage cgtgagctga ttgcggacag cgtggaatac 2160
atggttaatg cgcattgtgc ggatgcgatg gtttgtatta gcaactgtga taagattact 2220
ccaggtatgce tgatggcgag cctgcgtctg aacatcccag ttattttcegt gageggtggt 2280
ccaatggaag cgggtaagac taagctgagc gaccagatta tcaaactgga cctggtggac 2340
gctatgatte aaggtgctga tccaaaggtt agcgatagec aatctgacca agtggagcgce 2400
agcgcttgece caacttgtgg cagctgtage ggtatgttca ctgcgaatag catgaattgt 2460
ctgactgagg ctctgggtct gagccaacca ggtaatggta gecctgectgge gactcatgeg 2520
gatcgcaaac aactgtttct gaacgcgggce aagcgtatcg tggagctgac taagcgctac 2580
tatgaacaga atgatgagtc cgcgctgcca cgcaacattg cgtccaaagce tgctttcecgag 2640
aatgcgatga ccctggacat tgctatgggce ggtagcacca atactgttcect gcatctgetg 2700
gctgetgete aagaggctga gattgatttt actatgtceg acattgacaa actgagecgt 2760
aaagtgccgce aactgtgcaa ggtggctcca tctactcaaa agtatcacat ggaggacgtg 2820
catcgegegg gtggegtgat tggcatcctg ggtgagetgg accgtgctgg tetgctgaat 2880
cgcgacgtta agaatgttcect gggtctgacce ctgccacaga ccctggagca gtatgatgtg 2940
atgctgactc aagacgatgc tgttaagaac atgtttcegtg ctggtccgge gggtatccgce 3000
actacccaag cgtttagcca ggactgtcge tgggacaccce tggatgatga ccgtgcgaac 3060
ggttgcattc gtagcctgga acatgcgtat tctaaggatg gtggtctgge tgttcectgtat 3120
ggcaatttcg ctgagaatgg ttgtattgtt aagaccgcgg gtgttgacga ttctattcetg 3180
aagtttactg gtccagctaa ggtttatgag tctcaagatg acgctgttga ggctatcctg 3240
ggtggcaagg tggttgcggg tgacgttgtt gttatccgtt acgagggtcc aaagggtggce 3300
ccaggtatgc aagagatgct gtatccgact tcttttetga agagcatggg cctgggtaag 3360
gcgtgegete tgattactga tggccgettt agcggcggta ctagecggect gagcattggt 3420
catgttagcce cagaggctgce gtctggtggt tctatcggte tgatcgagga cggcgatctg 3480
attgcgattg atattccaaa tcgcggtatc caactgcaag tttctgacgce ggagctggcet 3540
gectegecegeyg aggctcaaga tgcgegtgge gataaggegt ggaccccaaa gaaccgcgag 3600
cgccaagtta gecttegecget gegecgegtac gectcectetgg cgacttcectge ggataagggt 3660
gctgttegtyg acaagagcaa gctgggtgge taaacgcgtyg ctagaggcat caaataaaac 3720
gaaaggctca gtcgaaagac tgggcctttce gttttatctg ttgtttgtcg gtgaacgcetce 3780
tcetgagtag gacaaatceg ccgcecctaga cctagctagg gtacgggttt tgctgcccege 3840
aaacgggctg ttctggtgtt gectagtttgt tatcagaatc gcagatccgg cttcageccgg 3900

tttgcecgget gaaagcgcta tttectteccag aattgccatg attttttcece cacgggaggce 3960
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gtcactggct ccecgtgttgt cggcagettt gattcgataa gcagcatcgce ctgtttcagg 4020
ctgtctatgt gtgactgttg agctgtaaca agttgtctca ggtgttcaat ttcatgttct 4080
agttgctttg ttttactggt ttcacctgtt ctattaggtg ttacatgctg ttcatctgtt 4140
acattgtcga tctgttcatg gtgaacagct ttaaatgcac caaaaactcg taaaagctct 4200
gatgtatcta tcecttttttac accgttttca tctgtgcata tggacagttt tcecctttgat 4260
atctaacggt gaacagttgt tctacttttg tttgttagtc ttgatgcttce actgatagat 4320
acaagagcca taagaacctc agatccttce gtatttagec agtatgttcet ctagtgtggt 4380
tcgttgtttt tgcgtgagec atgagaacga accattgaga tcatgcttac tttgcatgtce 4440
actcaaaaat tttgcctcaa aactggtgag ctgaattttt gcagttaaag catcgtgtag 4500
tgtttttett agtcecgttac gtaggtagga atctgatgta atggttgttg gtattttgte 4560
accattcatt tttatctggt tgttctcaag ttcggttacg agatccattt gtctatctag 4620
ttcaacttgg aaaatcaacg tatcagtcgg gcggcctege ttatcaacca ccaatttcat 4680
attgctgtaa gtgtttaaat ctttacttat tggtttcaaa acccattggt taagcctttt 4740
aaactcatgg tagttatttt caagcattaa catgaactta aattcatcaa ggctaatctc 4800
tatatttgcce ttgtgagttt tettttgtgt tagttctttt aataaccact cataaatcct 4860
catagagtat ttgttttcaa aagacttaac atgttccaga ttatatttta tgaatttttt 4920
taactggaaa agataaggca atatctcttc actaaaaact aattctaatt tttcgcttga 4980
gaacttggca tagtttgtcc actggaaaat ctcaaagcct ttaaccaaag gattcctgat 5040
ttccacagtt ctcgtcatca getctetggt tgctttaget aatacaccat aagcatttte 5100
cctactgatg ttcatcatct gagcgtattg gttataagtg aacgataccg tceccgttettt 5160
ccttgtaggg ttttcaatceg tggggttgag tagtgccaca cagcataaaa ttagcettggt 5220
ttcatgctce gttaagtcat agcgactaat cgctagttca tttgctttga aaacaactaa 5280
ttcagacata catctcaatt ggtctaggtg attttaatca ctataccaat tgagatgggc 5340
tagtcaatga taattactag tccttttcce gggagatctg ggtatctgta aattctgcecta 5400
gacctttgcet ggaaaacttg taaattctgce tagaccctcet gtaaattccg ctagaccttt 5460
gtgtgttttt tttgtttata ttcaagtggt tataatttat agaataaaga aagaataaaa 5520
aaagataaaa agaatagatc ccagccctgt gtataactca ctactttagt cagttccgca 5580
gtattacaaa aggatgtcgc aaacgctgtt tgctcctcta caaaacagac cttaaaaccc 5640
taaaggctta agtagcaccc tcgcaagctc gggcaaatcg ctgaatatte cttttgtcecte 5700
cgaccatcag gcacctgagt cgctgtecttt ttegtgacat tcagttcget gegctcacgg 5760
ctctggcagt gaatgggggt aaatggcact acaggcgcect tttatggatt catgcaagga 5820
aactacccat aatacaagaa aagcccgtca cgggcttetce agggcgtttt atggcegggtce 5880
tgctatgtgg tgctatctga ctttttgctg ttcagcagtt cctgccecctet gattttecag 5940
tctgaccact tcggattatc ccgtgacagg tcattcagac tggctaatgce acccagtaag 6000
gcagcggtat catcaacagg cttacccgtce ttactgtcec tagtgcttgg attctcacca 6060
ataaaaaacg cccggcggca accgagcegtt ctgaacaaat ccagatggag ttcectgaggtce 6120
attactggat ctatcaacag gagtccaagc gagctctcega accccagagt cccgctcaga 6180

agaactcgtce aagaaggcga tagaaggega tgegetgega atcgggageg gegataccegt 6240
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aaagcacgag gaagcggtca geccattege cgecaagete ttcagcaata tcacgggtag 6300
ccaacgctat gtcctgatag cggtccgeca cacccagecg gccacagteyg atgaatccag 6360
aaaagcggcce attttccacc atgatattcg gcaagcaggce atcgccatgg gtcacgacga 6420
gatcctegee gtegggcatg cgegecttga gectggcgaa cagttcegget ggcegcgagec 6480
cctgatgetce ttcecgtccaga tcatcctgat cgacaagacce ggcttccatce cgagtacgtg 6540
ctcgectegat gegatgttte gettggtggt cgaatgggca ggtagccgga tcaagcegtat 6600
gcagccgeceg cattgcatca gccatgatgg atactttcte ggcaggagca aggtgagatg 6660
acaggagatc ctgccccgge acttcgecca atagcagceca gtccecttceee gettcagtga 6720
caacgtcgag cacagctgcg caaggaacgce cegtegtgge cagecacgat agcecgegetg 6780
cctegtectg cagttcatte agggcaccgg acaggtcecggt cttgacaaaa agaaccgggce 6840
gccectgege tgacagecgg aacacggcgg catcagagca gecgattgtce tgttgtgecce 6900
agtcatagcc gaatagcctce tceccacccaag cggccggaga acctgegtgce aatccatctt 6960
gttcaatcat gcgaaacgat cctcatcctg tcectcttgate agatcttgat ccecctgegece 7020
atcagatcct tggcggcaag aaagccatcce agtttacttt gcagggctte ccaaccttac 7080
cagagggcgce cccagctgge aattccgacg te 7112
<210> SEQ ID NO 110

<211> LENGTH: 7884

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pGV1é661

<400> SEQUENCE: 110

ctcgagtece tatcagtgat agagattgac atccctatca gtgatagaga tactgagcac 60
atcagcagga cgcactgacc gaattcatta aagaggaaca accaaatgga tgaccagtta 120
aaacaaagtyg cacttgattt ccatgaattt ccagttccag ggaaaatcca ggtttctcca 180
accaagccte tggcaacaca gegegatetyg gegetggect actcaccagg cgttgecgca 240
ccttgtettyg aaatcgaaaa agacccgtta aaagectaca aatatacege ccgaggtaac 300
ctggtggegyg tgatctctaa cggtacggeg gtgetggggt taggcaacat tggegegetg 360
gcaggcaaac cggtgatgga aggcaagggce gttctgttta agaaattege cgggattgat 420
gtatttgaca ttgaagttga cgaactcgac ccggacaaat ttattgaagt tgtegeegeg 480
ctcgaaccaa cctteggegg catcaaccte gaagacatta aagegecaga atgtttcetat 540
attgaacaga aactgcgcga gcggatgaat attceggtat tecacgacga tcagcacgge 600
acggcaatta tcagcactge cgccatccte aacggettge gegtggtgga gaaaaacatce 660
tcegacgtge ggatggtggt tteeggegeg ggtgecgeag caatcgectyg tatgaacctg 720
ctggtagege tgggtctgea aaaacataac ategtggttt gegattcaaa aggegttate 780
tatcagggce gtgagccaaa catggceggaa accaaageceg catatgeggt ggtggatgac 840
ggcaaacgta ccctegatga tgtgattgaa ggcgceggata ttttectggg ctgtteegge 900
ccgaaagtge tgacccagga aatggtgaag aaaatggetce gtgegecaat gatccetggeg 960

ctggcgaace cggaaccgga aattctgecg cegetggega aagaagtgeg tcceggatgece 1020

atcatttgca ccggtcgtte tgactatccg aaccaggtga acaacgtcct gtgcttecceg 1080
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ttcatcttece gtggecgcecget ggacgttgge gcaaccgcca tcaacgaaga gatgaaactg 1140
gcggeggtac gtgcgattge agaactcgcece catgcggaac agagcgaagt ggtggcttca 1200
gcgtatggeg atcaggatct gagetttggt ccggaataca tcattccaaa accgtttgat 1260
ccgcgettga tcecgttaagat cgctectgceg gtegctaaag ccgcgatgga gtecgggegtg 1320
gcgactcecgte cgattgcectga tttegacgtce tacatcgaca agctgactga gttegtttac 1380
aaaaccaacc tgtttatgaa gccgatttte tcccaggcetce gcaaagcgece gaagcegcgtt 1440
gttctgcegyg aaggggaaga ggcgcgegtt ctgcatgcca ctcaggaact ggtaacgetg 1500
ggactggcga aaccgatcct tatcggtegt ccgaacgtga tcgaaatgceg cattcagaaa 1560
ctgggcttge agatcaaagc gggcgttgat tttgagatcg tcaataacga atccgatccg 1620
cgctttaaag agtactggac cgaatacttc cagatcatga agcgtcgcgg cgtcactcag 1680
gaacaggcge agcgggcegcet gatcagtaac ccgacagtga tceggcegegat catggttcag 1740
cgtggggaag ccgatgcaat gatttgcggt acggtgggtg attatcatga acattttagce 1800
gtggtgaaaa atgtctttgg ttatcgcgat ggcgttcaca ccgcaggtgce catgaacgcyg 1860
ctgctgcectge cgagtggtaa cacctttatt gccgatacat atgttaatga tgaaccggat 1920
gcagaagagc tggcggagat caccttgatg gcggcagaaa ctgtccecgtcg ttttggtatt 1980
gagcecgcegeg ttgetttgtt gtegcactcecce aactttggtt cttectgactg ccegtegteg 2040
agcaaaatgc gtcaggcgct ggaactggtc agggaacgtg caccagaact gatgattgat 2100
ggtgaaatgce acggcgatge agcgetggtg gaagcgattce gcaacgaccg tatgccggac 2160
agctctttga aaggttcecge caatattctg gtgatgccga acatggaagce tgcccgcatt 2220
agttacaact tactgcgtgt ttccagectcg gaaggtgtga ctgtcggccce ggtgctgatg 2280
ggtgtggcga aaccggttca cgtgttaacg ccgatcgcat cggtgcgtcg tatcgtcaac 2340
atggtggcgce tggccgtggt agaagcgcaa acccaaccgce tgtaaggtac cattaaagag 2400
gagaaacgta gcatgaacga acaatattcc gcattgcgta gtaatgtcag tatgctcgge 2460
aaagtgctgg gagaaaccat caaggatgcg ttgggagaac acattcttga acgcgtagaa 2520
actatccgta agttgtcgaa atcttcacgce gctggcaatg atgctaaccg ccaggagttg 2580
ctcaccacct tacaaaattt gtcgaacgac gagctgctge cecgttgcgeg tgcgtttagt 2640
cagttcctga acctggccaa caccgcecgag caataccaca gcatttcegece gaaaggcgaa 2700
gectgecagea acccggaagt gatcgeccge accctgegta aactgaaaaa ccagccggaa 2760
ctgagcgaag acaccatcaa aaaagcagtg gaatcgctgt cgctggaact ggtcctcacg 2820
gctcacccaa ccgaaattac ccgtcecgtaca ctgatccaca aaatggtgga agtgaacgcece 2880
tgtttaaaac agctcgataa caaagatatc gctgactacg aacacaacca gctgatgegt 2940
cgectgegece agttgatcege ccagtcatgg cataccgatg aaatccgtaa getgegtceca 3000
agcccggtag atgaagccaa atggggcttt gcecgtagtgg aaaacagcct gtggcaaggce 3060
gtaccaaatt acctgcgcga actgaacgaa caactggaag agaacctcgg ctacaaactg 3120
ccegtegaat ttgttceggt cegttttact tcecgtggatgg geggcgaccg cgacggcaac 3180
ccgaacgtca ctgccgatat cacccgecac gtectgctac tcagecgetyg gaaagcecace 3240
gatttgttce tgaaagatat tcaggtgctg gtttctgaac tgtcgatggt tgaagcgacce 3300

cctgaactgce tggcgctggt tggcgaagaa ggtgccgcag aaccgtatcg ctatctgatg 3360
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aaaaacctgce gttctegect gatggegaca caggcatgge tggaagcegeyg cctgaaagge 3420
gaagaactgc caaaaccaga aggcctgetg acacaaaacg aagaactgtg ggaaccgcetce 3480
tacgcttget accagtcact tcaggcegtgt ggcatgggta ttatcgccaa cggcgatctg 3540
ctcgacaccce tgcgecgegt gaaatgttte ggegtaccge tggtccgtat tgatatcegt 3600
caggagagca cgcgtcatac cgaagcgetg ggcgagcetga ccecegetacct cggtatcgge 3660
gactacgaaa gctggtcaga ggccgacaaa caggcgttee tgatccegega actgaactcece 3720
aaacgtccge ttctgecgeg caactggcaa ccaagcgecg aaacgcgcega agtgetcgat 3780
acctgccagg tgattgccga agcaccgcaa ggctccattg cecgcectacgt gatctcegatg 3840
gcgaaaacgce cgtccgacgt actggctgtce cacctgctge tgaaagaagc gggtatcggg 3900
tttgcgatge cggttgctec getgtttgaa accctcgatg atctgaacaa cgccaacgat 3960
gtcatgaccc agctgctcaa tattgactgg tatcgtggec tgattcaggg caaacagatg 4020
gtgatgattg gctattccga ctcagcaaaa gatgcgggag tgatggcagce ttcctgggeg 4080
caatatcagg cacaggatgc attaatcaaa acctgcgaaa aagcgggtat tgagctgacg 4140
ttgttccacg gtcgeggegyg tteccattggt cgecggcggeg cacctgctca tgcggcegetg 4200
ctgtcacaac cgccaggaag cctgaaaggce ggectgegeg taaccgaaca gggcgagatg 4260
atccgcettta aatatggtcect gccagaaatc accgtcagca gectgtcecget ttataccggg 4320
gegattetgyg aagccaacct gctgecaccg ccggagecga aagagagetg gegtegeatt 4380
atggatgaac tgtcagtcat ctcctgcgat gtctaccgeg gctacgtacg tgaaaacaaa 4440
gattttgtge cttacttccg cteecgctacg ccggaacaag aactgggcaa actgccgttg 4500
ggttcacgte cggcgaaacyg tcgeccaacce ggceggegteg agtcactacg cgecattecg 4560
tggatcttecg cctggacgca aaaccgtctg atgcectceccececg cectggetggg tgcaggtacg 4620
gegetgcaaa aagtggtcga agacggcaaa cagagcgagce tggaggcetat gtgecgcegat 4680
tggccattct tectcgacgeg tetecggcatg ctggagatgg tecttecgccaa agcagacctg 4740
tggctggegg aatactatga ccaacgcctg gtagacaaag cactgtggcce gttaggtaaa 4800
gagttacgca acctgcaaga agaagacatc aaagtggtgc tggcgattgc caacgattcce 4860
catctgatgg ccgatctgcec gtggattgca gagtctattc agctacggaa tatttacacc 4920
gacccgcetga acgtattgca ggccgagttg ctgcaccget cecgcecaggce agaaaaagaa 4980
ggccaggaac cggatcctceg cgtcgaacaa gcgttaatgg tcactattgce cgggattgeg 5040
gcaggtatgce gtaataccgg ctaagtcgac attaaagagg agattactta tgaaagttgce 5100
tgttctgggt gectgcaggtyg gtattggtca ggcactggcce ctgctgctga aaactcagcet 5160
gccgagceggt tetgaactgt ccctgtacga tattgegect gttactecegg gtgtegetgt 5220
agacctgtct catatcccta cggcagtaaa aatcaaaggce tttagcggtg aagatgcaac 5280
tceggegetyg gaaggtgeceg acgttgtact gatctcectgeg ggcecgtggcte gtaaaccggg 5340
catggaccgt tctgatctgt tcaacgtgaa cgctggcatt gttaaaaatc tggtgcagca 5400
ggttgcaaaa acctgtccga aagcgtgcat tggcatcatc actaacccag ttaacaccac 5460
cgtcgegate gecggcagaag tcectgaagaa agcaggcegtg tacgataaaa acaaactgtt 5520
cggtgttact accctggaca tcatccgttce taatactttc gtagctgagce tgaaaggcaa 5580

acagccgggt gaagttgaag ttceccggttat cggtggcecac agcggtgtta ccatcctgece 5640
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tctgectgage

acgtatccaa

cctgtetatg

tgaacaaggt

ctcccaacct

gtcegegtte

tctgggtgag

actcgetacyg

atttcctgga

gtttttecat

gtggcgaaac

gegetetect

gtctcattee

tgcacgaacc

ccaacccgga

gagttagtct

tgcgetecte

aaaccgeect

cgatctcaag

atctcttcaa

ggattctcac

agttctgagyg

cgeeeagece

gaagccatca

ttgcgtataa

gtttaaatca

aataaaccct

tatgtgtaga

agtttgctca

gtcttteatt

aaaggccgga

cagctgaacyg

tttacgatge

agcttectta

ttcattatgg

atcgacgtct

aggcecttte

atcacgaggc

caggttcegyg

aacgctggea

ggtcaagcgg

gtggtagaat

ctgetgetygyg

gaacaaaacg

gaatttgtta

ctceggtegtt

agatgccagg

aggcteegec

ccgacaggac

gttectgect

acgcctgaca

ccecegtteag

aagacatgca

tgaagtcatg

caagccagtt

gcaaggcggt

aagatcatct

atgtagcacc

caataaaaaa

tcattactgg

tgccactcat

cagacggcat

tatttgccca

aaactggtga

ttagggaaat

aactgccgga

tggaaaacgg

gccatacgaa

taaaacttgt

gtctggttat

cattgggata

gctectgaaa

tgaaagttgg

aagaaaccat

gtcttcacga

cctttegtet

gtgtgtettt

ccgaagttgt

cagcacgett

gtgcttacgt

gcaaaaacgg

cgctggaagg

acaaatgacc

cgactgegge

aagatactta

ccectgacaa

tataaagata

tteggtttac

ctcagtteeg

tccgaceget

aaagcaccac

cgceggttaa

acctcggtte

tttttecgttt

tattaatcag

tgaagtcage

cgcccggcecgyg

atctatcaac

cgcagtactyg

gatgaacctyg

tggtgaaaac

aactcaccca

aggccaggtt

aatcgtegtyg

tgtaacaagg

actccggatyg

gcttattttt

aggtacattg

tatcaacggt

atctcgataa

aacctcttac

tattatcatg

aaccattatt

tcac

caccgaacaa

tgaagccaaa

tggcctgtet

tgaaggcgat

tgttgaggaa

catgctggat

tagggatata

gagcggaaat

acagggaagt

gcatcacgaa

ccaggegttt

cggtgtcatt

ggtaggcagt

gegecttate

tggcagcage

ggctaaactyg

aaagagttgg

tcagagcaag

ataaaatatt

cccatacgat

caaccgageg

aggagtccaa

ttgtaattca

aatcgccage

dggggcegaag

gggattggcet
ttcaccgtaa
gtattcactc
gtgaacacta
agcattcatc
ctttacggte
agcaactgac
ggtatatcca
ctcaaaaaat
gtgccgatca
acattaacct

atcatgacat

gaagtagegg acctgaccaa

gcaggtggtyg gctcetgetac

ctggttegeyg ctetgcaggy

ggccagtatg cacgettett

cgtaaatcta tcggcactet

actctgaaga aagatatcge

ttcegettee tegetcacty

ggcttacgaa cggggcggag

gagagggecg cggcaaagcce

atctgacgcet caaatcagtyg

ccecectggeyg geteectegt

ccgetgttat ggcegegttt

tcgetecaag ctggactgta

cggtaactat cgtcttgagt

cactggtaat tgatttagag

aaaggacaag ttttggtgac

tagctcagag aaccttcgaa

agattacgcg cagaccaaaa

tctagattte agtgcaattt

ataagttgtt actagtgcett

ttctgaacaa atccagatgg

gcgagetega tatcaaatta

ttaagcattc tgccgacatg

ggcatcagca ccttgtegece

aagttgtcca tattggccac

gagacgaaaa acatattcte

cacgccacat cttgcgaata

cagagcgatg aaaacgtttce

tcccatatca ccagetcace

aggcgggcaa gaatgtgaat

tttaaaaagg ccgtaatatc

tgaaatgcct caaaatgttce

gtgatttttt tctccatttt

acgcceggta gtgatcttat

acgtctcatt ttcgccagat

ataaaaatag gcgtatcacg

taacctataa aaataggcgt

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7884
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<210> SEQ ID NO 111
<211> LENGTH: 4895
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Plasmid pGV1685
<400> SEQUENCE: 111
ctecgagtece tatcagtgat agagattgac atccctatca gtgatagaga tactgagcac 60
atcagcagga cgcactgacc gaattcatta aagaggagaa aggtaccatyg cgaattggca 120
taccaagaga acggttaacc aatgaaaccc gtgttgcage aacgccaaaa acagtggaac 180
agctgctgaa actgggtttt accgtegegg tagagagegyg cgegggtcaa ctggcaagtt 240
ttgacgataa agcgtttgtg caagcgggeg ctgaaattgt agaagggaat agcgtctgge 300
agtcagagat cattctgaag gtcaatgcge cgttagatga tgaaattgeg ttactgaatce 360
ctgggacaac gctggtgagt tttatctgge ctgcgcagaa tccggaatta atgcaaaaac 420
ttgcggaacyg taacgtgacc gtgatggega tggactctgt gecgegtate tcacgegcac 480
aatcgetgga cgcactaagce tcgatggega acatcgeegyg ttatcgegece attgttgaag 540
cggcacatga atttgggege ttetttaccg ggcaaattac tgcggccggyg aaagtgccac 600
cggcaaaagt gatggtgatt ggtgcgggtyg ttgcaggtet ggecgccatt ggcgcagcaa 660
acagtctcegg cgcgattgtg cgtgcatteg acacccgecce ggaagtgaaa gaacaagtte 720
aaagtatggg cgcggaattc ctcgagetgg attttaaaga ggaagctgge agceggcgatg 780
gctatgccaa agtgatgtcg gacgegttca tcaaagegga aatggaactce tttgeccgecce 840
aggcaaaaga ggtcgatatc attgtcacca ccgegcttat tccaggcaaa ccagcegecga 900
agctaattac ccgtgaaatg gttgactcca tgaaggcggg cagtgtgatt gtcgacctgg 960
cagcccaaaa cggcggcaac tgtgaataca cegtgccggg tgaaatctte actacggaaa 1020
atggtgtcaa agtgattggt tataccgatc ttcecgggecg tcectgccgacg caatcctcac 1080
agctttacgg cacaaacctc gttaatctgce tgaaactgtt gtgcaaagag aaagacggca 1140
atatcactgt tgattttgat gatgtggtga ttcgcggegt gaccgtgatce cgtgcgggceg 1200
aaattacctg gccggcaccg ccgattcagg tatcagctca gecgcaggeyg gcacaaaaag 1260
cggcaccgga agtgaaaact gaggaaaaat gtacctgctc accgtggcgt aaatacgegt 1320
tgatggcgct ggcaatcatt ctttttggct ggatggcaag cgttgcgccg aaagaattcce 1380
ttgggcactt caccgttttc gegctggect gegttgtegg ttattacgtg gtgtggaatg 1440
tatcgcacgce gctgcataca ccgttgatgt cggtcaccaa cgcgatttca gggattattg 1500
ttgtcggage actgttgcag attggccagg gcggctgggt tagcttcectt agttttatcg 1560
cggtgcttat agccagcatt aatattttcg gtggcttcac cgtgactcag cgcatgctga 1620
aaatgttccg caaaaattaa ggggtaacat atgtctggag gattagttac agctgcatac 1680
attgttgcecg cgatcctgtt tatcttcagt ctggccggte tttcgaaaca tgaaacgtct 1740
cgccagggta acaacttcegg tatcgcecggg atggcgattg cgttaatcgce aaccattttt 1800
ggaccggata cgggtaatgt tggctggatc ttgctggcga tggtcattgg tggggcaatt 1860
ggtatccgte tggcgaagaa agttgaaatg accgaaatgc cagaactggt ggcgatcctg 1920
catagcttecg tgggtctgge ggcagtgctg gttggcttta acagctatct gcatcatgac 1980
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gcgggaatgg caccgattct ggtcaatatt cacctgacgg aagtgttcct cggtatctte 2040
atcggggcegg taacgttcac gggttceggtg gtggcgtteg gcaaactgtg tggcaagatt 2100
tcgtctaaac cattgatgcet gccaaaccgt cacaaaatga acctggcggce tetggtegtt 2160
tcettectge tgctgattgt atttgttcecge acggacageg tcggcctgca agtgctggca 2220
ttgctgataa tgaccgcaat tgcgctggta tteggctgge atttagtcge cteccatcggt 2280
ggtgcagata tgccagtggt ggtgtcgatg ctgaactcgt actccggetg ggceggctgeg 2340
gctgeggget ttatgctcag caacgacctg ctgattgtga ccggtgcget ggteggttet 2400
tcgggggcta tectttcectta cattatgtgt aaggcgatga accgttcecctt tatcagegtt 2460
attgcgggtg gtttcggcac cgacggctct tctactggeg atgatcagga agtgggtgag 2520
caccgcgaaa tcaccgcaga agagacagceg gaactgctga aaaactccca ttcagtgate 2580
attactccgg ggtacggcat ggcagtcgcg caggcgcaat atcctgtcge tgaaattact 2640
gagaaattgc gcgctegtgg tattaatgtg cgttteggta tcecaccecggt cgecggggegt 2700
ttgcctggac atatgaacgt attgctggct gaagcaaaag taccgtatga catcgtgcetg 2760
gaaatggacg agatcaatga tgactttgct gataccgata ccgtactggt gattggtget 2820
aacgatacgg ttaacccggc ggcgcaggat gatccgaaga gtccgattge tggtatgect 2880
gtgctggaag tgtggaaagc gcagaacgtg attgtcttta aacgttcgat gaacactggce 2940
tatgctggtg tgcaaaaccc gcectgttectte aaggaaaaca cccacatgcet gtttggtgac 3000
gccaaagceca gcgtggatge aatcctgaaa gcectctgtaac ctagggatat attccgette 3060
ctecgctcecact gactcgctac getcecggtegt tcegactgegg cgagcggaaa tggcttacga 3120
acggggcgga gatttectgg aagatgecag gaagatactt aacagggaag tgagagggcece 3180
gcggcaaage cgtttttcca taggctcecge ccccecctgaca agcatcacga aatctgacge 3240
tcaaatcagt ggtggcgaaa cccgacagga ctataaagat accaggcgtt tceccccctggce 3300
ggctecccteg tgcgetcectee tgttectgece ttteggttta ceggtgtcat tcecgetgtta 3360
tggccgegtt tgtctcatte cacgectgac actcagttcecce gggtaggcag ttcecgctcecaa 3420
gctggactgt atgcacgaac cccccgttca gtccgaccge tgcgecttat ccggtaacta 3480
tegtettgag tccaacccgg aaagacatge aaaagcacca ctggcagcag ccactggtaa 3540
ttgatttaga ggagttagtc ttgaagtcat gcgccggtta aggctaaact gaaaggacaa 3600
gttttggtga ctgcgctcect ccaagccagt tacctecggtt caaagagttg gtagctcaga 3660
gaaccttcga aaaaccgcce tgcaaggcgg ttttttcegtt ttcagagcaa gagattacge 3720
gcagaccaaa acgatctcaa gaagatcatc ttattaatca gataaaatat ttctagattt 3780
cagtgcaatt tatctcttca aatgtagcac ctgaagtcag ccccatacga tataagttgt 3840
tactagtgct tggattctca ccaataaaaa acgcccggceg gcaaccgagce gttctgaaca 3900
aatccagatg gagttctgag gtcattactg gatctatcaa caggagtcca agcgagctcg 3960
atatcaaatt acgccccgec ctgccactca tcgcagtact gttgtaattce attaagcatt 4020
ctgccgacat ggaagccatc acagacggca tgatgaacct gaatcgccag cggcatcage 4080
accttgtege cttgcgtata atatttgcce atggtgaaaa cgggggcgaa gaagttgtcce 4140
atattggcca cgtttaaatc aaaactggtg aaactcaccc agggattggce tgagacgaaa 4200

aacatattct caataaaccc tttagggaaa taggccaggt tttcaccgta acacgccaca 4260
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tcttgcgaat atatgtgtag aaactgccgg aaatcgtegt ggtattcact ccagagcgat 4320
gaaaacgttt cagtttgctc atggaaaacg gtgtaacaag ggtgaacact atcccatatc 4380
accagctcac cgtctttcat tgccatacga aactccggat gagcattcat caggcgggca 4440
agaatgtgaa taaaggccgg ataaaacttg tgcttatttt tectttacggt ctttaaaaag 4500
gccgtaatat ccagctgaac ggtcetggtta taggtacatt gagcaactga ctgaaatgcece 4560
tcaaaatgtt ctttacgatg ccattgggat atatcaacgg tggtatatcc agtgattttt 4620
ttcteccattt tagcttcectt agectcecctgaa aatctcgata actcaaaaaa tacgcccggt 4680
agtgatctta tttcattatg gtgaaagttg gaacctctta cgtgccgatc aacgtctcat 4740
tttcgeccaga tatcgacgtc taagaaacca ttattatcat gacattaacc tataaaaata 4800
ggcgtatcac gaggcccttt cgtcecttcacg aaaccattat tatcatgaca ttaacctata 4860
aaaataggcg tatcacgagg ccctttegte ttcac 4895
<210> SEQ ID NO 112

