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Plasmid diagram for inserting Aspergillus hexanoate synthase gene into
C. tropicalis or Y. lipolytica.
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Plasmid diagram for inserting heterologous cytochrome p450 gene into C.
tropicalis or Y. lipolytica.
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Plasmid diagram for inserting heterologous cytochrome p450 gene into
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BIOLOGICAL METHODS FOR PREPARING
ADIPIC ACID

RELATED PATENT APPLICATIONS

[0001] This patent application is a national stage of inter-
national patent application no. PCT/US2010/040837 filed on
Jul. 1, 2010, entitled BIOLOGICAL METHODS FOR PRE-
PARING ADIPIC ACID, naming Stephen Picataggio and
Tom Beardslee as inventors, and designated by Attorney
Docket No. VRD-1001-PC, which claims the benefit of U.S.
provisional patent application No. 61/222,902 filed on Jul. 2,
2009, entitled BIOLOGICAL METHODS FOR PREPAR-
ING ADIPIC ACID, naming Stephen Picataggio as inventor
and designated by Attorney Docket No. VRD-1001-PV. The
entire contents of the foregoing patent applications are incor-
porated herein by reference, including, without limitation, all
text, tables and drawings.

SEQUENCE LISTING

[0002] The instant application contains a Sequence Listing
which has been submitted in ASCII format via EFS-Web and
is hereby incorporated by reference in its entirety. Said ASCII
copy, created on Feb. 13,2012, isnamed VRD1001US.txt and
is 181,059 bytes in size.

FIELD

[0003] The technology relates in part to biological methods
for producing adipic acid and engineered microorganisms
capable of such production.

BACKGROUND

[0004] Microorganisms employ various enzyme-driven
biological pathways to support their own metabolism and
growth. A cell synthesizes native proteins, including
enzymes, in vivo from deoxyribonucleic acid (DNA). DNA
first is transcribed into a complementary ribonucleic acid
(RNA) that comprises a ribonucleotide sequence encoding
the protein. RNA then directs translation of the encoded pro-
tein by interaction with various cellular components, such as
ribosomes. The resulting enzymes participate as biological
catalysts in pathways involved in production of molecules by
the organism.

[0005] These pathways can be exploited for the harvesting
of'the naturally produced products. The pathways also can be
altered to increase production or to produce different products
that may be commercially valuable. Advances in recombinant
molecular biology methodology allow researchers to isolate
DNA from one organism and insert it into another organism,
thus altering the cellular synthesis of enzymes or other pro-
teins. Such genetic engineering can change the biological
pathways within the host organism, causing it to produce a
desired product. Microorganic industrial production can
minimize the use of caustic chemicals and the production of
toxic byproducts, thus providing a “clean” source for certain
compounds.

SUMMARY

[0006] Provided herein are engineered microorganisms
that produce six-carbon organic molecules such as adipic
acid, methods for manufacturing such microorganisms and
methods for using them to produce adipic acid and other
six-carbon organic molecules.

Jun. 21, 2012

[0007] Thus, provided herein in some embodiments are
engineered microorganisms capable of producing adipic
acid, or produce adipic acid, which microorganisms comprise
one or more altered activities selected from the group con-
sisting of aldehyde dehydrogenase activity (e.g., 6-oxohex-
anoic acid dehydrogenase activity, omega oxo fatty acid
dehydrogenase activity), fatty alcohol oxidase activity (e.g.,
6-hydroxyhexanoic acid dehydrogenase activity, omega
hydroxyl fatty acid dehydrogenase activity), hexanoate syn-
thase activity and monooxygenase activity. In certain
embodiments, the microorganism comprises a genetic modi-
fication that adds or increases the aldehyde dehydrogenase
activity (e.g., 6-oxohexanoic acid dehydrogenase activity,
omega oxo fatty acid dehydrogenase activity), fatty alcohol
oxidase activity (e.g., 6-hydroxyhexanoic acid dehydroge-
nase activity, omega hydroxyl fatty acid dehydrogenase activ-
ity), hexanoate synthase activity, monooxygenase activity,
monooxygenase reductase activity, fatty alcohol oxidase
activity, acyl-CoA ligase activity, acyl-CoA oxidase activity,
enoyl-CoA hydratase activity, 3-hydroxyacyl-CoA dehydro-
genase activity, and/or acetyl-CoA C-acyltransferase activity.
Also provided in some embodiments, are engineered micro-
organisms that produce adipic acid, which microorganisms
comprise an altered monooxygenase activity. Provided also
herein in some embodiments are engineered microorganisms
that include a genetic modification that reduces the acyl-CoA
oxidase activity.

[0008] In some embodiments, an engineered microorgan-
ism includes a genetic modification that includes multiple
copies of a polynucleotide that encodes a polypeptide having
aldehyde dehydrogenase activity (e.g., 6-oxohexanoic acid
dehydrogenase activity, omega oxo fatty acid dehydrogenase
activity), fatty alcohol oxidase activity (e.g., 6-hydroxyhex-
anoic acid dehydrogenase activity, omega hydroxyl fatty acid
dehydrogenase activity), hexanoate synthase activity,
monooxygenase activity, monooxygenase reductase activity,
fatty alcohol oxidase activity, acyl-CoA ligase activity, acyl-
CoA oxidase activity, enoyl-CoA hydratase activity, 3-hy-
droxyacyl-CoA dehydrogenase activity, and/or acetyl-CoA
C-acyltransferase activity. In some embodiments, 2, 3,4, 5, 6,
7, 8, 9 or 10 or more copies of the particular polynucleotide
are present in the microbe. In certain embodiments, an engi-
neered microorganism includes a heterologous promoter
(and/or 5'UTR) in functional connection with a polynucle-
otide that encodes a polypeptide having aldehyde dehydro-
genase activity (e.g., 6-oxohexanoic acid dehydrogenase
activity, omega oxo fatty acid dehydrogenase activity), fatty
alcohol oxidase activity (e.g., 6-hydroxyhexanoic acid dehy-
drogenase activity, omega hydroxyl fatty acid dehydrogenase
activity), hexanoate synthase activity, monooxygenase activ-
ity, monooxygenase reductase activity, fatty alcohol oxidase
activity, acyl-CoA ligase activity, acyl-CoA oxidase activity,
enoyl-CoA hydratase activity, 3-hydroxyacyl-CoA dehydro-
genase activity, and/or acetyl-CoA C-acyltransferase activity.
In some embodiments, the promoter is a POX4 or POXS
promoter or monooxygenase promoter from a yeast (e.g.,
Candida yeast strain (e.g., C. tropicalis strain)), or other
promoter. Examples of promoters that can be utilized are
described herein. The promoter sometimes is exogenous or
endogenous with respect to the microbe.

[0009] Also provided herein is an engineered microorgan-
ism that produces adipic acid, where the microorganism
includes an altered monooxygenase activity. In certain
embodiments, an engineered microorganism comprises a
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genetic modification that alters a monooxygenase activity. In
some embodiments, an engineered microorganism includes a
genetic modification that alters a monooxygenase activity
selected from the group consisting of CYP52A15 activity,
CYP52A16 activity, or CYP52A15 activity and CYP52A16
activity. In some embodiments, the monooxygenase activity
is encoded by a CYP52A15 polynucleotide, a CYP52A16
polynucleotide, or CYP52A15 and CYP52A16 polynucle-
otides. In some embodiments, the genetic modification
increases monooxygenase activity. In certain embodiments,
the genetic modification increases the copy number of an
endogenous polynucleotide that encodes a polypeptide hav-
ing the monooxygenase activity (e.g., 2,3,4,5,6,7,8,9, 10
or more copies of the polynucleotide). In certain embodi-
ments, an engineered microorganism comprises a polynucle-
otide that includes a promoter (e.g., promoter and/or 5'UTR)
and encodes a polypeptide having a monooxygenase activity.
The promoter may be exogenous or endogenous with respect
to the microbe. An engineered microorganism in certain
embodiments comprises a heterologous polynucleotide
encoding a polypeptide having monooxygenase activity. In
related embodiments, the heterologous polynucleotide is
from a yeast, such as a Candida yeast in certain embodiments
(e.g., C. tropicalis).

[0010] Incertain embodiments, an engineered microorgan-
ism comprises a genetic modification that alters monooxyge-
nase reductase activity. In some embodiments, the genetic
modification increases the copy number of an endogenous
polynucleotide that encodes a polypeptide having monooxy-
genase reductase activity (e.g., 2,3,4,5,6,7,8,9, 10 or more
copies of the polynucleotide). An engineered microorganism
in certain embodiments comprises a heterologous promoter
(e.g., endogenous or exogenous promoter with respect to the
microbe) in functional connection with a polynucleotide that
encodes a polypeptide having monooxygenase reductase
activity. In some embodiments, the polynucleotide is from a
yeast, and in certain embodiments the yeast is a Candida
yeast (e.g., C. tropicalis).

[0011] An engineered microorganism in some embodi-
ments comprises an altered thioesterase activity. In some
embodiments, an engineered microorganism comprises a
genetic modification that alters the thioesterase activity, and
in certain embodiments, the engineered microorganism com-
prises a genetic alteration that adds or increases a thioesterase
activity. In some embodiments, the engineered microorgan-
ism comprises a heterologous polynucleotide encoding a
polypeptide having thioesterase activity.

[0012] An engineered microorganism in some embodi-
ments comprises an altered fatty alcohol oxidase activity. In
some embodiments, an engineered microorganism comprises
a genetic modification that alters the fatty alcohol oxidase
activity, and in certain embodiments, the engineered micro-
organism comprises a genetic alteration that adds or increases
a fatty alcohol oxidase activity. In some embodiments, the
genetic modification increases the copy number of an endog-
enous polynucleotide that encodes a polypeptide having fatty
alcohol oxidase activity (e.g., 2,3,4,5,6,7, 8,9, 10 or more
copies of the polynucleotide). An engineered microorganism
in certain embodiments comprises a heterologous promoter
(e.g., endogenous or exogenous promoter with respect to the
microbe) in functional connection with a polynucleotide that
encodes a polypeptide having fatty alcohol oxidase activity.
In some embodiments, the engineered microorganism com-
prises a heterologous polynucleotide encoding a polypeptide
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having fatty alcohol oxidase activity. In some embodiments,
the polynucleotide is from a yeast, and in certain embodi-
ments the yeast is Candida (e.g., a C. tropicalis strain).
[0013] An engineered microorganism in some embodi-
ments comprises an altered 6-oxohexanoic acid dehydroge-
nase activity or an altered omega oxo fatty acid dehydroge-
nase activity. In some embodiments, an engineered
microorganism comprises a genetic modification that adds or
increases 6-oxohexanoic acid dehydrogenase activity or
omega oxo fatty acid dehydrogenase activity, and in certain
embodiments, an engineered microorganism comprises a het-
erologous polynucleotide encoding a polypeptide having
6-oxohexanoic acid dehydrogenase activity or omega oxo
fatty acid dehydrogenase activity. In related embodiments,
the heterologous polynucleotide sometimes is from a bacte-
rium, such as an Acinetobacter, Nocardia, Pseudomonas or
Xanthobacter bacterium in some embodiments.