<211> LENGTH: 5336

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pGV1698

<400> SEQUENCE: 112

taagaaacca ttattatcat gacattaacc tataaaaata ggcgtatcac gaggcccttt 60
cgtettecace tcgagaattg tgagecggata acaattgaca ttgtgagegg ataacaagat 120
actgagcaca tcagcaggac gcactgaccg aattcattaa agaggagaaa ggtacaatgt 180
tgacaaaagc aacaaaagaa caaaaatcce ttgtgaaaaa cagaggggeg gagettgttg 240
ttgattgctt agtggagcaa ggtgtcacac atgtatttgg cattccaggt gcaaaaattg 300
atgcggtatt tgacgcttta caagataaag gacctgaaat tategttgece cggcacgaac 360
aaaacgcagce attcatggec caagcagteg gecgtttaac tggaaaaccyg ggagtegtgt 420
tagtcacatc aggaccgggt gectctaact tggcaacagg ccetgctgaca gcgaacactg 480
aaggagaccce tgtegttgeg cttgctggaa acgtgatceg tgcagategt ttaaaacgga 540
cacatcaatc tttggataat geggegetat tccagecgat tacaaaatac agtgtagaag 600
ttcaagatgt aaaaaatata ccggaagetg ttacaaatge atttaggata gegtcagcag 660
ggcaggctgg ggecgetttt gtgagettte cgcaagatgt tgtgaatgaa gtcacaaata 720
cgaaaaacgt gcgtgetgtt geagegecaa aacteggtec tgcagcagat gatgcaatca 780
gtgcggcecat agcaaaaatc caaacagcaa aacttcctgt cgttttggte ggcatgaaag 840
gecggaagace ggaagcaatt aaagcggttce gcaagetttt gaaaaaggtt cagettecat 900
ttgttgaaac atatcaagct gecggtacce tttctagaga tttagaggat caatattttg 960

gcecgtategg tttgtteccge aaccagectg gecgatttact gectagagcag gcagatgttg 1020
ttctgacgat cggctatgac ccgattgaat atgatccgaa attctggaat atcaatggag 1080
accggacaat tatccattta gacgagatta tcgctgacat tgatcatgct taccagectg 1140
atcttgaatt gatcggtgac attccgtcca cgatcaatca tatcgaacac gatgctgtga 1200
aagtggaatt tgcagagcgt gagcagaaaa tcctttectga tttaaaacaa tatatgcatg 1260

aaggtgagca ggtgcctgca gattggaaat cagacagagc gcaccctctt gaaatcgtta 1320
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aagagttgcg taatgcagtc gatgatcatg ttacagtaac ttgcgatatc ggttcgcacg 1380
ccatttggat gtcacgttat ttccgcagct acgagccegtt aacattaatg atcagtaacg 1440
gtatgcaaac actcggcgtt gcgecttectt gggcaatcgg cgcttcattg gtgaaaccgg 1500
gagaaaaagt ggtttctgtce tctggtgacg gecggtttctt attctcagca atggaattag 1560
agacagcagt tcgactaaaa gcaccaattg tacacattgt atggaacgac agcacatatg 1620
acatggttgc attccagcaa ttgaaaaaat ataaccgtac atctgcggtce gatttcggaa 1680
atatcgatat cgtgaaatat gcggaaagct tcggagcaac tggcttgcgce gtagaatcac 1740
cagaccagct ggcagatgtt ctgcgtcaag gcatgaacgce tgaaggtcct gtcatcatcg 1800
atgtcceggt tgactacagt gataacatta atttagcaag tgacaagctt ccgaaagaat 1860
tcggggaact catgaaaacg aaagctctct aggtcgacga ggagacaaca ttatggcgaa 1920
ttatttcaac actctgaacc tgcgtcaaca actggcgcaa ctgggtaagt gccgtttcat 1980
gggtcgtgac gagtttgcgg acggtgcttce ttatctgcaa ggcaagaagg ttgttattgt 2040
tggttgceggt gcgcaaggcc tgaatcaagg tctgaatatg cgcgacagceg gectggacat 2100
tagctatgeg ctgcgcaagg aggctatcge ggaaaaacgt gctagcectggce gcaaggctac 2160
tgagaacggc ttcaaggttg gcacctatga ggagctgatt ccgcaagctg acctggttat 2220
caatctgacc ccagataaac aacatagcga cgttgttegt actgttcaac cgctgatgaa 2280
ggatggtgct gctectgggtt atagccacgg ctttaacatt gttgaggtag gtgaacaaat 2340
tcgcaaggac attactgttg ttatggtggce tccaaagtgt ccgggtactg aggttcgega 2400
ggaatataag cgcggttttg gtgttccaac cctgatcgeg gtgcatccag agaatgaccce 2460
aaagggtgag ggtatggcta tcgcgaagge gtgggctgeyg gegactggeyg gcecatcgege 2520
tggcgttetg gagagcagcet ttgtggctga ggttaagagce gatctgatgg gtgaacagac 2580
tattctgtgt ggtatgctgce aagcgggtag cctgctgtgt tttgataaac tggttgagga 2640
gggcactgac ccggcgtatg cggagaagct gatccaattt ggctgggaga ctattactga 2700
ggcgctgaag caaggtggta ttactctgat gatggatcgce ctgagcaatc cagctaagcet 2760
gcgegcegtac getcectgagceg agcaactgaa ggaaattatg gcaccgetgt ttcaaaagca 2820
catggatgat atcattagcg gtgagtttag cagcggcatg atggctgatt gggcgaatga 2880
cgacaaaaag ctgctgactt ggcgcgagga aactggtaag actgcttteg agactgctcce 2940
acaatacgag ggtaagattg gtgaacaaga atattttgac aagggtgttc tgatgatcgc 3000
tatggttaag gctggtgtgg agctggecttt tgagactatg gttgacagcg gtattatcga 3060
ggaaagcgcg tactacgaga gcctgcatga actgccactg atcgcgaata ctattgegeg 3120
caaacgcctg tatgagatga atgttgtgat tagcgacact gcggaatatg gcaattacct 3180
gtttagctat gcgtgcgttce cactgctgaa gccattcatg geggaactgce agccaggtga 3240
tctgggcaag gcgatcccag agggtgctgt tgacaatggt cagctgcgeg acgttaatga 3300
ggctatcegt tcectcacgcta tcgaacaagt tggcaaaaag ctgcgtggtt acatgaccga 3360
catgaagcgce atcgeggtgg ctggctaacce tagggcgttce ggctgeggeg agcggtatca 3420
gctcactcaa aggcggtaat acggttatcce acagaatcag gggataacgc aggaaagaac 3480
atgtgagcaa aaggccagca aaaggccagg aaccgtaaaa aggccgcegtt getggegttt 3540

ttccatagge tccgecccecee tgacgagcat cacaaaaatc gacgctcaag tcagaggtgg 3600
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cgaaacccga caggactata aagataccag gcgtttcccce ctggaagcte cctegtgegce 3660
tctectgtte cgaccctgec gettaccgga tacctgtecg cectttetece ttegggaagce 3720
gtggcgcttt ctcatagcte acgctgtagg tatctcagtt cggtgtaggt cgttegetcece 3780
aagctgggct gtgtgcacga acccccegtt cagecccgacce gectgegectt atccggtaac 3840
tatcgtettg agtccaacce ggtaagacac gacttatcge cactggcagce agccactggt 3900
aacaggatta gcagagcgag gtatgtaggc ggtgctacag agttcttgaa gtggtggect 3960
aactacggct acactagaag gacagtattt ggtatctgecg ctctgctgaa gccagttacce 4020
ttcggaaaaa gagttggtag ctcttgatce ggcaaacaaa ccaccgctgg tageggtggt 4080
ttttttgttt gcaagcagca gattacgcgc agaaaaaaag gatctcaaga agatcctttg 4140
atcttttecta cggggtctga cgctcagtgg aacgaaaact cacgttaagg gattttggtce 4200
atgactagtg cttggattct caccaataaa aaacgcccgg cggcaaccga gcegttcectgaa 4260
caaatccaga tggagttctg aggtcattac tggatctatc aacaggagtc caagcgagct 4320
cgtaaacttg gtctgacagt taccaatgct taatcagtga ggcacctatc tcagcgatct 4380
gtctattteg ttcatccata gttgcctgac tcccegtegt gtagataact acgatacggg 4440
agggcttacc atctggcccecce agtgctgcaa tgataccgeg agacccacgce tcaccggcetce 4500
cagatttatc agcaataaac cagccagccg gaagggccga gcgcagaagt ggtcectgcaa 4560
ctttatccge ctccatccag tcectattaatt gttgccggga agctagagta agtagttcegce 4620
cagttaatag tttgcgcaac gttgttgcca ttgctacagg catcgtggtg tcacgctegt 4680
cgtttggtat ggcttcattc agctccecggtt cccaacgatc aaggcgagtt acatgatccce 4740
ccatgttgtg caaaaaagcg gttagctcct tcggtcecctece gatcgttgte agaagtaagt 4800
tggccgcagt gttatcactce atggttatgg cagcactgca taattctctt actgtcatgce 4860
catccgtaag atgcttttet gtgactggtg agtactcaac caagtcattc tgagaatagt 4920
gtatgcggeg accgagttge tcttgcececgg cgtcaatacg ggataatacc gcgccacata 4980
gcagaacttt aaaagtgctc atcattggaa aacgttcttc ggggcgaaaa ctctcaagga 5040
tcttaccget gttgagatcce agttcgatgt aacccactcg tgcacccaac tgatcttcag 5100
catcttttac tttcaccagc gtttctgggt gagcaaaaac aggaaggcaa aatgccgcaa 5160
aaaagggaat aagggcgaca cggaaatgtt gaatactcat actcttcctt tttcaatatt 5220
attgaagcat ttatcagggt tattgtctca tgagcggata catatttgaa tgtatttaga 5280
aaaataaaca aataggggtt ccgcgcacat ttccccgaaa agtgccacct gacgte 5336
<210> SEQ ID NO 113

<211> LENGTH: 2289

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pGV1711

<400> SEQUENCE: 113

ctagtgcettyg gattctcace aataaaaaac geccggegge aaccgagegt tctgaacaaa 60
tccagatgga gttctgaggt cattactgga tctatcaaca ggagtccaag cgagcetcegta 120
aacttggtct gacagttacc aatgcttaat cagtgaggea cctatctcag cgatctgtet 180

atttcgttca tccatagttg cctgactece cgtegtgtag ataactacga tacgggaggg 240
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cttaccatct ggccccagtg ctgcaatgat accgcgagac ccacgctcac cggctccaga 300
tttatcagca ataaaccagc cagccggaag ggccgagcege agaagtggtc ctgcaacttt 360
atccgectec atccagtcta ttaattgttg ccgggaaget agagtaagta gttegcecagt 420
taatagtttg cgcaacgttg ttgccattge tacaggcatc gtggtgtcac gctegtegtt 480
tggtatggcet tcattcagcet cceggttccca acgatcaagg cgagttacat gatcccccat 540
gttgtgcaaa aaagcggtta gctcecttegg tectccgate gttgtcagaa gtaagttgge 600
cgcagtgtta tcactcatgg ttatggcagc actgcataat tctcttactg tcatgccatc 660
cgtaagatgc ttttctgtga ctggtgagta ctcaaccaag tcattctgag aatagtgtat 720
gcggcgaceg agttgectett geccggegtce aatacgggat aataccgege cacatagcag 780
aactttaaaa gtgctcatca ttggaaaacg ttcttecgggg cgaaaactct caaggatctt 840
accgctgttg agatccagtt cgatgtaacc cactcgtgeca cccaactgat cttcagcatce 900
ttttactttc accagegttt ctgggtgagc aaaaacagga aggcaaaatyg ccgcaaaaaa 960

gggaataagg gcgacacgga aatgttgaat actcatactc ttcctttttc aatattattg 1020
aagcatttat cagggttatt gtctcatgag cggatacata tttgaatgta tttagaaaaa 1080
taaacaaata ggggttccgce gcacatttce ccgaaaagtg ccacctgacg tctaagaaac 1140
cattattatc atgacattaa cctataaaaa taggcgtatc acgaggccct ttcecgtcettca 1200
cctcgagaat tgtgagcgga taacaattga cattgtgagce ggataacaag atactgagca 1260
catcagcagg acgcactgac cgaattcatt agtcgacatt atgcggccgce ggatccataa 1320
ggaggattaa ttaagacttc ccgggtgatc ccatggtacg cgtgctagag gcatcaaata 1380
aaacgaaagg ctcagtcgaa agactgggcce tttegtttta tctgttgttt gteggtgaac 1440
gctectectga gtaggacaaa tccgceccgecce tagacctagg cgttcecggetg cggcgagegy 1500
tatcagctca ctcaaaggcg gtaatacggt tatccacaga atcaggggat aacgcaggaa 1560
agaacatgtg agcaaaaggc cagcaaaagg ccaggaaccyg taaaaaggcce gcgttgetgg 1620
cgtttttecca taggctcege ccccctgacg agcatcacaa aaatcgacgce tcaagtcaga 1680
ggtggcgaaa cccgacagga ctataaagat accaggcgtt tceccccectgga agctcececteg 1740
tgcgctetee tgttecgace ctgccgetta ccggatacct gtceccgecttt cteecttegg 1800
gaagcgtgge gctttcectcaa tgctcacget gtaggtatcet cagttceggtg taggtcecgtte 1860
gcteccaaget gggcetgtgtg cacgaaccce ccgttcagec cgaccgcectgce gecttatecyg 1920
gtaactatcg tcecttgagtce aacccggtaa gacacgactt atcgccactg gcagcagceca 1980
ctggtaacag gattagcaga gcgaggtatg taggcggtgc tacagagttc ttgaagtggt 2040
ggcctaacta cggctacact agaaggacag tatttggtat ctgcgctectg ctgaagcecag 2100
ttaccttcgg aaaaagagtt ggtagctctt gatccggcaa acaaaccacc gcetggtageg 2160
gtggtttttt tgtttgcaag cagcagatta cgcgcagaaa aaaaggatct caagaagatc 2220
ctttgatctt ttctacgggg tcectgacgctce agtggaacga aaactcacgt taagggattt 2280
tggtcatga 2289
<210> SEQ ID NO 114

<211> LENGTH: 6416

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Plasmid pGV1716
<400> SEQUENCE: 114
taagaaacca ttattatcat gacattaacc tataaaaata ggcgtatcac gaggcccttt 60
cgtcttcace tcgagaattg tgagcggata acaattgaca ttgtgagcgg ataacaagat 120
actgagcaca tcagcaggac gcactgaccg aattcattaa agaggagaaa ggtacaatgt 180
tgacaaaagc aacaaaagaa caaaaatccc ttgtgaaaaa cagaggggcg gagcttgttg 240
ttgattgctt agtggagcaa ggtgtcacac atgtatttgg cattccaggt gcaaaaattg 300
atgcggtatt tgacgcttta caagataaag gacctgaaat tatcgttgcc cggcacgaac 360
aaaacgcagc attcatggcc caagcagtcg gccgtttaac tggaaaaccg ggagtcegtgt 420
tagtcacatc aggaccgggt gcctctaact tggcaacagg cctgctgaca gcgaacactg 480
aaggagaccc tgtcgttgeg cttgctggaa acgtgatceg tgcagatcgt ttaaaacgga 540
cacatcaatc tttggataat gcggcgctat tccagccgat tacaaaatac agtgtagaag 600
ttcaagatgt aaaaaatata ccggaagctg ttacaaatgc atttaggata gcgtcagcag 660
ggcaggctgg ggcegetttt gtgagetttce cgcaagatgt tgtgaatgaa gtcacaaata 720
cgaaaaacgt gcgtgctgtt gcagcgccaa aactcggtcce tgcagcagat gatgcaatca 780
gtgcggccat agcaaaaatc caaacagcaa aacttcctgt cgttttggtc ggcatgaaag 840
gcggaagacce ggaagcaatt aaagcggttc gcaagctttt gaaaaaggtt cagcttccat 900
ttgttgaaac atatcaagct gccggtaccce tttctagaga tttagaggat caatattttg 960

gcecgtategg tttgtteccge aaccagectg gecgatttact gectagagcag gcagatgttg 1020
ttctgacgat cggctatgac ccgattgaat atgatccgaa attctggaat atcaatggag 1080
accggacaat tatccattta gacgagatta tcgctgacat tgatcatgct taccagectg 1140
atcttgaatt gatcggtgac attccgtcca cgatcaatca tatcgaacac gatgctgtga 1200
aagtggaatt tgcagagcgt gagcagaaaa tcctttectga tttaaaacaa tatatgcatg 1260
aaggtgagca ggtgcctgca gattggaaat cagacagagc gcaccctctt gaaatcgtta 1320
aagagttgcg taatgcagtc gatgatcatg ttacagtaac ttgcgatatc ggttcgcacg 1380
ccatttggat gtcacgttat ttccgcagct acgagccegtt aacattaatg atcagtaacg 1440
gtatgcaaac actcggcgtt gcgecttectt gggcaatcgg cgcttcattg gtgaaaccgg 1500
gagaaaaagt ggtttctgtce tctggtgacg gecggtttctt attctcagca atggaattag 1560
agacagcagt tcgactaaaa gcaccaattg tacacattgt atggaacgac agcacatatg 1620
acatggttgc attccagcaa ttgaaaaaat ataaccgtac atctgcggtce gatttcggaa 1680
atatcgatat cgtgaaatat gcggaaagct tcggagcaac tggcttgcgce gtagaatcac 1740
cagaccagct ggcagatgtt ctgcgtcaag gcatgaacgce tgaaggtcct gtcatcatcg 1800
atgtcceggt tgactacagt gataacatta atttagcaag tgacaagctt ccgaaagaat 1860
tcggggaact catgaaaacg aaagctctct aggtcgacgg atccaggaga caacattatg 1920
tctattceccag aaactcaaaa agcgattatt ttctacgagt ccaacggcaa actggaacac 1980
aaagatatcc cggtgccgaa accgaagccg aacgagctgce tgattaacgt aaaatactct 2040
ggtgtgtgcc acactgatct gcacgcttgg cacggtgatt ggcctcectgece gaccaaactyg 2100

ccgctggttg gtggtcatga gggtgcggge gttgtagtag gcatgggtga aaacgtgaag 2160
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ggctggaaaa tcggtgacta cgcaggtatc aagtggctga acggttcecttg catggectge 2220
gaatactgcg agctgggtaa cgaatctaac tgcccgcacg cagacctgtce tggctatacce 2280
catgatggtt cctttcagga atacgctact gcagacgcag tgcaggctgc acatattcca 2340
cagggcaccg atctggcgga ggtagctcect attctgtgeg ctggtattac ggtttacaag 2400
gegetgaaaa gegecaacct gegtgecgge cactgggcag cgatctetgg tgeggcagge 2460
ggtctgggtt ctectggcagt ccaatatgca aaagcgatgg gttaccgegt tctgggcatce 2520
gacggtggtc cgggtaagga ggaactgttc acttctctgg gceggcgaggt gtttatcgac 2580
ttcactaagg agaaagatat cgtttccgcg gttgttaaag cgaccaacgg tggcgcgcac 2640
ggcattatca acgtatctgt gtccgaggct gcaatcgagg cgtctactcecg ttactgecgt 2700
gctaacggca ctgtggtcct ggtaggtetg ccggetggtyg ctaaatgttce tagcgatgtt 2760
ttcaaccacg tagtaaaaag catcagcatc gtgggttcect acgttggcaa ccgtgcagac 2820
actcgtgagg ctctggactt cttecgcacge ggectggtga aatctccgat taaggttgtt 2880
ggtctgteta gectgeccgga aatctatgag aaaatggaaa aaggtcagat tgcgggecgt 2940
tacgtggtgg acacctctaa ataagcggcce gcgtcgacga ggagacaaca ttatggcgaa 3000
ttatttcaac actctgaacc tgcgtcaaca actggcgcaa ctgggtaagt gccgtttcat 3060
gggtcgtgac gagtttgcgg acggtgcttce ttatctgcaa ggcaagaagg ttgttattgt 3120
tggttgceggt gcgcaaggcc tgaatcaagg tctgaatatg cgcgacagceg gectggacat 3180
tagctatgeg ctgcgcaagg aggctatcge ggaaaaacgt gctagcectggce gcaaggctac 3240
tgagaacggc ttcaaggttg gcacctatga ggagctgatt ccgcaagctg acctggttat 3300
caatctgacc ccagataaac aacatagcga cgttgttegt actgttcaac cgctgatgaa 3360
ggatggtgct gctectgggtt atagccacgg ctttaacatt gttgaggtag gtgaacaaat 3420
tcgcaaggac attactgttg ttatggtggce tccaaagtgt ccgggtactg aggttcgega 3480
ggaatataag cgcggttttg gtgttccaac cctgatcgeg gtgcatccag agaatgaccce 3540
aaagggtgag ggtatggcta tcgcgaagge gtgggctgeyg gegactggeyg gcecatcgege 3600
tggcgttetg gagagcagcet ttgtggctga ggttaagagce gatctgatgg gtgaacagac 3660
tattctgtgt ggtatgctgce aagcgggtag cctgctgtgt tttgataaac tggttgagga 3720
gggcactgac ccggcgtatg cggagaagct gatccaattt ggctgggaga ctattactga 3780
ggcgctgaag caaggtggta ttactctgat gatggatcgce ctgagcaatc cagctaagcet 3840
gcgegcegtac getcectgagceg agcaactgaa ggaaattatg gcaccgetgt ttcaaaagca 3900
catggatgat atcattagcg gtgagtttag cagcggcatg atggctgatt gggcgaatga 3960
cgacaaaaag ctgctgactt ggcgcgagga aactggtaag actgcttteg agactgctcce 4020
acaatacgag ggtaagattg gtgaacaaga atattttgac aagggtgttc tgatgatcgc 4080
tatggttaag gctggtgtgg agctggecttt tgagactatg gttgacagcg gtattatcga 4140
ggaaagcgcg tactacgaga gcctgcatga actgccactg atcgcgaata ctattgegeg 4200
caaacgcctg tatgagatga atgttgtgat tagcgacact gcggaatatg gcaattacct 4260
gtttagctat gcgtgcgttce cactgctgaa gccattcatg geggaactgce agccaggtga 4320
tctgggcaag gcgatcccag agggtgctgt tgacaatggt cagctgcgeg acgttaatga 4380

ggctatcegt tcectcacgcta tcgaacaagt tggcaaaaag ctgcgtggtt acatgaccga 4440
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catgaagcgce atcgeggtgg ctggctaacce tagggcgttce ggctgeggeg agcggtatca 4500
gctcactcaa aggcggtaat acggttatcce acagaatcag gggataacgc aggaaagaac 4560
atgtgagcaa aaggccagca aaaggccagg aaccgtaaaa aggccgcegtt getggegttt 4620
ttccatagge tccgecccecee tgacgagcat cacaaaaatc gacgctcaag tcagaggtgg 4680
cgaaacccga caggactata aagataccag gcgtttcccce ctggaagcte cctegtgegce 4740
tctectgtte cgaccctgec gettaccgga tacctgtecg cectttetece ttegggaagce 4800
gtggcgcttt ctcatagcte acgctgtagg tatctcagtt cggtgtaggt cgttegetcece 4860
aagctgggct gtgtgcacga acccccegtt cagecccgacce gectgegectt atccggtaac 4920
tatcgtettg agtccaacce ggtaagacac gacttatcge cactggcagce agccactggt 4980
aacaggatta gcagagcgag gtatgtaggc ggtgctacag agttcttgaa gtggtggect 5040
aactacggct acactagaag gacagtattt ggtatctgecg ctctgctgaa gccagttacce 5100
ttcggaaaaa gagttggtag ctcttgatce ggcaaacaaa ccaccgctgg tageggtggt 5160
ttttttgttt gcaagcagca gattacgcgc agaaaaaaag gatctcaaga agatcctttg 5220
atcttttecta cggggtctga cgctcagtgg aacgaaaact cacgttaagg gattttggtce 5280
atgactagtg cttggattct caccaataaa aaacgcccgg cggcaaccga gcegttcectgaa 5340
caaatccaga tggagttctg aggtcattac tggatctatc aacaggagtc caagcgagct 5400
cgtaaacttg gtctgacagt taccaatgct taatcagtga ggcacctatc tcagcgatct 5460
gtctattteg ttcatccata gttgcctgac tcccegtegt gtagataact acgatacggg 5520
agggcttacc atctggcccecce agtgctgcaa tgataccgeg agacccacgce tcaccggcetce 5580
cagatttatc agcaataaac cagccagccg gaagggccga gcgcagaagt ggtcectgcaa 5640
ctttatccge ctccatccag tcectattaatt gttgccggga agctagagta agtagttcegce 5700
cagttaatag tttgcgcaac gttgttgcca ttgctacagg catcgtggtg tcacgctegt 5760
cgtttggtat ggcttcattc agctccecggtt cccaacgatc aaggcgagtt acatgatccce 5820
ccatgttgtg caaaaaagcg gttagctcct tcggtcecctece gatcgttgte agaagtaagt 5880
tggccgcagt gttatcactce atggttatgg cagcactgca taattctctt actgtcatgce 5940
catccgtaag atgcttttet gtgactggtg agtactcaac caagtcattc tgagaatagt 6000
gtatgcggeg accgagttge tcttgcececgg cgtcaatacg ggataatacc gcgccacata 6060
gcagaacttt aaaagtgctc atcattggaa aacgttcttc ggggcgaaaa ctctcaagga 6120
tcttaccget gttgagatcce agttcgatgt aacccactcg tgcacccaac tgatcttcag 6180
catcttttac tttcaccagc gtttctgggt gagcaaaaac aggaaggcaa aatgccgcaa 6240
aaaagggaat aagggcgaca cggaaatgtt gaatactcat actcttcctt tttcaatatt 6300
attgaagcat ttatcagggt tattgtctca tgagcggata catatttgaa tgtatttaga 6360
aaaataaaca aataggggtt ccgcgcacat ttccccgaaa agtgccacct gacgte 6416
<210> SEQ ID NO 115

<211> LENGTH: 3644

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pGV1720

<400> SEQUENCE: 115
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taagaaacca ttattatcat gacattaacc tataaaaata ggcgtatcac gaggcccttt 60
cgtcttcace tcgagaattg tgagcggata acaattgaca ttgtgagegyg ataacaagat 120
actgagcaca tcagcaggac gcactgaccg aattcattag tcgacattat gcggecgegg 180
atccataagg aggattaatt aagacttccce gggtgatccee atggtacgeg tgctagagge 240
atcaaataaa acgaaaggct cagtcgaaag actgggcctt tegttttate tgttgtttgt 300
cggtgaacge tctectgagt aggacaaatce cgecgcccta gacctageta gggtacgggt 360
tttgctgcce gcaaacggge tgttctggtg ttgctagttt gttatcagaa tcgcagatce 420
ggcttcagee ggtttgccgg ctgaaagege tatttcettece agaattgeca tgatttttte 480
cccacgggag gcegtcactgg cteccegtgtt gteggcaget ttgattcgat aagcagcate 540
gectgtttea ggetgtctat gtgtgactgt tgagctgtaa caagttgtet caggtgttca 600
atttcatgtt ctagttgctt tgttttactg gtttcacctg ttctattagg tgttacatgc 660
tgttcatctyg ttacattgtc gatctgttca tggtgaacag ctttaaatgce accaaaaact 720
cgtaaaagct ctgatgtatc tatctttttt acaccgtttt catctgtgca tatggacagt 780
tttcectttg atatctaacyg gtgaacagtt gttctacttt tgtttgttag tcettgatget 840
tcactgatag atacaagagc cataagaacc tcagatcctt ccegtatttag ccagtatgtt 900
ctctagtgtyg gttegttgtt tttgegtgag ccatgagaac gaaccattga gatcatgett 960

actttgcatg tcactcaaaa attttgcctc aaaactggtg agctgaattt ttgcagttaa 1020
agcatcgtgt agtgtttttce ttagtcecgtt acgtaggtag gaatctgatg taatggttgt 1080
tggtattttg tcaccattca tttttatctg gttgttctca agttcggtta cgagatccat 1140
ttgtctatct agttcaactt ggaaaatcaa cgtatcagtc gggcggcctce gcttatcaac 1200
caccaatttc atattgctgt aagtgtttaa atctttactt attggtttca aaacccattg 1260
gttaagcctt ttaaactcat ggtagttatt ttcaagcatt aacatgaact taaattcatc 1320
aaggctaatc tctatatttg ccttgtgagt tttettttgt gttagttctt ttaataacca 1380
ctcataaatc ctcatagagt atttgttttc aaaagactta acatgttcca gattatattt 1440
tatgaatttt tttaactgga aaagataagg caatatctct tcactaaaaa ctaattctaa 1500
tttttecgett gagaacttgg catagtttgt ccactggaaa atctcaaagc ctttaaccaa 1560
aggattcctg atttccacag ttctcegtcat cagectctetg gttgctttag ctaatacacc 1620
ataagcattt tccctactga tgttcatcat ctgagcgtat tggttataag tgaacgatac 1680
cgtcegttet ttecttgtag ggttttcaat cgtggggttg agtagtgcca cacagcataa 1740
aattagcttg gtttcatgcet ccgttaagtc atagcgacta atcgctagtt catttgettt 1800
gaaaacaact aattcagaca tacatctcaa ttggtctagg tgattttaat cactatacca 1860
attgagatgg gctagtcaat gataattact agtccttttc ccgggagatc tgggtatctg 1920
taaattctgce tagacctttg ctggaaaact tgtaaattct gectagaccct ctgtaaattce 1980
cgctagacct ttgtgtgttt tttttgttta tattcaagtg gttataattt atagaataaa 2040
gaaagaataa aaaaagataa aaagaataga tcccagccct gtgtataact cactacttta 2100
gtcagttccg cagtattaca aaaggatgtc gcaaacgctg tttgctecctce tacaaaacag 2160
accttaaaac cctaaaggct taagtagcac cctcecgcaagce tcgggcaaat cgctgaatat 2220

tcettttgte teccgaccatce aggcacctga gtcegectgtet ttttegtgac attcagtteg 2280
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ctgcgctcac ggctcectggca gtgaatgggg gtaaatggca ctacaggcgce cttttatgga 2340
ttcatgcaag gaaactaccc ataatacaag aaaagcccegt cacgggcttce tcagggcgtt 2400
ttatggcggg tcectgctatgt ggtgctatct gactttttge tgttcagcag ttectgcect 2460
ctgattttcce agtctgacca cttcggatta tcccgtgaca ggtcattcag actggctaat 2520
gcacccagta aggcagcggt atcatcaaca ggcttacceg tcecttactgtce cctagtgett 2580
ggattctcac caataaaaaa cgcccggegg caaccgageg ttctgaacaa atccagatgg 2640
agttctgagg tcattactgg atctatcaac aggagtccaa gcgagctctce gaaccccaga 2700
gteccgeteca gaagaactceg tcaagaaggce gatagaaggce gatgcegetge gaatcgggag 2760
cggcgatace gtaaagcacg aggaageggt cageccatte gecgecaage tcttcagcaa 2820
tatcacgggt agccaacgct atgtcctgat agcggtecege cacacccagce cggccacagt 2880
cgatgaatcc agaaaagcgg ccattttcca ccatgatatt cggcaagcag gcatcgccat 2940
gggtcacgac gagatcctceg ccgtegggca tgcgegectt gagectggeg aacagttegg 3000
ctggcgcegag cccctgatge tettegtcecca gatcatectg atcgacaaga ccggctteca 3060
tcecgagtacg tgctegcecteg atgcgatgtt tcegettggtg gtcgaatggg caggtagecg 3120
gatcaagcgt atgcagccgce cgcattgcat cagccatgat ggatactttce tcggcaggag 3180
caaggtgaga tgacaggaga tcctgccccg gcacttegece caatagcagce cagtccctte 3240
ccgettecagt gacaacgtceg agcacagetyg cgcaaggaac gceccgtegtyg gccagecacyg 3300
atagccgege tgcctcecgtece tgcagttcat tcagggcacce ggacaggtceg gtcttgacaa 3360
aaagaaccgg gcgcecectge getgacagece ggaacacgge ggcatcagag cagcecgattg 3420
tctgttgtge ccagtcatag ccgaatagce tcteccaccca agcggccgga gaacctgegt 3480
gcaatccatc ttgttcaatc atgcgaaacg atcctcatcc tgtctcettga tcagatcecttg 3540
atccectgeg ccatcagate cttggcggca agaaagccat ccagtttact ttgcagggcet 3600
tceccaacctt accagagggce gcecccagctg gcaattcecga cgte 3644
<210> SEQ ID NO 116

<211> LENGTH: 6654

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pGV1730

<400> SEQUENCE: 116

caggcaagtg cacaaacaat acttaaataa atactactca gtaataacct atttcttage 60
atttttgacg aaatttgcta ttttgttaga gtcttttaca ccatttgtct ccacacctce 120
gcttacatca acaccaataa cgccatttaa tctaagegca tcaccaacat tttectggegt 180
cagtccacca gctaacataa aatgtaaget tteggggete tettgectte caacccagte 240
agaaatcgag ttccaatcca aaagttcacce tgtcccacct gettcectgaat caaacaaggg 300
aataaacgaa tgaggtttct gtgaagctge actgagtagt atgttgcagt cttttggaaa 360
tacgagtctt ttaataactg gcaaaccgag gaactcttgg tattecttgec acgactcate 420
tccatgcagt tggacgatat caatgccgta atcattgacce agagccaaaa catcctectt 480
aggttgatta cgaaacacgc caaccaagta tttcggagtg cctgaactat ttttatatge 540

ttttacaaga cttgaaattt tccttgcaat aaccgggtca attgttctet ttcectattggg 600
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cacacatata atacccagca agtcagcatc ggaatctaga gcacattctg cggectetgt 660
gctetgcaayg ccgcaaactt tcaccaatgg accagaacta cctgtgaaat taataacaga 720
catactccaa gctgectttg tgtgcttaat cacgtatact cacgtgctca atagtcacca 780
atgccctece tettggceect ctecttttet tttttcgace gaattaattce ttaatcggca 840
aaaaaagaaa agctccggat caagattgta cgtaaggtga caagctattt ttcaataaag 900
aatatcttcee actactgcca tctggegtca taactgcaaa gtacacatat attacgatge 960

tgtctattaa atgcttccta tattatatat atagtaatgt cgttgacgtc gecggcagga 1020
gagtgaaaga gccttgttta tatatttttt tttcctatgt tcaacgagga cagctaggtt 1080
tatgcaaaaa tgtgccatca ccataagctg attcaaatga gctaaaaaaa aaatagttag 1140
aaaataaggt ggtgttgaac gatagcaagt agatcaagac accgtctaac agaaaaaggg 1200
gcagcggaca atattatgca attatgaaga aaagtactca aagggtcgga aaaatattca 1260
aacgatattt gcattaaatc ctcaattgat tgattattcc atagtaaaat accgtaacaa 1320
cacaaaattg ttctcaaatt cataaattat tcattttttc cacgagcctc atcacacgaa 1380
aagtcagaag agcatacata atcttttaaa tgcataggtt atgcattttg caaatgccac 1440
caggcaacaa aaatatgcgt ttagcgggeg gaatcgggaa ggaagccgga accaccaaaa 1500
actggaagct acgtttttaa ggaaggtatg ggtgcagtgt gecttatctca agaaatatta 1560
gttatgatat aaggtgttga agtttagaga taggtaaata aacgcggggt gtgtttatta 1620
catgaagaag aagttagttt ctgccttgct tgtttatctt gcacatcaca tcagcggaac 1680
atatgctcac ccagtcgcga catccaattt atagaaatca gecttgtgggt attgttcaga 1740
gaatttttca atcattggag caatcatttt acatggaccg caccaagtgg cgtagaaatc 1800
tacgacaact agcttgtctt gagcaattgc agagtcgaat tcgctggcag ttttgaattg 1860
agtaaccatt atttgtatcg aggtgtctag tcttctatta cactaatgca gtttcagggt 1920
tttggaaacc acactgttta aacagtgttc cttaatcaag gatacctctt tttttttect 1980
tggttccact aattcatcgg tttttttttt ggaagacatc ttttccaacg aaaagaatat 2040
acatatcgtt taagagaaat tctccaaatt tgtaaagaag cggacccaga cttaagccta 2100
accaggccaa ttcaacagac tgtcggcaac ttecttgtetg gtctttccat ggtaagtgac 2160
agtgcagtaa taatatgaac caatttattt ttcgttacat aaaaatgctt ataaaacttt 2220
aactaataat tagagattaa atcgcggccg cggatccecta gagagcecttte gttttcatga 2280
gttcecccgaa ttetttegga agettgtcac ttgctaaatt aacgttatca ctgtagtcaa 2340
ccgggacatce aatgatgaca ggcccctcag cgttcatgece ttgacgcaga acatctgeca 2400
gctggtcectgg tgattctacg cgtaagccag ttgctccgaa getttecgeg tatttcacga 2460
tatcgatatt tccgaaatcg accgcagatg tacgattata ttttttcaat tgctggaatg 2520
caaccatgtc atatgtgctg tcecgttccata caatgtgtac aattggtgct tttaaacgaa 2580
ctgctgtecte taattccata gctgagaata agaaaccgcc atcaccggag actgatacta 2640
ctttttetece cggtttcacce aatgaagcgce cgattgccca aggaagcgca acgccgagtg 2700
tttgcatacc gttactaatc attaatgtta acggctcgta gctgcggaaa taacgtgaca 2760
tccaaatcge gtgtgaaccyg atatcgcaag tcactgtaac atgatcatcg actgegttte 2820

gcaattcttt aacgatttca agaggatgca ctctgtctga tttccaatct gcaggcacct 2880
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gctcacccete atgcatatat tgttttaaat cagaaaggat cttctgctca cgttceccgcaa 2940
agtctacttt cacagcatcg tgttcgatat gattgatcgt agatggaata tcaccgatca 3000
gttcaagatc cggctggtaa gcatgatcaa tgtcagccag aatctcgtct aaatggatga 3060
tcgtcecggte tceccattgaca ttccagaatt tcggatcata ttcaattggg tcatagccga 3120
ttgtcagaac aacatcagcc tgctcaagca gcagatcgcc aggctggttg cggaataaac 3180
cgatccggcece aaaatactga tcectctaaat ctctcecgtaag agtaccggca gettgatatg 3240
tttcaacgaa tggaagctgc acttttttca atagcttgcg aaccgcttta atcgettcecg 3300
gtcttcecegee cttcatgecg actaaaacga caggaagttt tgctgtttga atttttgcaa 3360
tggccatact gattgcgtca tetgctgcegg gaccaagttt tggcgcectgeg acagcacgta 3420
cgttttttgt atttgtgact tcattcacaa catcttgcgg aaaactcaca aaagcggccce 3480
cagcctgece tgctgacget atcctaaacg catttgtaac agcttccggt atatttttta 3540
catcttgaac ttctacactg tattttgtaa tcggctggaa tagcgccgca ttatccaaag 3600
attgatgtgt ccgttttaaa cgatctgcac ggatcacgtt cccagcaagce gcaacgacag 3660
ggtcacctte agtgtttgct gtcagcagtc ctgttgccaa gttcgaagca cctggtectg 3720
atgtgactaa cacgactccc ggtttteccag ttaaacggcce gactgcttge gccataaatg 3780
ctgcattttg ttcatgccgg gcaacgataa tttcaggccce tttatcttgt aaagcgtcaa 3840
ataccgcatc aatttttgca cctggaatgc caaatacatg tgtgacacct tgctccgcecta 3900
agcaatcaac aacaagctcc gcccctetge ttttcacaag ggatttttgt tettttgttg 3960
cttttgtcaa catgtcgact ttatgtgatg attgattgat tgattgtaca gtttgttttt 4020
cttaatatct atttcgatga cttctatatg atattgcact aacaagaaga tattataatg 4080
caattgatac aagacaagga gttatttgct tctcecttttat atgattctga caatccatat 4140
tgcgttggta gtcttttttyg ctggaacggt tcagcggaaa agacgcatcg ctetttttgce 4200
ttctagaaga aatgccagca aaagaatctc ttgacagtga ctgacagcaa aaatgtcttt 4260
ttctaactag taacaaggct aagatatcag cctgaaataa agggtggtga agtaataatt 4320
aaatcatccg tataaaccta tacacatata tgaggaaaaa taatacaaaa gtgttttaaa 4380
tacagataca tacatgaaca tatgcacgta tagcgcccaa atgtcggtaa tgggatcggce 4440
gagctccage ttttgttcce tttagtgagg gttaattgeg cgcttggegt aatcatggtce 4500
atagctgttt cctgtgtgaa attgttatcc gctcacaatt ccacacaaca taggagccgg 4560
aagcataaag tgtaaagcct ggggtgccta atgagtgagg taactcacat taattgcgtt 4620
gcgcectcactyg ccecgetttee agtegggaaa cctgtegtge cagcectgcatt aatgaatcegg 4680
ccaacgcgceg gggagaggceg gtttgcegtat tgggcgetcet tecgecttcect cgctcactga 4740
ctegetgege teggtegtte ggectgceggceg ageggtatca gcectcactcaa aggcggtaat 4800
acggttatce acagaatcag gggataacgc aggaaagaac atgtgagcaa aaggccagca 4860
aaaggccagg aaccgtaaaa aggccgegtt gctggegttt ttccatagge tecgecccece 4920
tgacgagcat cacaaaaatc gacgctcaag tcagaggtgg cgaaacccga caggactata 4980
aagataccag gcgtttcecee ctggaagcte cctegtgege tectcectgtte cgaccctgece 5040
gcttaccgga tacctgtceccg cctttetece ttcecgggaage gtggegettt ctcecatagetce 5100

acgctgtagg tatctcagtt cggtgtaggt cgttcgetcce aagctggget gtgtgcacga 5160
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accceceegtt cagcccgacce getgcegectt atccggtaac tatcgtcttg agtccaacce 5220
ggtaagacac gacttatcge cactggcagce agccactggt aacaggatta gcagagcgag 5280
gtatgtaggc ggtgctacag agttcttgaa gtggtggcct aactacggct acactagaag 5340
gacagtattt ggtatctgcg ctctgctgaa gccagttacce ttcggaaaaa gagttggtag 5400
ctcttgatcce ggcaaacaaa ccaccgctgg tageggtggt ttttttgttt gcaagcagca 5460
gattacgcgce agaaaaaaag gatctcaaga agatcctttg atcttttcecta cggggtcectga 5520
cgctcagtgg aacgaaaact cacgttaagg gattttggtc atgagattat caaaaaggat 5580
cttcacctag atccttttaa attaaaaatg aagttttaaa tcaatctaaa gtatatatga 5640
gtaaacttgg tctgacagtt accaatgctt aatcagtgag gcacctatct cagcgatctg 5700
tctatttegt tcatccatag ttgcctgact ccecegtegtg tagataacta cgatacggga 5760
gggcttacca tcectggcccca gtgctgcaat gataccgcga gacccacgct caccggcetcece 5820
agatttatca gcaataaacc agccagecgg aagggccgag cgcagaagtyg gtcectgcaac 5880
tttatcecgee teccatccagt ctattaattg ttgccgggaa gctagagtaa gtagttcegece 5940
agttaatagt ttgcgcaacg ttgttgccat tgctacaggc atcgtggtgt cacgctcegtce 6000
gtttggtatg gcttcattca gcteccggtte ccaacgatca aggcgagtta catgatcccce 6060
catgttgtgc aaaaaagcgg ttagctecctt cggtecctecg atcgttgtca gaagtaagtt 6120
ggccgcagtyg ttatcactca tggttatggce agcactgcat aattctctta ctgtcatgece 6180
atccgtaaga tgcttttetg tgactggtga gtactcaacc aagtcattct gagaatagtg 6240
tatgcggcga ccgagttget cttgccecgge gtcaatacgg gataataccg cgccacatag 6300
cagaacttta aaagtgctca tcattggaaa acgttcttcg gggcgaaaac tctcaaggat 6360
cttaccgetg ttgagatcca gttcgatgta acccactegt gcacccaact gatcttcagce 6420
atcttttact ttcaccagcg tttctgggtg agcaaaaaca ggaaggcaaa atgccgcaaa 6480
aaagggaata agggcgacac ggaaatgttg aatactcata ctcttccttt ttcaatatta 6540
ttgaagcatt tatcagggtt attgtctcat gagcggatac atatttgaat gtatttagaa 6600
aaataaacaa ataggggttc cgcgcacatt tccccgaaaa gtgccacctg acgt 6654
<210> SEQ ID NO 117

<211> LENGTH: 6597

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pGV1745

<400> SEQUENCE: 117

taagaaacca ttattatcat gacattaacc tataaaaata ggcgtatcac gaggcccttt 60
cgtettecace tcgagaattg tgagecggata acaattgaca ttgtgagegg ataacaagat 120
actgagcaca tcagcaggac gcactgaccg aattcattag tegacaggag aaaggtacta 180
tgcgaattgg cataccaaga gaacggttaa ccaatgaaac cegtgttgca gcaacgccaa 240
aaacagtgga acagctgetg aaactgggtt ttacegtege ggtagagage ggegegggte 300
aactggcaag ttttgacgat aaagecgtttyg tgcaageggg cgctgaaatt gtagaaggga 360
atagcgtetyg gcagtcagag atcattctga aggtcaatge gecgttagat gatgaaattg 420

cgttactgaa tcctgggaca acgctggtga gttttatcetg gectgegeag aatccggaat 480
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taatgcaaaa acttgcggaa cgtaacgtga ccgtgatgge gatggactct gtgccgegta 540
tctcacgege acaatcgctg gacgcactaa gctcgatgge gaacatcgcec ggttatcegeg 600
ccattgttga agcggcacat gaatttggge gcttctttac cgggcaaatt actgeggecg 660
ggaaagtgcce accggcaaaa gtgatggtga ttggtgcggg tgttgcaggt ctggccgcca 720
ttggecgcage aaacagtctc ggecgcgattg tgegtgcatt cgacacccgce ccggaagtga 780
aagaacaagt tcaaagtatg ggcgcggaat tcctcgaget ggattttaaa gaggaagcetg 840
gcagcggega tggctatgce aaagtgatgt cggacgcgtt catcaaageg gaaatggaac 900
tctttgcege ccaggcaaaa gaggtcgata tcattgtcac caccgegett attccaggca 960

aaccagcgcce gaagctaatt acccgtgaaa tggttgactc catgaaggcg ggcagtgtga 1020
ttgttgacct ggcagcccaa aacggcggca actgtgaata caccgtgccg ggtgaaatct 1080
tcactacgga aaatggtgtc aaagtgattg gttataccga tcttcecggge cgtctgccga 1140
cgcaatccte acagctttac ggcacaaacc tcgttaatct gectgaaactg ttgtgcaaag 1200
agaaagacgg caatatcact gttgattttg atgatgtggt gattcgcggce gtgaccgtga 1260
tcegtgeggg cgaaattacce tggccggcac cgccgattca ggtatcaget cagccgcagg 1320
cggcacaaaa agcggcaccg gaagtgaaaa ctgaggaaaa atgtacctge tcaccgtgge 1380
gtaaatacgc gttgatggcg ctggcaatca ttctttttgg ctggatggca agcgttgege 1440
cgaaagaatt ccttgggcac ttcaccgttt tcgegctgge ctgcegttgte ggttattacg 1500
tggtgtggaa tgtatcgcac gcgctgcata caccgttgat gtcggtcacce aacgcgattt 1560
cagggattat tgttgtcgga gcactgttgc agattggcca gggcggctgg gttagcttcece 1620
ttagttttat cgcggtgctt atagccagca ttaatatttt cggtggctte accgtgactce 1680
agcgcatgct gaaaatgttc cgcaaaaatt aaggggtaac atatgtctgg aggattagtt 1740
acagctgcat acattgttgc cgcgatcctg tttatcttca gtctggccgg tetttcegaaa 1800
catgaaacgt ctcgccaggg taacaacttc ggtatcgecg ggatggcgat tgcgttaatce 1860
gcaaccattt ttggaccgga tacgggtaat gttggctgga tcecttgctggce gatggtcatt 1920
ggtggggcaa ttggtatccg tctggcgaag aaagttgaaa tgaccgaaat gccagaactg 1980
gtggcgatce tgcatagcett cgtgggtetg geggcagtge tggttggett taacagcetat 2040
ctgcatcatg acgcgggaat ggcaccgatt ctggtcaata ttcacctgac ggaagtgttce 2100
ctcggtatcet tcatcggggce ggtaacgttce acgggttegg tggtggcegtt cggcaaactg 2160
tgtggcaaga tttcgtctaa accattgatg ctgccaaacc gtcacaaaat gaacctggcg 2220
gctetggteg tttecttect gctgctgatt gtatttgtte gcacggacag cgteggectyg 2280
caagtgctgg cattgctgat aatgaccgca attgcgcetgg tattcggctg gcatttagtce 2340
gcctecateg gtggtgcaga tatgccagtg gtggtgtcga tgctgaactc gtactccegge 2400
tgggcggctyg cggctgcggg ctttatgcte agcaacgacce tgctgattgt gaccggtgeg 2460
ctggtcggtt cttcecgggggce tatcctttcet tacattatgt gtaaggcgat gaaccgttcece 2520
tttatcagcg ttattgcggg tggtttegge accgacggct cttctactgg cgatgatcag 2580
gaagtgggtyg agcaccgcga aatcaccgca gaagagacag cggaactgct gaaaaactcce 2640
cattcagtga tcattactcc ggggtacggce atggcagtcg cgcaggcgca atatcctgtce 2700

gctgaaatta ctgagaaatt gcgcgctegt ggtattaatg tgcgtttegg tatccacccy 2760
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gtcgegggge gtttgectgg acatatgaac gtattgctgg ctgaagcaaa agtaccgtat 2820
gacatcgtge tggaaatgga cgagatcaat gatgactttg ctgataccga taccgtactg 2880
gtgattggtyg ctaacgatac ggttaacccg gcggcgcagg atgatccgaa gagtccgatt 2940
gctggtatge ctgtgctgga agtgtggaaa gcgcagaacg tgattgtcectt taaacgttceg 3000
atgaacactg gctatgctgg tgtgcaaaac ccgctgttet tcaaggaaaa cacccacatg 3060
ctgtttggtg acgccaaagc cagcgtggat gcaatcctga aagctctgta acgtcgacat 3120
tatgcggeccg cggatccata aggaggatta attaagactt cccgggtgat cccatggtac 3180
gcgtgctaga ggcatcaaat aaaacgaaag gctcagtcga aagactgggce ctttegtttt 3240
atctgttgtt tgtcggtgaa cgctctectg agtaggacaa atccgeccgece ctagacctag 3300
ctagggtacg ggttttgctg cccgcaaacg ggctgttetg gtgttgctag tttgttatca 3360
gaatcgcaga tccggcttca gceggtttge cggctgaaag cgctatttcet tccagaattg 3420
ccatgatttt ttccccacgg gaggcgtcac tggctccecegt gttgteggca getttgatte 3480
gataagcagc atcgcectgtt tcaggctgtce tatgtgtgac tgttgagetg taacaagttg 3540
tctcaggtgt tcaatttcat gttctagttg ctttgtttta ctggtttcac ctgttctatt 3600
aggtgttaca tgctgttcat ctgttacatt gtcgatctgt tcatggtgaa cagctttaaa 3660
tgcaccaaaa actcgtaaaa gctctgatgt atctatcttt tttacaccgt tttcatctgt 3720
gcatatggac agttttccct ttgatatcta acggtgaaca gttgttctac ttttgtttgt 3780
tagtcttgat gcttcactga tagatacaag agccataaga acctcagatc cttccgtatt 3840
tagccagtat gttctctagt gtggttegtt gtttttgegt gagccatgag aacgaaccat 3900
tgagatcatg cttactttgc atgtcactca aaaattttgc ctcaaaactg gtgagctgaa 3960
tttttgcagt taaagcatcg tgtagtgttt ttcttagtcce gttacgtagg taggaatctg 4020
atgtaatggt tgttggtatt ttgtcaccat tcatttttat ctggttgttc tcaagttcgg 4080
ttacgagatc catttgtcta tctagttcaa cttggaaaat caacgtatca gtcgggcggce 4140
ctcgcttate aaccaccaat ttcatattgce tgtaagtgtt taaatcttta cttattggtt 4200
tcaaaaccca ttggttaagc cttttaaact catggtagtt attttcaagc attaacatga 4260
acttaaattc atcaaggcta atctctatat ttgccttgtg agttttcttt tgtgttagtt 4320
cttttaataa ccactcataa atcctcatag agtatttgtt ttcaaaagac ttaacatgtt 4380
ccagattata ttttatgaat ttttttaact ggaaaagata aggcaatatc tcttcactaa 4440
aaactaattc taatttttcg cttgagaact tggcatagtt tgtccactgg aaaatctcaa 4500
agcctttaac caaaggattc ctgatttcca cagttctegt catcagectcet ctggttgett 4560
tagctaatac accataagca ttttccctac tgatgttcat catctgageg tattggttat 4620
aagtgaacga taccgtcecgt tetttecttg tagggttttce aatcgtgggg ttgagtagtg 4680
ccacacagca taaaattagc ttggtttcat gctccgttaa gtcatagcga ctaatcgcecta 4740
gttcatttgce tttgaaaaca actaattcag acatacatct caattggtct aggtgatttt 4800
aatcactata ccaattgaga tgggctagtc aatgataatt actagtcctt ttcccgggag 4860
atctgggtat ctgtaaattc tgctagacct ttgctggaaa acttgtaaat tcectgctagac 4920
cctctgtaaa ttccgctaga ccetttgtgtg ttttttttgt ttatattcaa gtggttataa 4980

tttatagaat aaagaaagaa taaaaaaaga taaaaagaat agatcccagc cctgtgtata 5040
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actcactact ttagtcagtt ccgcagtatt acaaaaggat gtcgcaaacg ctgtttgcectce 5100
ctctacaaaa cagaccttaa aaccctaaag gcttaagtag caccctcgca agctcgggca 5160
aatcgctgaa tattcctttt gtectceccgace atcaggcacce tgagtcgctg tetttttegt 5220
gacattcagt tcgctgecgcet cacggctectg gcagtgaatg ggggtaaatg gcactacagg 5280
cgecttttat ggattcatge aaggaaacta cccataatac aagaaaagcc cgtcacgggce 5340
ttctcaggge gttttatgge gggtctgcta tgtggtgcta tcectgactttt tgctgttcag 5400
cagttcctge cctctgattt tcecagtctga ccacttcegga ttatcccgtg acaggtcatt 5460
cagactggct aatgcaccca gtaaggcagc ggtatcatca acaggcttac ccgtcttact 5520
gtcecctagtyg cttggattct caccaataaa aaacgcccgg cggcaaccga gcgttctgaa 5580
caaatccaga tggagttctg aggtcattac tggatctatc aacaggagtc caagcgagct 5640
ctecgaaccee agagtceccge tcagaagaac tcegtcaagaa ggcgatagaa ggcgatgcege 5700
tgcgaatcgg gagceggcegat accgtaaage acgaggaage ggtcagccca ttcgecgceca 5760
agctcttcag caatatcacg ggtagccaac gctatgtect gatagecggte cgccacaccce 5820
agccggcecac agtcgatgaa tccagaaaag cggccatttt ccaccatgat attcggcaag 5880
caggcatcgce catgggtcac gacgagatcce tcgecgtegg gcatgegcecge cttgagectg 5940
gcgaacagtt cggctggcge gagcccctga tgctcecttegt ccagatcatce ctgatcgaca 6000
agaccggctt ccatccgagt acgtgctcge tcgatgcgat gtttegettg gtggtcgaat 6060
gggcaggtag ccggatcaag cgtatgcagce cgccgcattg catcagccat gatggatact 6120
ttecteggcag gagcaaggtyg agatgacagg agatcctgecc ccggcactte geccaatagce 6180
agccagtcce ttcecegette agtgacaacg tcgagcacag ctgcgcaagyg aacgceccgte 6240
gtggccagece acgatagccg cgctgecteg tectgcagtt cattcagggce accggacagg 6300
tcggtettga caaaaagaac cgggcgeccee tgegetgaca gecggaacac ggcggcatca 6360
gagcagccega ttgtctgttg tgcccagtca tagccgaata gectcteccac ccaagcggece 6420
ggagaacctg cgtgcaatce atcttgttca atcatgcgaa acgatcctca tcectgtetcet 6480
tgatcagatc ttgatcceccect gegccatcag atccttggeg gcaagaaagce catccagttt 6540
actttgcagg gcttcccaac cttaccagag ggcgccccag ctggcaattce cgacgte 6597
<210> SEQ ID NO 118

<211> LENGTH: 3625

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pGV1777

<400> SEQUENCE: 118

taagaaacca ttattatcat gacattaacc tataaaaata ggcgtatcac gaggcccttt 60
cgtettecace tcgagaattg tgagecggata acaattgaca ttgtgagegg ataacaagat 120
actgagcaca tcagcaggac gcactgaccg aattcattaa agaggagaaa ggtacctgca 180
cgtegacgag gagacaacat tatggcgaat tatttcaaca ctctgaacct gegtcaacaa 240
ctggcgcaac tgggtaagtg cegtttecatg ggtegtgacg agtttgegga cggtgettet 300
tatctgcaag gcaagaaggt tgttattgtt ggttgeggtg cgcaaggect gaatcaaggt 360

ctgaatatge gcgacagegg cctggacatt agetatgege tgegcaagga ggctatcegeg 420
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gaaaaacgtg ctagctggcg caaggctact gagaacggct tcaaggttgg cacctatgag 480
gagctgattc cgcaagctga cctggttatc aatctgaccce cagataaaca acatagcgac 540
gttgttegta ctgttcaacc gctgatgaag gatggtgctg ctectgggtta tagccacgge 600
tttaacattg ttgaggtagg tgaacaaatt cgcaaggaca ttactgttgt tatggtggct 660
ccaaagtgtc cgggtactga ggttcgcgag gaatataage geggttttgg tgttccaacc 720
ctgatcgegg tgcatccaga gaatgaccca aagggtgagg gtatggctat cgcgaaggceg 780

tgggctgegyg cgactggegg ccatcgeget ggegttetgg agagcagett tgtggetgag 840
gttaagageyg atctgatggg tgaacagact attctgtgtg gtatgctgca agegggtage 900
ctgetgtgtt ttgataaact ggttgaggag ggcactgacce cggegtatge ggagaagcetg 960
atccaatttg gctgggagac tattactgag gcgctgaagce aaggtggtat tactctgatg 1020
atggatcgcce tgagcaatcc agctaagctg cgcgcgtacg ctctgagcga gcaactgaag 1080
gaaattatgg caccgctgtt tcaaaagcac atggatgata tcattagcgg tgagtttagce 1140
agcggcatga tggctgattg ggcgaatgac gacaaaaagc tgctgacttg gegcgaggaa 1200
actggtaaga ctgctttcga gactgctcca caatacgagg gtaagattgg tgaacaagaa 1260
tattttgaca agggtgttct gatgatcgct atggttaagg ctggtgtgga gctggctttt 1320
gagactatgg ttgacagcgg tattatcgag gaaagcgcgt actacgagag cctgcatgaa 1380
ctgccactga tcgcgaatac tattgcgcgce aaacgcctgt atgagatgaa tgttgtgatt 1440
agcgacactg cggaatatgg caattacctg tttagctatg cgtgcgttce actgctgaag 1500
ccattcatgg cggaactgca gccaggtgat ctgggcaagg cgatcccaga gggtgctgtt 1560
gacaatggtc agctgcgcga cgttaatgag gctatccgtt ctcacgctat cgaacaagtt 1620
ggcaaaaagc tgcgtggtta catgaccgac atgaagcgca tcgecggtggce tggctaacct 1680
agggcgttecg gectgecggega geggtatcag ctcactcaaa ggcggtaata cggttatcca 1740
cagaatcagg ggataacgca ggaaagaaca tgtgagcaaa aggccagcaa aaggccagga 1800
accgtaaaaa ggccgcgttyg ctggegtttt tccatagget cecgcccccect gacgagcatce 1860
acaaaaatcg acgctcaagt cagaggtggce gaaacccgac aggactataa agataccagg 1920
cgttteecece tggaagctece ctegtgegcet ctectgttec gaccctgceceg cttaccggat 1980
acctgtecge ctttecteect tegggaagcg tggcgcttte tcatagctca cgctgtaggt 2040
atctcagttc ggtgtaggtc gttcgctcca agetgggcetg tgtgcacgaa ccccccegtte 2100
agcccgaccg ctgcgectta tecggtaact atcgtcttga gtccaacceg gtaagacacg 2160
acttatcgcce actggcagca gccactggta acaggattag cagagcgagg tatgtaggceg 2220
gtgctacaga gttcttgaag tggtggcecta actacggcta cactagaagg acagtatttg 2280
gtatctgcge tcectgctgaag ccagttacct tcggaaaaag agttggtagce tcttgatcecg 2340
gcaaacaaac caccgctggt agcggtggtt tttttgtttg caagcagcag attacgcgca 2400
gaaaaaaagg atctcaagaa gatcctttga tcttttctac ggggtctgac gctcagtgga 2460
acgaaaactc acgttaaggg attttggtca tgactagtgc ttggattctc accaataaaa 2520
aacgcceceggce ggcaaccgag cgttctgaac aaatccagat ggagttctga ggtcattact 2580
ggatctatca acaggagtcc aagcgagctc gtaaacttgg tcectgacagtt accaatgcett 2640

aatcagtgag gcacctatct cagcgatctg tctatttegt tcatccatag ttgecctgact 2700
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cceegtegtg tagataacta cgatacggga gggcttacca tctggcecccca gtgctgcaat 2760
gataccgega gacccacgcet caccggetcece agatttatca gcaataaacc agcecagcecgg 2820
aagggccgag cgcagaagtg gtcecctgcaac tttatccgece tceccatccagt ctattaattg 2880
ttgccgggaa gctagagtaa gtagttcgce agttaatagt ttgcgcaacg ttgttgccat 2940
tgctacaggce atcgtggtgt cacgctecgte gtttggtatg gecttcattca getceccggtte 3000
ccaacgatca aggcgagtta catgatccce catgttgtgce aaaaaagcgg ttagctcectt 3060
cggtcctecg atcgttgtca gaagtaagtt ggccgcagtg ttatcactca tggttatggce 3120
agcactgcat aattctctta ctgtcatgcce atccgtaaga tgcttttctg tgactggtga 3180
gtactcaacc aagtcattct gagaatagtg tatgcggcga ccgagttgcet cttgcccgge 3240
gtcaatacgg gataataccg cgccacatag cagaacttta aaagtgctca tcattggaaa 3300
acgttcttecg gggcgaaaac tctcaaggat cttaccgetg ttgagatcca gttcgatgta 3360
acccactegt gcacccaact gatcttcage atcttttact ttcaccageg tttectgggtg 3420
agcaaaaaca ggaaggcaaa atgccgcaaa aaagggaata agggcgacac ggaaatgttg 3480
aatactcata ctcttccttt ttcaatatta ttgaagcatt tatcagggtt attgtctcat 3540
gagcggatac atatttgaat gtatttagaa aaataaacaa ataggggttc cgcgcacatt 3600
tcecccgaaaa gtgccacctg acgte 3625
<210> SEQ ID NO 119

<211> LENGTH: 8870

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pGV1914

<400> SEQUENCE: 119

tcgegegttt cggtgatgac ggtgaaaacce tctgacacat geagetcecg gagacggtca 60
cagcttgtet gtaageggat gecgggagca gacaageceg tcagggegeg tcagegggtg 120
ttggcegggty teggggetgg cttaactatg cggcatcaga gecagattgta ctgagagtge 180
accatatgcg gtgtgaaata ccgcacagat gcgtaaggag aaaataccege atcaggegec 240
attcgecatt caggctgege aactgttggg aagggegatce ggtgegggee tcettegetat 300
tacgccaget ggcgaaaggg ggatgtgetyg caaggegatt aagttgggta acgccagggt 360
tttcccagte acgacgttgt aaaacgacgg ccagtgaatt cataccacag cttttcaatt 420
caattcatca tttttttttt attctttttt ttgatttcgg ttteccttgaa atttttttga 480
ttcggtaate tccgaacaga aggaagaacg aaggaaggag cacagactta gattggtata 540
tatacgcata tgtagtgttg aagaaacatg aaattgccca gtattcttaa cccaactgca 600
cagaacaaaa acctgcagga aacgaagata aatcatgteg aaagctacat ataaggaacg 660
tgctgctact catcctagte ctgttgetge caagetattt aatatcatge acgaaaagca 720
aacaaacttyg tgtgcttcat tggatgtteg taccaccaag gaattactgg agttagttga 780
agcattaggt cccaaaattt gtttactaaa aacacatgtg gatatcttga ctgattttte 840
catggaggge acagttaage cgctaaagge attatcegec aagtacaatt ttttactett 900
cgaagacaga aaatttgctg acattggtaa tacagtcaaa ttgcagtact ctgegggtgt 960

atacagaata gcagaatggg cagacattac gaatgcacac ggtgtggtgg gcccaggtat 1020
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tgttagcggt

gttagcagaa

tgacattgeg

tggaagagat

gggagacgca

cattattatt

acgttacaga

aactgtatta

atatcagtta

gcatcaggaa

cagcteattt

gaccgagata

ggactccaac

atcaccctaa

agggagcccc

ttaagataga

gcaccatatce

aaaagaaatt

ttgcgcagtt

cattcggett

aaacatcctt

cacccttgaa

tttggccaaa

tgtcacattc

caggegttte

aggttaacgc

tatttataaa

gagccaaage

cggecatteg

aagaggegge

cgtggetgaa

tttttcceccaa

aattcacgge

tctgattgat

gagtacacta

ggcctecagyg

cttgacgaag

ggcaacctga

ttgaagcagg
ttgtcatgca
aagagcgaca
gaaggttacyg
ttgggtcaac
gttggaagag
aaagcaggct
taagtaaatg
ttaccctatg
attgtaaacg
tttaaccaat
gggttgagtg
gtcaaagggce
tcaagttttt
cgatttagag
atggcttcaa
ccttatectyg
gaagcaccag
tcgecetttyg
aaaaagtatt
tggtgtggga
agccacagaa
tgccacagec
tcttacacac
cttcattgaa
attgtaccca
aagacacggg
agaaaaacag
gtttttgcaa
tgcggaattt
caacagtctce
ttggtagata
gataacgtag
ttatgtatte
ctaatggegyg
gtgcccaagt
ttcteggege

ggctcaacat

cggcagaaga
agggcteect
aagattttgt
attggttgat
agtatagaac
gactatttge
gggaagcata
catgtatact
cggtgtgaaa
ttaatatttt
aggccgaaat
ttgttccagt
gaaaaaccgt
tggggtcgag
cttgacgggg
acagcegect
taatcaaatc
tttatcacta
ttcaatatca
cgttettttyg
catgggettt
aatgaaaaag
gatctgcata
ttcgattggt
atgctcatct
aacgacggga
agggggaatc
gggacgecge
tatgacctgt
tataagacaa
tccecaccee
ttcaacaaga
tatttagatt
aaactgtgta
ccgettagat
ccagttteca
aggccaacga