[0014] An engineered microorganism in some embodi-
ments comprises an altered 6-hydroxyhexanoic acid dehy-
drogenase activity or an altered omega hydroxyl fatty acid
dehydrogenase activity. In some embodiments, an engineered
microorganism comprises a genetic modification that adds or
increases the 6-hydroxyhexanoic acid dehydrogenase activ-
ity or omega hydroxyl fatty acid dehydrogenase activity, and
in certain embodiments, an engineered microorganism com-
prises a heterologous polynucleotide encoding a polypeptide
having 6-hydroxyhexanoic acid dehydrogenase activity or
omega hydroxyl fatty acid dehydrogenase activity. In related
embodiments, the heterologous polynucleotide is from a bac-
terium, such as an Acinetobacter, Nocardia, Pseudomonas or
Xanthobacter bacterium in some embodiments.

[0015] An engineered microorganism in some embodi-
ments comprises an altered hexanoate synthase activity. In
some embodiments, an engineered microorganism comprises
a genetic modification that alters hexanoate synthase activity.
In certain embodiments, an engineered microorganism
includes a genetic alteration that adds or increases hexanoate
synthase activity. In some embodiments, an engineered
microorganism comprises a heterologous polynucleotide
encoding a polypeptide having hexanoate synthase activity.
In certain embodiments, the hexanoate synthase activity is
provided by a polypeptide having hexanoate synthase activ-
ity. In certain embodiments, the hexanoate synthase activity is
provided by apolypeptide having hexanoate synthase subunit
A activity, hexanoate synthase subunit B activity, or hex-
anoate synthase subunit A activity and hexanoate synthase
subunit B activity. In some embodiments, the heterologous
polynucleotide is from a fungus, such as an Aspergillus fun-
gus in certain embodiments (e.g., 4. parasiticus, A. nidulans).
[0016] Incertain embodiments, an engineered microorgan-
ism comprises a genetic modification that results in substan-
tial (e.g., primary) hexanoate usage by monooxygenase activ-
ity. In related embodiments, the genetic modification reduces
a polyketide synthase activity.

[0017] An engineered microorganism in some embodi-
ments is a non-prokaryotic organism, and sometimes is a
eukaryote. A eukaryote can be a yeast in some embodiments,
such as a Candida yeast (e.g., C. tropicalis), for example. In
certain embodiments a eukaryote is a fungus, such as a Yar-
rowia fungus (e.g., Y. lipolytica) or Aspergillus fungus (e.g.,
A. parasiticus or A. nidulans), for example.

[0018] In some embodiments, an engineered microorgan-
ism comprises a genetic modification that reduces 6-hydroxy-
hexanoic acid conversion. In related embodiments, the
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genetic modification reduces 6-hydroxyhexanoic acid dehy-
drogenase activity or omega hydroxyl fatty acid dehydroge-
nase activity.

[0019] Incertain embodiments, an engineered microorgan-
ism comprises a genetic modification that reduces beta-oxi-
dation activity, and in some embodiments, the genetic modi-
fication renders beta-oxidation activity undetectable (e.g.,
completely blocked beta-oxidation activity). In certain
embodiments, the genetic modification partially reduces
beta-oxidation activity. In some embodiments, an engineered
microorganism comprises a genetic modification that
increases omega-oxidation activity. In some embodiments,
an engineered microorganism comprises one or more genetic
modifications that alter a reverse activity in a beta oxidation
pathway, an omega oxidation pathway, or a beta oxidation
and omega oxidation pathway, thereby increasing carbon flux
through the respective pathways, due to the reduction in one
or more reverse enzymatic activities.

[0020] A fatty acid-CoA derivative, or dicarboxylic acid-
CoA derivative, can be converted to a trans-2,3-dehydroacyl-
CoA derivative by the activity of acyl-CoA oxidase (e.g., also
known as or referred to as acyl-CoA oxidoreductase and fatty
acyl-coenzyme A oxidase), in many organisms. In some
embodiments, an engineered microorganism comprises a
genetic modification that alters the specificity of and/or
reduces the activity of an acyl-CoA oxidase activity. In cer-
tain embodiments, the genetic modification disrupts an acyl-
CoA oxidase activity. In some embodiments, the genetic
modification includes disrupting a polynucleotide that
encodes a polypeptide having an acyl-CoA oxidase activity.
In certain embodiments, the genetic modification includes
disrupting a promoter and/or 5'UTR in functional connection
with a polynucleotide that encodes a polypeptide having the
acyl-CoA oxidase activity. In some embodiments, the
polypeptide having acyl-CoA activity is a POX polypeptide.
In certain embodiments, the POX polypeptide is a POX4
polypeptide, a POXS5 polypeptide, or a POX4 polypeptide and
POXS5 polypeptide. In certain embodiments, the genetic
modification disrupts an acyl-CoA activity by disrupting a
POX4 nucleotide sequence, a POX5 nucleotide sequence, or
a POX4 and POXS5 nucleotide sequence.

[0021] An engineered microorganism can include a heter-
ologous polynucleotide that encodes a polypeptide providing
an activity described above, and the heterologous polynucle-
otide can be from any suitable microorganism. Examples of
microorganisms are described herein (e.g., Candida yeast,
Saccharomyces yeast, Yarrowia yeast, Pseudomonas bacte-
ria, Bacillus bacteria, Clostridium bacteria, Eubacterium bac-
teria and others include Megasphaera bacteria.

[0022] Also provided in some embodiments are methods
for manufacturing adipic acid, which comprise culturing an
engineered microorganism described herein under culture
conditions in which the cultured microorganism produces
adipic acid. In some embodiments, the host microorganism
from which the engineered microorganism is generated does
not produce a detectable amount of adipic acid. In certain
embodiments, the culture conditions comprise fermentation
conditions, introduction of biomass, introduction of glucose,
introduction of a paraffin (e.g., plant or petroleum based, such
as hexane or coconut oil, for example) and/or combinations
thereof. In some embodiments, the adipic acid is produced
with a yield of greater than about 0.3 grams per gram of
glucose added. In related embodiments, a method comprises
puritying the adipic acid from the cultured microorganisms
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and or modifying the adipic acid, thereby producing modified
adipic acid. In certain embodiments, a method comprises
placing the cultured microorganisms, the adipic acid or the
modified adipic acid in a container, and optionally, shipping
the container.

[0023] Provided also in certain embodiments are methods
for manufacturing 6-hydroxyhexanoic acid, which comprise
culturing an engineered microorganism described herein
under culture conditions in which the cultured microorgan-
ism produces 6-hydroxyhexanoic acid. In some embodi-
ments, the host microorganism from which the engineered
microorganism is generated does not produce a detectable
amount of 6-hydroxyhexanoic acid. In certain embodiments,
the culture conditions comprise fermentation conditions,
introduction of biomass, introduction of glucose, and/or
introduction of hexane. In some embodiments, the 6-hy-
droxyhexanoic acid is produced with a yield of greater than
about 0.3 grams per gram of glucose added. In related
embodiments, a method comprises purifying the 6-hydroxy-
hexanoic acid from the cultured microorganisms and or modi-
fying the 6-hydroxyhexanoic acid, thereby producing modi-
fied 6-hydroxyhexanoic acid. In certain embodiments, a
method comprises placing the cultured microorganisms, the
6-hydroxyhexanoic acid or the modified 6-hydroxyhexanoic
acid in a container, and optionally, shipping the container.

[0024] Also provided in some embodiments are methods
for preparing an engineered microorganism that produces
adipic acid, which comprise: (a) introducing a genetic modi-
fication to a host organism that adds or increases monooxy-
genase activity, thereby producing engineered microorgan-
isms having detectable and/or increased monooxygenase
activity; and (b) selecting for engineered microorganisms that
produce adipic acid. Provided also herein in some embodi-
ments are methods for preparing an engineered microorgan-
ism that produces adipic acid, which comprise: (a) culturing
a host organism with hexane as a nutrient source, thereby
producing engineered microorganisms having detectable
monooxygenase activity; and (b) selecting for engineered
microorganisms that produce adipic acid. In some embodi-
ments the monooxygenase activity is incorporation of a
hydroxyl moiety into a six-carbon molecule, and in certain
embodiments, the six-carbon molecule is hexanoate. In
related embodiments, a method comprises selecting the engi-
neered microorganisms that have a detectable amount of the
monooxygenase activity. In some embodiments, a method
comprises introducing a genetic modification that adds or
increases a hexanoate synthase activity, thereby producing
engineered microorganisms, and selecting for engineered
microorganisms having detectable and/or increased hex-
anoate synthase activity. In related embodiments, the genetic
modification encodes a polypeptide having a hexanoate syn-
thase subunit A activity, a hexanoate synthase subunit B activ-
ity, or a hexanoate synthase subunit A activity and a hexanoate
synthase subunit B activity.

[0025] In some embodiments, a method comprises intro-
ducing a genetic modification that adds or increases an alde-
hyde dehydrogenase activity (e.g., 6-oxohexanoic acid dehy-
drogenase activity, omega oxo fatty acid dehydrogenase),
thereby producing engineered microorganisms, and selecting
for engineered microorganisms having detectable and/or
increased 6-oxohexanoic acid dehydrogenase activity or
omega oxo fatty acid dehydrogenase relative to the host
microorgansim. In certain embodiments, a method for pre-
paring microorganisms that produce adipic acid includes
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selecting for engineered microorganisms having one or more
detectable and/or increased activities selected from the group
consisting of an aldehyde dehydrogenase activity (e.g.,
6-oxohexanoic acid dehydrogenase activity, omega oxo fatty
acid dehydrogenase), fatty alcohol oxidase activity (e.g.,
6-hydroxyhexanoic acid dehydrogenase activity, omega
hydroxyl-fatty acid dehydrogenase), hexanoate synthase
activity, monooxygenase activity, monooxygenase reductase
activity, fatty alcohol oxidase activity, acyl-CoA ligase activ-
ity, acyl-CoA oxidase activity, enoyl-CoA hydratase activity,
3-hydroxyacyl-CoA dehydrogenase activity, and/or acetyl-
CoA C-acyltransferase activity.

[0026] In certain embodiments, a method comprises intro-
ducing a genetic modification that adds or increases a fatty
alcohol oxidase activity (e.g., 6-hydroxyhexanoic acid dehy-
drogenase activity, omega hydroxyl fatty acid dehydrogenase
activity) thereby producing engineered microorganisms, and
selecting for engineered microorganisms having a detectable
and/or increased 6-hydroxyhexanoic acid dehydrogenase
activity or omega hydroxyl fatty acid dehydrogenase activity
relative to the host microorganism. In some embodiments, a
method comprises introducing a genetic modification that
adds or increases a thioesterase activity, thereby producing
engineered microorganisms, and selecting for engineered
microorganisms having a detectable and/or increased
thioesterase activity relative to the host microorganism.

[0027] In certain embodiments, a method comprises intro-
ducing a genetic modification that reduces 6-hydroxyhex-
anoic acid conversion, thereby producing engineered micro-
organisms, and selecting for engineered microorganisms
having reduced 6-hydroxyhexanoic acid conversion relative
to the host microorganism. In some embodiments, a method
comprises introducing a genetic modification that reduces
beta-oxidation activity, thereby producing engineered micro-
organisms, and selecting for engineered microorganisms hav-
ing reduced beta-oxidation activity relative to the host micro-
organism. In certain embodiments, a method comprises
introducing a genetic modification that results in substantial
hexanoate usage by the monooxygenase activity, thereby pro-
ducing engineered microorganisms, and selecting for engi-
neered microorganisms in which substantial hexanoate usage
is by the monooxygenase activity relative to the host micro-
organism. In some embodiments, a method comprises intro-
ducing a genetic modification that increases omega-oxidation
activity, thereby producing engineered microorganisms, and
selecting for engineered microorganisms having increased
omega-oxidation activity relative to the host microorganism.

[0028] Provided also herein in certain embodiments are
methods for preparing a microorganism that produces adipic
acid, which comprise: (a) introducing one or more genetic
modifications to a host organism that add or increase one or
more activities selected from the group consisting of 6-0xo-
hexanoic acid dehydrogenase activity, omega oxo fatty acid
dehydrogenase activity, 6-hydroxyhexanoic acid dehydroge-
nase activity, omega hydroxyl fatty acid dehydrogenase activ-
ity, hexanoate synthase activity, monooxygenase activity,
monooxygenase reductase activity, fatty alcohol oxidase
activity, acyl-CoA ligase activity, acyl-CoA oxidase activity,
enoyl-CoA hydratase activity, 3-hydroxyacyl-CoA dehydro-
genase activity, and/or acetyl-CoA C-acyltransferase activity,
thereby producing engineered microorganisms, and (b)
selecting for engineered microorganisms that produce adipic
acid. In some embodiments, a method comprises selecting for
engineered microorganisms having one or more detectable
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and/or increased activities selected from the group consisting
of 6-oxohexanoic acid dehydrogenase activity, 6-hydroxy-
hexanoic acid dehydrogenase activity, hexanoate synthase
activity, monooxygenase activity, monooxygenase reductase
activity, fatty alcohol oxidase activity, acyl-CoA ligase activ-
ity, acyl-CoA oxidase activity, enoyl-CoA hydratase activity,
3-hydroxyacyl-CoA dehydrogenase activity, and/or acetyl-
CoA C-acyltransferase activity, relative to the host microor-
ganism.

[0029] In certain embodiments, a method comprises intro-
ducing a genetic modification that reduces 6-hydroxyhex-
anoic acid conversion, thereby producing engineered micro-
organisms, and selecting for engineered microorganisms
having reduced 6-hydroxyhexanoic acid conversion relative
to the host microorganism. In some embodiments, a method
comprises introducing a genetic modification that reduces
beta-oxidation activity, thereby producing engineered micro-
organisms, and selecting for engineered microorganisms hav-
ing reduced beta-oxidation activity relative to the host micro-
organism. In certain embodiments, a method comprises
introducing a genetic modification that results in substantial
hexanoate usage by the monooxygenase activity, thereby pro-
ducing engineered microorganisms, and selecting for engi-
neered microorganisms in which substantial hexanoate usage
is by the monooxygenase activity relative to the host micro-
organism.

[0030] Also provided in some embodiments are methods
for preparing a microorganism that produces 6-hydroxyhex-
anoic acid, which comprise: (a) introducing one or more
genetic modifications to a host organism that add or increase
one or more activities selected from the group consisting of
6-oxohexanoic acid dehydrogenase activity, hexanoate syn-
thase activity, monooxygenase activity, monooxygenase
reductase activity, fatty alcohol oxidase activity, acyl-CoA
ligase activity, acyl-CoA oxidase activity, enoyl-CoA
hydratase activity, 3-hydroxyacyl-CoA dehydrogenase activ-
ity, and/or acetyl-CoA C-acyltransferase activity, thereby
producing engineered microorganisms, (b) introducing a
genetic modification to the host organism that reduces 6-hy-
droxyhexanoic acid conversion, and (c) selecting for engi-
neered microorganisms that produce 6-hydroxyhexanoic
acid. In certain embodiments, a method comprises selecting
for engineered microorganisms having reduced 6-hydroxy-
hexanoic acid conversion relative to the host microorganism.
In some embodiments, a method comprises selecting for
engineered microorganisms having one or more detectable
and/or increased activities selected from the group consisting
of'aldehyde dehydrogenase activity (e.g., 6-oxohexanoic acid
dehydrogenase activity, omega oxo fatty acid dehydrogenase
activity), fatty alcohol oxidase activity (e.g., 6-hydroxyhex-
anoic acid dehydrogenase activity, omega hydroxyl fatty acid
dehydrogenase activity), hexanoate synthase activity,
monooxygenase activity, monooxygenase reductase activity,
fatty alcohol oxidase activity, acyl-CoA ligase activity, acyl-
CoA oxidase activity, enoyl-CoA hydratase activity, 3-hy-
droxyacyl-CoA dehydrogenase activity, and/or acetyl-CoA
C-acyltransferase activity, relative to the host microorganism.
In certain embodiments, a method comprises introducing a
genetic modification that reduces beta-oxidation activity,
thereby producing engineered microorganisms, and selecting
for engineered microorganisms having reduced beta-oxida-
tion activity relative to the host microorganism. In some
embodiments, a method comprises introducing a genetic
modification that results in substantial hexanoate usage by the
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monooxygenase activity, thereby producing engineered
microorganisms, and selecting for engineered microorgan-
isms in which substantial hexanoate usage is by the monooxy-
genase activity relative to the host microorganism.

[0031] Also provided are methods that include contacting
an engineered microorganism with a feedstock including one
or more polysaccharides, wherein the engineered microor-
ganism includes: (a) a genetic alteration that blocks beta
oxidation activity, and (b) a genetic alteration that adds or
increases a monooxygenase activity or a genetic alteration
that adds or increases a hexanoate synthetase activity, and
culturing the engineered microorganism under conditions in
which adipic acid is produced. In some embodiments, the
engineered microorganism comprises a genetic alteration that
adds or increases hexanoate synthetase activity. In certain
embodiments, the engineered microorganism comprises a
heterologous polynucleotide encoding a polypeptide having
hexanoate synthase subunit A activity, and in some embodi-
ments the engineered microorganism comprises a heterolo-
gous polynucleotide encoding a polypeptide having hex-
anoate synthase subunit B activity. In certain embodiments,
the heterologous polynucleotide independently is selected
from a fungus. In some embodiments, the fungus is an
Aspergillus fungus, and in certain embodiments the Aspergil-
lus fungus is 4. parasiticus. In some embodiments, wherein
the microorganism is a Candida yeast, and in certain embodi-
ments, the microorganism is a C. tropicalis strain.

[0032] Provided also are methods that include contacting
an engineered microorganism with a feedstock comprising
one or more paraffins, wherein the engineered microorganism
comprises a genetic alteration that partially blocks beta oxi-
dation activity and culturing the engineered microorganism
under conditions in which adipic acid is produced. In certain
embodiments, the microorganism comprises a genetic alter-
ation that increases a monooxygenase activity. In some
embodiments, the microorganism is a Candida yeast, and in
certain embodiments, the microorganism is a C. tropicalis
strain.

[0033] In some embodiments, the genetic alteration that
increases monooxygenase activity comprises a genetic alter-
ation that increases Cytochrome P450 reductase activity. In
certain embodiments, the genetic alteration increases the
number of copies of a polynucleotide that encodes a polypep-
tide having the Cytochrome P450 reductase activity. In some
embodiments, the genetic alteration places a promoter and/or
S'UTR in functional connection with a polynucleotide that
encodes a polypeptide having the Cytochrome P450 reduc-
tase activity. In certain embodiments, the monooxygenase
activity is a CYP52A15 activity, CYP52A16 activity, or a
CYP52A15 activity and CYP52A16 activity. In some
embodiments, the genetic alteration increases the number of
copies of a polynucleotide that encodes a polypeptide having
the monooxygenase activity. In certain embodiments, the
genetic alteration places a promoter and/or 5'UTR in func-
tional connection with a polynucleotide that encodes a
polypeptide having the monooxygenase activity.

[0034] In certain embodiments, the genetic alteration that
blocks beta oxidation activity disrupts acyl-CoA oxidase
activity. In some embodiments, the genetic alteration disrupts
POX4 and/or POXS activity. In certain embodiments, the
genetic alteration disrupts a polynucleotide that encodes a
polypeptide having the acyl-CoA oxidase activity. In some
embodiments, the genetic alteration disrupts a promoter and/
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or S'UTR in functional connection with a polynucleotide that
encodes a polypeptide having the acyl-CoA oxidase activity.
[0035] In some embodiments, the feedstock comprises a
6-carbon sugar. In certain embodiments, the feedstock com-
prises a 5-carbon sugar. In certain embodiments, the adipic
acid is produced at a level of about 80% or more of theoretical
yield. In some embodiments, the amount of adipic acid pro-
duced is detected. In certain embodiments, the adipic acid
produced is isolated (e.g., partially or completely purified). In
some embodiments, the culture conditions comprise ferment-
ing the engineered microorganism.

[0036] Provided also herein are engineered microorgan-
isms in contact with a feedstock. In some embodiments, the
feedstock includes a saccharide. In certain embodiments, the
saccharide is a monosaccharide, polysaccharide, or a mixture
of' a monosaccharide and polysaccharide. In some embodi-
ments, the feedstock includes a paraffin. In certain embodi-
ments, the paraffin is a saturated paraffin, unsaturated paraf-
fin, substituted paraffin, branched paraffin, linear paraffin, or
combination thereof.