ccaaccagga

agtaacaaag

atctactgga

tatcggettt

tatgacaccc

cgtggatgat

aaagggaagg

tttgagaaga

aaactcacaa

taccgcacag

gttaaaattc

cggcaaaatc

ttggaacaag

ctatcaggge

gtgccgtaaa

aaagccggeg

tttatacata

gatctaggtyg

ctacactatc

cttgataagt

tgttttatga

tgtttagaga

tatgtgaata

ttccaatgga

ccgtacgtag

attgccaagt

aacaaggaag

cegtettteg

ccttetteey

gggccaaaaa

gcgcagggcc

tttccaaaaa

gacgcgcagt

tagtataatt

agtttattta

gecggagtee

gatggctecyg

gggctgggtyg

gttgaacgtyg

gaacctagag gccttttgat

gaatatacta agggtactgt

attgctcaaa gagacatggg

ggtgtgggtt tagatgacaa

gtggtcteta caggatctga

gatgctaagg tagagggtga

tgcggccage aaaactaaaa

attagagctt caatttaatt

atgcgtaagg agaaaatacc

gcgttaaatt tttgttaaat

ccttataaat caaaagaata

agtccactat taaagaacgt

gatggecccac tacgtgaacce

gcactaaatc ggaaccctaa

aggactgcaa tagcacaaga

ttggtaaaag ctcgcgaatce

cagatacaga tcaattcata

tttttetttt tttttttttt

tgtgggettt ttetgtcact

aaagggaacg tgatataaaa

atggttatca ctaccgccce

aggtgtgaac tctataacat

catgatgcaa caacaattga

tactttttac ataactgact

acatagaatc cacagtgcat

gatgcagaat gagcacttgt

tcegteggag ccaaagagat

teccegtgegt gaggggggcg

tcgaaaaaaa aaaaaaaaat

aaagaaaaaa taataattga

ggggaatgaa atacgagtte

acgtaacatg cgaattgegt

tgaaccgatg tatttatttg

tttgcaacaa taattcgttt

cagtgcettgg tccactggat

ttctggttca gctcgatage

ggatgagcca ggagcttete

tgcaccaggg tggtgcgggt

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300
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gatgccgggg ttcacagtgt aagccgtcac geccggtaatg ggggccagtt tcgccaggga 3360
gctggtgaag ttgaccacgg cggcecttggt geccggagtag acgggcacct ggtagatgge 3420
attgaatcca gtgacggatc caatgttgca gatgatacca ccgggaccgce ccttgcegett 3480
gtcccagaag tccagaatgg ccgtegtggt gttgaccagg ccagtgtagt tgacggcaat 3540
ggtgcgcteg atctggtgat cgtccaggat accagctceg ttgatcagga catcgacggt 3600
cttcagcetgg gcgaagatgg tcecttcagcag cttggtggte tcggcaatgg gcacggtcac 3660
atcatagggg tagaaggtga cggtcacctt tggattgatt geccttcaget cggcaatggce 3720
agccgggtte tcaatgcggt cgaggatcac caggttcttce agatcgcget tgagcagcetce 3780
cttgctggtg tccagaccaa tgcctceccag accggcaacg aaaatcacgt tettgttggt 3840
caaagtaaac gacataccgg tatctcctag atccgtcgaa gtcgaaacta agttctggtg 3900
ttttaaaact aaaaaaaaga ctaactataa aagtagaatt taagaagttt aagaaataga 3960
tttacagaat tacaatcaat acctaccgtc tttatatact tattagtcaa gtaggggaat 4020
aatttcaggg aactggtttc aacctttttt ttcagctttt tccaaatcag agagagcaga 4080
aggtaataga aggtgtaaga aaatgagata gatacatgcg tgggtcaatt geccttgtgtce 4140
atcatttact ccaggcaggt tgcatcactc cattgaggtt gtgcccgttt tttgcctgtt 4200
tgtgccectg ttcectetgtag ttgcgctaag agaatggacce tatgaactga tggttggtga 4260
agaaaacaat attttggtgc tgggattctt tttttttetg gatgccaget taaaaagcgg 4320
gctccattat atttagtgga tgccaggaat aaactgttca cccagacacc tacgatgtta 4380
tatattctgt gtaacccgec cectattttg ggcatgtacg ggttacagca gaattaaaag 4440
gctaattttt tgactaaata aagttaggaa aatcactact attaattatt tacgtattct 4500
ttgaaatggc gagtattgat aatgataaac tggatcctta ggatttattc tgttcagcaa 4560
acagcttgcece cattttctte agtaccttceg gtgegectte tttegecagg atcagttega 4620
tccagtacat acggttcgga tcggcectggg cctetttcecat cacgctcaca aattcegtttt 4680
cggtacgcac aattttagac acaacacggt cctcagttgc gccgaaggac tccggcagtt 4740
tagagtagtt ccacataggg atatcgttgt aagactggtt cggaccgtgg atctcacgcet 4800
caacggtgta gccgtcattg ttaataatga agcaaatcgg gttgatcttt tcacgaattg 4860
ccagacccag ttcctgtacg gtcagetgea gggaaccgte accgatgaac agcagatgac 4920
gagattcttt atcagcgatc tgagagccca gcgctgccgg gaaagtatag ccaatgctac 4980
cccacagcegg ctgaccgata aaatggcttt tggatttcag aaagatagaa gacgcgccga 5040
aaaagctcgt accttgttecc gecacgatgg tttcattget ctgggtcagg ttcectcecacgg 5100
cctgccacag gcgatcctgg gacagcagtg cgttagatgg tacgaaatct tettgetttt 5160
tgtcaatgta tttgccttta tactcgattt cggacaggtc cagcagagag ctgatcaggc 5220
tttcgaagtc gaagttctgg atacgctcgt tgaagatttt accctecgteg atgttcaggce 5280
taatcatttt gttttcgttc agatggtgag tgaatgcacc ggtagaagag tcggtcagtt 5340
taacgcccag catcaggatg aagtccgcag attcaacaaa ttctttcagg tteggttege 5400
tcagagtacc gttgtagatg cccaggaaag acggcagagc ctcgtcaaca gaggacttgce 5460
cgaagttcag ggtggtaatc ggcagtttgg ttttgctgat gaattgggtc acggtcttct 5520

ccagaccaaa agaaatgatt tcgtggccgg tgatcacgat tggtttcttt gegtttttca 5580
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gagactcctyg

tcttecagegy

tgtaaactgg

cgttetetge

gtttgaaatc

tegttggget

cgttgacgge

tacgtgcata

tcatgtettt

cgaagattte

acatgtcgac

aaagttgtaa

aacttaaata

aaaaagaaac

gtctettttt

agaggggaaa

tcegagaaaa

cttttgttee

tcctgtgtga

gtgtaaagce

gecegettte

dgggagaggce

cteggtegtt

cacagaatca

gaaccgtaaa

tcacaaaaat

ggcegtttece

atacctgtce

gtatctcagt

tcagccegac

cgacttateg

cggtgetaca

tggtatctge

cggcaaacaa

cagaaaaaaa

gaacgaaaac

gatcctttta

gtctgacagt

gattttgtte

caggcteggt

tttgegttet

agtcagcage

geegtcagee

gectacgatce

gctcagtteg

accatctgec

atgagagatg

ttcgatacce

aaacttagat

tagaacaaga

tcaatgggag

gtgataaaaa

tctttteccaa

tttagtatge

tctggaagag

ctttagtgag

aattgttatc

tggggtgcct

cagtcgggaa

ggtttgcgta

ngCthggC

ggggataacg

aaggccgegt

cgacgctcaa

cctggaaget

gectttetee

tcggtgtagg

cgctgegect

ccactggeag

gagttcttga

getetgetga

accaccgetyg

ggatctcaag

tcacgttaag

aattaaaaat

taccaatgct

aggatttecct

tttteegett

ttcagcageg

gtacgtgeceyg

agagtgtggt

tccaccacceyg

ccaacaccga

atgtagcttg

atctgatcca

agttcatgca

tagattgcta

aaaatgaaac

gtcatcgaaa

tttttattge

acctttagta

tgtgcttggg

taaaaaagga

ggttaattge

cgctcacaat

aatgagtgag

acctgtegtyg

ttgggegete

gageggtatce

caggaaagaa

tgctggegtt

gtcagaggtg

cectegtgeg

cttegggaag

tegttegete

tatccggtaa

cagccactgg

agtggtggcece

agccagttac

gtagcggtgg

aagatccttt

ggattttggt

gaagttttaa

taatcagtga

ggtegetagt

tagctgeege

cagacagaac

cagtcacagg

ggacgaattt

gecaggtttte

aagtggtcag

cgttcagtte

ggaactgcag

gacggtccag

tgctttettt

tgaaacttga

gagaaaaaaa

ctttttegac

cgggtaatta

tgttttgaag

gtagaaacat

gegettggeg

tccacacaac

gtaactcaca

ccagctgeat

ttcegettee

agctcactca

catgtgagca

tttccatagyg

gcgaaacccyg

ctetectgtt

cgtggegett

caagctggge

ctatcgtett

taacaggatt

taactacggc

ctteggaaaa

ttctettgtt

gatcttttet

catgagatta

atcaatctaa

ggcacctatce

gttagaagtg gagttttett

aacatccaca ggcaggttga

geggtegatt tccacagtag

ttcatgcatt ttcatgaagt

accttegtte tgaactttge

ggcgtaggag cccegecagac

aaatgccgeyg getttettgyg

gttagegtta cccacccatt

attgtaatca cccggaacge

cagataatca ccaacagtat

ctaatgagca agaagtaaaa

gaaattgaag accgtttatt

tcaaaaaaaa aattttcaag

gaagaaaaag aaacgaggcg

acgacaccct agaggaagaa

tggtacggcg atgcgcggag

tttgaagcta tgagctccag

taatcatggt catagctgtt

ataggagccg gaagcataaa

ttaattgegt tgcgetcact

taatgaatcg gccaacgege

tcgetcactyg actegetgeg

aaggcggtaa tacggttatce

aaaggccagce aaaaggccag

ctcegeccee ctgacgagea

acaggactat aaagatacca

ccgacectge cgettaccegyg

tctcataget cacgetgtag

tgtgtgcacyg aaccccccgt

gagtccaace cggtaagaca

agcagagcga ggtatgtagg

tacactagaa ggacagtatt

agagttggta gctcttgatce

tgcaagcagce agattacgceg

acggggtcetyg acgctcagtyg

tcaaaaagga tcttcaccta

agtatatatg agtaaacttg

tcagcgatct gtctattteg

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860
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ttcatccata gttgcctgac tceccccecgtcegt gtagataact acgatacggg agggcttacce 7920
atctggcccce agtgctgcaa tgataccgcg agacccacgce tcaccggcte cagatttatce 7980
agcaataaac cagccagccg gaagggecga gegcagaagt ggtectgcaa ctttatccge 8040
ctccatccag tectattaatt gttgccggga agctagagta agtagttcge cagttaatag 8100
tttgcgcaac gttgttgcca ttgctacagg catcgtggtg tcacgctcecgt cgtttggtat 8160
ggcttcatte agctccggtt cccaacgatc aaggcgagtt acatgatccc ccatgttgtg 8220
caaaaaagcg gttagctecct teggtcectcee gategttgte agaagtaagt tggccgcagt 8280
gttatcactc atggttatgg cagcactgca taattctctt actgtcatgc catccgtaag 8340
atgcttttect gtgactggtyg agtactcaac caagtcattc tgagaatagt gtatgcggcg 8400
accgagttge tecttgccegg cgtcaatacg ggataatacc gcgccacata gcagaacttt 8460
aaaagtgctc atcattggaa aacgttcttc ggggcgaaaa ctctcaagga tcecttaccgcet 8520
gttgagatcc agttcgatgt aacccactcg tgcacccaac tgatcttcag catcttttac 8580
tttcaccage gtttctgggt gagcaaaaac aggaaggcaa aatgccgcaa aaaagggaat 8640
aagggcgaca cggaaatgtt gaatactcat actcttcctt tttcaatatt attgaagcat 8700
ttatcagggt tattgtctca tgagcggata catatttgaa tgtatttaga aaaataaaca 8760
aataggggtt ccgcgcacat ttccccgaaa agtgccacct gacgtctaag aaaccattat 8820
tatcatgaca ttaacctata aaaataggcg tatcacgagg ccctttcegte 8870
<210> SEQ ID NO 120

<211> LENGTH: 9516

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pGV1936

<400> SEQUENCE: 120

ccagttaact gtgggaatac tcaggtatcg taagatgcaa gagttcgaat ctcttagcaa 60
ccattatttt tttectcaac ataacgagaa cacacagggg cgctatcgca cagaatcaaa 120
ttcgatgact ggaaattttt tgttaatttc agaggtcgcce tgacgcatat acctttttca 180
actgaaaaat tgggagaaaa aggaaaggtg agagcgcegg aaccggcettt tcatatagaa 240
tagagaagcg ttcatgacta aatgcttgca tcacaatact tgaagttgac aatattattt 300
aaggacctat tgttttttcc aataggtggt tagcaatcgt cttactttct aacttttcett 360
accttttaca tttcagcaat atatatatat atatttcaag gatataccat tctaatgtct 420
geeectaaga agatcgtegt tttgecaggt gaccacgttg gtcaagaaat cacagccgaa 480
gccattaagg ttcttaaage tatttctgat gttcecgttcca atgtcaagtt cgatttcgaa 540
aatcatttaa ttggtggtgc tgctatcgat gectacaggtyg ttecacttec agatgaggeg 600
ctggaagcct ccaagaaggc tgatgcegtt ttgttaggtyg ctgtgggtgyg tcectaaatgg 660
ggtaccggta gtgttagacc tgaacaaggt ttactaaaaa tccgtaaaga acttcaattg 720
tacgccaact taagaccatg taactttgca tccgactcte ttttagactt atctccaate 780
aagccacaat ttgctaaagg tactgacttc gttgttgtca gagaattagt gggaggtatt 840
tactttggta agagaaagga agacgatggt gatggtgteg cttgggatag tgaacaatac 900

accgttccag aagtgcaaag aatcacaaga atggecgett tcatggcect acaacatgag 960
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ccaccattgce ctatttggtc cttggataaa gctaatgttt tggcctcttce aagattatgg 1020
agaaaaactg tggaggaaac catcaagaac gaattcccta cattgaaggt tcaacatcaa 1080
ttgattgatt ctgccgccat gatcctagtt aagaacccaa cccacctaaa tggtattata 1140
atcaccagca acatgtttgg tgatatcatc tccgatgaag cctcecgttat cccaggttcece 1200
ttgggtttgt tgccatctge gtecttggcee tcetttgccag acaagaacac cgcatttggt 1260
ttgtacgaac catgccacgg ttctgctcca gatttgccaa agaataaggt caaccctatce 1320
gccactatet tgtcectgetge aatgatgttg aaattgtcat tgaacttgcecc tgaagaaggt 1380
aaggccattg aagatgcagt taaaaaggtt ttggatgcag gtatcagaac tggtgattta 1440
ggtggttcca acagtaccac cgaagtcggt gatgctgteg ccgaagaagt taagaaaatc 1500
cttgcttaaa aagattctcect ttttttatga tatttgtaca taaactttat aaatgaaatt 1560
cataatagaa acgacacgaa attacaaaat ggaatatgtt catagggtag acgaaactat 1620
atacgcaatc tacatacatt tatcaagaag gagaaaaagg aggatgtaaa ggaatacagg 1680
taagcaaatt gatactaatg gctcaacgtg ataaggaaaa agaattgcac tttaacatta 1740
atattgacaa ggaggagggc accacacaaa aagttaggtg taacagaaaa tcatgaaact 1800
atgattccta atttatatat tggaggattt tctctaaaaa aaaaaaaata caacaaataa 1860
aaaacactca atgacctgac catttgatgg agttgccgge ttgatcgaga atggcagctce 1920
ttatatacaa gttcttttag caagcgccgce tgcattattc aagtctcatc atatgaaatt 1980
tctttcgaga gattgtcata atcaaaaaat tgcataatgc atttcttgca acacattttce 2040
tgatataatc ttaccttaat gcaggtttac gtattagttt ttctaaaaga aacgcgacct 2100
ttggatatgg aggcttttcc cataaacgca tgtagtatgc atttacgatg agaatcaatt 2160
tttttceccaag gggcgcaaaa cgcataaacg cataaagtat gcatcagaag gattctcacc 2220
tggttgcaac catacaggtg ttagcgacag taatagaaaa aaaattaaaa taatggtgtt 2280
attgttattt gectttattte cttggcecttt gttgaaggaa ttcgtatacg tattacaaat 2340
aactagtatc gaggaacttyg aaagagctga aatttttgca ttcttctteg gtgattatgce 2400
ctaagccaat gaggtcgccc caaaagaccg caatcttgtc acgaccataa gccatataat 2460
cgcgaacaaa aacccgtttt taggaaggac agaggtccat atcaatataa ttaagaaggc 2520
atgttggcct ctgtttctta atatattcta aataagatgt aaggccttgt aattcagttt 2580
gttcacaaaa ttaaaaactg tttaatgttt tttgttttgt tgtagtattc gagcattaag 2640
gataaaaaaa gcttgtgaat aaaaatcttt cgctaaaaat caatataaga aaatggtaag 2700
cagctgaaag ataataaggt atggttaaag atcacaccac cctcttcaat tagctaagat 2760
catagctaaa ggtacaaaac cgaatacgaa agtaaataaa ttaatcagca taaaattaaa 2820
taataaacca cctaaaatat tagaagctaa tctttaacct ggaagacagg acagaaaagt 2880
aattacaaga acatatgtga aaaaaaatag ttgatatttt aaaccaaatc agaaatttat 2940
tatactaaaa ctatatctat gccaattatt tacctaaaca tctataacct tcaaaagtaa 3000
aaaaatacac aaacgttgaa tcatgagttt tatgttaatt aggcggccgce ggatcttcat 3060
cctgccactg caattctttt catatcggtce atatatcctce tcagettttt acccacctgt 3120
tctatagcat gtgaacgaat agcttcattt acgtctctca gttggccatt gtcaaccgcet 3180

ccttececggaa tagcecttecece caaatcacca ggttgtaact cggccatgaa gggctttaac 3240
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aacgggacac atgcgtagct aaataagtaa ttaccatatt ctgcagtgtc tgatatgaca 3300
acattcatct cgtaaagtct ttttcttgca atagtatttg ctatcaaagg caattcatgc 3360
aaagactcat agtatgcaga ttcttcaatg ataccggagt caaccatagt ttcgaatgca 3420
agttctaccce ctgccttcac catagctatc atcaatactc ccttatcaaa gtattcecttgt 3480
tcaccaattt taccttcgta ttgtggggct gtctcgaatg ccgtcttgece ggtttettet 3540
ctccacgtca ataacttttt atcatcgttt gcccaatctg ccatcattce tgaggaaaac 3600
tcaccggaga taatatcgtc catgtgcttt tggaataatg gtgccatgat ctcettttagt 3660
tgctcagata aggcgtaggc tcecttagettg gccggatttg aaagtctatce catcatcaat 3720
gttatgccac cttgtttaag tgcctcggtg attgtctcec aaccaaattg tatcaacttt 3780
tcagcatagg caggatctgt accctcttcg accaatttat caaagcatag taaagaccct 3840
gcctgcaaca ttececgcacag aatggtttgt tcacccatta agtcactcectt gacctcaget 3900
acgaaagaac tctctaacac acccgctcta tgaccteegg ttgcggctge ccatgcectte 3960
gcaattgcca taccttcacce tttggggtca ttttcaggat gtacggcgat caatgtaggt 4020
acaccaaaac ccctecttgta ctectcetcetg actteccgtac ctgggcactt tggtgcaacce 4080
attacgactg ttatatcttt tcectgatctgce tcgecccactt caacgatatt aaagccatga 4140
gagtaaccta aagctgccce atccttcatc agcggttgaa ctgttcecttac tacgtctgag 4200
tgaaccttat ctggtgttag gttaatcact aaatctgcct gagggatcag ttcttcegtaa 4260
gtaccaactt tgaacccatt ttcecgteget ttacgccagg aggccctcett ttetgcaatt 4320
gcctetttee tcaatgcata cgaaatatcc agacctgaat ctctcatgtt taaaccttgg 4380
tttagaccct gagcaccgca gccaacaatt actactttet ttceccttgcag ataagaagca 4440
ccatcagcaa actcgtcect tcecccataaat ctgcacttac ccagttgage caattgttgt 4500
ctcaaattta atgtgttaaa atagttggcc atctcgagtc gaaactaagt tectggtgttt 4560
taaaactaaa aaaaagacta actataaaag tagaatttaa gaagtttaag aaatagattt 4620
acagaattac aatcaatacc taccgtcttt atatacttat tagtcaagta ggggaataat 4680
ttcagggaac tggtttcaac cttttttttc agctttttecce aaatcagaga gagcagaagg 4740
taatagaagg tgtaagaaaa tgagatagat acatgcgtgg gtcaattgcc ttgtgtcatc 4800
atttactcca ggcaggttgce atcactccat tgaggttgtg cccgtttttt gectgtttgt 4860
gcceectgtte tetgtagttg cgctaagaga atggacctat gaactgatgg ttggtgaaga 4920
aaacaatatt ttggtgctgg gattcttttt ttttctggat gccagcttaa aaagcgggct 4980
ccattatatt tagtggatgc caggaataaa ctgttcaccc agacacctac gatgttatat 5040
attctgtgta acccgcccecece tattttggge atgtacgggt tacagcagaa ttaaaaggct 5100
aattttttga ctaaataaag ttaggaaaat cactactatt aattatttac gtattctttg 5160
aaatggcgag tattgataat gataaactgg atcctcaagc atctaaaaca caaccgttgg 5220
aagcgttgga aaccaactta gcatacttgg atagagtacc tcttgtgtaa cgaggtggag 5280
gtgcaaccca actttgttta cgttgagcca tttcecttatce agagactaat aggtcaatct 5340
tgttattatc agcatcaatg ataatctcat cgccgtctcect gaccaacccg ataggaccac 5400
cttcageggce ttcgggaaca atgtggccga ttaagaaccce gtgagaacca ccagagaatce 5460

taccatcagt caacaatgca acatctttac ccaaaccgta acccatcaga gcagaggaag 5520
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gctttagecat ttcaggcata cctggtgcac ctcttggacce ttcatatctg ataacaacaa 5580
cggttttttc acccttcttg atttcaccte tttccaaggce ttcaataaag gcaccttect 5640
cttcgaacac acgtgctcta cccttgaagt aagtaccttce cttaccggta attttaccca 5700
cagctccacce tggtgccaat gaaccgtaca gaatttgcaa gtgaccgttg gecttgattg 5760
ggtgggagag tggcttaata atctcttgtc cttcaggtag gcttggtget ttcetttgcac 5820
gttctgccaa agtgtcaccg gtaacagtca ttgtgttacc gtgcaacatg ttgttttcat 5880
atagatactt aatcacagat tgggtaccac caacgttaat caaatcggcc atgacgtatt 5940
taccagaagg tttgaagtca ccgatcaatg gtgtagtatc actgattctt tggaaatcat 6000
ctggtgacaa cttgacaccce gcagagtgag caacagccac caaatgcaaa acagcattag 6060
tggacccacce ggttgcaacg acataagtaa tggcgttttc aaaagcctcect tttgtgagga 6120
tatcacgagg taaaataccc aattccattg tcttcecttgat gtattcacca atgttgtcac 6180
actcagctaa cttctceccttg gaaacggctg ggaaggaaga ggagtttgga atggtcaaac 6240
ctagcacttc agcggcagaa gccattgtgt tggcagtata cataccacca caagaaccag 6300
gacctgggca tgcatgttcce acaacatctt ctctttctte ttcagtgaat tgcttggaaa 6360
tatattcacc gtaggattgg aacgcagaga cgatatcgat gtttttagag atcttcgaag 6420
aaccacatgt tggatgaccg ggcaagatag taccaccata taccatgatg gaaggtctgt 6480
tatgtctacc catggccatc atgacaccgg gcatgttttt gtcacatgat gggatggcga 6540
tgttagcatc gtagtgttgt gccatcatga tggtttcaaa ggagtctgca atgatttctce 6600
tactttgtaa cgagtatctc atacctttag tacccataga gataccgtct gaaacaccga 6660
tggtgttgaa ctgcatagct ttcaaacccg ctttttcaat ggattgagaa catctgttat 6720
tcaagtccaa tagatgcatg ttacatgggt taccggacca ccaacaggaa ccaaccccga 6780
cttgaggctt cttgaaatct tecttcettga aaccggtgge ataaagcatg gectgggacg 6840
caccttggece cttaggttca gtgatgatat acgagtactt gttgagcttce ttcatgtcga 6900
caaacttaga ttagattgct atgctttctt tctaatgagc aagaagtaaa aaaagttgta 6960
atagaacaag aaaaatgaaa ctgaaacttg agaaattgaa gaccgtttat taacttaaat 7020
atcaatggga ggtcatcgaa agagaaaaaa atcaaaaaaa aaattttcaa gaaaaagaaa 7080
cgtgataaaa atttttattg cctttttcga cgaagaaaaa gaaacgaggc ggtctcectttt 7140
ttctttteca aacctttagt acgggtaatt aacgacaccce tagaggaaga aagaggggaa 7200
atttagtatg ctgtgcttgg gtgttttgaa gtggtacggc gatgcgcgga gtccgagaaa 7260
atctggaaga gtaaaaaagg agtagaaaca ttttgaagct atgagctcca gettttgtte 7320
cctttagtga gggttaattg cgcgcttgge gtaatcatgg tcatagctgt ttectgtgtg 7380
aaattgttat ccgctcacaa ttccacacaa cataggagcc ggaagcataa agtgtaaagc 7440
ctggggtgcce taatgagtga ggtaactcac attaattgcg ttgcgctcac tgcccgettt 7500
ccagtceggga aacctgtegt gecagetgea ttaatgaatce ggcecaacgeyg cggggagagg 7560
cggtttgegt attgggcget ctteccgette ctegectcact gactcgcectge getecggtegt 7620
tcggctgegg cgageggtat cagctcactce aaaggcggta atacggttat ccacagaatce 7680
aggggataac gcaggaaaga acatgtgagc aaaaggccag caaaaggcca ggaaccgtaa 7740

aaaggccgeg ttgctggegt ttttceccatag gctecgecce cctgacgage atcacaaaaa 7800
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tcgacgctca agtcagaggt ggcgaaaccce gacaggacta taaagatacc aggcgtttcece 7860
ccetggaage tecctegtge getcectectgt tecgaccecetg cecgcttacceg gatacctgte 7920
cgectttete cecttegggaa gegtggegcet ttcectcatage tcacgectgta ggtatctcag 7980
ttecggtgtag gtcecgttceget ccaagetggg ctgtgtgcac gaaccceccceg ttcagceccga 8040
ccgctgegece ttatccggta actatcgtcet tgagtccaac ccggtaagac acgacttatce 8100
gccactggca gcagccactg gtaacaggat tagcagagceg aggtatgtag gcggtgctac 8160
agagttcttg aagtggtggc ctaactacgg ctacactaga aggacagtat ttggtatctg 8220
cgctcectgetg aagccagtta ccttcecggaaa aagagttggt agctcecttgat ccggcaaaca 8280
aaccaccgct ggtageggtg gtttttttgt ttgcaagcag cagattacgce gcagaaaaaa 8340
aggatctcaa gaagatcctt tgatctttte tacggggtct gacgctcagt ggaacgaaaa 8400
ctcacgttaa gggattttgg tcatgagatt atcaaaaagg atcttcacct agatcctttt 8460
aaattaaaaa tgaagtttta aatcaatcta aagtatatat gagtaaactt ggtctgacag 8520
ttaccaatgc ttaatcagtg aggcacctat ctcagcgatc tgtctatttce gttcatccat 8580
agttgcctga ctcceccgteg tgtagataac tacgatacgg gagggcttac catctggecce 8640
cagtgctgca atgataccgc gagacccacg ctcaccggct ccagatttat cagcaataaa 8700
ccagecagee ggaagggccg agcgcagaag tggtcectgea actttatcceg cctecatcca 8760
gtctattaat tgttgccggg aagctagagt aagtagttcg ccagttaata gtttgcgcaa 8820
cgttgttgece attgctacag gcatcgtggt gtcacgceteg tegtttggta tggcettcatt 8880
cagctceeggt tecccaacgat caaggcgagt tacatgatcce cccatgttgt gcaaaaaagc 8940
ggttagctece ttecggteccte cgatcgttgt cagaagtaag ttggccgcag tgttatcact 9000
catggttatg gcagcactgc ataattctct tactgtcatg ccatccgtaa gatgcetttte 9060
tgtgactggt gagtactcaa ccaagtcatt ctgagaatag tgtatgcggc gaccgagttg 9120
ctecttgeceg gegtcaatac gggataatac cgcgccacat agcagaactt taaaagtgcet 9180
catcattgga aaacgttctt cggggcgaaa actctcaagg atcttaccge tgttgagatc 9240
cagttcgatg taacccactc gtgcacccaa ctgatcttca gecatctttta ctttcaccag 9300
cgtttetggg tgagcaaaaa caggaaggca aaatgccgca aaaaagggaa taagggcgac 9360
acggaaatgt tgaatactca tactcttcct ttttcaatat tattgaagca tttatcaggg 9420
ttattgtctc atgagcggat acatatttga atgtatttag aaaaataaac aaataggggt 9480
tcegegecaca tttecccgaa aagtgccacce tgacgt 9516
<210> SEQ ID NO 121

<211> LENGTH: 6679

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pGV2020

<400> SEQUENCE: 121

ttggatcata ctaagaaacc attattatca tgacattaac ctataaaaat aggcgtatca 60
cgaggccectt tegtetegeg cgttteggtyg atgacggtga aaacctctga cacatgcage 120
tcceggagac ggtcacaget tgtcetgtaag cggatgecgg gagcagacaa geccgtcagg 180

gegegtcage gggtgttgge gggtgteggyg getggettaa ctatgeggea tcagageaga 240
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ttgtactgag agtgcaccat accacagctt ttcaattcaa ttcatcattt tttttttatt 300
cttttttttg atttcggttt ctttgaaatt tttttgattc ggtaatctcc gaacagaagg 360
aagaacgaag gaaggagcac agacttagat tggtatatat acgcatatgg caaattaaag 420
ccttegageg tcccaaaacce ttctcaagca aggttttcag tataatgtta catgegtaca 480
cgegtetgta cagaaaaaaa agaaaaattt gaaatataaa taacgttctt aatactaaca 540
taactataaa aaaataaata gggacctaga cttcaggttg tctaactcct tccttttegg 600
ttagagcgga tgtgggggga gggcgtgaat gtaagcgtga cataagaatt cttagaaaaa 660
ctcatcgage atcaaatgaa actgcaattt attcatatca ggattatcaa taccatattt 720
ttgaaaaagc cgtttctgta atgaaggaga aaactcaccyg aggcagttcce ataggatgge 780
aagatcctgg tatcggtetg cgatcccgac tegtccaaca tcaatacaac ctattaattt 840
ccectegtca aaaataaggt tatcaagtga gaaatcacca tgagtgacga ctgaatccgg 900
tgagaatggc aaaagcttat gcatttcttt ccagacttgt tcaacaggcec agccattacg 960

ctcgtcatca aaatcactcg cgtcaaccaa accgttattc attcgtgatt gegectgagce 1020
gaggcgaaat acgcgatcge tgttaaaagg acaattacaa acaggaatcg aatgcaaccyg 1080
gcgcaggaac actgccagcg catcaacaat attttcacct gaatcaggat attcttctaa 1140
tacctggaat gectgttttge cggggatcge agtggtgagt aaccatgcat catcaggagt 1200
acggacaaaa tgcttgatgg tcggaagagg cataaattcc gtcagccagt ttagtctgac 1260
catctcatct gcaacatcat tggcaacgct acctttgcca tgtttcagaa acaactctgg 1320
cgcatcggge ttcccataca atcgatagat tgtcgcacct gattgecccga cattatcgeg 1380
agcccattta tacccatata aatcagcatc catgttggaa tttaatcgcg gectcgaaac 1440
gtgagtcttt tceccttaccca tactagtttt tagtttatgt atgtgttttt tgtagttata 1500
gatttaagca agaaaagaat acaaacaaaa aattgaaaaa gattgattta gaattaaaaa 1560
gaaaaatatt tacgtaagaa gggaaaatag taaatgttgc aagttcacta aactcctaaa 1620
ttatgctgcce ctttatatte cctgttacag cagccgagcec aaaggtatat aggctcecttt 1680
gcattagcat gcgtaacaaa ccacctgtca gtttcaaccg aggtggtatc cgagagaatt 1740
gtgtgattgc tttaattaat ttcggagaat ctcacatgcc actgaagatt aaaaactgga 1800
tgccagaaaa ggggtgtcca ggtgtaacat caatagagga agctgaaaag tcttagaacg 1860
ggtaatcttc caccaacctg atgggttcecct agatataatc tcgaagggaa taagtagggt 1920
gataccgcag aagtgtctga atgtattaag gtcctcacag tttaaatccc gctcacacta 1980
acgtaggatt attataactc aaaaaaatgg cattattcta agtaagttaa atatccgtaa 2040
tctttaaaca gcggccgcag atctctcgag tcgaaactaa gttctggtgt tttaaaacta 2100
aaaaaaagac taactataaa agtagaattt aagaagttta agaaatagat ttacagaatt 2160
acaatcaata cctaccgtct ttatatactt attagtcaag taggggaata atttcaggga 2220
actggtttca accttttttt tcagcttttt ccaaatcaga gagagcagaa ggtaatagaa 2280
ggtgtaagaa aatgagatag atacatgcgt gggtcaattg ccttgtgtca tcatttactc 2340
caggcaggtt gcatcactcc attgaggttg tgcccgtttt ttgcctgttt gtgecccctgt 2400
tctectgtagt tgcgctaaga gaatggacct atgaactgat ggttggtgaa gaaaacaata 2460

ttttggtgct gggattcttt ttttttetgg atgccagett aaaaagcggg ctccattata 2520
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tttagtggat gccaggaata aactgttcac ccagacacct acgatgttat atattctgtg 2580
taacccgecce cctattttgg gcatgtacgg gttacagcag aattaaaagg ctaatttttt 2640
gactaaataa agttaggaaa atcactacta ttaattattt acgtattctt tgaaatggcg 2700
agtattgata atgataaact ggatccgtcg acaaacttag attagattgc tatgctttcet 2760
ttctaatgag caagaagtaa aaaaagttgt aatagaacaa gaaaaatgaa actgaaactt 2820
gagaaattga agaccgttta ttaacttaaa tatcaatggg aggtcatcga aagagaaaaa 2880
aatcaaaaaa aaaattttca agaaaaagaa acgtgataaa aatttttatt gecctttttcg 2940
acgaagaaaa agaaacgagg cggtctcttt tttettttecc aaacctttag tacgggtaat 3000
taacgacacc ctagaggaag aaagagggga aatttagtat gectgtgcttg ggtgttttga 3060
agtggtacgg cgatgcgegg agtccgagaa aatctggaag agtaaaaaag gagtagaaac 3120
attttgaagc tatgagctcc agettttgtt ccctttagtg agggttaatt gegegettgg 3180
cgtaatcatg gtcatagctg tttcctgtgt gaaattgtta tccgctcaca attccacaca 3240
acataggagc cggaagcata aagtgtaaag cctggggtgc ctaatgagtg aggtaactca 3300
cattaattgc gttgcgctca ctgcccgett tcecagteggg aaacctgteg tgccagectgce 3360
attaatgaat cggccaacgc gcggggagag gcggtttgeg tattgggcge tettecegett 3420
cctegetecac tgactcecgetg cgecteggteg tteggctgeg gegageggta tcagctcact 3480
caaaggcggt aatacggtta tccacagaat caggggataa cgcaggaaag aacatgtgag 3540
caaaaggcca gcaaaaggcc aggaaccgta aaaaggccgce gttgctggeg tttttcecata 3600
ggcteccegeee cectgacgag catcacaaaa atcgacgcetce aagtcagagg tggcgaaacce 3660
cgacaggact ataaagatac caggcgtttc ccecctggaag ctccectegtg cgctctectg 3720
ttccgaccct gecgettace ggatacctgt ccgectttet cectteggga agegtggegce 3780
tttctcatag ctcacgctgt aggtatctca gttecggtgta ggtcecgttcge tecaagetgg 3840
gctgtgtgeca cgaaccccce gttcageceg accgctgcge cttatccggt aactatcgte 3900
ttgagtccaa cccggtaaga cacgacttat cgccactgge agcagccact ggtaacagga 3960
ttagcagagc gaggtatgta ggcggtgcta cagagttcectt gaagtggtgg cctaactacg 4020
gctacactag aaggacagta tttggtatct gecgctcectget gaagccagtt accttcggaa 4080
aaagagttgg tagctcttga tccggcaaac aaaccaccgce tggtagcggt ggtttttttg 4140
tttgcaagca gcagattacg cgcagaaaaa aaggatctca agaagatcct ttgatctttt 4200
ctacggggtc tgacgctcag tggaacgaaa actcacgtta agggattttg gtcatgagat 4260
tatcaaaaag gatcttcacc tagatccttt taaattaaaa atgaagtttt aaatcaatct 4320
aaagtatata tgagtaaact tggtctgaca gttaccaatg cttaatcagt gaggcaccta 4380
tctcagegat ctgtctattt cgttcatcca tagttgectg actccccgte gtgtagataa 4440
ctacgatacg ggagggctta ccatctggce ccagtgctgce aatgataccg cgagacccac 4500
gctcaccegge tccagattta tcagcaataa accagccage cggaagggcec gagcgcagaa 4560
gtggtcctge aactttatce gcctceccatcce agtctattaa ttgttgccgg gaagctagag 4620
taagtagttc gccagttaat agtttgcgca acgttgttge cattgctaca ggcatcgtgg 4680
tgtcacgcte gtcecgtttggt atggcttcat tcagctecegg ttcecccaacga tcaaggcgag 4740