[0037] Insome embodiments, the paraffin includes about 1
to about 60 carbon atoms (e.g., between about 1 carbon atom,
about 2 carbon atoms, about 3 carbon atoms, about 4 carbon
atoms, about 5 carbon atoms, about 6 carbon atoms, about 7
carbon atoms, about 8 carbon atoms, about 9 carbon atoms,
about 10 carbon atoms, about 12 carbon atoms, about 14
carbon atoms, about 16 carbon atoms, about 18 carbon atoms,
about 20 carbon atoms, about 22 carbon atoms, about 24
carbon atoms, about 26 carbon atoms, about 28 carbon atoms,
about 30 carbon atoms, about 32 carbon atoms, about 34
carbon atoms, about 36 carbon atoms, about 38 carbon atoms,
about 40 carbon atoms, about 42 carbon atoms, about 44
carbon atoms, about 46 carbon atoms, about 48 carbon atoms,
about 50 carbon atoms, about 52 carbon atoms, about 54
carbon atoms, about 56 carbon atoms, about 58 carbon atoms
and about 60 carbon atoms). In certain embodiments, the
paraffin is in a mixture of paraffins. In some embodiments, the
paraffins in the mixture of paraffins have a mean number of
carbon atoms of about 8 carbon atoms to about 18 carbon
atoms (e.g., about 8 carbon atoms, about 9 carbon atoms,
about 10 carbon atoms, about 11 carbon atoms, about 12
carbon atoms, about 13 carbon atoms, about 14 carbon atoms,
about 15 carbon atoms, about 16 carbon atoms, about 17
carbon atoms or about 18 carbon atoms). In certain embodi-
ments, the paraffin is in a wax, and in some embodiments, the
paraffin is in an oil. In certain embodiments, the paraffin is
from a petroleum product, and in some embodiments, the
petroleum product is a petroleum distillate. In certain
embodiments, the paraffin is from a plant or plant product.
[0038] Also provided herein, is an isolated polynucleotide
selected from the group including a polynucleotide having a
nucleotide sequence 96% or more (e.g., 96% or more, 97% or
more, 98% or more, 99% or more, or 100%) identical to the
nucleotide sequence of SEQ ID NO: 1, a polynucleotide
having a nucleotide sequence that encodes a polypeptide of
SEQ ID NO: 8, and a polynucleotide having a portion of a
nucleotide sequence 96% or more identical to the nucleotide
sequence of SEQ ID NO: 1 and encodes a polypeptide having
fatty alcohol oxidase activity.

[0039] Also provided herein, is an isolated polynucleotide
selected from the group including a polynucleotide having a
nucleotide sequence 98% or more (e.g., 98% or more, 99% or
more, or 100%) identical to the nucleotide sequence of SEQ
ID NO: 2, apolynucleotide having a nucleotide sequence that
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encodes a polypeptide of SEQ ID NO:10, and a polynucle-
otide having a portion of a nucleotide sequence 98% or more
identical to the nucleotide sequence of SEQ ID NO: 2 and
encodes a polypeptide having fatty alcohol oxidase activity.

[0040] Also provided herein, is an isolated polynucleotide
selected from the group including a polynucleotide having a
nucleotide sequence 95% or more (e.g., 95% or more, 96% or
more, 97% or more, 98% or more, 99% or more, or 100%)
identical to the nucleotide sequence of SEQ ID NO: 3, a
polynucleotide having a nucleotide sequence that encodes a
polypeptide of SEQ ID NO: 9, and a polynucleotide having a
portion of a nucleotide sequence 95% or more identical to the
nucleotide sequence of SEQ ID NO: 3 and encodes a polypep-
tide having fatty alcohol oxidase activity.

[0041] Also provided herein, is an isolated polynucleotide
selected from the group including a polynucleotide having a
nucleotide sequence 83% or more (e.g., 83% or more, 84% or
more, 85% or more, 86% or more, 87% or more, 88% or more,
89% or more, 90% or more, 91% or more, 92% or more, 93%
or more, 94% or more, 95% or more, 96% or more, 97% or
more, 98% or more, 99% or more, or 100%) identical to the
nucleotide sequence of SEQ ID NO: 4, a polynucleotide
having a nucleotide sequence that encodes a polypeptide of
SEQ ID NO: 11, and a polynucleotide having a portion of a
nucleotide sequence 83% or more identical to the nucleotide
sequence of SEQ ID NO: 3 and encodes a polypeptide having
fatty alcohol oxidase activity.

[0042] Also provided herein, is an isolated polynucleotide
selected from the group including a polynucleotide having a
nucleotide sequence 82% or more (e.g., 82% or more, 83% or
more, 84% or more, 85% or more, 86% or more, 87% or more,
88% or more, 89% or more, 90% or more, 91% or more, 92%
or more, 93% or more, 94% or more, 95% or more, 96% or
more, 97% or more, 98% or more, 99% or more, or 100%)
identical to the nucleotide sequence of SEQ ID NO: 5, a
polynucleotide having a nucleotide sequence that encodes a
polypeptide of SEQ ID NO: 12, and a polynucleotide having
a portion of a nucleotide sequence 82% or more identical to
the nucleotide sequence of SEQ ID NO: 3 and encodes a
polypeptide having fatty alcohol oxidase activity.

[0043] In certain embodiments, an expression vector
includes a polynucleotide sequence of SEQ ID NOs: 1t0 5. In
some embodiments, an integration vector includes a poly-
nucleotide sequence of SEQ ID NOs: 1 to 5. In certain
embodiments, a microorganism includes an expression vec-
tor, an integration vector, or an expression vector and an
integration vector that includes a polynucleotide sequence of
SEQIDNOs: 1to5. In some embodiments, a culture includes
a microorganism that includes an expression vector, an inte-
gration vector, or an expression vector and an integration
vector that includes a polynucleotide sequence of SEQ ID
NOs: 1 to 5. In certain embodiments, a fermentation device
includes a microorganism that includes an expression vector,
an integration vector, or an expression vector and an integra-
tion vector that includes a polynucleotide sequence of SEQ
IDNOs: 1to 5. Also provided herein is a polypeptide encoded
by a polynucleotide sequence of SEQ ID NOs: 1 to 5 or
produced by an expression vector that includes a polynucle-
otide sequence of SEQ ID NOs: 1 to 5. Provided also herein
is an antibody that specifically binds to a polypeptide encoded
by a polynucleotide sequence of SEQ ID NOs: 1 to 5 or
produced by an expression vector that includes a polynucle-
otide sequence of SEQ ID NOs: 1 to 5.
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[0044] Certain embodiments are described further in the
following description, examples, claims and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] The drawings illustrate embodiments of the technol-
ogy and are not limiting. For clarity and ease of illustration,
the drawings are not made to scale and, in some instances,
various aspects may be shown exaggerated or enlarged to
facilitate an understanding of particular embodiments.
[0046] FIG. 1 depicts a metabolic pathway for making adi-
pic acid. The pathway can be engineered into a eukaryotic
microorganism to generate a microorganism capable of pro-
ducing adipic acid.

[0047] FIG. 2 depicts an embodiment for a method of gen-
erating an adipic acid producing microorganism. The method
comprises expressing one or more genes catalyzing the
omega oxidation of fatty acids to dicarboxylic acids in a host
microorganism that produces hexanoate. In the method
depicted, the host organism, for example A. parasiticus or A.
nidulans, endogenously includes HEXA and HEXB (or STCJ
and STCK) genes. In one embodiment the method comprises
knocking out or otherwise disabling the gene coding for
diversion of hexanoate into an endogenous pathway such as
mycotoxin production. Certain embodiments of the method
further comprise inserting a heterologous cytochrome P450
gene. Some embodiments of the method comprise growing
the culture on hexane and screening for increased P450
expression. The copy number of hexanoate induced P450
may in certain embodiments be increased. In some embodi-
ments the microorganism may be altered to increase the flux
of six carbon substrate through the final two oxidation steps.
[0048] FIG. 3 depicts an embodiment for a method of gen-
erating an adipic acid producing organism. The method com-
prises expressing one or more genes encoding hexanoate
synthase in a host microorganism that produces dicarboxylic
acids via an omega-oxidation pathway. Such microorganisms
may include, without limitation, C. tropicalis and C. maltosa.
As depicted, the method comprises inserting HEXA and
HEXB genes into the host microorganism. The genes may be
isolated from Aspergillus, or another appropriate organism.
In some embodiments, the genes are synthesized from an
alternative sequence as described herein to produce the amino
acid sequence of the donor mircroorganism enzyme through
a non-standard translation mechanism of C. tropicalis. In
some embodiments the method comprises inserting a heter-
ologous cytochrome P450 gene into the host organism. In
certain embodiments the microorganism may be altered to
increase the flux of a six-carbon substrate through the final
two oxidation steps.

[0049] FIG. 4 depicts an embodiment of a method for gen-
erating an adipic acid producing organism. The method com-
prises expressing one or more genes encoding hexanoate
synthase in a host microorganism that produces dicarboxylic
acids via an omega-oxidation pathway. The microorganisms
can include, without limitation, C. tropicalis and C. maltosa.
In some embodiments, the method comprises growing a host
microorganism on hexane and screening for increased P450
expression. In certain embodiments, copy number of hexane-
induced P450 may be increased. HEXA and HEXB genes
may be inserted into the host microorganism. In certain
embodiments, the host microorganism may be altered to
increase the flux of a six-carbon substrate through the final
two oxidation steps.
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[0050] FIG. 5 depicts a plasmid diagram for inserting
Aspergillus hexanoate synthase genes HEXA and HEXB into
C. tropicalis or Y. lipolytica.

[0051] FIG. 6 depicts a plasmid diagram for inserting a
heterologous cytochrome P450 monooxygenase gene and
cytochrome P450 reductase gene into C. tropicalis or Y.
lipolytica.

[0052] FIG. 7 depicts a plasmid diagram for inserting a
heterologous cytochrome P450 monooxygenase gene and
cytochrome P450 reductase gene into A. parasiticus or A.
nidulans.

[0053] FIG. 8 depicts a system for biological production of
a target product. As depicted, a fermenter is populated with
microorganisms engineered for target product production. A
flexible feedstock supplies the fermenter with an energy and
nutrition source for the microorganisms. In some embodi-
ments the feedstock comprises a sugar. In certain embodi-
ments the feedstock comprises fatty acids. The feedstock may
also include biomass, industrial waste products and other
sources of carbon. Vitamins, minerals, enzymes and other
growth or production enhancers may be added to the feed-
stock. In certain embodiments the fermentation produces adi-
pic acid. The fermentation process may produce other novel
chemicals.

[0054] FIG. 9 depicts a metabolic pathway for making adi-
pic acid from saccharide or polysaccharide carbon sources,
similar to the pathway depicted in FIG. 1, with additional
activities that aid in metabolism of, or enhance metabolism
of, pathway intermediates, thereby potentially increasing the
yield of adipic acid. The additional activities are a monooxy-
genase reductase activity (cytochrome P450 reductase or
CPR) and a fatty alcohol oxidase activity (FAO). Part, or all,
of the pathway can be engineered into a eukaryotic microor-
ganism to generate a microorganism capable of producing
adipic acid.

[0055] FIG. 10 depicts a non-limiting example of a meta-
bolic pathway for making adipic acid from paraffins, fats,
oils, fatty acids or dicarboxylic acids, as described in FIG. 2.
Part, or all, of the pathway can be engineered (e.g., added,
altered to increase or decrease copy number, or increase or
decrease promoter activity, depending on the desired effect)
into a microorganism, depending on the activities already
present in the host organism, to generate a microorganism
capable of producing adipic acid.

[0056] FIGS. 11A and 11B depict omega and beta oxida-
tion pathways useful for producing adipic acid from various
carbon sources. Adipic acid can be produced from paraffins,
fats, oils and intermediates of sugar metabolism, using omega
oxidation, as shown in FIG. 11A. Adipic acid also can be
produced from long chain fatty acids or dicarboxylic acids
using beta oxidation, as shown in FIG. 11A. FIG. 11B shows
a common intermediate from the metabolism of fats and
sugars entering the omega oxidation pathway to ultimately
produce adipic acid.

[0057] FIG. 12 shows results of immunodetection of
6xHis-tagged proteins (‘6xHis’ disclosed as SEQ IDNO: 13)
expressed in S. cerevisiae BY4742. Strains sAA061,
sAA140,sAA141,sAA142 contain 6xHis-tagged HEXA and
HEXB proteins (‘6xHis’ disclosed as SEQ ID NO: 13). Strain
sAA144 contains 6xHis-tagged STCJ and STCK proteins
(“6xHis’ disclosed as SEQ ID NO: 13). Strain sAA048 con-
tains only vectors p425GPD and p426GPD.

[0058] FIG. 13 shows results of immunodetection of
6xHis-tagged proteins (‘6xHis’ disclosed as SEQ IDNO: 13)
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expressed in either S. cerevisiae (sAA144) or in C. tropicalis
(sAA103, sAA270, sAA269). 6xHis tagged HEXA and
HEXB (‘6xHis’ disclosed as SEQ ID NO: 13) expressed in
strains sAA269 and sAA270are indicated with arrows. 6xHis
tagged STCJ and STCK (‘6xHis’ disclosed as SEQ ID NO:
13) from strain sAA144 were included as a positive control.
Strain sAA103 is the parent strain for sAA269 and sAA270
and does not contain integrated vectors for the expression of
6xHis-tagged HEXA and HEXB (‘6xHis’ disclosed as SEQ
1D NO: 13).

[0059] FIG. 14 shows results of RT-PCR from cultures of C.
tropicalis strain sAA003 exposed to glucose only (Glc), hex-
ane only (Hex), or hexanoic acid only (HA). PCR products of
Al5 and A16 alleles show hexane and hexanoic acid specific
induction.

[0060] FIGS. 15A-15C illustrate results of acyl-CoA oxi-
dase (POX) enzymatic activity assays on substrates of various
carbon lengths, using acyl-CoA enzyme preparations from
Candida tropicalis strains with no POX genes disrupted (see
FIG. 15A), POX4 genes disrupted (see FIG. 15C) or POXS5
genes disrupted (see FIG. 15B). Experimental results and
conditions are given in the Detailed Description and
Examples sections.

[0061] FIGS. 16-34 illustrate various plasmids for cloning,
expression, or integration of various activities described
herein, into a host organism or engineered organism. FIG. 16
depicts a plasmid diagram for inserting a heterologous HEXA
gene into S. cerevisiae. F1IG. 17 depicts a plasmid diagram for
inserting a heterologous HEXB gene into S. cerevisiae. FIG.
18 depicts a plasmid diagram for inserting a heterologous
HEXA-6xHis gene (‘6xHis’ disclosed as SEQ ID NO: 13)
into S. cerevisiae. FIG. 19 depicts a plasmid diagram for
inserting a heterologous HEXB-6xHis gene (‘6xHis’ dis-
closed as SEQ ID NO: 13) into S. cerevisiae.

[0062] FIG. 20 depicts a plasmid diagram for inserting a
heterologous STCJ gene into S. cerevisiae.

[0063] FIG. 21 depicts a plasmid diagram for inserting a
heterologous STCK gene into S. cerevisiae.

[0064] FIG. 22 depicts a plasmid diagram for inserting a
heterologous STCJ-6xHis gene (‘6xHis’ disclosed as SEQ ID
NO: 13)into S. cerevisiae. F1G. 23 depicts a plasmid diagram
for inserting a heterologous STCK-6xHis gene (‘6xHis’ dis-
closed as SEQ ID NO: 13) into S. cerevisiae.

[0065] FIG. 24 depicts a plasmid diagram for inserting a
heterologous alternative genetic code (AGC) HEXA gene
into C. tropicalis. F1IG. 25 depicts a plasmid diagram for
inserting a heterologous AGC-HEXB gene into C. tropicalis.
FIG. 25 discloses ‘6xHis’ as SEQ ID NO: 13. FIG. 26 depicts
aplasmid diagram for inserting a heterologous AGC-HEXA-
6xHis gene (‘6xHis’ disclosed as SEQ ID NO: 13) into C.
tropicalis. FIG. 27 depicts a plasmid diagram for inserting a
heterologous AGC-HEXB-6xHis gene (‘6xHis’ disclosed as
SEQ ID NO: 13) into C. tropicalis.

[0066] FIG. 28 depicts a diagram of a plasmid used for
cloning the POXS5 gene from C. tropicalis.

[0067] FIG. 29 depicts a diagram of a plasmid used for
cloning the POX4 gene from C. tropicalis.

[0068] FIG. 30 illustrates a plasmid constructed for use of
URA selection in C. tropicalis. FIG. 31 depicts a plasmid
containing the PGK promoter and terminator from C. tropi-
calis. FIG. 32 depicts a plasmid used for integration of the
CPR gene in C. tropicalis. F1G. 33 depicts a plasmid used for
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integration of the CYP52A15 gene in C. tropicalis. F1G. 34
depicts a plasmid used for integration of the CYP52A16 gene
in C. tropicalis.

DETAILED DESCRIPTION

[0069] Adipic acid is a six-carbon organic molecule that is
a chemical intermediate in manufacturing processes used to
make certain polyamides, polyurethanes and plasticizers, all
of which have wide applications in producing items such as
carpets, coatings, adhesives, elastomers, food packaging, and
lubricants, for example. Some large-scale processes for mak-
ing adipic acid include (i) liquid phase oxidation of ketone
alcohol oil (KA oil); (i) air oxidation/hydration of cyclohex-
ane with boric acid to make cyclohexanol, followed by oxi-
dation with nitric acid; and (iii) hydrocyanation of butadiene
to a pentenenitrile mixture, followed by hydroisomerization
of adiponitrile, followed by hydrogenation. Each of the latter
processes requires use of noxious chemicals and/or solvents,
some require high temperatures, and all require significant
energy input. In addition, some of the processes emit toxic
byproducts (such as nitrous oxide) and give rise to environ-
mental concerns.

[0070] Provided herein are methods for producing adipic
acid and other organic chemical intermediates using biologi-
cal systems. Such production systems may have significantly
less environmental impact and could be economically com-
petitive with current manufacturing systems. Thus, provided
herein are methods for manufacturing adipic acid by engi-
neered microorganisms. In some embodiments microorgan-
isms are engineered to contain at least one heterologous gene
encoding an enzyme, where the enzyme is a member of a
novel pathway engineered into the microorganism. In certain
embodiments, an organism may be selected for elevated
activity of a native enzyme.

Microorganisms

[0071] A microorganism selected often is suitable for
genetic manipulation and often can be cultured at cell densi-
ties useful for industrial production of a target product. A
microorganism selected often can be maintained in a fermen-
tation device.

[0072] The term “engineered microorganism” as used
herein refers to a modified microorganism that includes one
or more activities distinct from an activity present in a micro-
organism utilized as a starting point (hereafter a “host micro-
organism”). An engineered microorganism includes a heter-
ologous polynucleotide in some embodiments, and in certain
embodiments, an engineered organism has been subjected to
selective conditions that alter an activity, or introduce an
activity, relative to the host microorganism. Thus, an engi-
neered microorganism has been altered directly or indirectly
by a human being. A host microorganism sometimes is a
native microorganism, and at times is a microorganism that
has been engineered to a certain point.

[0073] In some embodiments an engineered microorgan-
ism is a single cell organism, often capable of dividing and
proliferating. A microorganism can include one or more of
the following features: aerobe, anaerobe, filamentous, non-
filamentous, monoploid, dipoid, auxotrophic and/or non-aux-
otrophic. In certain embodiments, an engineered microorgan-
ism is a prokaryotic microorganism (e.g., bacterium), and in
certain embodiments, an engineered microorganism is a non-
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prokaryotic microorganism. In some embodiments, an engi-
neered microorganism is a eukaryotic microorganism (e.g.,
yeast, fungi, amoeba).

[0074] Any suitable yeast may be selected as a host micro-
organism, engineered microorganism or source for a heter-
ologous polynucleotide. Yeast include, but are not limited to,
Yarrowia yeast (e.g., Y. lipolytica (formerly classified as Can-
dida lipolytica)), Candida yeast (e.g., C. revkaufi, C. pulcher-
rima, C. tropicalis, C. utilis), Rhodotorula yeast (e.g., R.
glutinus, R. graminis), Rhodosporidium yeast (e.g., R. toru-
loides), Saccharomyces yeast (e.g., S. cerevisiae, S. bayanus,
S. pastorianus, S. carlsbergensis), Cryptococcus yeast, Tri-
chosporon yeast (e.g., 1. pullans, 1. cutaneum), Pichia yeast
(e.g., P. pastoris) and Lipomyces yeast (e.g., L. starkeyii, L.
lipoferus). In some embodiments, a yeast is a Y. lipolytica
strain that includes, but is not limited to, ATCC20362,
ATCCB862, ATCC18944, ATCC20228, ATCC76982 and
LGAM S(7)1 strains (Papanikolaou S., and Aggelis G.,
Bioresour. Technol. 82(1):43-9 (2002)). In certain embodi-
ments, a yeast is a C. tropicalis strain that includes, but is not
limited to, ATCC20336, ATCC20913, SU-2 (ura3-/ura3-),
ATCC20962, H5343 (beta oxidation blocked; U.S. Pat. No.
5,648,247) strains.

[0075] Any suitable fungus may be selected as a host
microorganism, engineered microorganism or source for a
heterologous polynucleotide. Non-limiting examples of
fungi include, but are not limited to, Aspergillus fungi (e.g., 4.
parasiticus, A. nidulans), Thraustochytrium fungi,
Schizochytrium fungi and Rhizopus fungi (e.g., R. arrhizus,
R. oryzae, R. nigricans). In some embodiments, a fungus is an
A. parasiticus strain that includes, but is not limited to, strain
ATCC24690, and in certain embodiments, a fungus is an A.
nidulans strain that includes, but is not limited to, strain
ATCC38163.