ttacatgatc ccccatgttg tgcaaaaaag cggttagctc cttceggtcect ccgatcegttg 4800
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tcagaagtaa gttggccgca gtgttatcac tcatggttat ggcagcactg cataattctce 4860
ttactgtcat gccatccgta agatgctttt ctgtgactgg tgagtactca accaagtcat 4920
tctgagaata gtgtatgcgg cgaccgagtt gctcecttgecce ggcgtcaata cgggataata 4980
ccgcgcecaca tagcagaact ttaaaagtgce tcatcattgg aaaacgttet teggggcgaa 5040
aactctcaag gatcttaccg ctgttgagat ccagttcgat gtaacccact cgtgcaccca 5100
actgatcttc agcatctttt actttcacca gcgtttcectgg gtgagcaaaa acaggaaggc 5160
aaaatgccgce aaaaaaggga ataagggcga cacggaaatg ttgaatactc atactcttcc 5220
tttttcaata ttattgaagc atttatcagg gttattgtct catgagcgga tacatatttg 5280
aatgtattta gaaaaataaa caaatagggg ttccgcgcac atttccccga aaagtgccac 5340
ctgaacgaag catctgtgct tcattttgta gaacaaaaat gcaacgcgag agcgctaatt 5400
tttcaaacaa agaatctgag ctgcattttt acagaacaga aatgcaacgc gaaagcgcta 5460
ttttaccaac gaagaatctg tgcttcattt ttgtaaaaca aaaatgcaac gcgagagcgc 5520
taatttttca aacaaagaat ctgagctgca tttttacaga acagaaatgc aacgcgagag 5580
cgctatttta ccaacaaaga atctatactt cttttttgtt ctacaaaaat gcatcccgag 5640
agcgctattt ttctaacaaa gcatcttaga ttactttttt tctcectttgt gegctctata 5700
atgcagtctc ttgataactt tttgcactgt aggtccgtta aggttagaag aaggctactt 5760
tggtgtctat tttctcttec ataaaaaaag cctgactcecca cttcececgegt ttactgatta 5820
ctagcgaagc tgcgggtgca ttttttcaag ataaaggcat ccccgattat attctatacce 5880
gatgtggatt gcgcatactt tgtgaacaga aagtgatagc gttgatgatt cttcattggt 5940
cagaaaatta tgaacggttt cttctatttt gtctctatat actacgtata ggaaatgttt 6000
acattttcgt attgtttteg attcactcta tgaatagttc ttactacaat ttttttgtct 6060
aaagagtaat actagagata aacataaaaa atgtagaggt cgagtttaga tgcaagttca 6120
aggagcgaaa ggtggatggg taggttatat agggatatag cacagagata tatagcaaag 6180
agatactttt gagcaatgtt tgtggaagcg gtattcgcaa tattttagta gctcgttaca 6240
gtcecggtgeg tttttggttt tttgaaagtg cgtcttcaga gegettttgg ttttcaaaag 6300
cgctctgaag ttcectatact ttctagagaa taggaacttc ggaataggaa cttcaaagcg 6360
tttccgaaaa cgagcgctte cgaaaatgca acgcgagcetg cgcacataca gctcactgtt 6420
cacgtcgcac ctatatctge gtgttgectg tatatatata tacatgagaa gaacggcata 6480
gtgcgtgttt atgcttaaat gcgtacttat atgcgtctat ttatgtagga tgaaaggtag 6540
tctagtacct cctgtgatat tatcccattce catgeggggt atcgtatget tecttcagca 6600
ctacccttta gectgttctat atgctgccac tcectcaattg gattagtcte atccttcaat 6660
gctatcattt cctttgata 6679
<210> SEQ ID NO 122

<211> LENGTH: 13805

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pGV2082

<400> SEQUENCE: 122

ttggatcata ctaagaaacc attattatca tgacattaac ctataaaaat aggcgtatca 60
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cgaggecctt tcegtetegeg cgttteggtyg atgacggtga aaacctctga cacatgcage 120
tceccggagac ggtcacaget tgtctgtaag cggatgcegg gagcagacaa gcccgtcagg 180
gegegtcage gggtgttgge gggtgteggg getggettaa ctatgeggca tcagagcaga 240
ttgtactgag agtgcaccat accacagctt ttcaattcaa ttcatcattt tttttttatt 300
cttttttttg atttcggttt ctttgaaatt tttttgattc ggtaatctcc gaacagaagg 360
aagaacgaag gaaggagcac agacttagat tggtatatat acgcatatgg caaattaaag 420
ccttegageg tcccaaaacce ttctcaagca aggttttcag tataatgtta catgegtaca 480
cgegtetgta cagaaaaaaa agaaaaattt gaaatataaa taacgttctt aatactaaca 540
taactataaa aaaataaata gggacctaga cttcaggttg tctaactcct tccttttegg 600
ttagagcgga tgtgggggga gggcgtgaat gtaagcgtga cataactaat tacatgacte 660
gageggecege ttagatgceg gagtcccagt gettggtceca ctggatggece tecagggtge 720
ccaagtccag ttteccagatg getccegttet ggttcagete gatagecttyg acgaagttcet 780
cggcgeagge caacgagggce tgggtgggat gagcecaggag cttcecteggea acctgagget 840
caacatccaa ccaggagttg aacgtgtgca ccagggtggt gegggtgatyg ccggggttca 900
cagtgtaagce cgtcacgccg gtaatggggg ccagtttege cagggagetyg gtgaagttga 960
ccacggceggce cttggtgccg gagtagacgg gcacctggta gatggcattg aatccagtga 1020
cggatccaat gttgcagatg ataccaccgg gaccgccectt gegcttgtece cagaagtcca 1080
gaatggcegt cgtggtgttg accaggccag tgtagttgac ggcaatggtg cgctcgatct 1140
ggtgatcgte caggatacca gctccgttga tcaggacatc gacggtcecttce agctgggcga 1200
agatggtctt cagcagcttg gtggtctcgg caatgggcac ggtcacatca taggggtaga 1260
aggtgacggt cacctttgga ttgattgcct tcagctcegge aatggcagcce gggttcectcaa 1320
tgcggtegag gatcaccagg ttcecttcagat cgcgcttgag cagctecttg ctggtgteca 1380
gaccaatgcc tcccagaccg gcaacgaaaa tcacgttctt gttggtcaaa gtaaacgaca 1440
tggtacctat tattgtatgt tatagtatta gttgcttggt gttatgaaag aaactaagaa 1500
aagaaaaata aaataaaaat aaaagattga gacaagggaa gaaaagatac aaaataagaa 1560
ttaattacaa ttgcgtttgc tataaatacg tttttaacaa tcaactctgg taggaagata 1620
atgctttttt tttttatata tgcttggtgce cacttgtcac atacaattct acaaccttcg 1680
acaaaaatcc aaatgatagt aagatcaaag ccagaaagca atggagaaaa aaaattaatg 1740
aaccacgatg aaccaaatga tcaatacaac caaagaaact accctagtga ggtgtatgct 1800
gacttggtat cacacttcat gaattttgca tatggcaaag tccacgaaag tgggcttcag 1860
aaaaaaggcg tgcggtgtgt agatgtatca attagtggat gccagttttg gaacgggatt 1920
ccactttceg caagttggtg cacgtcgtta gtgacataac gccgcgttceca tetttgggaa 1980
gaagcagatg ctgagcgagg aggtactata gagtaaagaa ccctttctat acccgcagec 2040
ccatggtaag tgacagtgca gtaataatat gaaccaattt atttttcgtt acataaaaat 2100
gcttataaaa ctttaactaa taattagaga ttaaatcgcg gccgcaaaag atccttagga 2160
tttattctgt tcagcaaaca gcttgcccat tttettcagt acctteggtg cgecttettt 2220
cgccaggatce agttcgatcc agtacatacg gttecggatcg gectgggcect ctttcatcac 2280
gctcacaaat tcgttttcgg tacgcacaat tttagacaca acacggtcct cagttgegece 2340
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gaaggactcc ggcagtttag agtagttcca catagggata tcgttgtaag actggttegg 2400
accgtggatce tcacgctcaa cggtgtagce gtcattgtta ataatgaagce aaatcgggtt 2460
gatcttttca cgaattgcca gacccagttce ctgtacggtce agctgcaggg aaccgtcacce 2520
gatgaacagc agatgacgag attctttatc agcgatctga gagcccagcg ctgccgggaa 2580
agtatagcca atgctacccecc acagcggctg accgataaaa tggcttttgg atttcagaaa 2640
gatagaagac gcgccgaaaa agctcgtacce ttgttceccgec acgatggttt cattgctcetg 2700
ggtcaggttec tccacggcect gccacaggceg atcctgggac agcagtgegt tagatggtac 2760
gaaatcttet tgetttttgt caatgtattt gectttatac tcgatttecgg acaggtccag 2820
cagagagctg atcaggcttt cgaagtcgaa gttcectggata cgctcgttga agattttacce 2880
ctcgtcecgatg ttcaggctaa tcattttgtt ttegttcaga tggtgagtga atgcaccggt 2940
agaagagtcg gtcagtttaa cgcccagcat caggatgaag tccgcagatt caacaaattce 3000
tttcaggttc ggttcgctca gagtaccgtt gtagatgccc aggaaagacg gcagagcctce 3060
gtcaacagag gacttgccga agttcagggt ggtaatcggce agtttggttt tgctgatgaa 3120
ttgggtcacg gtcttcteca gaccaaaaga aatgatttcg tggccggtga tcacgattgg 3180
tttctttgeg tttttcagag actcctggat tttgttcagg atttecctggt cgctagtgtt 3240
agaagtggag ttttctttet tcagcggcag gcteggtttt teccgectttag ctgccgcaac 3300
atccacaggc aggttgatgt aaactggttt gcgttctttce agcagcgcag acagaacgcg 3360
gtcgatttee acagtagcecgt tctetgcagt cagcagcgta cgtgccgcag tcacaggtte 3420
atgcattttc atgaagtgtt tgaaatcgcce gtcagccaga gtgtggtgga cgaatttacc 3480
ttegttetga actttgcteg ttgggctgce tacgatctecce accaccggca ggtttteggce 3540
gtaggagcee gccagaccgt tgacggeget cagttegeca acaccgaaag tggtcagaaa 3600
tgccgegget ttettggtac gtgcataacce atctgccatg tagcttgegt tcagttegtt 3660
agcgttaccce acccatttca tgtctttatg agagatgatc tgatccagga actgcagatt 3720
gtaatcaccc ggaacgccga agatttcttce gatacccagt tcatgcagac ggtccagcag 3780
ataatcacca acagtataca tgtcgagctt gttttatatt tgttgtaaaa agtagataat 3840
tacttccttg atgatctgta aaaaagagaa aaagaaagca tctaagaact tgaaaaacta 3900
cgaattagaa aagaccaaat atgtatttct tgcattgacc aatttatgca agtttatata 3960
tatgtaaatg taagtttcac gaggttctac taaactaaac cacccceccttg gttagaagaa 4020
aagagtgtgt gagaacaggc tgttgttgtc acacgattcg gacaattctg tttgaaagag 4080
agagagtaac agtacgatcg aacgaacttt gctctggaga tcacagtggg catcatagca 4140
tgtggtacta aaccctttec cgccattcca gaaccttcega ttgcttgtta caaaacctgt 4200
gagcecgtege taggaccttg ttgtgtgacg aaattggaag ctgcaatcaa taggaagaca 4260
ggaagtcgag cgtgtctggg ttttttcagt tttgttcttt ttgcaaacaa atcacgagcyg 4320
acggtaattt ctttctcgat aagaggccac gtgctttatg agggtaacat caattcaaga 4380
aggagggaaa cacttccttt ttctggccct gataatagta tgagggtgaa gccaaaataa 4440
aggattcgeg cccaaatcgg catctttaaa tgcaggtatg cgatagttce tcactcecttte 4500
cttactcacg agtaattctt gcaaatgcct attatgcaga tgttataata tcectgtgcgtce 4560

ttgagttgag cctagaattc ttagaaaaac tcatcgagca tcaaatgaaa ctgcaattta 4620
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ttcatatcag gattatcaat accatatttt tgaaaaagcc gtttctgtaa tgaaggagaa 4680
aactcaccga ggcagttcca taggatggca agatcctggt atcggtctge gatcccgact 4740
cgtccaacat caatacaacc tattaatttc ccctcecgtcaa aaataaggtt atcaagtgag 4800
aaatcaccat gagtgacgac tgaatccggt gagaatggca aaagcttatg catttcttte 4860
cagacttgtt caacaggcca gccattacgce tcgtcatcaa aatcactcge gtcaaccaaa 4920
ccgttattca ttcecgtgattg cgcctgagcecg aggcgaaata cgcgatcget gttaaaagga 4980
caattacaaa caggaatcga atgcaaccgg cgcaggaaca ctgccagcege atcaacaata 5040
ttttcacctg aatcaggata ttcttctaat acctggaatg ctgttttgcce ggggatcgca 5100
gtggtgagta accatgcatc atcaggagta cggacaaaat gcttgatggt cggaagaggc 5160
ataaattccg tcagccagtt tagtctgacc atctcatctg caacatcatt ggcaacgcta 5220
cctttgecat gtttcagaaa caactctgge gcatcgggct tcccatacaa tcgatagatt 5280
gtcgcacctyg attgcccgac attatcgcga geccatttat acccatataa atcagcatcce 5340
atgttggaat ttaatcgcgg cctcgaaacg tgagtctttt ccttacccat actagttttt 5400
agtttatgta tgtgtttttt gtagttatag atttaagcaa gaaaagaata caaacaaaaa 5460
attgaaaaag attgatttag aattaaaaag aaaaatattt acgtaagaag ggaaaatagt 5520
aaatgttgca agttcactaa actcctaaat tatgctgccce tttatattce ctgttacagce 5580
agccgagcca aaggtatata ggctcectttg cattagcatg cgtaacaaac cacctgtcag 5640
tttcaaccga ggtggtatcc gagagaattg tgtgattgct ttaattaatt tcggagaatc 5700
tcacatgcca ctgaagatta aaaactggat gccagaaaag gggtgtccag gtgtaacatc 5760
aatagaggaa gctgaaaagt cttagaacgg gtaatcttcc accaacctga tgggttccta 5820
gatataatct cgaagggaat aagtagggtg ataccgcaga agtgtctgaa tgtattaagg 5880
tcectcacagt ttaaatcceg ctcacactaa cgtaggatta ttataactca aaaaaatggce 5940
attattctaa gtaagttaaa tatccgtaat ctttaaacag cggccgcgga tcecttcatcect 6000
gccactgcaa ttettttcat atcggtcata tatcctctceca getttttacce cacctgttet 6060
atagcatgtg aacgaatagc ttcatttacg tctcectcagtt ggccattgtce aaccgctcect 6120
tcecggaatag ccttecccaa atcaccaggt tgtaactegg ccatgaaggg ctttaacaac 6180
gggacacatg cgtagctaaa taagtaatta ccatattctg cagtgtctga tatgacaaca 6240
ttcatctegt aaagtctttt tettgcaata gtatttgcta tcaaaggcaa ttcatgcaaa 6300
gactcatagt atgcagattc ttcaatgata ccggagtcaa ccatagtttc gaatgcaagt 6360
tctaccectg ccttcaccat agctatcatce aatactccect tatcaaagta ttcettgttca 6420
ccaattttac cttcgtattg tggggctgtce tcgaatgcecg tecttgeccggt ttettcetcete 6480
cacgtcaata actttttatc atcgtttgce caatctgcca tcattcctga ggaaaactca 6540
ccggagataa tatcgtccat gtgcttttgg aataatggtg ccatgatcte ttttagttgce 6600
tcagataagg cgtaggctct tagcttggce ggatttgaaa gtctatccat catcaatgtt 6660
atgccacctt gtttaagtgc ctcggtgatt gtctcccaac caaattgtat caacttttca 6720
gcataggcag gatctgtacce ctcecttcgacc aatttatcaa agcatagtaa agaccctgcec 6780
tgcaacattc cgcacagaat ggtttgttca cccattaagt cactcttgac ctcagctacg 6840

aaagaactct ctaacacacc cgctctatga ccteccggttg cggctgccca tgccttegcea 6900
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attgccatac cttcaccttt ggggtcattt tcaggatgta cggcgatcaa tgtaggtaca 6960
ccaaaacccce tettgtacte ctetctgact tcecegtacctg ggcactttgg tgcaaccatt 7020
acgactgtta tatcttttcect gatctgctcg cccacttcaa cgatattaaa gccatgagag 7080
taacctaaag ctgccccatce cttcatcage ggttgaactg ttcttactac gtctgagtga 7140
accttatctg gtgttaggtt aatcactaaa tctgcctgag ggatcagttce ttcgtaagta 7200
ccaactttga acccattttc cgtcgcttta cgccaggagg ccctcectttte tgcaattgece 7260
tctttectca atgcatacga aatatccaga cctgaatctce tcatgtttaa accttggttt 7320
agaccctgag caccgcagcec aacaattact actttcttte cttgcagata agaagcacca 7380
tcagcaaact cgtcccttece cataaatctg cacttaccca gttgagccaa ttgttgtcte 7440
aaatttaatg tgttaaaata gttggccatc tcgagtcgaa actaagttct ggtgttttaa 7500
aactaaaaaa aagactaact ataaaagtag aatttaagaa gtttaagaaa tagatttaca 7560
gaattacaat caatacctac cgtctttata tacttattag tcaagtaggg gaataatttc 7620
agggaactgg tttcaacctt ttttttcagce tttttccaaa tcagagagag cagaaggtaa 7680
tagaaggtgt aagaaaatga gatagataca tgcgtgggtc aattgccttg tgtcatcatt 7740
tactccaggce aggttgcatc actccattga ggttgtgecce gttttttgece tgtttgtgece 7800
cctgttetet gtagttgege taagagaatg gacctatgaa ctgatggttg gtgaagaaaa 7860
caatattttg gtgctgggat tcectttttttt tctggatgcc agcttaaaaa gcegggctcca 7920
ttatatttag tggatgccag gaataaactg ttcacccaga cacctacgat gttatatatt 7980
ctgtgtaacc cgcceccctat tttgggcatg tacgggttac agcagaatta aaaggctaat 8040
tttttgacta aataaagtta ggaaaatcac tactattaat tatttacgta ttctttgaaa 8100
tggcgagtat tgataatgat aaactggatc cgcggccgct tacagatcag taacacaccce 8160
ttccgatgca ggacgggtta atttagcgaa ttttgccaaa actccecctgg tggetttegg 8220
agttggcttc tgataattag ctcttcectctt tgcgatttet tcatcggaaa ctttcaggga 8280
tatagagttg ttgactgcat ctatctctat tatatcgtca tcttcaacta agccgattag 8340
tccacccteca acggcettcag gcacaatatg gecgacaaca aaaccgtgag tgccaccgga 8400
gaatctacca tccgtaatta acgcgcaact tttccctaaa cccgcaccaa ttaatgcetga 8460
tgtaggcttc agcatttcgg gcataccagg tccgccgacg ggacctatat tectaattac 8520
cgctacatct ccagcatgca aacgaccaga ttctatgecg tcgataaaat gttgttcacce 8580
atcaaagact ctggcagtgc ctttgaagaa ctctceccttet ttaccgctaa tttttgctac 8640
ggaacccecet tgagctaaat taccgtacag aatctgcaag tggccggtgg ccttgatagg 8700
attctttagt ggcctcatga tatcttgtga gtcgaaatcc aagtctaggg cagtctcgac 8760
attctcgget aatgttttac ccgtcacagt aaggcagtca ccatgcaatt ttecttectt 8820
tagaaggtac ttaagcactg ctggcaagcc tccaatttta tgcaaatctt ccatcatata 8880
tttacctgaa ggtttaaaat cacctagtac tggagtaatg tcactaattc tttggaagtc 8940
atcctgagtt atttcgacac ctatcgegtt agccattgca ataatatgca agacagcatt 9000
agtactaccc cccaagacca tcacaatggt aatagcgttc tcgaacgcct ccttagtcat 9060
tatatcacta ggcttgatgt ctttttccaa aagattctta atggctaatc caatctcatc 9120

acattcttct tgtttttett gagatactge agggttcgaa gaagaatacg gcaatgacat 9180
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acctagtgtt tcgatagcgg cagctaaggt attagctgtg tacatcccce cacatgcccce 9240
ttgaccagga atagcattac aaataacacc gtgataatct tcatcagaga tattgccggt 9300
aattttctgg cctagagatt caaaagccga tacgatgttc aatttctcac ctttatattce 9360
accgtgttet attgttccte catacaccat aatgcttgge ctattaagtce ttgccatacc 9420
aataatagaa cctggcatat ttttgtcaca acctgggatg gctacaattg catcatagta 9480
ttcagcgecca gegttggttt caatagagtc agctataact tctctggaaa caagggagta 9540
tctcattecece aactttcecat ttgctatcce atcagaaact cctatcgtat gaaattgtaa 9600
gccgatcaga ccatctgtcet gatttactga gecttttaate tttgatccaa gggttcectaa 9660
atgcatgttg catggatttc catcccagtc catcgacact atacccactt gagectttcett 9720
gaaatcttecg tcectttaaacc cgatgccgta atacattgec tgtgtggegg gttgtgtggg 9780
atcttgtgtc aacgttttgce tgtacttatt cagttcaaca gattcaactt tgccgttata 9840
cttaaactcc atgtcgacaa acttagatta gattgctatg ctttcectttet aatgagcaag 9900
aagtaaaaaa agttgtaata gaacaagaaa aatgaaactg aaacttgaga aattgaagac 9960
cgtttattaa cttaaatatc aatgggaggt catcgaaaga gaaaaaaatc aaaaaaaaaa 10020
ttttcaagaa aaagaaacgt gataaaaatt tttattgcct ttttcgacga agaaaaagaa 10080
acgaggcggt ctctttttte ttttccaaac ctttagtacg ggtaattaac gacaccctag 10140
aggaagaaag aggggaaatt tagtatgctg tgcttgggtg ttttgaagtg gtacggcgat 10200
gcgeggagte cgagaaaatc tggaagagta aaaaaggagt agaaacattt tgaagctatg 10260
agctccaget tttgttcect ttagtgaggg ttaattgcge gecttggegta atcatggtca 10320
tagctgtttce ctgtgtgaaa ttgttatccg ctcacaattce cacacaacat aggagccgga 10380
agcataaagt gtaaagcctg gggtgcctaa tgagtgaggt aactcacatt aattgcegttg 10440
cgctcactge ccgcttteca gtecgggaaac ctgtcgtgee agectgcatta atgaatcgge 10500
caacgcgcgg ggagaggcegg tttgcegtatt gggcgctett cecgcettecte getcactgac 10560
tcgetgeget cggtegtteg getgcecggcga gcggtatcag ctcactcaaa ggcggtaata 10620
cggttatcca cagaatcagg ggataacgca ggaaagaaca tgtgagcaaa aggccagcaa 10680
aaggccagga accgtaaaaa ggccgegttg ctggegtttt tccataggect cecgcccccct 10740
gacgagcatc acaaaaatcg acgctcaagt cagaggtggc gaaacccgac aggactataa 10800
agataccagg cgtttcccece tggaagctcece ctegtgeget ctectgttece gaccectgecg 10860
cttaccggat acctgtcecge ctttcetecct tcecgggaageg tggcegettte tcatagetca 10920
cgctgtaggt atctcagttc ggtgtaggtc gttcgctcecca agectgggctg tgtgcacgaa 10980
cceceegtte agecccgaceg ctgcgectta tceccggtaact atcgtecttga gtccaacceg 11040
gtaagacacg acttatcgcce actggcagca gccactggta acaggattag cagagcgagg 11100
tatgtaggcg gtgctacaga gttcttgaag tggtggccta actacggcta cactagaagg 11160
acagtatttg gtatctgcge tectgctgaag ccagttacct tcggaaaaag agttggtage 11220
tcttgatcecg gcaaacaaac caccgcetggt agcggtggtt tttttgtttg caagcagcag 11280
attacgcgca gaaaaaaagg atctcaagaa gatcctttga tcttttctac ggggtectgac 11340
gctcagtgga acgaaaactc acgttaaggg attttggtca tgagattatc aaaaaggatc 11400

ttcacctaga tccttttaaa ttaaaaatga agttttaaat caatctaaag tatatatgag 11460
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taaacttggt ctgacagtta ccaatgctta atcagtgagg cacctatctc agcgatctgt 11520
ctatttecgtt catccatagt tgcctgactce ccecgtcecgtgt agataactac gatacgggag 11580
ggcttaccat ctggccccag tgctgcaatg ataccgcgag acccacgctce accggctceca 11640
gatttatcag caataaacca gccagccgga agggccgagce gcagaagtgg tcctgcaact 11700
ttatccgect ccatccagte tattaattgt tgccgggaag ctagagtaag tagttcegecca 11760
gttaatagtt tgcgcaacgt tgttgccatt gctacaggca tcgtggtgtc acgctcgtceg 11820
tttggtatgg cttcattcag ctccggttee caacgatcaa ggcgagttac atgatcccce 11880
atgttgtgca aaaaagcggt tagctceccttcec ggtecctecga tcgttgtcag aagtaagttg 11940
gccgcagtgt tatcactcat ggttatggca gcactgcata attctcttac tgtcatgcecca 12000
tcegtaagat gettttcetgt gactggtgag tactcaacca agtcattctg agaatagtgt 12060
atgcggcgac cgagttgcte ttgcceggeg tcaatacggg ataataccge gccacatage 12120
agaactttaa aagtgctcat cattggaaaa cgttcttcgg ggcgaaaact ctcaaggatc 12180
ttaccgetgt tgagatccag ttcgatgtaa cccactcegtg cacccaactg atcttcagca 12240
tcttttactt tcaccagegt ttctgggtga gcaaaaacag gaaggcaaaa tgccgcaaaa 12300
aagggaataa gggcgacacg gaaatgttga atactcatac tcttecctttt tcaatattat 12360
tgaagcattt atcagggtta ttgtctcatg agcggataca tatttgaatg tatttagaaa 12420
aataaacaaa taggggttcc gcgcacattt ccccgaaaag tgccacctga acgaagcatce 12480
tgtgcttcat tttgtagaac aaaaatgcaa cgcgagagcg ctaatttttc aaacaaagaa 12540
tctgagetge atttttacag aacagaaatg caacgcgaaa gcgctatttt accaacgaag 12600
aatctgtgcet tcatttttgt aaaacaaaaa tgcaacgcga gagcgctaat ttttcaaaca 12660
aagaatctga gctgcatttt tacagaacag aaatgcaacg cgagagcgct attttaccaa 12720
caaagaatct atacttcttt tttgttctac aaaaatgcat cccgagagcg ctatttttet 12780
aacaaagcat cttagattac tttttttcte ctttgtgecge tctataatge agtctettga 12840
taactttttg cactgtaggt ccgttaaggt tagaagaagg ctactttggt gtctattttce 12900
tctteccataa aaaaagcctg actccactte ccgegtttac tgattactag cgaagetgeg 12960
ggtgcatttt ttcaagataa aggcatcccc gattatattc tataccgatg tggattgcge 13020
atactttgtg aacagaaagt gatagcgttg atgattcttc attggtcaga aaattatgaa 13080
cggtttette tattttgtet ctatatacta cgtataggaa atgtttacat tttcgtattg 13140
ttttcgattc actctatgaa tagttcttac tacaattttt ttgtctaaag agtaatacta 13200
gagataaaca taaaaaatgt agaggtcgag tttagatgca agttcaagga gcgaaaggtg 13260
gatgggtagg ttatataggg atatagcaca gagatatata gcaaagagat acttttgagc 13320
aatgtttgtg gaagcggtat tcgcaatatt ttagtagctce gttacagtcce ggtgegtttt 13380
tggttttttg aaagtgcgtc ttcagagcgce ttttggtttt caaaagcgct ctgaagttcce 13440
tatactttct agagaatagg aacttcggaa taggaacttc aaagcgtttc cgaaaacgag 13500
cgcttecgaa aatgcaacgce gagctgcgca catacagcectce actgttcacg tcgcacctat 13560
atctgegtgt tgcctgtata tatatataca tgagaagaac ggcatagtgce gtgtttatge 13620
ttaaatgcgt acttatatgc gtctatttat gtaggatgaa aggtagtcta gtacctcctg 13680

tgatattatc ccattccatg cggggtatcg tatgcttect tcagcactac cctttagetg 13740
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ttctatatge tgccactcct caattggatt agtctcatce ttcaatgcta tcatttcecctt 13800

tgata 13805

<210> SEQ ID NO 123

<211> LENGTH: 14056

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pGv2227

<400> SEQUENCE: 123

ttggatcata ctaagaaacc attattatca tgacattaac ctataaaaat aggcgtatca 60
cgaggccectt tegtetegeg cgttteggtyg atgacggtga aaacctctga cacatgcage 120
tcceggagac ggtcacaget tgtcetgtaag cggatgecgg gagcagacaa geccgtcagg 180

gegegtcage gggtgttgge gggtgteggyg getggettaa ctatgeggea tcagageaga 240

ttgtactgag agtgcaccat accacagctt ttcaattcaa ttcatcattt tttttttatt 300
cttttttttg atttcggttt ctttgaaatt tttttgattc ggtaatctcc gaacagaagg 360
aagaacgaag gaaggagcac agacttagat tggtatatat acgcatatgg caaattaaag 420
ccttegageg tcccaaaacce ttctcaagca aggttttcag tataatgtta catgegtaca 480
cgegtetgta cagaaaaaaa agaaaaattt gaaatataaa taacgttctt aatactaaca 540
taactataaa aaaataaata gggacctaga cttcaggttg tctaactcct tccttttegg 600
ttagagcgga tgtgggggga gggcgtgaat gtaagcgtga cataactaat tacatgacte 660
gacctaggtt atttagtaaa atcaatgacc attcggcctt caatttttcc tgccttcatt 720
tcatcaataa tatcattgat ttcttccagt ttgcgtgtecg caacaattgg ttttacctta 780
ccttetgete caaattgaaa agcttcetgec aagtcaagte ttgttcecgac aagtgaacct 840
gcaacctceca ctecgtcaaa aacaactgtt ggaactgata aagtcatctc agtattggga 900
agtgccacag caaccatttt gcccataggt ttcaaagaag caaccgcttyg ttcaaaagca 960

atccttgcaa cagcacaaac tattgcactt tgcaccecta agccgccagt tattttttta 1020
atttcatcaa ctggatttac atcaccagaa ttgataatca catcagctcc aattttttta 1080
gctaaattta atttatcttg attaatatca acagcaatta cttttgctcc aaaaacattt 1140
ttagcatatt gaattgctaa atttccaagt cctccagcac caaaaattac ttgccaatca 1200
ccaggtttta ctcctgatac tttgattgct ttgtaagttg ttactccage acaagtaatt 1260
gagctagcett caattgggtc aagtccgtca ggaactttga cagcataatc ggcaacaaca 1320
attgcttett cagccattcc gcecatcaact gaatatcctg catttttaac ttcectcgacaa 1380
aaagtttcat taccagatac acagtattca cagtgaccac atccttcaaa gaaccaagcc 1440
actgaaaccc gatcaccaac ttgaagcgag cttacatcag ctccaatttce tttgacaatt 1500
ccaattecctt catgaccaag aacagtccct gctttgttge cataatcacc tgctgcaacg 1560
tgcaaatcgg tatgacagac tccacaatac tccatgtcaa gcaaagcttce attaggtttg 1620
attgctcgaa gttcctttte aacaaggtcce gcataaccat ctggattgtg tcecttactact 1680
gctgecttteca ttggtaccta ttattgtatg ttatagtatt agttgcttgg tgttatgaaa 1740
gaaactaaga aaagaaaaat aaaataaaaa taaaagattg agacaaggga agaaaagata 1800

caaaataaga attaattaca attgcgtttg ctataaatac gtttttaaca atcaactctg 1860
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gtaggaagat aatgcttttt ttttttatat atgcttggtg ccacttgtca catacaattc 1920
tacaacctte gacaaaaatc caaatgatag taagatcaaa gccagaaagc aatggagaaa 1980
aaaaattaat gaaccacgat gaaccaaatg atcaatacaa ccaaagaaac taccctagtg 2040
aggtgtatgc tgacttggta tcacacttca tgaattttgc atatggcaaa gtccacgaaa 2100
gtgggcttca gaaaaaaggc gtgcggtgtg tagatgtatc aattagtgga tgccagtttt 2160
ggaacgggat tccactttce gcaagttggt gcacgtcgtt agtgacataa cgccgcgtte 2220
atctttggga agaagcagat gctgagcgag gaggtactat agagtaaaga accctttcta 2280
tacccgcage cccatggtaa gtgacagtgce agtaataata tgaaccaatt tatttttegt 2340
tacataaaaa tgcttataaa actttaacta ataattagag attaaatcgc ggccgcaaaa 2400
gatccttagg atttattctg ttcagcaaac agcttgccca ttttcettcag tacctteggt 2460
gcgecttett tegeccaggat cagttcgatce cagtacatac ggttcecggatc ggectgggece 2520
tctttcatca cgctcacaaa ttegttttcg gtacgcacaa ttttagacac aacacggtcce 2580
tcagttgcge cgaaggactc cggcagttta gagtagttcce acatagggat atcgttgtaa 2640
gactggttceg gaccgtggat ctcacgctca acggtgtage cgtcattgtt aataatgaag 2700
caaatcgggt tgatcttttc acgaattgcce agacccagtt cctgtacggt cagctgcagg 2760
gaaccgtcac cgatgaacag cagatgacga gattctttat cagcgatctg agagcccagce 2820
gctgecggga aagtatagcce aatgctaccce cacagcggcet gaccgataaa atggcttttg 2880
gatttcagaa agatagaaga cgcgccgaaa aagctcgtac cttgttccgce cacgatggtt 2940
tcattgctct gggtcaggtt ctceccacggce tgccacaggce gatcctggga cagcagtgceg 3000
ttagatggta cgaaatcttc ttgctttttg tcaatgtatt tgcctttata ctcgatttceg 3060
gacaggtcca gcagagagct gatcaggctt tcgaagtcga agttctggat acgctcgttg 3120
aagattttac cctcgtcgat gttcaggcta atcattttgt tttcgttcag atggtgagtg 3180
aatgcaccgg tagaagagtc ggtcagttta acgcccagca tcaggatgaa gtccgcagat 3240
tcaacaaatt ctttcaggtt cggttcgctc agagtaccgt tgtagatgcc caggaaagac 3300
ggcagagcect cgtcaacaga ggacttgccg aagttcaggg tggtaatcgg cagtttggtt 3360
ttgctgatga attgggtcac ggtcttctcece agaccaaaag aaatgatttce gtggecggtg 3420
atcacgattg gtttctttge gtttttcaga gactcctgga ttttgttcag gatttcectgg 3480
tcgctagtgt tagaagtgga gttttcettte ttcagcggca ggctcggttt tteccgettta 3540
gctgecgcaa catccacagg caggttgatg taaactggtt tgcgttettt cagcagegca 3600
gacagaacgc ggtcgatttce cacagtagcg ttctcectgcag tcagcagegt acgtgccgca 3660
gtcacaggtt catgcatttt catgaagtgt ttgaaatcgc cgtcagccag agtgtggtgg 3720
acgaatttac cttcgttetg aactttgcte gttgggetge ctacgatcte caccaccggce 3780
aggttttcgg cgtaggagec cgccagaccg ttgacggcege tcagttcgec aacaccgaaa 3840
gtggtcagaa atgccgecgge tttettggta cgtgcataac catctgccat gtagettgeg 3900
ttcagttegt tagcgttacc cacccatttce atgtctttat gagagatgat ctgatccagg 3960
aactgcagat tgtaatcacc cggaacgccg aagatttcett cgatacccag ttcatgcaga 4020
cggtccagca gataatcacc aacagtatac atgtcgaget tgttttatat ttgttgtaaa 4080

aagtagataa ttacttcctt gatgatctgt aaaaaagaga aaaagaaagc atctaagaac 4140
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ttgaaaaact acgaattaga aaagaccaaa tatgtatttc ttgcattgac caatttatgc 4200
aagtttatat atatgtaaat gtaagtttca cgaggttcta ctaaactaaa ccaccccctt 4260
ggttagaaga aaagagtgtg tgagaacagg ctgttgttgt cacacgattc ggacaattct 4320
gtttgaaaga gagagagtaa cagtacgatc gaacgaactt tgctctggag atcacagtgg 4380
gcatcatagc atgtggtact aaaccctttc ccgccattec agaaccttcg attgettgtt 4440
acaaaacctg tgagccgteg ctaggacctt gttgtgtgac gaaattggaa gctgcaatca 4500
ataggaagac aggaagtcga gcgtgtctgg gttttttcag ttttgttctt tttgcaaaca 4560
aatcacgagc gacggtaatt tcetttctcga taagaggcca cgtgctttat gagggtaaca 4620
tcaattcaag aaggagggaa acacttcctt tttectggccce tgataatagt atgagggtga 4680
agccaaaata aaggattcgc gcccaaatcg gcatctttaa atgcaggtat gcgatagttce 4740
ctcactcecttt ccttactcac gagtaattct tgcaaatgcc tattatgcag atgttataat 4800
atctgtgegt cttgagttga gectagaatt cttagaaaaa ctcatcgagce atcaaatgaa 4860
actgcaattt attcatatca ggattatcaa taccatattt ttgaaaaagc cgtttctgta 4920
atgaaggaga aaactcaccg aggcagttcce ataggatggc aagatcctgg tatcggtcetg 4980
cgatcccgac tcgtccaaca tcaatacaac ctattaattt cccctecgtca aaaataaggt 5040
tatcaagtga gaaatcacca tgagtgacga ctgaatccgg tgagaatggc aaaagcttat 5100
gcatttcttt ccagacttgt tcaacaggcc agccattacg ctcgtcatca aaatcactcg 5160
cgtcaaccaa accgttattc attcgtgatt gcgectgagce gaggcgaaat acgcgatcgce 5220
tgttaaaagg acaattacaa acaggaatcg aatgcaaccyg gcgcaggaac actgccagceg 5280
catcaacaat attttcacct gaatcaggat attcttctaa tacctggaat gcectgttttgce 5340
cggggatcge agtggtgagt aaccatgcat catcaggagt acggacaaaa tgcttgatgg 5400
tcggaagagg cataaattcc gtcagccagt ttagtctgac catctcatct gcaacatcat 5460
tggcaacgct acctttgcca tgtttcagaa acaactctgg cgcatcgggce ttcccataca 5520
atcgatagat tgtcgcacct gattgcccga cattatcgeg agcccattta tacccatata 5580
aatcagcatc catgttggaa tttaatcgcg gcctcgaaac gtgagtcttt tecttaccca 5640
tactagtttt tagtttatgt atgtgttttt tgtagttata gatttaagca agaaaagaat 5700
acaaacaaaa aattgaaaaa gattgattta gaattaaaaa gaaaaatatt tacgtaagaa 5760
gggaaaatag taaatgttgc aagttcacta aactcctaaa ttatgctgcc ctttatattce 5820
cctgttacag cagccgagcec aaaggtatat aggctccttt gecattagcat gegtaacaaa 5880
ccacctgtca gtttcaaccyg aggtggtatc cgagagaatt gtgtgattgce tttaattaat 5940
ttcggagaat ctcacatgcc actgaagatt aaaaactgga tgccagaaaa ggggtgtcca 6000
ggtgtaacat caatagagga agctgaaaag tcttagaacg ggtaatcttc caccaacctg 6060
atgggttcct agatataatc tcgaagggaa taagtagggt gataccgcag aagtgtctga 6120
atgtattaag gtcctcacag tttaaatcce gctcacacta acgtaggatt attataactce 6180
aaaaaaatgg cattattcta agtaagttaa atatccgtaa tctttaaaca gcggccgegg 6240
atcttcatcce tgccactgca attcttttca tatcggtcat atatcctcte agetttttac 6300
ccacctgttce tatagcatgt gaacgaatag cttcatttac gtctctcagt tggccattgt 6360

caaccgctcece ttccggaata gecttceccca aatcaccagg ttgtaactceg gecatgaagg 6420
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gctttaacaa cgggacacat gcgtagctaa ataagtaatt accatattct gcagtgtcetg 6480
atatgacaac attcatctcg taaagtcttt ttcttgcaat agtatttgct atcaaaggca 6540
attcatgcaa agactcatag tatgcagatt cttcaatgat accggagtca accatagttt 6600
cgaatgcaag ttctaccecct gecttcacca tagctatcat caatactcce ttatcaaagt 6660
attcttgttc accaatttta ccttcecgtatt gtggggetgt ctcgaatgcce gtcecttgececgg 6720
tttcttetet ccacgtcaat aactttttat catcgtttge ccaatctgece atcattectg 6780
aggaaaactc accggagata atatcgtcca tgtgcttttg gaataatggt gccatgatct 6840
cttttagttg ctcagataag gcgtaggctce ttagcttggce cggatttgaa agtctatcca 6900
tcatcaatgt tatgccacct tgtttaagtg ccteggtgat tgtctcccaa ccaaattgta 6960
tcaacttttc agcataggca ggatctgtac cctcecttcecgac caatttatca aagcatagta 7020
aagaccctge ctgcaacatt ccgcacagaa tggtttgttc acccattaag tcactcttga 7080
cctcagctac gaaagaactc tctaacacac ccgctctatg accteceggtt geggetgecce 7140
atgccttege aattgccata ccttcacctt tggggtcatt ttcaggatgt acggcgatca 7200
atgtaggtac accaaaaccc ctcttgtact cctcectctgac ttccecgtacct gggcactttg 7260
gtgcaaccat tacgactgtt atatcttttc tgatctgctc gcccacttca acgatattaa 7320
agccatgaga gtaacctaaa gctgccccat ccttcatcag cggttgaact gttcttacta 7380
cgtctgagtg aaccttatct ggtgttaggt taatcactaa atctgcctga gggatcagtt 7440
cttcgtaagt accaactttg aacccatttt ccgtcecgettt acgccaggag gecctcetttt 7500
ctgcaattgc ctctttcecte aatgcatacg aaatatccag acctgaatct ctcatgttta 7560
aaccttggtt tagaccctga gcaccgcagce caacaattac tactttcttt ccttgcagat 7620
aagaagcacc atcagcaaac tcgtccectte ccataaatct gecacttacce agttgagcca 7680
attgttgtct caaatttaat gtgttaaaat agttggccat ctcgagtcga aactaagttce 7740
tggtgtttta aaactaaaaa aaagactaac tataaaagta gaatttaaga agtttaagaa 7800
atagatttac agaattacaa tcaataccta ccgtctttat atacttatta gtcaagtagg 7860
ggaataattt cagggaactg gtttcaacct tttttttcag ctttttccaa atcagagaga 7920
gcagaaggta atagaaggtg taagaaaatg agatagatac atgcgtgggt caattgectt 7980
gtgtcatcat ttactccagg caggttgcat cactccattg aggttgtgcce cgttttttge 8040
ctgtttgtge ccctgttete tgtagttgcg ctaagagaat ggacctatga actgatggtt 8100
ggtgaagaaa acaatatttt ggtgctggga ttcttttttt ttctggatgc cagcttaaaa 8160
agcgggctcece attatattta gtggatgcca ggaataaact gttcacccag acacctacga 8220
tgttatatat tctgtgtaac ccgccceccta ttttgggcat gtacgggtta cagcagaatt 8280
aaaaggctaa ttttttgact aaataaagtt aggaaaatca ctactattaa ttatttacgt 8340
attctttgaa atggcgagta ttgataatga taaactggat ccgcggccgce ttacagatca 8400
gtaacacacc cttccgatge aggacgggtt aatttagcga attttgccaa aactccectg 8460
gtggcttteg gagttggctt ctgataatta gectcttctet ttgcgatttce ttcatcggaa 8520
actttcaggg atatagagtt gttgactgca tctatctcta ttatatcgtce atcttcaact 8580
aagccgatta gtccacccte aacggcttca ggcacaatat ggccgacaac aaaaccgtga 8640

gtgccaccgg agaatctacce atccgtaatt aacgcgcaac ttttccectaa acccgcacca 8700
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attaatgctg atgtaggctt cagcatttcg ggcataccag gtccgccgac gggacctata 8760
ttcctaatta ccgctacatce tceccagcatge aaacgaccag attctatgcce gtcgataaaa 8820
tgttgttcac catcaaagac tctggcagtg cctttgaaga actctcecctte tttaccgcecta 8880
atttttgcta cggaacccecce ttgagctaaa ttaccgtaca gaatctgcaa gtggcecggtg 8940
gccttgatag gattctttag tggcctcatg atatcttgtg agtcgaaatc caagtctagg 9000
gcagtctcecga cattctcgge taatgtttta cccgtcacag taaggcagtc accatgcaat 9060
tttcecttect ttagaaggta cttaagcact gctggcaage ctccaatttt atgcaaatct 9120
tccatcatat atttacctga aggtttaaaa tcacctagta ctggagtaat gtcactaatt 9180
ctttggaagt catcctgagt tatttcgaca cctatcgegt tagccattgce aataatatgce 9240
aagacagcat tagtactacc ccccaagacc atcacaatgg taatagcgtt ctcgaacgcece 9300
tcettagtca ttatatcact aggcttgatg tcttttteca aaagattctt aatggctaat 9360
ccaatctcat cacattctte ttgtttttct tgagatactg cagggttcga agaagaatac 9420
ggcaatgaca tacctagtgt ttcgatagcg gcagctaagg tattagctgt gtacatcccce 9480
ccacatgccce cttgaccagg aatagcatta caaataacac cgtgataatc ttcatcagag 9540
atattgccgg taattttetg gectagagat tcaaaagcecg atacgatgtt caatttctca 9600
cctttatatt caccgtgttce tattgttcct ccatacacca taatgcttgg cctattaagt 9660
cttgccatac caataataga acctggcata tttttgtcac aacctgggat ggctacaatt 9720
gcatcatagt attcagcgcce agcegttggtt tcaatagagt cagctataac ttctctggaa 9780
acaagggagt atctcattcc caactttcca tttgctatcc catcagaaac tectatcgta 9840
tgaaattgta agccgatcag accatctgtc tgatttactg agcttttaat ctttgatcca 9900
agggttceccta aatgcatgtt gcatggattt ccatcccagt ccatcgacac tatacccact 9960
tgagctttct tgaaatcttc gtctttaaac ccgatgcegt aatacattge ctgtgtggeg 10020
ggttgtgtgg gatcttgtgt caacgttttg ctgtacttat tcagttcaac agattcaact 10080
ttgccgttat acttaaactc catgtcgaca aacttagatt agattgctat getttettte 10140
taatgagcaa gaagtaaaaa aagttgtaat agaacaagaa aaatgaaact gaaacttgag 10200
aaattgaaga ccgtttatta acttaaatat caatgggagg tcatcgaaag agaaaaaaat 10260
caaaaaaaaa attttcaaga aaaagaaacg tgataaaaat ttttattgcc tttttecgacg 10320
aagaaaaaga aacgaggcgg tcectctttttt cttttccaaa cctttagtac gggtaattaa 10380
cgacacccta gaggaagaaa gaggggaaat ttagtatgct gtgcttgggt gttttgaagt 10440
ggtacggcga tgcgcggagt ccgagaaaat ctggaagagt aaaaaaggag tagaaacatt 10500
ttgaagctat gagctccage ttttgttccee tttagtgagg gttaattgcg cgcttggegt 10560
aatcatggtc atagctgttt cctgtgtgaa attgttatcce gctcacaatt ccacacaaca 10620
taggagccgg aagcataaag tgtaaagcct ggggtgccta atgagtgagg taactcacat 10680
taattgcgtt gecgctcactg cccgetttee agtcgggaaa cctgtegtge cagctgcatt 10740
aatgaatcgg ccaacgcgceg gggagaggcg gtttgcgtat tgggcgcetcect tecgettcect 10800
cgctcactga ctcgectgege teggtegtte ggctgcggeg agcecggtatca gectcactcaa 10860
aggcggtaat acggttatcc acagaatcag gggataacgc aggaaagaac atgtgagcaa 10920

aaggccagca aaaggccagg aaccgtaaaa aggccgegtt gectggegttt ttccatagge 10980
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tcegececccee tgacgagcat cacaaaaatc gacgctcaag tcagaggtgg cgaaacccga 11040
caggactata aagataccag gcgtttccce ctggaagcecte cctegtgege tetecetgtte 11100
cgacccectgece gecttaccgga tacctgtcecceg cctttctece ttecgggaage gtggegettt 11160
ctcatagctc acgctgtagg tatctcagtt cggtgtaggt cgttecgctcecce aagctggget 11220
gtgtgcacga acccccegtt cageccgacce gectgegectt atccggtaac tatcegtcecttg 11280
agtccaaccce ggtaagacac gacttatcgce cactggcage agccactggt aacaggatta 11340
gcagagcgag gtatgtaggce ggtgctacag agttcttgaa gtggtggcct aactacgget 11400
acactagaag gacagtattt ggtatctgcg ctctgctgaa gccagttacc ttcggaaaaa 11460
gagttggtag ctcttgatce ggcaaacaaa ccaccgctgg tageggtggt ttttttgttt 11520
gcaagcagca gattacgcgce agaaaaaaag gatctcaaga agatcctttg atcttttcta 11580
cggggtcetga cgctcagtgg aacgaaaact cacgttaagg gattttggtc atgagattat 11640
caaaaaggat cttcacctag atccttttaa attaaaaatg aagttttaaa tcaatctaaa 11700
gtatatatga gtaaacttgg tctgacagtt accaatgctt aatcagtgag gcacctatct 11760
cagcgatctg tctatttegt tcatccatag ttgcctgact ccccegtcegtg tagataacta 11820
cgatacggga gggcttacca tcectggcccca gtgctgcaat gataccgcga gacccacget 11880
caccggctcece agatttatca gcaataaacc agccagccgg aagggccgag cgcagaagtg 11940
gtcectgcaac tttatccgce tccatccagt ctattaattg ttgccgggaa gctagagtaa 12000
gtagttcgec agttaatagt ttgcgcaacg ttgttgccat tgctacaggce atcgtggtgt 12060
cacgctegte gtttggtatg gettcattca gcteccggtte ccaacgatca aggcgagtta 12120
catgatcccce catgttgtgce aaaaaagcgg ttagctcecctt cggtecctecg atcgttgtca 12180
gaagtaagtt ggccgcagtg ttatcactca tggttatggce agcactgcat aattctctta 12240
ctgtcatgcce atccgtaaga tgcttttcectg tgactggtga gtactcaacc aagtcattcet 12300
gagaatagtg tatgcggcga ccgagttget cttgcccgge gtcaatacgg gataataccg 12360
cgccacatag cagaacttta aaagtgctca tcattggaaa acgttcttcg gggcgaaaac 12420
tctcaaggat cttaccgctg ttgagatcca gttcgatgta acccactcgt gcacccaact 12480
gatcttcagce atcttttact ttcaccageg tttctgggtg agcaaaaaca ggaaggcaaa 12540
atgccgcaaa aaagggaata agggcgacac ggaaatgttg aatactcata ctcttecttt 12600
ttcaatatta ttgaagcatt tatcagggtt attgtctcat gagcggatac atatttgaat 12660
gtatttagaa aaataaacaa ataggggttc cgcgcacatt tccccgaaaa gtgccacctg 12720
aacgaagcat ctgtgcttca ttttgtagaa caaaaatgca acgcgagagc gctaattttt 12780
caaacaaaga atctgagctg catttttaca gaacagaaat gcaacgcgaa agcgctattt 12840
taccaacgaa gaatctgtgc ttcatttttg taaaacaaaa atgcaacgcg agagcgctaa 12900
tttttcaaac aaagaatctg agctgcattt ttacagaaca gaaatgcaac gcgagagcgce 12960
tattttacca acaaagaatc tatacttctt ttttgttcta caaaaatgca tcccgagage 13020
gctattttte taacaaagca tcttagatta ctttttttet cctttgtgeg ctctataatg 13080
cagtctcecttg ataacttttt gcactgtagg tccgttaagg ttagaagaag gctactttgg 13140
tgtctatttt ctcttccata aaaaaagcct gactccactt cccgegttta ctgattacta 13200

gcgaagctge gggtgcattt tttcaagata aaggcatccc cgattatatt ctataccgat 13260
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gtggattgcg catactttgt gaacagaaag tgatagcgtt gatgattctt cattggtcag 13320
aaaattatga acggtttctt ctattttgtc tctatatact acgtatagga aatgtttaca 13380
ttttcgtatt gttttcgatt cactctatga atagttctta ctacaatttt tttgtctaaa 13440
gagtaatact agagataaac ataaaaaatg tagaggtcga gtttagatgc aagttcaagg 13500
agcgaaaggt ggatgggtag gttatatagg gatatagcac agagatatat agcaaagaga 13560
tacttttgag caatgtttgt ggaagcggta ttcgcaatat tttagtagct cgttacagtce 13620
cggtgegttt ttggtttttt gaaagtgcgt cttcagageg cttttggttt tcaaaagcge 13680
tctgaagttc ctatactttc tagagaatag gaacttcgga ataggaactt caaagegttt 13740
ccgaaaacga gcgcttccga aaatgcaacg cgagctgcge acatacagct cactgttcac 13800
gtcgcaccta tatctgegtg ttgectgtat atatatatac atgagaagaa cggcatagtg 13860
cgtgtttatg cttaaatgcg tacttatatg cgtctattta tgtaggatga aaggtagtct 13920
agtacctcct gtgatattat cccattccat gcggggtatce gtatgecttcece ttcagcacta 13980
ccetttaget gttctatatg ctgccactcece tcaattggat tagtctcatc cttcaatget 14040
atcatttcct ttgata 14056
<210> SEQ ID NO 124

<211> LENGTH: 7795

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pGv2241

<400> SEQUENCE: 124

ttggatcata ctaagaaacc attattatca tgacattaac ctataaaaat aggcgtatca 60
cgaggccectt tegtetegeg cgttteggtyg atgacggtga aaacctctga cacatgcage 120
tcceggagac ggtcacaget tgtcetgtaag cggatgecgg gagcagacaa geccgtcagg 180

gegegtcage gggtgttgge gggtgteggyg getggettaa ctatgeggea tcagageaga 240

ttgtactgag agtgcaccat accacagctt ttcaattcaa ttcatcattt tttttttatt 300
cttttttttg atttcggttt ctttgaaatt tttttgattc ggtaatctcc gaacagaagg 360
aagaacgaag gaaggagcac agacttagat tggtatatat acgcatatgt agtgttgaag 420
aaacatgaaa ttgcccagta ttcttaaccce aactgcacag aacaaaaacc tgcaggaaac 480
gaagataaat catgtcgaaa gctacatata aggaacgtgc tgctactcat cctagtcctg 540
ttgctgccaa gctatttaat atcatgcacg aaaagcaaac aaacttgtgt gcttcattgg 600
atgttcgtac caccaaggaa ttactggagt tagttgaage attaggtccc aaaatttgtt 660
tactaaaaac acatgtggat atcttgactg atttttccat ggagggcaca gttaagccge 720
taaaggcatt atccgccaag tacaattttt tactcttcga agacagaaaa tttgctgaca 780
ttggtaatac agtcaaattg cagtactctg cgggtgtata cagaatagca gaatgggcag 840
acattacgaa tgcacacggt gtggtgggcece caggtattgt tageggtttyg aagcaggcgg 900
cagaagaagt aacaaaggaa cctagaggcce ttttgatgtt agcagaattyg tcatgcaagg 960

gctecectate tactggagaa tatactaagg gtactgttga cattgcgaag agcgacaaag 1020
attttgttat cggctttatt gctcaaagag acatgggtgg aagagatgaa ggttacgatt 1080

ggttgattat gacacccggt gtgggtttag atgacaaggg agacgcattg ggtcaacagt 1140
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atagaaccgt ggatgatgtg gtctctacag gatctgacat tattattgtt ggaagaggac 1200
tatttgcaaa gggaagggat gctaaggtag agggtgaacg ttacagaaaa gcaggctggg 1260
aagcatattt gagaagatgc ggccagcaaa actaaaaaac tgtattataa gtaaatgcat 1320
gtatactaaa ctcacaaatt agagcttcaa tttaattata tcagttatta ccctatgcegg 1380
tgtgaaatac cgcacagatg cgtaaggaga aaataccgca tcaggaaatt gtaaacgtta 1440
atattttgtt aaaattcgcg ttaaattttt gttaaatcag ctcatttttt aaccaatagg 1500
ccgaaatcgg caaaatccecct tataaatcaa aagaatagac cgagataggg ttgagtgttg 1560
ttccagtttg gaacaagagt ccactattaa agaacgtgga ctccaacgtc aaagggcgaa 1620
aaaccgtcta tcagggcgat ggcccactac gtgaaccatc accctaatca agttttttgg 1680
ggtcgaggtyg ccgtaaagca ctaaatcgga accctaaagg gagcccccga tttagagett 1740
gacggggaaa gccggcgaac gtggcgagaa aggaagggaa gaaagcgaaa ggagcegggeyg 1800
ctagggcget ggcaagtgta gecggtcacge tgegegtaac caccacacce gccgegetta 1860
atgcgeceget acagggcgceg tcegcecgcecatt cgccattcag getgcgcaac tgttgggaag 1920
ggcgatcggt gegggcectcet tcegcectattac gecagetgge gaaaggggga tgtgctgcaa 1980
ggcgattaag ttgggtaacg ccagggtttt cccagtcacg acgttgtaaa acgacggcca 2040
gtgagcgege gtaatacgac tcactatagg gcgaattggg taccggccgce aaattaaagce 2100
cttcgagegt cccaaaacct tcectcaagcaa ggttttcagt ataatgttac atgcgtacac 2160
gcgtetgtac agaaaaaaaa gaaaaatttg aaatataaat aacgttctta atactaacat 2220
aactataaaa aaataaatag ggacctagac ttcaggttgt ctaactcctt cctttteggt 2280
tagagcggat gtggggggag ggcgtgaatg taagcgtgac ataactaatt acatgacgcc 2340
gcggatceett agtggtggtg gtggtggtgt cctgccactg caattctttt catatcggtce 2400
atatatcctc tcagcecttttt acccacctgt tctatagcat gtgaacgaat agcttcattt 2460
acgtctcectca gttggccatt gtcaaccgct ccttceccggaa tagcecttcece caaatcacca 2520
ggttgtaact cggccatgaa gggctttaac aacgggacac atgcgtagct aaataagtaa 2580
ttaccatatt ctgcagtgtc tgatatgaca acattcatct cgtaaagtct ttttcttgca 2640
atagtatttg ctatcaaagg caattcatgc aaagactcat agtatgcaga ttcttcaatg 2700
ataccggagt caaccatagt ttcgaatgca agttctaccc ctgccttcac catagctatce 2760
atcaatactc ccttatcaaa gtattcttgt tcaccaattt taccttcgta ttgtggggct 2820
gtctcgaatg ccgtcettgcece ggtttecttet ctccacgtca ataacttttt atcatcgttt 2880
gcccaatetyg ccatcattcee tgaggaaaac tcaccggaga taatatcgtce catgtgettt 2940
tggaataatg gtgccatgat ctcttttagt tgctcagata aggcgtaggc tcecttagettg 3000
gccggatttyg aaagtctatce catcatcaat gttatgccac cttgtttaag tgcctcecggtyg 3060
attgtctccce aaccaaattg tatcaacttt tcagcatagg caggatctgt accctcetteg 3120
accaatttat caaagcatag taaagaccct gcctgcaaca ttccgcacag aatggtttgt 3180
tcacccatta agtcactctt gacctcagct acgaaagaac tctctaacac acccgctcta 3240
tgacctecgg ttgcggctge ccatgectte gcaattgceca taccttcacce tttggggtca 3300
ttttcaggat gtacggcgat caatgtaggt acaccaaaac ccctcttgta ctectcetcetg 3360

acttccecgtac ctgggcactt tggtgcaacc attacgactg ttatatcttt tcectgatctgce 3420
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tcgcccactt caacgatatt aaagccatga gagtaaccta aagctgcccce atccttcatce 3480
agcggttgaa ctgttcttac tacgtctgag tgaaccttat ctggtgttag gttaatcact 3540
aaatctgcct gagggatcag ttcecttcegtaa gtaccaactt tgaacccatt ttececgteget 3600
ttacgccaat cggcatcctt ttcectgcaata gactctttece tcaatgcata cgaaatatcce 3660
agacctgaat ctctcatgtt taaaccttgg tttagaccct gagcaccgca gccaacaatt 3720
actactttct ttccttgcag ataagaagca ccatcagcaa actcgtccct tceccataaat 3780
ctgcacttac ccagttgagc caattgttgt ctcaaattta atgtgttaaa atagttggcc 3840
atgtcgacaa acttagatta gattgctatg ctttctttect aatgagcaag aagtaaaaaa 3900
agttgtaata gaacaagaaa aatgaaactg aaacttgaga aattgaagac cgtttattaa 3960
cttaaatatc aatgggaggt catcgaaaga gaaaaaaatc aaaaaaaaaa ttttcaagaa 4020
aaagaaacgt gataaaaatt tttattgcct ttttcgacga agaaaaagaa acgaggcggt 4080
ctectttttte ttttccaaac ctttagtacg ggtaattaac gacaccctag aggaagaaag 4140
aggggaaatt tagtatgctg tgcttgggtg ttttgaagtg gtacggcgat gcgcggagtce 4200
cgagaaaatc tggaagagta aaaaaggagt agaaacattt tgaagctatg agctccagct 4260
tttgtteecct ttagtgaggg ttaattgcge gcttggegta atcatggtca tagetgttte 4320
ctgtgtgaaa ttgttatccg ctcacaattc cacacaacat aggagccgga agcataaagt 4380
gtaaagcctg gggtgcctaa tgagtgaggt aactcacatt aattgcgttg cgctcactge 4440
ccgcttteca gtcgggaaac ctgtcecgtgce agctgcatta atgaatcggce caacgcgcegg 4500
ggagaggcgg tttgcgtatt gggcgctett ccgcttecte gcetcactgac tcecgetgeget 4560
cggtcgtteg getgeggega geggtatcag ctcactcaaa ggcggtaata cggttatcca 4620
cagaatcagg ggataacgca ggaaagaaca tgtgagcaaa aggccagcaa aaggccagga 4680
accgtaaaaa ggccgcgttyg ctggegtttt tccatagget cecgcccccect gacgagcatce 4740
acaaaaatcg acgctcaagt cagaggtggce gaaacccgac aggactataa agataccagg 4800
cgttteecece tggaagctece ctegtgegcet ctectgttec gaccctgceceg cttaccggat 4860
acctgtecge ctttecteect tegggaagcg tggcgcttte tcatagctca cgctgtaggt 4920
atctcagttc ggtgtaggtc gttcgctcca agetgggcetg tgtgcacgaa ccccccegtte 4980
agcccgaccg ctgcgectta tecggtaact atcgtcttga gtccaacceg gtaagacacg 5040
acttatcgcce actggcagca gccactggta acaggattag cagagcgagg tatgtaggceg 5100
gtgctacaga gttcttgaag tggtggcecta actacggcta cactagaagg acagtatttg 5160
gtatctgcge tcectgctgaag ccagttacct tcggaaaaag agttggtagce tcttgatcecg 5220
gcaaacaaac caccgctggt agcggtggtt tttttgtttg caagcagcag attacgcgca 5280
gaaaaaaagg atctcaagaa gatcctttga tcttttctac ggggtctgac gctcagtgga 5340
acgaaaactc acgttaaggg attttggtca tgagattatc aaaaaggatc ttcacctaga 5400
tcecttttaaa ttaaaaatga agttttaaat caatctaaag tatatatgag taaacttggt 5460
ctgacagtta ccaatgctta atcagtgagg cacctatctc agcgatctgt ctatttegtt 5520
catccatagt tgcctgactce cccgtegtgt agataactac gatacgggag ggcttaccat 5580
ctggcccecag tgctgcaatg ataccgcgag acccacgctce accggctcca gatttatcag 5640
caataaacca gccagcecgga agggccgage gcagaagtgg tcectgcaact ttatccgect 5700
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ccatccagtc tattaattgt tgccgggaag ctagagtaag tagttcgcca gttaatagtt 5760
tgcgcaacgt tgttgccatt gctacaggca tcgtggtgtce acgctegteg tttggtatgg 5820
cttcattcag ctccggttec caacgatcaa ggcgagttac atgatcccce atgttgtgcea 5880
aaaaagcggt tagctcctte ggtceccteccga tcecgttgtcag aagtaagttg gecgcagtgt 5940
tatcactcat ggttatggca gcactgcata attctcttac tgtcatgcca tccgtaagat 6000
gcttttetgt gactggtgag tactcaacca agtcattctg agaatagtgt atgcggcgac 6060
cgagttgctce ttgcccggeg tcaatacggg ataataccgce gccacatagce agaactttaa 6120
aagtgctcat cattggaaaa cgttcttcgg ggcgaaaact ctcaaggatc ttaccgetgt 6180
tgagatccag ttcgatgtaa cccactecgtg cacccaactg atcttcagca tettttactt 6240
tcaccagcegt ttctgggtga gcaaaaacag gaaggcaaaa tgccgcaaaa aagggaataa 6300
gggcgacacg gaaatgttga atactcatac tcttecctttt tcaatattat tgaagcattt 6360
atcagggtta ttgtctcatg agcggataca tatttgaatg tatttagaaa aataaacaaa 6420
taggggttcce gecgcacattt ccccgaaaag tgccacctga acgaagcatce tgtgcttcat 6480
tttgtagaac aaaaatgcaa cgcgagagcg ctaatttttc aaacaaagaa tctgagctgce 6540
atttttacag aacagaaatg caacgcgaaa gcgctatttt accaacgaag aatctgtgcet 6600
tcatttttgt aaaacaaaaa tgcaacgcga gagcgctaat ttttcaaaca aagaatctga 6660
gctgcatttt tacagaacag aaatgcaacg cgagagcgct attttaccaa caaagaatct 6720
atacttcettt tttgttctac aaaaatgcat cccgagagcg ctatttttet aacaaagcat 6780
cttagattac tttttttcte ctttgtgcge tctataatge agtctcttga taactttttg 6840
cactgtaggt ccgttaaggt tagaagaagg ctactttggt gtctattttc tettccataa 6900
aaaaagcctg actccactte ccgegtttac tgattactag cgaagctgcg ggtgcatttt 6960
ttcaagataa aggcatcccc gattatattc tataccgatg tggattgcge atactttgtg 7020
aacagaaagt gatagcgttg atgattcttc attggtcaga aaattatgaa cggtttcttce 7080
tattttgtct ctatatacta cgtataggaa atgtttacat tttcgtattg ttttcgattce 7140
actctatgaa tagttcttac tacaattttt ttgtctaaag agtaatacta gagataaaca 7200
taaaaaatgt agaggtcgag tttagatgca agttcaagga gcgaaaggtg gatgggtagg 7260
ttatataggg atatagcaca gagatatata gcaaagagat acttttgagc aatgtttgtg 7320
gaagcggtat tcgcaatatt ttagtagctc gttacagtcc ggtgegtttt tggttttttg 7380
aaagtgcgtce ttcagagcgce ttttggtttt caaaagcgct ctgaagttcce tatactttet 7440
agagaatagg aacttcggaa taggaacttc aaagcgtttc cgaaaacgag cgcttccgaa 7500
aatgcaacgc gagctgcgca catacagctc actgttcacg tcgcacctat atctgcegtgt 7560
tgcctgtata tatatataca tgagaagaac ggcatagtgc gtgtttatge ttaaatgegt 7620
acttatatgc gtctatttat gtaggatgaa aggtagtcta gtacctcctg tgatattatce 7680
ccattccatg cggggtatcg tatgcttcct tcagcactac cctttagctg ttcectatatgce 7740
tgccactecct caattggatt agtctcatce ttcaatgcta tcatttcecctt tgata 7795
<210> SEQ ID NO 125