[0076] Any suitable prokaryote may be selected as a host
microorganism, engineered microorganism or source for a
heterologous polynucleotide. A Gram negative or Gram posi-
tive bacteria may be selected. Examples of bacteria include,
but are not limited to, Bacillus bacteria (e.g., B. subtilis, B.
megaterium), Acinetobacter bacteria, Norcardia baceteria,
Xanthobacter bacteria, Escherichia bacteria (e.g., E. coli
(e.g., strains DH10B, Stb12, DHS-alpha, DB3, DB3.1), DB4,
DBS, JDP682 and ccdA-over (e.g., U.S. application Ser. No.
09/518,188))), Streptomyces bacteria, Erwinia bacteria,
Klebsiella bacteria, Serratia bacteria (e.g., S. marcessans),
Pseudomonas bacteria (e.g., P. aeruginosa), Salmonella bac-
teria (e.g., S. typhimurium, S. typhi), Megasphaera bacteria
(e.g., Megasphaera elsdenii). Bacteria also include, but are
not limited to, photosynthetic bacteria (e.g., green non-sulfur
bacteria (e.g., Choroflexus bacteria (e.g., C. aurantiacus),
Chloronema bacteria (e.g., C. gigateum)), green sulfur bac-
teria (e.g., Chlorobium bacteria (e.g., C. limicola), Pelodic-
tyon bacteria (e.g., P. luteolum), purple sulfur bacteria (e.g.,
Chromatium bacteria (e.g., C. okenii)), and purple non-sulfur
bacteria (e.g., Rhodospirillum bacteria (e.g., R. rubrum),
Rhodobacter bacteria (e.g., R. sphaeroides, R. capsulatus),
and Rhodomicrobium bacteria (e.g., R. vanellii)).

[0077] Cells from non-microbial organisms can be utilized
as a host microorganism, engineered microorganism or
source for a heterologous polynucleotide. Examples of such
cells, include, but are not limited to, insect cells (e.g., Droso-
phila (e.g., D. melanogaster), Spodoptera (e.g., S. frugiperda
S19 or Sf21 cells) and Trichoplusa (e.g., High-Five cells);
nematode cells (e.g., C. elegans cells); avian cells; amphibian
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cells (e.g., Xenopus laevis cells); reptilian cells; and mamma-
lian cells (e.g., NIH3T3, 293, CHO, COS, VERO, C127,
BHK, Per-C6, Bowes melanoma and Hel a cells).

[0078] Microorganisms or cells used as host organisms or
source for a heterologous polynucleotide are commercially
available. Microoganisms and cells described herein, and
other suitable microorganisms and cells are available, for
example, from Invitrogen Corporation, (Carlsbad, Calif.),
American Type Culture Collection (Manassas, Va.), and Agri-
cultural Research Culture Collection (NRRL; Peoria, Il1.).
[0079] Host microorganisms and engineered microorgan-
isms may be provided in any suitable form. For example, such
microorganisms may be provided in liquid culture or solid
culture (e.g., agar-based medium), which may be a primary
culture or may have been passaged (e.g., diluted and cultured)
one or more times. Microorganisms also may be provided in
frozen form or dry form (e.g., lyophilized). Microorganisms
may be provided at any suitable concentration.

Carbon Processing Pathways and Activities

[0080] FIGS.1and9 depict an embodiment of a biological
pathway for making adipic acid, using a sugar as the carbon
source starting material. Any suitable sugar can be used as the
feedstock for the organism, (e.g., 6-carbon sugars (e.g., glu-
cose, fructose), S-carbon sugars (e.g., xylose), the like or
combinations thereof). The sugars are initially metabolized
using naturally occurring and/or engineered pathways to
yield malonyl CoA, which is depicted as the molecule enter-
ing the omega oxidation pathway shown in FIG. 9. As
depicted, the enzyme hexanoate synthase converts two mol-
ecules of malonyl CoA and one molecule of acetyl CoA to
one molecule of hexanoic acid. In some embodiments a cyto-
chrome P450 enzyme converts hexanoic acid to 6-hydroxy-
hexanoic acid, which may be oxidized to 6-oxohexanoic acid
via 6-hydroxyhexanoic acid dehydrogenase, or fatty alcohol
oxidase. 6-oxohexanoic acid may be converted to adipic acid
by 6-oxohexanoic acid dehydrogenase.

[0081] A hexanoate synthase enzyme (HexS) is coded by
hexonate synthase subunit alpha (HEXA) and hexanoate syn-
thase subunit beta (HEXB) genes. In some embodiments, the
HexS enzyme is endogenous to the host microorganism. In
certain embodiments, HEXA and HEXB genes may be iso-
lated from a suitable organism (e.g., Aspergillus parasiticus).
In some embodiments, HEXA and HEXB orthologs, such as
STCIJ and STCK, also may be isolated from suitable organ-
isms (e.g., Aspergillus nidulans).

[0082] Hexanoate is omega-hydroxylated by the enzyme
cytochrome P450, thereby generating a six carbon alcohol, in
some embodiments. In certain embodiments, the cytochrome
P450 enzyme is endogenous to the host microorganism. In
some embodiments the cytochrome P450 gene is isolated
from Bacillus megaterium and codes for a single subunit,
soluble, cytoplasmic enzyme. Soluble or membrane bound
cytochrome P450 from certain host organisms is specific for
6-carbon substrates and may be used in some embodiments.
[0083] Cytochrome P450 is reduced by the activity of cyto-
chrome P450 reductase (CPR), thereby recycling cytochrome
P450 to allow further enzymatic activity. In certain embodi-
ments, the CPR enzyme is endogenous to the host microor-
ganism. In some embodiments, host CPR activity can be
increased by increasing the number of copies of a CPR gene
(e.g,2,3,4,5,6,7,8,9, 10 or more copies of the gene), by
increasing the activity of a promoter that regulates transcrip-
tion of a CPR gene, or by increasing the number of copies of
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a CPR gene and increasing the activity of a promoter that
regulates transcription of a CPR gene, thereby increasing the
production of target product (e.g., adipic acid) via increased
recycling of cytochrome P450. In certain embodiments, the
promoter can be a heterologous promoter (e.g., endogenous
or exogenous promoter). In some embodiments, the CPR
gene is heterologous and exogenous and can be isolated from
any suitable organism. Non-limiting examples of organisms
from which a CPR gene can be isolated include C. tropicalis,
S. cerevisiae and Bacillus megaterium.

[0084] Oxidation of the alcohol to an aldehyde may be
performed by an enzyme in the fatty alcohol oxidase family
(e.g., 6-hydroxyhexanoic acid dehydrogenase, omega
hydroxyl fatty acid dehydrogenase), or an enzyme in the
aldehyde dehydrogenase family (e.g., 6-oxohexanoic acid
dehydrogenase, omega oxo fatty acid dehydrogenase). The
enzyme 6-oxohexanoic acid dehydrogenase or omega oxo
fatty acid dehydrogenase may oxidize the aldehyde to the
carboxylic acid adipic acid. In some embodiments, the
enzymes 6-hydroxyhexanoic acid dehydrogenase, omega
hydroxyl fatty acid dehydrogenase, fatty alcohol oxidase,
6-oxohexanoic acid dehydrogenase, or omega oxo fatty acid
dehydrogenase, exist in a host organism. Flux through these
two steps may sometimes be augmented by increasing the
copy number of the enzymes, or by increasing the activity of
the promoter transcribing the genes. In some embodiments
alcohol and aldehyde dehydrogenases specific for six carbon
substrates may be isolated from another organism, for
example Acinetobacter, Candida, Saccharomyces or
Pseudomonas and inserted into the host organism.

[0085] FIG. 10 depicts an embodiment of a biological path-
way for making adipic acid, using fats, oils, dicarboxylic
acids, paraffins (e.g., linear, branched, substituted, saturated,
unsaturated, the like and combinations thereof), fatty alco-
hols, fatty acids, or the like, as the carbon source starting
material. Any suitable fatty alcohol, fatty acid, paraffin, dicar-
boxylic acid, fat or oil can be used as the feedstock for the
organism, (e.g., hexane, hexanoic acid, oleic acid, coconut
oil, the like or combinations thereof). Carbon sources with
longer chain lengths (e.g., 8 carbons or greater in length) can
be metabolized using naturally occurring and/or engineered
pathways to yield molecules that can be further metabolized
using the beta oxidation pathway shown in FIG. 10 and the
lower portion of FIG. 11A. In some embodiments, the activi-
ties in the pathway shown in FIG. 10 also can be engineered
(e.g., as described herein) to enhance metabolism and target
product formation. The enzyme acyl-CoA ligase converts a
long chain fatty alcohol, fatty acid or dicarboxylic acid and 1
molecule of acetyl-CoA into an acyl-CoA derivative of the
long chain fatty alcohol, fatty acid or dicarboxylic acid with
the conversion of ATP to AMP and inorganic phosphate, as
depicted in the first step of the reaction in FIG. 10. The term
“beta oxidation pathway” as used herein, refers to a series of
enzymatic activities utilized to metabolize fatty alcohols,
fatty acids, or dicarboxylic acids. The activities utilized to
metabolize fatty alcohols, fatty acids, or dicarboxylic acids
include, but are not limited to, acyl-CoA ligase activity, acyl-
CoA oxidase activity, enoyl-CoA hydratase activity, 3-hy-
droxyacyl-CoA dehydrogenase activity and acetyl-CoA
C-acyltransferase activity. The term “beta oxidation activity”
refers to any of the activities in the beta oxidation pathway
utilized to metabolize fatty alcohols, fatty acids or dicarboxy-
lic acids. The term “omega oxidation activity” refers to any of
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the activities in the omega oxidation pathway utilized to
metabolize fatty alcohols, fatty acids, dicarboxylic acids, or
sugars.

[0086] In certain embodiments, an Acyl-CoA ligase
enzyme converts a long chain fatty alcohol, fatty acid or
dicarboxylic acid into the acyl-CoA derivative, which may be
oxidized to yield a trans-2,3-dehydroacyl-CoA derivative, by
the activity of Acyl CoA oxidase (e.g., also known as acyl-
CoA oxidoreductase and fatty acyl-coenzyme A oxidase).
The trans-2,3-dehydroacyl-CoA derivative long chain fatty
alcohol, fatty acid or dicarboxylic acid may be further con-
verted to 3-hydroxyacyl-CoA by the activity of enoyl-CoA
hydratase. 3-hydroxyacyl-CoA can be converted to 3-oxoa-
cyl-CoA by the activity of 3-hydroxyacyl-CoA dehydroge-
nase. 3-oxoacyl-CoA may be converted to an acyl-CoA mol-
ecule, shortened by 2 carbons and an acetyl-CoA, by the
activity of Acetyl-CoA C-acyltransferase (e.g., also known as
beta-ketothiolase and -ketothiolase). In some embodiments,
acyl-CoA molecules may be repeatedly shortened by beta
oxidation until a desired carbon chain length is generated
(e.g., 6 carbons, adipic acid). The shortened fatty acid can be
further processed using omega oxidation to yield adipic acid.
[0087] An acyl-CoA ligase enzyme sometimes is encoded
by the host organism and can be added to generate an engi-
neered organism. In some embodiments, host acyl-CoA
ligase activity can be increased by increasing the number of
copies of an acyl-CoA ligase gene, by increasing the activity
of a promoter that regulates transcription of an acyl-CoA
ligase gene, or by increasing the number copies of the gene
and by increasing the activity of a promoter that regulates
transcription of the gene, thereby increasing production of
target product (e.g., adipic acid) due to increased carbon flux
through the pathway. In certain embodiments, the acyl-CoA
ligase gene can be isolated from any suitable organism. Non-
limiting examples of organisms that include, or can be used as
donors for, acyl-CoA ligase enzymes include Candida, Sac-
charomyces, or Yarrowia.

[0088] An enoyl-CoA hydratase enzyme catalyzes the
addition of a hydroxyl group and a proton to the unsaturated
p-carbon on a fatty-acyl CoA and sometimes is encoded by
the host organism and sometimes can be added to generate an
engineered organism. In certain embodiments, the enoyl-
CoA hydratase activity is unchanged in a host or engineered
organism. In some embodiments, the host enoyl-CoA
hydratase activity can be increased by increasing the number
of copies of an enoyl-CoA hydratase gene, by increasing the
activity of a promoter that regulates transcription of an enoyl-
CoA hydratase gene, or by increasing the number copies of
the gene and by increasing the activity of a promoter that
regulates transcription of the gene, thereby increasing the
production of target product (e.g., adipic acid) due to
increased carbon flux through the pathway. In certain
embodiments, the enoyl-CoA hydratase gene can be isolated
from any suitable organism. Non-limiting examples of organ-
isms that include, or can be used as donors for, enoyl-CoA
hydratase enzymes include Candida, Saccharomyces, or Yar-
rowia.

[0089] 3-hydroxyacyl-CoA dehydrogenase enzyme cata-
lyzes the formation of a 3-ketoacyl-CoA by removal of a
hydrogen from the newly formed hydroxyl group created by
the activity of enoyl-CoA hydratase. In some embodiments,
the activity is encoded by the host organism and sometimes
can be added or increased to generate an engineered organ-
ism. In certain embodiments, the 3-hydroxyacyl-CoA activ-
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ity is unchanged in a host or engineered organism. In some
embodiments, the host 3-hydroxyacyl-CoA dehydrogenase
activity can be increased by increasing the number of copies
of'a 3-hydroxyacyl-CoA dehydrogenase gene, by increasing
the activity of a promoter that regulates transcription of a
3-hydroxyacyl-CoA dehydrogenase gene, or by increasing
the number copies of the gene and by increasing the activity
of'a promoter that regulates transcription of the gene, thereby
increasing production of target product (e.g., adipic acid) due
to increased carbon flux through the pathway. In certain
embodiments, the 3-hydroxyacyl-CoA dehydrogenase gene
can be isolated from any suitable organism. Non-limiting
examples of organisms that include, or can be used as donors
for, 3-hydroxyacyl-CoA dehydrogenase enzymes include
Candida, Saccharomyces, or Yarrowia.

[0090] An Acetyl-CoA C-acyltransferase (e.g., f-ketothio-
lase) enzyme catalyzes the formation of a fatty acyl-CoA
shortened by 2 carbons by cleavage of the 3-ketoacyl-CoA by
the thiol group of another molecule of CoA. The thiol is
inserted between C-2 and C-3, which yields an acetyl CoA
molecule and an acyl CoA molecule that is two carbons
shorter. An Acetyl-CoA C-acyltransferase sometimes is
encoded by the host organism and sometimes can be added to
generate an engineered organism. In certain embodiments,
the acetyl-CoA C-acyltransferase activity is unchanged in a
host or engineered organism. In some embodiments, the host
acetyl-CoA C-acyltransferase activity can be increased by
increasing the number of copies of an acetyl-CoA C-acyl-
transferase gene, or by increasing the activity of a promoter
that regulates transcription of an acetyl-CoA C-acyltrans-
ferase gene, thereby increasing the production of target prod-
uct (e.g., adipic acid) due to increased carbon flux through the
pathway. In certain embodiments, the acetyl-CoA C-acyl-
transferase gene can be isolated from any suitable organism.
Non-limiting examples of organisms that include, or can be
used as donors for, acetyl-CoA C-acyltransferase enzymes
include Candida, Saccharomyces, or Yarrowia.

[0091] A microorganism may be modified and engineered
to include or regulate one or more activities in an adipic acid
pathway. The term “activity” as used herein refers to the
functioning of a microorganism’s natural or engineered bio-
logical pathways to yield various products including adipic
acid and its precursors. Adipic acid producing activity can be
provided by any non-mammalian source in certain embodi-
ments. Such sources include, without limitation, eukaryotes
such as yeast and fungi and prokaryotes such as bacteria. In
some embodiments, a reverse activity in a pathway described
herein can be altered (e.g., disrupted, reduced) to increase
carbon flux through a beta oxidation pathway, an omega
oxidation pathway, or a beta oxidation and omega oxidation
pathway, towards the production of target product (e.g., adi-
pic acid). In some embodiments, a genetic modification dis-
rupts an activity in the beta oxidation pathway, or disrupts a
polynucleotide that encodes a polypeptide that carries out a
forward reaction in the beta oxidation pathway, which renders
beta oxidation activity undetectable. The term “undetectable”
as used herein refers to an amount of an analyte that is below
the limits of detection, using detection methods or assays
known (e.g., described herein). In certain embodiments, the
genetic modification partially reduces beta oxidation activity.
The term “partially reduces beta oxidation activity” as used
here refers to alevel of activity in an engineered organism that
is lower than the level of activity found in the host or starting
organism.
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[0092] An activity within an engineered microorganism
provided herein can include one or more (e.g., 1,2,3,4, 5, 6,
7,8, 9, 10 or all) of the following activities: 6-oxohexanoic
acid dehydrogenase activity; 6-hydroxyhexanoic acid dehy-
drogenase activity; hexanoate synthase activity; cytochrome
P450 activity; cytochrome P450 reductase activity; fatty alco-
hol oxidase activity; acyl-CoA ligase activity, acyl-CoA oxi-
dase activity; enoyl-CoA hydratase activity, 3-hydroxyacyl-
CoA dehydrogenase activity, and thioesterase activity (e.g.,
acetyl-CoA C-acyltransferase, beta-ketothiolase). In certain
embodiments, one or more (e.g., 1,2,3,4,5,6,7,8,9, 10 or
all) of the foregoing activities is altered by way of a genetic
modification. In some embodiments, one or more (e.g., 1,2, 3,
4,5,6,7,8,9, 10 or all) of the foregoing activities is altered
by way of (i) adding a heterologous polynucleotide that
encodes a polypeptide having the activity, and/or (ii) altering
or adding a regulatory sequence that regulates the expression
of a polypeptide having the activity.

[0093] The term “6-oxohexanoic acid dehydrogenase
activity” as used herein refers to conversion of 6-oxohexanoic
acid to adipic acid. The 6-oxohexanoic acid dehydrogenase
activity can be provided by a polypeptide. In some embodi-
ments, the polypeptide is encoded by a heterologous nucle-
otide sequence introduced to a host microorganism. In certain
embodiments, an endogenous polypeptide having the 6-oxo-
hexanoic acid dehydrogenase activity is identified in the host
microorganism, and the host microorganism is genetically
altered to increase the amount of the polypeptide produced
(e.g., a heterologous promoter is introduced in operable link-
age with a polynucleotide that encodes the polypeptide; the
copy number of a polynucleotide that encodes the polypep-
tide is increased (e.g., by introducing a plasmid that includes
the polynucleotide)). Nucleic acid sequences conferring
6-oxohexanoic acid dehydrogenase activity can be obtained
from a number of sources, including Actinobacter, Norcar-
dia, Pseudomonas and Xanthobacter bacteria. Examples of
an amino acid sequence of a polypeptide having 6-oxohex-
anoic acid dehyrdogenase activity, and a nucleotide sequence
of a polynucleotide that encodes the polypeptide, are pre-
sented herein. Presence, absence or amount of 6-oxohexanoic
acid dehydrogenase activity can be detected by any suitable
method known in the art. For an example of a detection
method for alcohol oxidase or alcohol dehydrogenase activity
(see Appl Environ Microbiol 70: 4872). In some embodi-
ments, 6-oxohexanoic acid dehydrogenase activity is not
altered in a host microorganism, and in certain embodiments,
the activity is added or increased in the engineered microor-
ganism relative to the host microorganism.

[0094] The term “omega oxo fatty acid dehydrogenase
activity” as used herein refers to conversion of an omega oxo
fatty acid to a dicarboxylic acid. The omega oxo fatty acid
dehydrogenase activity can be provided by a polypeptide. In
some embodiments, the polypeptide is encoded by a heter-
ologous nucleotide sequence introduced to a host microor-
ganism. In certain embodiments, an endogenous polypeptide
having the omega oxo fatty acid dehydrogenase activity is
identified in the host microorganism, and the host microor-
ganism is genetically altered to increase the amount of the
polypeptide produced (e.g., a heterologous promoter is intro-
duced in operable linkage with a polynucleotide that encodes
the polypeptide; the copy number of a polynucleotide that
encodes the polypeptide is increased (e.g., by introducing a
plasmid that includes the polynucleotide)). Nucleic acid
sequences conferring omega oxo fatty acid dehydrogenase
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activity can be obtained from a number of sources, including
Actinobacter, Norcardia, Pseudomonas and Xanthobacter
bacteria. Examples of an amino acid sequence of a polypep-
tide having omega oxo fatty acid dehydrogenase activity and
a nucleotide sequence of a polynucleotide that encodes the
polypeptide, are presented herein. Presence, absence or
amount of omega oxo fatty acid dehydrogenase activity can
be detected by any suitable method known in the art. In some
embodiments, omega oxo fatty acid dehydrogenase activity is
not altered in a host microorganism, and in certain embodi-
ments, the activity is added or increased in the engineered
microorganism relative to the host microorganism.

[0095] The term “6-hydroxyhexanoic acid dehydrogenase
activity” as used herein refers to conversion of 6-hydroxy-
hexanoic acid to 6-oxohexanoic acid. The 6-hydroxyhex-
anoic acid dehydrogenase activity can be provided by a
polypeptide. In some embodiments, the polypeptide is
encoded by a heterologous nucleotide sequence introduced to
a host microorganism. In certain embodiments, an endog-
enous polypeptide having the 6-hydroxyhexanoic acid dehy-
drogenase activity is identified in the host microorganism,
and the host microorganism is genetically altered to increase
the amount of the polypeptide produced (e.g., a heterologous
promoter is introduced in operable linkage with a polynucle-
otide that encodes the polypeptide; the copy number of a
polynucleotide that encodes the polypeptide is increased
(e.g., by introducing a plasmid that includes the polynucle-
otide)). Nucleic acid sequences conferring 6-hydroxohex-
anoic acid dehydrogenase activity can be obtained from a
number of sources, including Actinobacter, Norcardia,
Pseudomonas, and Xanthobacter. Examples of an amino acid
sequence of a polypeptide having 6-hydroxyhexanoic acid
dehydrogenase activity, and a nucleotide sequence of a poly-
nucleotide that encodes the polypeptide, are presented herein.
Presence, absence or amount of 6-hydroxyhexanoic acid
dehydrogenase activity can be detected by any suitable
method known in the art. An example of such a method is
described in Methods in Enzymology, 188: 176. In some
embodiments, 6-hydroxyhexanoic acid dehydrogenase activ-
ity is not altered in a host microorganism, and in certain
embodiments, the activity is added or increased in the engi-
neered microorganism relative to the host microorganism.