<211> LENGTH: 14056

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Plasmid pGV2242
<400> SEQUENCE: 125
ttggatcata ctaagaaacc attattatca tgacattaac ctataaaaat aggcgtatca 60
cgaggccctt tegtctcegeg cgttteggtg atgacggtga aaacctctga cacatgcagce 120
tccecggagac ggtcacagcet tgtctgtaag cggatgcegg gagcagacaa gcccgtcagg 180

gegegtcage gggtgttgge gggtgteggyg getggettaa ctatgeggea tcagageaga 240

ttgtactgag agtgcaccat accacagctt ttcaattcaa ttcatcattt tttttttatt 300
cttttttttg atttcggttt ctttgaaatt tttttgattc ggtaatctcc gaacagaagg 360
aagaacgaag gaaggagcac agacttagat tggtatatat acgcatatgg caaattaaag 420
ccttegageg tcccaaaacce ttctcaagca aggttttcag tataatgtta catgegtaca 480
cgegtetgta cagaaaaaaa agaaaaattt gaaatataaa taacgttctt aatactaaca 540
taactataaa aaaataaata gggacctaga cttcaggttg tctaactcct tccttttegg 600
ttagagcgga tgtgggggga gggcgtgaat gtaagcgtga cataactaat tacatgacte 660
gacctaggtt atttagtaaa atcaatgacc attcggcctt caatttttcc tgccttcatt 720
tcatcaataa tatcattgat ttcttccagt ttgcgtgtecg caacaattgg ttttacctta 780
ccttetgete caaattgaaa agcttcetgec aagtcaagte ttgttcecgac aagtgaacct 840
gcaacctceca ctecgtcaaa aacaactgtt ggaactgata aagtcatctc agtattggga 900
agtgccacag caaccatttt gcccataggt ttcaaagaag caaccgcttyg ttcaaaagca 960

atccttgcaa cagcacaaac tattgcactt tgcaccecta agccgccagt tattttttta 1020
atttcatcaa ctggatttac atcaccagaa ttgataatca catcagctcc aattttttta 1080
gctaaattta atttatcttg attaatatca acagcaatta cttttgctcc aaaaacattt 1140
ttagcatatt gaattgctaa atttccaagt cctccagcac caaaaattac ttgccaatca 1200
ccaggtttta ctcctgatac tttgattgct ttgtaagttg ttactccage acaagtaatt 1260
gagctagcett caattgggtc aagtccgtca ggaactttga cagcataatc ggcaacaaca 1320
attgcttett cagccattcc gcecatcaact gaatatcctg catttttaac ttcectcgacaa 1380
aaagtttcat taccagatac acagtattca cagtgaccac atccttcaaa gaaccaagcc 1440
actgaaaccc gatcaccaac ttgaagcgag cttacatcag ctccaatttce tttgacaatt 1500
ccaattecctt catgaccaag aacagtccct gctttgttge cataatcacc tgctgcaacg 1560
tgcaaatcgg tatgacagac tccacaatac tccatgtcaa gcaaagcttce attaggtttg 1620
attgctcgaa gttcctttte aacaaggtcce gcataaccat ctggattgtg tcecttactact 1680
gctgecttteca ttggtaccta ttattgtatg ttatagtatt agttgcttgg tgttatgaaa 1740
gaaactaaga aaagaaaaat aaaataaaaa taaaagattg agacaaggga agaaaagata 1800
caaaataaga attaattaca attgcgtttg ctataaatac gtttttaaca atcaactctg 1860
gtaggaagat aatgcttttt ttttttatat atgcttggtg ccacttgtca catacaattc 1920
tacaacctte gacaaaaatc caaatgatag taagatcaaa gccagaaagc aatggagaaa 1980
aaaaattaat gaaccacgat gaaccaaatg atcaatacaa ccaaagaaac taccctagtg 2040
aggtgtatgc tgacttggta tcacacttca tgaattttgc atatggcaaa gtccacgaaa 2100

gtgggcttca gaaaaaaggc gtgcggtgtg tagatgtatc aattagtgga tgccagtttt 2160
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ggaacgggat tccactttce gcaagttggt gcacgtcgtt agtgacataa cgccgcgtte 2220
atctttggga agaagcagat gctgagcgag gaggtactat agagtaaaga accctttcta 2280
tacccgcage cccatggtaa gtgacagtgce agtaataata tgaaccaatt tatttttegt 2340
tacataaaaa tgcttataaa actttaacta ataattagag attaaatcgc ggccgcaaaa 2400
gatccttagg atttattctg ttcagcaaac agcttgccca ttttcettcag tacctteggt 2460
gcgecttett tegeccaggat cagttcgatce cagtacatac ggttcecggatc ggectgggece 2520
tctttcatca cgctcacaaa ttegttttcg gtacgcacaa ttttagacac aacacggtcce 2580
tcagttgcge cgaaggactc cggcagttta gagtagttcce acatagggat atcgttgtaa 2640
gactggttceg gaccgtggat ctcacgctca acggtgtage cgtcattgtt aataatgaag 2700
caaatcgggt tgatcttttc acgaattgcce agacccagtt cctgtacggt cagctgcagg 2760
gaaccgtcac cgatgaacag cagatgacga gattctttat cagcgatctg agagcccagce 2820
gctgecggga aagtatagcce aatgctaccce cacagcggcet gaccgataaa atggcttttg 2880
gatttcagaa agatagaaga cgcgccgaaa aagctcgtac cttgttccgce cacgatggtt 2940
tcattgctct gggtcaggtt ctceccacggce tgccacaggce gatcctggga cagcagtgceg 3000
ttagatggta cgaaatcttc ttgctttttg tcaatgtatt tgcctttata ctcgatttceg 3060
gacaggtcca gcagagagct gatcaggctt tcgaagtcga agttctggat acgctcgttg 3120
aagattttac cctcgtcgat gttcaggcta atcattttgt tttcgttcag atggtgagtg 3180
aatgcaccgg tagaagagtc ggtcagttta acgcccagca tcaggatgaa gtccgcagat 3240
tcaacaaatt ctttcaggtt cggttcgctc agagtaccgt tgtagatgcc caggaaagac 3300
ggcagagcect cgtcaacaga ggacttgccg aagttcaggg tggtaatcgg cagtttggtt 3360
ttgctgatga attgggtcac ggtcttctcece agaccaaaag aaatgatttce gtggecggtg 3420
atcacgattg gtttctttge gtttttcaga gactcctgga ttttgttcag gatttcectgg 3480
tcgctagtgt tagaagtgga gttttcettte ttcagcggca ggctcggttt tteccgettta 3540
gctgecgcaa catccacagg caggttgatg taaactggtt tgcgttettt cagcagegca 3600
gacagaacgc ggtcgatttce cacagtagcg ttctcectgcag tcagcagegt acgtgccgca 3660
gtcacaggtt catgcatttt catgaagtgt ttgaaatcgc cgtcagccag agtgtggtgg 3720
acgaatttac cttcgttetg aactttgcte gttgggetge ctacgatcte caccaccggce 3780
aggttttcgg cgtaggagec cgccagaccg ttgacggcege tcagttcgec aacaccgaaa 3840
gtggtcagaa atgccgecgge tttettggta cgtgcataac catctgccat gtagettgeg 3900
ttcagttegt tagcgttacc cacccatttce atgtctttat gagagatgat ctgatccagg 3960
aactgcagat tgtaatcacc cggaacgccg aagatttcett cgatacccag ttcatgcaga 4020
cggtccagca gataatcacc aacagtatac atgtcgaget tgttttatat ttgttgtaaa 4080
aagtagataa ttacttcctt gatgatctgt aaaaaagaga aaaagaaagc atctaagaac 4140
ttgaaaaact acgaattaga aaagaccaaa tatgtatttc ttgcattgac caatttatgc 4200
aagtttatat atatgtaaat gtaagtttca cgaggttcta ctaaactaaa ccaccccctt 4260
ggttagaaga aaagagtgtg tgagaacagg ctgttgttgt cacacgattc ggacaattct 4320
gtttgaaaga gagagagtaa cagtacgatc gaacgaactt tgctctggag atcacagtgg 4380

gcatcatagc atgtggtact aaaccctttc ccgccattec agaaccttcg attgettgtt 4440
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acaaaacctg tgagccgteg ctaggacctt gttgtgtgac gaaattggaa gctgcaatca 4500
ataggaagac aggaagtcga gcgtgtctgg gttttttcag ttttgttctt tttgcaaaca 4560
aatcacgagc gacggtaatt tcetttctcga taagaggcca cgtgctttat gagggtaaca 4620
tcaattcaag aaggagggaa acacttcctt tttectggccce tgataatagt atgagggtga 4680
agccaaaata aaggattcgc gcccaaatcg gcatctttaa atgcaggtat gcgatagttce 4740
ctcactcecttt ccttactcac gagtaattct tgcaaatgcc tattatgcag atgttataat 4800
atctgtgegt cttgagttga gectagaatt cttagaaaaa ctcatcgagce atcaaatgaa 4860
actgcaattt attcatatca ggattatcaa taccatattt ttgaaaaagc cgtttctgta 4920
atgaaggaga aaactcaccg aggcagttcce ataggatggc aagatcctgg tatcggtcetg 4980
cgatcccgac tcgtccaaca tcaatacaac ctattaattt cccctecgtca aaaataaggt 5040
tatcaagtga gaaatcacca tgagtgacga ctgaatccgg tgagaatggc aaaagcttat 5100
gcatttcttt ccagacttgt tcaacaggcc agccattacg ctcgtcatca aaatcactcg 5160
cgtcaaccaa accgttattc attcgtgatt gcgectgagce gaggcgaaat acgcgatcgce 5220
tgttaaaagg acaattacaa acaggaatcg aatgcaaccyg gcgcaggaac actgccagceg 5280
catcaacaat attttcacct gaatcaggat attcttctaa tacctggaat gcectgttttgce 5340
cggggatcge agtggtgagt aaccatgcat catcaggagt acggacaaaa tgcttgatgg 5400
tcggaagagg cataaattcc gtcagccagt ttagtctgac catctcatct gcaacatcat 5460
tggcaacgct acctttgcca tgtttcagaa acaactctgg cgcatcgggce ttcccataca 5520
atcgatagat tgtcgcacct gattgcccga cattatcgeg agcccattta tacccatata 5580
aatcagcatc catgttggaa tttaatcgcg gcctcgaaac gtgagtcttt tecttaccca 5640
tactagtttt tagtttatgt atgtgttttt tgtagttata gatttaagca agaaaagaat 5700
acaaacaaaa aattgaaaaa gattgattta gaattaaaaa gaaaaatatt tacgtaagaa 5760
gggaaaatag taaatgttgc aagttcacta aactcctaaa ttatgctgcc ctttatattce 5820
cctgttacag cagccgagcec aaaggtatat aggctccttt gecattagcat gegtaacaaa 5880
ccacctgtca gtttcaaccyg aggtggtatc cgagagaatt gtgtgattgce tttaattaat 5940
ttcggagaat ctcacatgcc actgaagatt aaaaactgga tgccagaaaa ggggtgtcca 6000
ggtgtaacat caatagagga agctgaaaag tcttagaacg ggtaatcttc caccaacctg 6060
atgggttcct agatataatc tcgaagggaa taagtagggt gataccgcag aagtgtctga 6120
atgtattaag gtcctcacag tttaaatcce gctcacacta acgtaggatt attataactce 6180
aaaaaaatgg cattattcta agtaagttaa atatccgtaa tctttaaaca gcggccgegg 6240
atcttcatcce tgccactgca attcttttca tatcggtcat atatcctcte agetttttac 6300
ccacctgttce tatagcatgt gaacgaatag cttcatttac gtctctcagt tggccattgt 6360
caaccgctcece ttccggaata gecttceccca aatcaccagg ttgtaactceg gecatgaagg 6420
gctttaacaa cgggacacat gcgtagctaa ataagtaatt accatattct gcagtgtcetg 6480
atatgacaac attcatctcg taaagtcttt ttcttgcaat agtatttgct atcaaaggca 6540
attcatgcaa agactcatag tatgcagatt cttcaatgat accggagtca accatagttt 6600
cgaatgcaag ttctaccecct gecttcacca tagctatcat caatactcce ttatcaaagt 6660

attcttgttc accaatttta ccttcecgtatt gtggggetgt ctcgaatgcce gtcecttgececgg 6720
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tttcttetet ccacgtcaat aactttttat catcgtttge ccaatctgece atcattectg 6780
aggaaaactc accggagata atatcgtcca tgtgcttttg gaataatggt gccatgatct 6840
cttttagttg ctcagataag gcgtaggctce ttagcttggce cggatttgaa agtctatcca 6900
tcatcaatgt tatgccacct tgtttaagtg ccteggtgat tgtctcccaa ccaaattgta 6960
tcaacttttc agcataggca ggatctgtac cctcecttcecgac caatttatca aagcatagta 7020
aagaccctge ctgcaacatt ccgcacagaa tggtttgttc acccattaag tcactcttga 7080
cctcagctac gaaagaactc tctaacacac ccgctctatg accteceggtt geggetgecce 7140
atgccttege aattgccata ccttcacgtt tggggtcatt ttcaggatgt acggcgatca 7200
atgtaggtac accaaaaccc ctcttgtact cctcectctgac ttccecgtacct gggcactttg 7260
gcgcaaccat tacgactgtt ataccttttce tgatctgctce geccacttca acgatattaa 7320
agccatgaga gtaacctaaa gctgccccat ccttcatcag cggttgaact gttcttacta 7380
cgtctgagtg aaccttatct ggtgttaggt taatcactaa atctgcctga gggatcagtt 7440
cttcgtaagt accaactttg aacccatttt ccgtcecgettt acgccaatcg gcatcctttt 7500
ctgcaataga ctctttccte aatgcatacg aaatatccag acctgaatct ctcatgttta 7560
aaccttggtt tagaccctga gcaccgcagce caacaattac tactttcttt ccttgcagat 7620
aagaagcacc atcagcaaac tcgtccectte ccataaatct gecacttacce agttgagcca 7680
attgttgtct caaatttaat gtgttaaaat agttggccat gtcgagtcga aactaagttc 7740
tggtgtttta aaactaaaaa aaagactaac tataaaagta gaatttaaga agtttaagaa 7800
atagatttac agaattacaa tcaataccta ccgtctttat atacttatta gtcaagtagg 7860
ggaataattt cagggaactg gtttcaacct tttttttcag ctttttccaa atcagagaga 7920
gcagaaggta atagaaggtg taagaaaatg agatagatac atgcgtgggt caattgectt 7980
gtgtcatcat ttactccagg caggttgcat cactccattg aggttgtgcce cgttttttge 8040
ctgtttgtge ccctgttete tgtagttgcg ctaagagaat ggacctatga actgatggtt 8100
ggtgaagaaa acaatatttt ggtgctggga ttcttttttt ttctggatgc cagcttaaaa 8160
agcgggctcece attatattta gtggatgcca ggaataaact gttcacccag acacctacga 8220
tgttatatat tctgtgtaac ccgccceccta ttttgggcat gtacgggtta cagcagaatt 8280
aaaaggctaa ttttttgact aaataaagtt aggaaaatca ctactattaa ttatttacgt 8340
attctttgaa atggcgagta ttgataatga taaactggat ccgcggccgce ttacagatca 8400
gtaacacacc cttccgatge aggacgggtt aatttagcga attttgccaa aactccectg 8460
gtggcttteg gagttggctt ctgataatta gectcttctet ttgcgatttce ttcatcggaa 8520
actttcaggg atatagagtt gttgactgca tctatctcta ttatatcgtce atcttcaact 8580
aagccgatta gtccacccte aacggcttca ggcacaatat ggccgacaac aaaaccgtga 8640
gtgccaccgg agaatctacce atccgtaatt aacgcgcaac ttttccectaa acccgcacca 8700
attaatgctg atgtaggctt cagcatttcg ggcataccag gtccgccgac gggacctata 8760
ttcctaatta ccgctacatce tceccagcatge aaacgaccag attctatgcce gtcgataaaa 8820
tgttgttcac catcaaagac tctggcagtg cctttgaaga actctcecctte tttaccgcecta 8880
atttttgcta cggaacccecce ttgagctaaa ttaccgtaca gaatctgcaa gtggcecggtg 8940

gccttgatag gattctttag tggcctcatg atatcttgtg agtcgaaatc caagtctagg 9000
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gcagtctcecga cattctcgge taatgtttta cccgtcacag taaggcagtc accatgcaat 9060
tttcecttect ttagaaggta cttaagcact gctggcaage ctccaatttt atgcaaatct 9120
tccatcatat atttacctga aggtttaaaa tcacctagta ctggagtaat gtcactaatt 9180
ctttggaagt catcctgagt tatttcgaca cctatcgegt tagccattgce aataatatgce 9240
aagacagcat tagtactacc ccccaagacc atcacaatgg taatagcgtt ctcgaacgcece 9300
tcettagtca ttatatcact aggcttgatg tcttttteca aaagattctt aatggctaat 9360
ccaatctcat cacattctte ttgtttttct tgagatactg cagggttcga agaagaatac 9420
ggcaatgaca tacctagtgt ttcgatagcg gcagctaagg tattagctgt gtacatcccce 9480
ccacatgccce cttgaccagg aatagcatta caaataacac cgtgataatc ttcatcagag 9540
atattgccgg taattttetg gectagagat tcaaaagcecg atacgatgtt caatttctca 9600
cctttatatt caccgtgttce tattgttcct ccatacacca taatgcttgg cctattaagt 9660
cttgccatac caataataga acctggcata tttttgtcac aacctgggat ggctacaatt 9720
gcatcatagt attcagcgcce agcegttggtt tcaatagagt cagctataac ttctctggaa 9780
acaagggagt atctcattcc caactttcca tttgctatcc catcagaaac tectatcgta 9840
tgaaattgta agccgatcag accatctgtc tgatttactg agcttttaat ctttgatcca 9900
agggttceccta aatgcatgtt gcatggattt ccatcccagt ccatcgacac tatacccact 9960
tgagctttct tgaaatcttc gtctttaaac ccgatgcegt aatacattge ctgtgtggeg 10020
ggttgtgtgg gatcttgtgt caacgttttg ctgtacttat tcagttcaac agattcaact 10080
ttgccgttat acttaaactc catgtcgaca aacttagatt agattgctat getttettte 10140
taatgagcaa gaagtaaaaa aagttgtaat agaacaagaa aaatgaaact gaaacttgag 10200
aaattgaaga ccgtttatta acttaaatat caatgggagg tcatcgaaag agaaaaaaat 10260
caaaaaaaaa attttcaaga aaaagaaacg tgataaaaat ttttattgcc tttttecgacg 10320
aagaaaaaga aacgaggcgg tcectctttttt cttttccaaa cctttagtac gggtaattaa 10380
cgacacccta gaggaagaaa gaggggaaat ttagtatgct gtgcttgggt gttttgaagt 10440
ggtacggcga tgcgcggagt ccgagaaaat ctggaagagt aaaaaaggag tagaaacatt 10500
ttgaagctat gagctccage ttttgttccee tttagtgagg gttaattgcg cgcttggegt 10560
aatcatggtc atagctgttt cctgtgtgaa attgttatcce gctcacaatt ccacacaaca 10620
taggagccgg aagcataaag tgtaaagcct ggggtgccta atgagtgagg taactcacat 10680
taattgcgtt gecgctcactg cccgetttee agtcgggaaa cctgtegtge cagctgcatt 10740
aatgaatcgg ccaacgcgceg gggagaggcg gtttgcgtat tgggcgcetcect tecgettcect 10800
cgctcactga ctcgectgege teggtegtte ggctgcggeg agcecggtatca gectcactcaa 10860
aggcggtaat acggttatcc acagaatcag gggataacgc aggaaagaac atgtgagcaa 10920
aaggccagca aaaggccagg aaccgtaaaa aggccgegtt gectggegttt ttccatagge 10980
tcegececccee tgacgagcat cacaaaaatc gacgctcaag tcagaggtgg cgaaacccga 11040
caggactata aagataccag gcgtttccce ctggaagcecte cctegtgege tetecetgtte 11100
cgacccectgece gecttaccgga tacctgtcecceg cctttctece ttecgggaage gtggegettt 11160
ctcatagctc acgctgtagg tatctcagtt cggtgtaggt cgttecgctcecce aagctggget 11220

gtgtgcacga acccccegtt cageccgacce gectgegectt atccggtaac tatcegtcecttg 11280
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agtccaaccce ggtaagacac gacttatcgce cactggcage agccactggt aacaggatta 11340
gcagagcgag gtatgtaggce ggtgctacag agttcttgaa gtggtggcct aactacgget 11400
acactagaag gacagtattt ggtatctgcg ctctgctgaa gccagttacc ttcggaaaaa 11460
gagttggtag ctcttgatce ggcaaacaaa ccaccgctgg tageggtggt ttttttgttt 11520
gcaagcagca gattacgcgce agaaaaaaag gatctcaaga agatcctttg atcttttcta 11580
cggggtcetga cgctcagtgg aacgaaaact cacgttaagg gattttggtc atgagattat 11640
caaaaaggat cttcacctag atccttttaa attaaaaatg aagttttaaa tcaatctaaa 11700
gtatatatga gtaaacttgg tctgacagtt accaatgctt aatcagtgag gcacctatct 11760
cagcgatctg tctatttegt tcatccatag ttgcctgact ccccegtcegtg tagataacta 11820
cgatacggga gggcttacca tcectggcccca gtgctgcaat gataccgcga gacccacget 11880
caccggctcece agatttatca gcaataaacc agccagccgg aagggccgag cgcagaagtg 11940
gtcectgcaac tttatccgce tccatccagt ctattaattg ttgccgggaa gctagagtaa 12000
gtagttcgec agttaatagt ttgcgcaacg ttgttgccat tgctacaggce atcgtggtgt 12060
cacgctegte gtttggtatg gettcattca gcteccggtte ccaacgatca aggcgagtta 12120
catgatcccce catgttgtgce aaaaaagcgg ttagctcecctt cggtecctecg atcgttgtca 12180
gaagtaagtt ggccgcagtg ttatcactca tggttatggce agcactgcat aattctctta 12240
ctgtcatgcce atccgtaaga tgcttttcectg tgactggtga gtactcaacc aagtcattcet 12300
gagaatagtg tatgcggcga ccgagttget cttgcccgge gtcaatacgg gataataccg 12360
cgccacatag cagaacttta aaagtgctca tcattggaaa acgttcttcg gggcgaaaac 12420
tctcaaggat cttaccgctg ttgagatcca gttcgatgta acccactcgt gcacccaact 12480
gatcttcagce atcttttact ttcaccageg tttctgggtg agcaaaaaca ggaaggcaaa 12540
atgccgcaaa aaagggaata agggcgacac ggaaatgttg aatactcata ctcttecttt 12600
ttcaatatta ttgaagcatt tatcagggtt attgtctcat gagcggatac atatttgaat 12660
gtatttagaa aaataaacaa ataggggttc cgcgcacatt tccccgaaaa gtgccacctg 12720
aacgaagcat ctgtgcttca ttttgtagaa caaaaatgca acgcgagagc gctaattttt 12780
caaacaaaga atctgagctg catttttaca gaacagaaat gcaacgcgaa agcgctattt 12840
taccaacgaa gaatctgtgc ttcatttttg taaaacaaaa atgcaacgcg agagcgctaa 12900
tttttcaaac aaagaatctg agctgcattt ttacagaaca gaaatgcaac gcgagagcgce 12960
tattttacca acaaagaatc tatacttctt ttttgttcta caaaaatgca tcccgagage 13020
gctattttte taacaaagca tcttagatta ctttttttet cctttgtgeg ctctataatg 13080
cagtctcecttg ataacttttt gcactgtagg tccgttaagg ttagaagaag gctactttgg 13140
tgtctatttt ctcttccata aaaaaagcct gactccactt cccgegttta ctgattacta 13200
gcgaagctge gggtgcattt tttcaagata aaggcatccc cgattatatt ctataccgat 13260
gtggattgcg catactttgt gaacagaaag tgatagcgtt gatgattctt cattggtcag 13320
aaaattatga acggtttctt ctattttgtc tctatatact acgtatagga aatgtttaca 13380
ttttcgtatt gttttcgatt cactctatga atagttctta ctacaatttt tttgtctaaa 13440
gagtaatact agagataaac ataaaaaatg tagaggtcga gtttagatgc aagttcaagg 13500

agcgaaaggt ggatgggtag gttatatagg gatatagcac agagatatat agcaaagaga 13560
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tacttttgag caatgtttgt

cggtgegttt ttggtttttt

tctgaagtte ctatacttte

ccgaaaacga gcgcettecga

gtcgcaccta tatctgegtyg

cgtgtttatyg cttaaatgeg

agtacctect gtgatattat

ccctttaget gttctatatg

atcatttcct ttgata

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

SEQ ID NO 126

SEQUENCE: 126

SEQ ID NO 127

SEQUENCE: 127

SEQ ID NO 128

SEQUENCE: 128

SEQ ID NO 129

SEQUENCE: 129

SEQ ID NO 130

SEQUENCE: 130

SEQ ID NO 131

SEQUENCE: 131

SEQ ID NO 132

SEQUENCE: 132

SEQ ID NO 133

SEQUENCE: 133

ggaagcggta
gaaagtgcgt
tagagaatag
aaatgcaacg
ttgecctgtat
tacttatatg
cccattecat

ctgecactee

ttcgcaatat

cttcagageg

gaacttcgga

cgagctgege

atatatatac

cgtctattta

gcggggtatc

tcaattggat

tttagtagct cgttacagte

cttttggttt tcaaaagcge

ataggaactt caaagcgttt

acatacagct cactgttcac

atgagaagaa cggcatagtg

tgtaggatga aaggtagtct

gtatgcttce ttcagcacta

tagtctcate cttcaatget

13620

13680

13740

13800

13860

13920

13980

14040

14056
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<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

134

134

135

135

136

136

137

137

138

138

139

139

140

140

141

141

142

142

143

143

144

144
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<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

145

145

146

146

147

147

148

148

149

149

150

150

151

151

152

152

153

153

154

154

155

155



US 2010/0143997 Al

246

-continued

Jun. 10, 2010

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

156

156

157

157

158

158

159

159

160

160

161

161

162

162

163

163

164

164

165

165

166

166
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000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

167

167

168

168

169

169

170

170

171

171

172

172

173

173

174

174

175

175

176

176

177

177
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000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

178

178

179

179

180

180

181

181

182

182

183

183

184

184

185

185

186

186

187

187

188
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<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

188

189

189

190

190

191

191

192

192

193

193

194

194

195

195

196

196

197

197

198

198

199
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<400> SEQUENCE: 199

000

<210> SEQ ID NO 200
<400> SEQUENCE: 200

000

<210> SEQ ID NO 201

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer XX1

<400> SEQUENCE: 201

cgcaccggtt ttetectett taatgaatte ggtcagtgeg tectge

<210> SEQ ID NO 202

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer XX2

<400> SEQUENCE: 202

geggecgece tagggegtte ggetgeggeyg agceggt

<210> SEQ ID NO 203

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer XX3

<400> SEQUENCE: 203

cgcgaatteg gatccgagga gaaaatagtt atgaacaact ttaatctgca cacccece
<210> SEQ ID NO 204

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer XX4

<400> SEQUENCE: 204

gegectaggg cggcecegetta gegggegget tegtatatac gg

<210> SEQ ID NO 205

<211> LENGTH: 61

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 50

<400> SEQUENCE: 205
gecagtttcac cttctacata atcacgaccyg tagtaggtat cattcegggg atccgtegac

C

<210> SEQ ID NO 206

46

36

56

42

60

61
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<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 73

<400> SEQUENCE: 206

ctggcttaag taccgggtta gttaacttaa ggagaatgac gtgtaggetg gagetgette

<210> SEQ ID NO 207

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 74

<400> SEQUENCE: 207

ctcaaactca ttccaggaac gaccatcacg ggtaatcatce atteccgggga tcegtcegace

<210> SEQ ID NO 208

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 116

<400> SEQUENCE: 208
cagcegttege tttatatcce ttacgetgge cctgtactge tggaagtgta ggetggaget

gette

<210> SEQ ID NO 209

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 117

<400> SEQUENCE: 209

ttcggettge cagaaattat cgtcaatgge ctgttgeagg gettcattcee ggggatcegt
cgace

<210> SEQ ID NO 210

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 350
<400> SEQUENCE: 210

cttaaattct acttttatag ttagtc

<210> SEQ ID NO 211

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 474
<400> SEQUENCE: 211

caaagctgeg gatgatgacg agattactge tgetgtgecag actgaattce ggggatcegt

cgace

60

60

60

65

60

65

26

60

65
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<210> SEQ ID NO 212

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 772

<400> SEQUENCE: 212

aggaaggagc acagacttag

<210> SEQ ID NO 213

<211> LENGTH: 64

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 868

<400> SEQUENCE: 213
cacaacatca cgaggaatca ccatggctaa ctacttcaat acacgtgtag getggagetg

ctte

<210> SEQ ID NO 214

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 869

<400> SEQUENCE: 214
cttaacccge aacagcaata cgtttcatat ctgtcatata gecgecattcee ggggatcegt

cgace

<210> SEQ ID NO 215

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 1030

<400> SEQUENCE: 215

gtcggtgaac getctectga gtagggtgta ggctggaget gette

<210> SEQ ID NO 216

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 1031

<400> SEQUENCE: 216

gaagcagcte cagcectacac cctactcagg agagcegttca ccgac
<210> SEQ ID NO 217

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 1032

<400> SEQUENCE: 217

cacaacatca cgaggaatca ccatggctaa ctacttcaat acaccacgag gccectttegt

20

60

64

60

65

45

45

60
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cttcacctce

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 218

LENGTH: 65

TYPE: DNA

ORGANISM: UNKNOWN

FEATURE:

OTHER INFORMATION: Primer 1155

SEQUENCE: 218

cccaaccege attetgtttg gtaaaggege aatcgetggt ttacggtgta ggetggaget

gette

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 219

LENGTH: 65

TYPE: DNA

ORGANISM: UNKNOWN

FEATURE:

OTHER INFORMATION: Primer 1156

SEQUENCE: 219

caatcgegge gtcaatacge tcatcategg aaccttecagt gatgtattcee ggggatcegt

cgace

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 220

LENGTH: 65

TYPE: DNA

ORGANISM: UNKNOWN

FEATURE:

OTHER INFORMATION: Primer 1187

SEQUENCE: 220

cggataaagt tcgtgagatt gecgcaaaac tggggegtea tgtgggtgta ggetggaget

gette

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 221

LENGTH: 65

TYPE: DNA

ORGANISM: UNKNOWN

FEATURE:

OTHER INFORMATION: Primer 1188

SEQUENCE: 221

cagacatcaa gtaaccttta tcgegcagca gattaaccge ttegecattcee ggggatcegt

cgace

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 222

LENGTH: 65

TYPE: DNA

ORGANISM: UNKNOWN

FEATURE:

OTHER INFORMATION: Primer 1191

SEQUENCE: 222

ggcactcacg ttgggctgag acacaagcac acattcctet gecacggtgta ggetggaget

gette

<210>
<211>
<212>

SEQ ID NO 223
LENGTH: 65
TYPE: DNA

69

60

65

60

65

60

65

60

65

60

65
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<213> ORGANISM: UNKNOWN
<220> FEATURE:
<223> OTHER INFORMATION: Primer 1192

<400> SEQUENCE: 223
gcaccagaaa ccataactac aacgtcacct ttgtgtgcca gaccgattcce ggggatcegt

cgace

<210> SEQ ID NO 224

<211> LENGTH: 67

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 1205

<400> SEQUENCE: 224
gttatctagt tgtgcaaaac atgctaatgt agccaccaaa tccacgagge cctttegtet

tcaccte

<210> SEQ ID NO 225

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 1218

<400> SEQUENCE: 225

getcactcaa aggcggtaat acgtgtagge tggagcetget te

<210> SEQ ID NO 226

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 1219

<400> SEQUENCE: 226

gaagcagcte cagcctacac gtattaccge ctttgagtga ge

<210> SEQ ID NO 227

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 1220

<400> SEQUENCE: 227

cgtagaatca ccagaccagce

<210> SEQ ID NO 228

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 1296

<400> SEQUENCE: 228
ttttgtcgac ggatccagga gacaacatta tgtctattec agaaactcaa aaagcg
<210> SEQ ID NO 229

<211> LENGTH: 46
<212> TYPE: DNA

60

65

60

67

42

42

20

56



US 2010/0143997 Al
255

-continued

Jun. 10, 2010

<213> ORGANISM: UNKNOWN
<220> FEATURE:
<223> OTHER INFORMATION: Primer 1297

<400> SEQUENCE: 229

ttttgtcgac geggeegett atttagaggt gtccaccacg taacgg 46

<210> SEQ ID NO 230

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 1321

<400> SEQUENCE: 230

aatcatatcg aacacgatgce 20

<210> SEQ ID NO 231

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 1322

<400> SEQUENCE: 231

tcagaaagga tcttectgete 20

<210> SEQ ID NO 232

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 1323

<400> SEQUENCE: 232

atcgatatcg tgaaatacgce 20

<210> SEQ ID NO 233

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 1324

<400> SEQUENCE: 233

agctggtetg gtgattctac 20

<210> SEQ ID NO 234

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 1341

<400> SEQUENCE: 234

tgctgaaaga gaaattgtcce 20

<210> SEQ ID NO 235

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 1342
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<400> SEQUENCE: 235

tttecttgtte gaagtccaag 20

<210> SEQ ID NO 236

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 1364

<400> SEQUENCE: 236

ttttgeggee gecttagatge cggagtecca gtgettg 37

<210> SEQ ID NO 237

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 1365

<400> SEQUENCE: 237

agttgttgac gcaggttcag ag 22

<210> SEQ ID NO 238

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 238

<400> SEQUENCE: 238

aaatgacgac gagcctgaag 20

<210> SEQ ID NO 239

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 1437

<400> SEQUENCE: 239

gacctgacca tttgatggag 20

<210> SEQ ID NO 240

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 1439

<400> SEQUENCE: 240

caattggcga agcagaacaa g 21
<210> SEQ ID NO 241

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 1469

<400> SEQUENCE: 241

ttttagatct aggagatacc ggtatgtegt ttactttgac caacaag 47
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<210> SEQ ID NO 242
<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 242

atcgtacatc ttccaagcat ¢

<210> SEQ ID NO 243
<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 243

aatcggaacce ctaaagggag

<210> SEQ ID NO 244
<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 244

aatgggcaag ctgtttgetg

<210> SEQ ID NO 245
<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 245

tgcagatgca gatgtgagac

<210> SEQ ID NO 246
<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 246

Primer 1440

21

Primer 1441

20

Primer 1442

20

Primer 1443

20

Primer 1470

ttttggatce aggaaataga tctatgatgg ctaacagaat gattctgaac g 51

<210> SEQ ID NO 247
<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 247

Primer 1471

ttttgeggee gecttaccagg cggtatggta aagetce 36

<210> SEQ ID NO 248
<211> LENGTH: 64
<212> TYPE: DNA
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<213> ORGANISM: UNKNOWN
<220> FEATURE:
<223> OTHER INFORMATION: Primer 1479

<400> SEQUENCE: 248
ccgatagget tcegecateg tegggtagtt aaaggtggtg ttgagtgtag getggagetg

ctte

<210> SEQ ID NO 249

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 1485

<400> SEQUENCE: 249
gectttattyg tacgettttt actgtacgat ttcagtcaaa tctaacacga ggeccttteg

tcttcaccte

<210> SEQ ID NO 250

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 1486

<400> SEQUENCE: 250
aagtacgcag taaataaaaa atccacttaa gaaggtaggt gttacattce ggggatccegt

cgace

<210> SEQ ID NO 251

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 1526

<400> SEQUENCE: 251

tcgacgagga gacaacattg tgtaggetgg agetgette

<210> SEQ ID NO 252

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 1527

<400> SEQUENCE: 252

gaagcagcte cagcctacac aatgttgtcet cctegtega
<210> SEQ ID NO 253

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 1539

<400> SEQUENCE: 253

ccattetgtt gettttatgt ataagaacag gtaagcecta ccatggagaa ttgtgagegg

ataac

60

64

60

70

60

65

39

39

60

65
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<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 254

LENGTH: 42

TYPE: DNA

ORGANISM: UNKNOWN

FEATURE:

OTHER INFORMATION: Primer 1561

<400> SEQUENCE: 254

gcaatcctga aagctctgta acattcceggg gatccgtega cc

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 255

LENGTH: 42

TYPE: DNA

ORGANISM: UNKNOWN

FEATURE:

OTHER INFORMATION: Primer 1562

<400> SEQUENCE: 255

ggtcgacgga tccceggaat gttacagage tttcaggatt ge

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 256

LENGTH: 70

TYPE: DNA

ORGANISM: UNKNOWN

FEATURE:

OTHER INFORMATION: Primer 1563

<400> SEQUENCE: 256

caaatcggeg gtaacgaaag aggataaacc gtgtccegta ttattcacga ggeccttteg

tcttcaccte

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 257

LENGTH: 22

TYPE: DNA

ORGANISM: UNKNOWN

FEATURE:

OTHER INFORMATION: Primer 1566
<400>

SEQUENCE: 257

tcccacccaa tcaaggecaa cg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 258

LENGTH: 22

TYPE: DNA

ORGANISM: UNKNOWN

FEATURE:

OTHER INFORMATION: Primer 1567

<400> SEQUENCE: 258

tccacctggt gecaatgaac cg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 259

LENGTH: 24

TYPE: DNA

ORGANISM: UNKNOWN

FEATURE:

OTHER INFORMATION: Primer 1587

<400> SEQUENCE: 259

cggetgecag aactctacta actg

<210> SEQ ID NO 260

42

42

60

70

22

22

24
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<211>
<212>
<213>
<220>
<223>

<400>

gegacgtceta ctggcaggtt aat

<210>
<211>
<212>
<213>
<220>
<223>

<400>

LENGTH: 23

TYPE: DNA
ORGANISM: UNKNOWN
FEATURE:

OTHER INFORMATION:

SEQUENCE: 260

SEQ ID NO 261
LENGTH: 21

TYPE: DNA
ORGANISM: UNKNOWN
FEATURE:

OTHER INFORMATION:

SEQUENCE: 261

caacctggtg atttggggaa g

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 262
LENGTH: 20

TYPE: DNA
ORGANISM: UNKNOWN
FEATURE:

OTHER INFORMATION:

SEQUENCE: 262

gaatgatggce agattgggca

<210>
<211>
<212>
<213>
<220>
<223>

<400>

tattgtgggg ctgtctegaa tg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 263
LENGTH: 22

TYPE: DNA
ORGANISM: UNKNOWN
FEATURE:

OTHER INFORMATION:

SEQUENCE: 263

SEQ ID NO 264
LENGTH: 19

TYPE: DNA
ORGANISM: UNKNOWN
FEATURE:

OTHER INFORMATION:

SEQUENCE: 264

ccctecatgtt gtctaacgg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 265
LENGTH: 24

TYPE: DNA
ORGANISM: UNKNOWN
FEATURE:

OTHER INFORMATION:

SEQUENCE: 265

Primer 1588

Primer 1595

Primer 1597

Primer 1598

Primer 1624

Primer 1633

tcegtecactyg gattcaatge catc

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 266
LENGTH: 20

TYPE: DNA
ORGANISM: UNKNOWN
FEATURE:

23

21

20

22

19

24
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<223>

<400>

OTHER INFORMATION: Primer 1634

SEQUENCE: 266

ttcgecaggy agctggtgaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 267

LENGTH: 21

TYPE: DNA

ORGANISM: UNKNOWN

FEATURE:

OTHER INFORMATION: Primer 1798

SEQUENCE: 267

gcaaattaaa gccttcgage g

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 268

LENGTH: 39

TYPE: DNA

ORGANISM: UNKNOWN

FEATURE:

OTHER INFORMATION: Primer 1926

SEQUENCE: 268

tttttgtcega cggatccagt ttatcattat caatacteg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 269

LENGTH: 45

TYPE: DNA

ORGANISM: UNKNOWN

FEATURE:

OTHER INFORMATION: Primer 1927

SEQUENCE: 269

ttttgeggee gcagatctet cgagtcgaaa ctaagttetg gtgtt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 270

LENGTH: 22

TYPE: DNA

ORGANISM: UNKNOWN

FEATURE:

OTHER INFORMATION: Primer 2091

SEQUENCE: 270

cttttcttee cttgtctcaa te

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 271

LENGTH: 39

TYPE: DNA

ORGANISM: UNKNOWN

FEATURE:

OTHER INFORMATION: Primer 2352

SEQUENCE: 271

gactcgacct aggttattta gtaaaatcaa tgaccattce

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 272

LENGTH: 38

TYPE: DNA

ORGANISM: UNKNOWN

FEATURE:

OTHER INFORMATION: Primer 2353

SEQUENCE: 272

20

21

39

45

22

39
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ctaaataacc taggtcgagt catgtaatta gttatgtc

<210> SEQ ID NO 273

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer KARIpETfor

<400> SEQUENCE: 273

attcatatgg cgaattattt caacactctg

<210> SEQ ID NO 274

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer KARIpETrev

<400> SEQUENCE: 274

taatctcgag gccagecace gegatgeg

<210> SEQ ID NO 275

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer pETup

<400> SEQUENCE: 275

atgcegtcegyg cgtaga

<210> SEQ ID NO 276

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer seq ilvC_pGV

<400> SEQUENCE: 276

geggecegegt cgacgaggag acaacattat ggega

<210> SEQ ID NO 277

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer pGV1994ep_for

<400> SEQUENCE: 277

38

30

28

16

35

cggtcttcaa tttctcaagt ttcagttteca tttttettgt tcetattacaa ¢ 51

<210> SEQ ID NO 278

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer pGV1994ep_rev

<400> SEQUENCE: 278

ctaactcett cctttteggt tagageggat gtggg

<210> SEQ ID NO 279

35
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<211> LENGTH: 47

<212> TYPE: DNA

<213 > ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer Not_in for

<400> SEQUENCE: 279

cctetagaaa taatttgegg cegegttaag aaggagatat acatatg 47

<210> SEQ ID NO 280

<211> LENGTH: 41

<212> TYPE: DNA

<213 > ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer AvrII_in rev

<400> SEQUENCE: 280

ccgaacgece taggtcagtg gtggtggtgg tggtgetega g 41

<210> SEQ ID NO 281

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer R68DKé69Lfor

<400> SEQUENCE: 281

tagctatgcg ctggacctgg aggctatce 28

<210> SEQ ID NO 282

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer R68DK69Lrev

<400> SEQUENCE: 282

gatagcctece aggtccagceg catagcta 28

<210> SEQ ID NO 283

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer K75VR76Dfor

<400> SEQUENCE: 283

aggctatcge ggaagttgac gctagcetg 28

<210> SEQ ID NO 284

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer K75VR76Drev

<400> SEQUENCE: 284

cagctagcgt caacttccge gatagcect 28

<210> SEQ ID NO 285
<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN
<220> FEATURE:
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<223> OTHER INFORMATION: Primer R69NNKfor

<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (17)..(18)

<223> OTHER INFORMATION: n is a,

<400> SEQUENCE: 285

tagctatgeg ctgcegennkg aggcetatce

<210> SEQ ID NO 286
<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN
<220> FEATURE:

<,

9.

or

<223> OTHER INFORMATION: Primer R69NNKrev

<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (11)..(12)

<223> OTHER INFORMATION: n is a,

<400> SEQUENCE: 286

gatagcctem nngcgcageg catagceta

<210> SEQ ID NO 287
<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN
<220> FEATURE:

<,

9.

or

<223> OTHER INFORMATION: Primer K75NNKfor

<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (15)..(16)

<223> OTHER INFORMATION: n is a,

<400> SEQUENCE: 287

aggctatcge ggaannkegt getagetg

<210> SEQ ID NO 288
<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN
<220> FEATURE:

<,

9.

or

<223> OTHER INFORMATION: Primer K75NNKrev

<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (13)..(14)

<223> OTHER INFORMATION: n is a,

<400> SEQUENCE: 288

cagctagcac gmnnttecge gatagect

<210> SEQ ID NO 289
<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN
<220> FEATURE:

<,

9.

or

<223> OTHER INFORMATION: Primer R76NNKfor

<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (18)..(19)

<223> OTHER INFORMATION: n is a,
<400> SEQUENCE: 289

aggctatcge ggaaaaannk gctagetgge

<210> SEQ ID NO 290

<,

9.

or

t

t

t

t

t

28

28

28

28

30
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<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

gecagcetage mnntttttece gegatagect

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

LENGTH: 30
TYPE: DNA

ORGANISM: UNKNOWN

FEATURE:

OTHER INFORMATION: Primer R76NNKrev

FEATURE:

NAME/KEY: misc_feature
(12)..(13)

LOCATION:

OTHER INFORMATION:

SEQUENCE :

SEQ ID NO
LENGTH: 28
TYPE: DNA

ORGANISM: UNKNOWN

FEATURE:

OTHER INFORMATION: Primer R68NNK _for

FEATURE:

290

291

n is a,

NAME/KEY: misc_feature
(14)..(15)

LOCATION:

OTHER INFORMATION:

SEQUENCE :

291

n is a,

tagctatgeg ctgnnkaagg aggctatce

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO
LENGTH: 28
TYPE: DNA

ORGANISM: UNKNOWN

FEATURE:

OTHER INFORMATION: Primer R68NNK rev

FEATURE:

292

NAME/KEY: misc_feature
(14)..(15)

LOCATION:

OTHER INFORMATION:

SEQUENCE :

292

n is a,

gatagcctee ttmnncageg catagceta

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

gecggaaaaac gtgcetnnktg gegcaaggcet act

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO
LENGTH: 33
TYPE: DNA

ORGANISM: UNKNOWN

FEATURE:

OTHER INFORMATION: Primer S78NNK_for

FEATURE:

293

NAME/KEY: misc_feature
(16)..(17)

LOCATION:

OTHER INFORMATION:

SEQUENCE :

SEQ ID NO
LENGTH: 33
TYPE: DNA

ORGANISM: UNKNOWN

FEATURE:

OTHER INFORMATION: Primer S78NNK rev

FEATURE:

293

294

n is a,

NAME/KEY: misc_feature
(17) .. (18)

LOCATION:

OTHER INFORMATION:

SEQUENCE :

294

n is a,

<,

<,

<,

<,

<,

9.

9.

9.

9.

9.

or

or

or

or

or

t

t

t

t

t

30

28

28

33
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agtagccttg cgccamnnag cacgttttte cge 33

<210> SEQ ID NO 295

<211> LENGTH: 31

<212> TYPE: DNA

<213 > ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer A71NNK for
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (16)..(17)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 295

gegetgegea aggagnnkat cgcggaaaaa ¢ 31

<210> SEQ ID NO 296

<211> LENGTH: 31

<212> TYPE: DNA

<213 > ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer A71NNK rev
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (15)..(16)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 296

gtttttcege gatmnnectcee ttgcgcageg ¢ 31

<210> SEQ ID NO 297

<211> LENGTH: 31

<212> TYPE: DNA

<213 > ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer GlnllONNK for
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (16)..(17)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 297

ctgaccccag ataaannkca tagcgacgtt g 31

<210> SEQ ID NO 298

<211> LENGTH: 31

<212> TYPE: DNA

<213 > ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: GlnllONNK rev
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (15)..(16)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 298

caacgtcget atgmnnttta tctggggtca g 31

<210> SEQ ID NO 299

<211> LENGTH: 35

<212> TYPE: DNA

<213 > ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer seq ilvC_pGV

<400> SEQUENCE: 299
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geggecegegt cgacgaggag acaacattat ggega

<210> SEQ ID NO 300

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer Ql10Qfor

<400> SEQUENCE: 300

gaccccagat aaacaacata gcgacgttgt t

<210> SEQ ID NO 301

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer Q110Qrev

<400> SEQUENCE: 301

aacaacgtcg ctatgttgtt tatctggggt ¢

<210> SEQ ID NO 302

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer Ql10Afor

<400> SEQUENCE: 302

gaccccagat aaagcacata gcgacgttgt t

<210> SEQ ID NO 303

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer Ql10Arev

<400> SEQUENCE: 303

aacaacgtcg ctatgtgett tatctggggt ¢

<210> SEQ ID NO 304

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer Qll0Vfor

<400> SEQUENCE: 304

gaccccagat aaagtacata gcgacgttgt t

<210> SEQ ID NO 305

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer Ql10Vrev

<400> SEQUENCE: 305

aacaacgtcg ctatgtactt tatctggggt ¢

<210> SEQ ID NO 306

35

31

31

31

31

31

31
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<211> LENGTH: 30

<212> TYPE: DNA

<213 > ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer Ré68A7lrecombfor

<400> SEQUENCE: 306

gctatgcgcet gckaaaggag dcaatcgegg 30

<210> SEQ ID NO 307

<211> LENGTH: 30

<212> TYPE: DNA

<213 > ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer Ré68A7lrecombrev

<400> SEQUENCE: 307

ccgegattgh ctcctttmge agcgcatage 30

<210> SEQ ID NO 308

<211> LENGTH: 30

<212> TYPE: DNA

<213 > ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer R76S78recombfor

<400> SEQUENCE: 308

gaaaaacgtg ctagctggcg caaggctact 30

<210> SEQ ID NO 309

<211> LENGTH: 30

<212> TYPE: DNA

<213 > ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer R76S78recombrev

<400> SEQUENCE: 309

agtagccttg cgccagctag cacgttttte 30

<210> SEQ ID NO 310

<211> LENGTH: 30

<212> TYPE: DNA

<213 > ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer G76S78recombfor

<400> SEQUENCE: 310

gaaaaaggtg ctagctggcg caaggctact 30

<210> SEQ ID NO 311

<211> LENGTH: 30

<212> TYPE: DNA

<213 > ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer G76S78recombrev

<400> SEQUENCE: 311

agtagccttg cgccagctag caccttttte 30

<210> SEQ ID NO 312
<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN
<220> FEATURE:
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<223> OTHER INFORMATION: Primer S76S78recombfor

<400> SEQUENCE: 312

gaaaaaagtg ctagctggeg caaggctact

<210> SEQ ID NO 313

<211> LENGTH: 30

<212> TYPE: DNA

<213 > ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer S76S78recombrev

<400> SEQUENCE: 313

agtagccttyg cgccagetag cactttttte

<210> SEQ ID NO 314

<211> LENGTH: 30

<212> TYPE: DNA

<213 > ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer T76S78recombfor

<400> SEQUENCE: 314

gaaaaaactg ctagctggeg caaggctact

<210> SEQ ID NO 315

<211> LENGTH: 30

<212> TYPE: DNA

<213 > ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer T76S78recombrev

<400> SEQUENCE: 315

agtagccttyg cgccagetag cagtttttte

<210> SEQ ID NO 316

<211> LENGTH: 30

<212> TYPE: DNA

<213 > ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer D76S78recombfor

<400> SEQUENCE: 316

gaaaaagatg ctagctggeg caaggctact

<210> SEQ ID NO 317

<211> LENGTH: 30

<212> TYPE: DNA

<213 > ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer D76S78recombrev

<400> SEQUENCE: 317

agtagccttyg cgccagetag catcttttte

<210> SEQ ID NO 318

<211> LENGTH: 30

<212> TYPE: DNA

<213 > ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Unknown R76D78recombfor

<400> SEQUENCE: 318

30

30

30

30

30

30
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gaaaaacgtg ctgactggeg caaggctact

<210> SEQ ID NO 319

<211> LENGTH: 30

<212> TYPE: DNA

<213 > ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer R76D78recombrev

<400> SEQUENCE: 319

agtagccttyg cgccagtcag cacgttttte

<210> SEQ ID NO 320

<211> LENGTH: 30

<212> TYPE: DNA

<213 > ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer G76D78recombfor

<400> SEQUENCE: 320

gaaaaaggtg ctgactggeg caaggctact

<210> SEQ ID NO 321

<211> LENGTH: 30

<212> TYPE: DNA

<213 > ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer G76D78recombrev

<400> SEQUENCE: 321

agtagccttyg cgccagtcag caccttttte

<210> SEQ ID NO 322

<211> LENGTH: 30

<212> TYPE: DNA

<213 > ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer S76D78recombfor

<400> SEQUENCE: 322

gaaaaaagtg ctgactggceg caaggctact

<210> SEQ ID NO 323

<211> LENGTH: 30

<212> TYPE: DNA

<213 > ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer S76D78recombrev

<400> SEQUENCE: 323

agtagccttg cgccagtcag cactttttte

<210> SEQ ID NO 324

<211> LENGTH: 30

<212> TYPE: DNA

<213 > ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer T76D78recombfor

<400> SEQUENCE: 324

gaaaaaactg ctgactggceg caaggctact

<210> SEQ ID NO 325

30

30

30

30

30

30

30
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<211> LENGTH: 30

<212> TYPE: DNA

<213 > ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer T76D78recombrev

<400> SEQUENCE: 325

agtagccttyg cgccagtcag cagtttttte

<210> SEQ ID NO 326

<211> LENGTH: 30

<212> TYPE: DNA

<213 > ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer D76D78recombfor

<400> SEQUENCE: 326

gaaaaagatg ctgactggceg caaggctact

<210> SEQ ID NO 327

<211> LENGTH: 30

<212> TYPE: DNA

<213 > ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer D7é6D78recombrev

<400> SEQUENCE: 327

agtagccttyg cgccagtcag catcttttte

<210> SEQ ID NO 328

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer 1994hisrev

<400> SEQUENCE: 328

tgactcgage ggccgeggat ccttagtggt ggtggtggtg gtgtectgee actgca

<210> SEQ ID NO 329

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer pGV1994ep_for

<400> SEQUENCE: 329

cggtcttcaa tttctcaagt ttcagttteca tttttettgt tcetattacaa ¢

<210> SEQ ID NO 330

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: UNKNOWN

<220> FEATURE:

<223> OTHER INFORMATION: Primer pGV1994ep_rev

<400> SEQUENCE: 330

ctaactcett cctttteggt tagageggat gtggg

30

30

30

56

51

35
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What is claimed is:

1. A recombinant microorganism comprising an engi-
neered metabolic pathway for producing isobutanol under
aerobic and anaerobic conditions, wherein said recombinant
microorganism produces isobutanol under anaerobic condi-
tions at a rate higher than a parental microorganism compris-
ing a native or unmodified metabolic pathway.

2. The recombinant microorganism of claim 1, wherein
said engineered metabolic pathway comprises an overex-
pressed transhydrogenase that converts NADH to NADPH.

3. The recombinant microorganism of claim 2, wherein
said transhydrogenase is a membrane-bound transhydroge-
nase.

4. The recombinant microorganism of claim 3, wherein
said membrane-bound transhydrogenase is encoded by the
Escherichia coli pntAB genes.

5. The recombinant microorganism of claim 1, wherein
said engineered metabolic pathway comprises an NADPH-
dependent glyceraldehyde-3-phosphate dehydrogenase.

6. The recombinant microorganism of claim 5, wherein
said NADPH-dependent glyceraldehyde-3-phosphate dehy-
drogenase is encoded by the Clostridium acetobutylicum
gapC gene or the Kluyveromyces lactis GDP1 gene.

7. The recombinant microorganism of claim 1, wherein
said engineered metabolic pathway comprises one or more
enzymes catalyzing conversions in said engineered metabolic
pathway that are not catalyzed by glyceraldehyde-3-phos-
phate dehydrogenase, and wherein said one or more enzymes
have increased activity using NADH as a cofactor.

8. The recombinant microorganism of claim 7, wherein
said engineered metabolic pathway comprises genes encod-
ing an NADH-dependent ketol-acid reductoisomerase
(KARI) and an NADH-dependent alcohol dehydrogenase
(ADH).

9. The recombinant microorganism of claim 8, wherein
said KARI and/or said ADH are identified in nature with
increased activity using NADH as a cofactor as compared to
the wild-type E. coli KARI llvC and a native E. coli ADH
YqhD, respectively.

10. The recombinant microorganism of claim 9, wherein
said KARI and/or said ADH show at least a 10-fold higher
catalytic efficiency using NADH as the cofactor as compared
to the wild-type E. coli KARI IlvC and a native E. coli ADH
YqghD, respectively.

11. The recombinant microorganism of claim 8, wherein
said KARIand/or said ADH have been modified or mutated to
have increased activity using NADH as a cofactor as com-
pared to the wild-type E. coli KARI IlvC and a native E. coli
ADH YghD, respectively.

12. The recombinant microorganism of claim 11, wherein
said KARI and/or said ADH show at least a 10-fold higher
catalytic efficiency using NADH as the cofactor as compared
to the wild-type E. coli KARI IlvC and a native E. coli ADH
YqhD, respectively.

13. The recombinant microorganism of claim 11, wherein
said KARIand/or said ADH have been modified or mutated to
be NADH-dependent.

14. The recombinant microorganism of claim 8, wherein
said KARI enhances the recombinant microorganism’s abil-
ity to convert acetolactate to 2,3-dihydroxyisovalerate under
anaerobic conditions.

15. The recombinant microorganism of claim 8, wherein
said KARI enhances the recombinant microorganism’s abil-
ity to utilize NADH for the conversion of acetolactate to
2,3-dihydroxyisovalerate.

16. The recombinant microorganism of claim 11, wherein
said KARI comprises two or more mutations or modifications
at positions corresponding to amino acids selected from the
group consisting of: (a) alanine 71 of the wild-type E. coli
1IvC (SEQ ID NO 13); (b) arginine 76 of the wild-type E. coli
IIvC; (c) serine 78 of the wild-type E. coli lvC; and (d)
glutamine 110 of the wild-type E. coli 1lvC.

17. The recombinant microorganism of claim 16, wherein
said alanine 71 residue of said KARI is replaced with a serine
residue, said arginine 76 residue is replaced with an aspartic
acid residue, said serine 78 residue is replaced with an aspar-
tic acid residue, and said glutamine 110 residue is replaced
with a valine residue.

18. The recombinant microorganism of claim 16, wherein
said KARI has at least about a 25% increased catalytic effi-
ciency with NADH as compared to the wild-type KAR1.

19. The recombinant microorganism of claim 16, wherein
the catalytic efficiency of the KARI with NADH is at least
about 25% of the catalytic efficiency with NADPH of the
wild-type KARI.

20. The recombinant microorganism of claim 16, wherein
the KARI preferentially utilizes NADH rather than NADPH.

21. The recombinant microorganism of claim 16, wherein
the KARI demonstrates a switch in cofactor preference from
NADPH to NADH as compared to a corresponding wild-type
KARI.

22. The recombinant microorganism of claim 16, wherein
the KARI exhibits at least about a 1:1 ratio of catalytic effi-
ciency (k_,,/K,,) with NADH over catalytic efficiency with
NADPH.

23. The recombinant microorganism of claim 16, wherein
the KARI exhibits at least about a 1:10 ratio of K, , for NADH
over K, , for NADPH.

24. The recombinant microorganism of claim 16, wherein
the KARI is selected from the group consisting of Escheri-
chia coli (GenBank No: NP__418222, SEQ ID NO 13), Sac-
charomyces cerevisiae (GenBank No: NP__ 013459, SEQ ID
NO: 70), Methanococcus maripaludis (GenBank No:
YP_ 001097443, SEQ ID NO: 71), Bacillus subtilis (Gen-
Bank Nos: CAB14789, SEQ ID NO: 72), Piromyces sp (Gen-
Bank No: CAA76356, SEQ ID NO: 73), Buchnera aphidi-
cola (GenBank No: AAF13807, SEQ ID NO: 74), Spinacia
oleracea (GenBank Nos: Q01292 and CAA40356, SEQ ID
NO: 75), Oryza sativa (GenBank No: NP__001056384, SEQ
ID NO: 76) Chlamydomonas reinhardtii (GenBank No:
XP_ 001702649, SEQ ID NO: 77), Neurospora crassa (Gen-
Bank No: XP_ 961335, SEQ ID NO: 78), Schizosaccharo-
myces pombe (GenBank No: NP__ 001018845, SEQ ID NO:
79), Laccaria bicolor (GenBank No: XP_ 001880867, SEQ
ID NO: 80), Ignicoccus hospitalis (GenBank No:
YP_ 001435197, SEQ ID NO: 81), Picrophilus torridus
(GenBank No: YP__023851, SEQ ID NO: 82), Acidiphilium
cryptum (GenBank No: YP__001235669, SEQ ID NO: 83),
Cyanobacteria/Synechococcus  sp.  (GenBank  No:
YP_473733, SEQ ID NO: 84), Zymomonas mobilis (Gen-
Bank No: YP_ 162876, SEQ ID NO: 85), Bacteroides
thetaiotaomicron (GenBank No: NP__810987, SEQ 1D NO:
86), Vibrio fischeri (GenBank No: YP__ 205911, SEQ ID NO:
87), Shewanella sp (GenBank No: YP__732498, SEQID NO:
88), Gramella forsetti (GenBank No: YP__ 862142, SEQ ID
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NO: 89), Psychromonas ingrhamaii (GenBank No:
YP_ 942294, SEQ ID NO: 90), and Cytophaga hutchinsonii
(GenBank No: YP_ 677763, SEQ ID NO: 91).

25. The recombinant microorganism of claim 16, wherein
the KARI is derived from a genus selected from the group
consisting of FEscherichia, Zymomonas, Staphylococcus,
Corynebacterium, Clostridium, Salmonella, Pseudomonas,
Bacillus, Lactobacillus, Lactococcus, Enterobactor, Entero-
coccus, Klebsiella, Saccharomyces, Kluyveromyces, Pichia,
Hansenula, Candida, Trichosporon, Yamadazyma,
Schizosaccharomyces, Cryptococcus, Aspergillus, Neuro-
spora, Piromyces, Orpinomyces, and Neocallimastix, Piro-
myces, Buchnera, Spinacia, Oryza, Chlamydomonas, Neuro-
spora,  Schizosacchavomyces,  Laccaria,  Ignicoccus,
Picrophilus, Acidiphilium, Cyanobacteria/Synechococcus,
Zymomonas,  Bacteroides, = Methanococcus, Vibrio,
Shewanella, Gramella, Psychromonas, and Cytophaga.

26. The recombinant microorganism of claim 16, wherein
the KARIT has further been codon optimized for expression in
a host cell, and wherein said host cell is yeast.

27. The recombinant microorganism of claim 16, wherein
the KARI is selected from the group consisting of SEQ 1D
NO: 17, SEQ ID NO: 19, SEQ ID NO: 23, SEQ ID NO: 25,
SEQ ID NO: 34, SEQ ID NO: 36, SEQ ID NO: 38, SEQ ID
NO: 40, SEQ ID NO: 42 and SEQ ID NO: 44.

28. The recombinant microorganism of claim 1, wherein
said engineered metabolic pathway comprises a first dehy-
drogenase and a second dehydrogenase that catalyze the same
reaction, and wherein the first dehydrogenase is NADH-de-
pendent and wherein the second dehydrogenase is NADPH
dependent.

29. The recombinant microorganism of claim 28, wherein
said first dehydrogenase is encoded by the E. co/i gene maeA
and the second dehydrogenase is encoded by the E. coli gene
maeB or wherein said first dehydrogenase is encoded by the
E. coli gene maeA and the second dehydrogenase is encoded
by the S. cerevisiae gene MAEL.

30. The recombinant microorganism of claim 1, wherein
said engineered metabolic pathway comprises a replacement
of'a gene encoding for pyk or homologs thereof with a gene
encoding for ppc or pck or homologs thereof.

31. The recombinant microorganism of claim 30, wherein
said engineered metabolic pathway further comprises the
overexpression of the genes mdh and maeB or wherein said
engineered metabolic pathway further comprises the overex-
pression of the S. cerevisiae genes MDHI1 and MAEL.
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32. A recombinant microorganism according to claim 1,
wherein said recombinant microorganism is selected from

GEVO1846, GEVOI1886, GEVO1993, GEVO0O2158,
GEVO02302, GEVOI1803, GEVO2107, GEVO02710,
GEVO2711, GEVO2712, GEVO2799, GEVO02847,
GEVO2848, GEVO02849, GEVO02851, GEVO02852,

GEV02854, GEV02855 and GEVO2856.

33. The recombinant microorganism of claim 1, wherein
said recombinant microorganism produces said isobutanol
under anaerobic conditions at a yield which is at least about
the same yield as under aerobic conditions.

34. The recombinant microorganism of claim 1, wherein
said recombinant microorganism produces isobutanol at sub-
stantially the same rate under anaerobic conditions as the
parental microorganism produces under aerobic conditions.

35. The recombinant microorganism of claim 1, wherein
said engineered metabolic pathway is balanced with respect
to NADH and NADPH as compared to a native or unmodified
metabolic pathway from a corresponding parental microor-
ganism, and wherein said native or unmodified metabolic
pathway is not balanced with respect to NADH and NADPH.

36. A method of producing isobutanol under anaerobic
conditions, comprising:

(a) providing a recombinant microorganism according to

claim 1;

(b) cultivating the recombinant microorganism under
anaerobic conditions in a culture medium containing a
feedstock providing the carbon source, until a recover-
able quantity of isobutanol is produced; and

(¢) recovering isobutanol.

37. The method according to claim 36, wherein the recom-
binant microorganism is selected from:

(1) E. colithat produces isobutanol at a yield of greater than

80% theoretical; and

(i1) Yeast that produces isobutanol at a yield of greater than
30% theoretical.

38. The method according to claim 36, wherein isobutanol
is produced under anaerobic conditions at a yield which is at
least about the same yield as under aerobic conditions.

39. A mutant ketol-acid reductoisomerase (KARI) com-
prising two or more mutations or modifications at positions
corresponding to amino acids selected from the group con-
sisting of: (a) alanine 71 of'the wild-type E. colillvC (SEQ ID
NO: 13); (b) arginine 76 of the wild-type E. coli 1IvC; (c)
serine 78 of the wild-type E. coli 1lvC; and (d) glutamine 110
of'the wild-type E. coli llvC.
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