[0096] The term “omega hydroxyl fatty acid dehydroge-
nase activity” as used herein refers to conversion of an omega
hydroxyl fatty acid to an omega oxo fatty acid. The omega
hydroxyl fatty acid dehydrogenase activity can be provided
by a polypeptide. In some embodiments, the polypeptide is
encoded by a heterologous nucleotide sequence introduced to
a host microorganism. In certain embodiments, an endog-
enous polypeptide having the omega hydroxyl fatty acid
dehydrogenase activity is identified in the host microorgan-
ism, and the host microorganism is genetically altered to
increase the amount of the polypeptide produced (e.g., a
heterologous promoter is introduced in operable linkage with
apolynucleotide that encodes the polypeptide; the copy num-
ber of a polynucleotide that encodes the polypeptide is
increased (e.g., by introducing a plasmid that includes the
polynucleotide)). Nucleic acid sequences conferring omega
hydroxyl fatty acid dehydrogenase activity can be obtained
from a number of sources, including Actinobacter, Norcardia,
Pseudomonas and Xanthobacter bacteria. Examples of an
amino acid sequence of a polypeptide having omega hydroxyl
fatty acid dehydrogenase activity and a nucleotide sequence
of a polynucleotide that encodes the polypeptide, are pre-
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sented herein. Presence, absence or amount of omega
hydroxyl fatty acid dehydrogenase activity can be detected by
any suitable method known in the art. In some embodiments,
omega hydroxyl fatty acid dehydrogenase activity is not
altered in a host microorganism, and in certain embodiments,
the activity is added or increased in the engineered microor-
ganism relative to the host microorganism.

[0097] The term “hexanoate synthase activity” as used
herein refers to conversion of acetyl-CoA and malonyl-CoA
to hexanoic acid. Hexanoate synthase activity may be pro-
vided by an enzyme that includes one or two subunits (re-
ferred to hereafter as “subunit A” and/or “subunit B”). The
hexanoate synthase activity can be provided by a polypeptide.
In some embodiments, the polypeptide is encoded by a het-
erologous nucleotide sequence introduced to a host microor-
ganism. Nucleic acid sequences conferring hexonate syn-
thase activity can be obtained from a number of sources,
including Aspergillus parisiticus, for example. Examples of
an amino acid sequence of a polypeptide having hexanoate
synthase activity, and a nucleotide sequence of a polynucle-
otide that encodes the polypeptide, are presented herein. In
some embodiments, hexanoate synthase activity is not altered
in a host microorganism, and in certain embodiments, the
activity is added or increased in the engineered microorgan-
ism relative to the host microorganism.

[0098] Presence, absence or amount of hexanoate synthase
activity can be detected by any suitable method known in the
art. An example of such a method is described in Hexanoate
synthase+thioesterase (Chemistry and Biology 9: 981-988).
Briefly, an indicator strain may be prepared. An indicator
strain may be Bacillus subtilis containing a reporter gene
(beta-galactosidase, green fluorescent protein, etc.) under
control of the promoter regulated by LiaR, for example. An
indicator strain also may be Candida tropicalis containing
either the LiaR regulatable promoter from Bacillus subtilis or
the alkane inducible promoter for the native gene for the
peroxisomal 3-ketoacyl coenzyme A thiolase gene (CT-
T3A), for example. Mutants with an improved functionality
of HexS, thereby producing more hexanoic acid, can be
plated onto a lawn of indicator strain. Upon incubation and
growth of both the test mutant and the indicator strain, the
appearance of a larger halo, which correlates to the induction
of' the reporter strain compared to control strains, indicates a
mutant with improved activity. In alternative approach,
mutants are grown in conditions favoring production of hex-
anoyl CoA orhexanoic acid and lysed. Cell lysates are treated
with proteases which may release hexanoic acid from the
PKS. Clarified lysates may be spotted onto lawns of indicator
strains to assess improved production. In another alternative
approach, indicator strains are grown under conditions suit-
able to support expression of the reporter gene when induced
by hexanoic acid. Dilutions of a known concentration of
hexanoic acid are used to determine a standard curve. Lysates
of'the test strain grown under conditions favoring production
of hexanoic acid are prepared and dilutions of the lysate
added to the indicator strain. Indicator strains with lysates are
placed under identical conditions as used to determine the
standard curve. The lysate dilutions that minimally support
induction can be used to determine, quantitatively, the
amount produced when compared to the standard curve.

[0099] The term “monooxygenase activity” as used herein
refers to inserting one atom of oxygen from O, into an organic
substrate (RH) and reducing the other oxygen atom to water.
In some embodiments, monooxygenase activity refers to
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incorporation of an oxygen atom onto a six-carbon organic
substrate. In certain embodiments, monooxygenase activity
refers to conversion of hexanoate to 6-hydroxyhexanoic acid.
Monooxygenase activity can be provided by any suitable
polypeptide, such as a cytochrome P450 polypeptide (here-
after “CYP450”) in certain embodiments. Nucleic acid
sequences conferring CYP450 activity can be obtained from
anumber of sources, including Bacillus megaterium and may
be induced in organisms including but not limited to Candida
tropicalis, Yarrowia lipolytica, Aspergillus nidulans, and
Aspergillus  parasiticus. Examples of oligonucleotide
sequences utilized to isolate a polynucleotide sequence
encoding a polypeptide having CYP450 activity (e.g.,
CYP52A15 activity, CYP52A16 activity, or CYP52A15
activity and CYP52A16 activity) are presented herein. In
some embodiments, monooxygenase activity is not altered in
ahost microorganism, and in certain embodiments, the activ-
ity is added or increased in the engineered microorganism
relative to the host microorganism.

[0100] Presence, absence or amount of cytochrome P450
activity can be detected by any suitable method known in the
art. For example, detection can be performed by assaying a
reaction containing cytochrome P450 (CYP52A family) and
NADPH——cytochrome P450 reductase (see Appl Environ
Microbiol 69: 5983 and 5992). Briefly, cells are grown under
standard conditions and harvested for production of
microsomes, which are used to detect CYP activity.
Microsomes are prepared by lysing cells in Tris-buffered
sucrose (10 mM Tris-HC1 pH 7.5, 1 mM EDTA, 0.25M
sucrose). Differential centrifugation is performed first at
25,000xg then at 100,000xg to pellet cell debris then
microsomes, respectively. The microsome pellet is resus-
pended in 0.1 M phosphate buffer (pH 7.5), | mM EDTA to a
final concentration of approximately 10 mg protein/mL.. A
reaction mixture containing approximately 0.3 mg
microsomes, 0.1 mM sodium hexanoate, 0.7 mM NADPH,
50 mM Tris-HCl pH 7.5 in 1 mL is initiated by the addition of
NADPH and incubated at 37° C. for 10 minutes. The reaction
is terminated by addition 0f0.25 mL. SM HCl and 0.25 m[. 2.5
ug/ml, 10-hydroxydecanoic acid is added as an internal stan-
dard (3.3 nmol). The mixture is extracted with 4.5 m[ diethyl
ether under NaCl-saturated conditions. The organic phase is
transferred to a new tube and evaporated to dryness. The
residue is dissolved in acetonitrile containing 10 mM 3-bro-
momethyl-7-methoxy-1,4-benzoxazin-2-one (BrMB) and
0.1 mL of 15 mg/mL 18-crown-6 in acetonitril saturated with
K,CO;. The solution is incubated at 40° C. for 30 minutes
before addition of 0.05 mL. 2% acetic acid. The fluorescently
labeled omega-hydroxy fatty acids are resolved via HPL.C
with detection at 430 nm and excitation at 355 nm (Yamada et
al., 1991, AnalBiochem 199: 132-136). Optionally, specifi-
cally induced CYP gene(s) may be detected by Northern
blotting and/or quantitative RT-PCR. (Craft et al., 2003,
AppEnvironMicro 69: 5983-5991).

[0101] The term “monooxygenase reductase activity” as
used herein refers to the transfer of an electron from NAD(P)
H, FMN, or FAD by way of an electron transfer chain, reduc-
ing the ferric heme iron of cytochrome P450 to the ferrous
state. The term “monooxygenase reductase activity” as used
herein also can refer to the transfer of a second electron via the
electron transport system, reducing a dioxygen adduct to a
negatively charged peroxo group. In some embodiments, a
monooxygenase activity can donate electrons from the two-
electron donor NAD(P)H to the heme of cytochrome P450
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(e.g., monooxygenase activity) in a coupled two-step reaction
in which NAD(P)H can bind to the NAD(P)H-binding
domain of the polypeptide having the monooxygenase reduc-
tase activity and electrons are shuttled from NAD(P)H
through FAD and FMN to the heme of the monooxygenase
activity, thereby regenerating an active monooxygenase
activity (e.g., cytochrome P450). Monooxygenase reductase
activity can be provided by any suitable polypeptide, such as
a cytochrome P450 reductase polypeptide (hereafter “CPR”)
in certain embodiments. Nucleic acid sequences conferring
CPR activity can be obtained from and/or induced in a num-
ber of sources, including but not limited to Bacillus megate-
rium, Candida tropicalis, Yarrowia lipolytica, Aspergillus
nidulans, and Aspergillus parasiticus. Examples of oligo-
nucleotide sequences utilized to isolate a polynucleotide
sequence encoding a polypeptide having CPR activity are
presented herein. In some embodiments, monooxygenase
reductase activity is not altered in a host microorganism, and
in certain embodiments, the activity is added or increased in
the engineered microorganism relative to the host microor-
ganism.

[0102] Presence, absence or amount of CPR activity can be
detected by any suitable method known in the art. For
example, an engineered microorganism having an increased
number of genes encoding a CPR activity, relative to the host
microorganism, could be detected using quantitative nucleic
acid detection methods (e.g., southern blotting, PCR, primer
extension, the like and combinations thereof). An engineered
microorganism having increased expression of genes encod-
ing a CPR activity, relative to the host microorganism, could
be detected using quantitative expression based analysis (e.g.,
RT-PCR, western blot analysis, northern blot analysis, the
like and combinations thereof). Alternately, an enzymatic
assay can be used to detect Cytochrome P450 reductase activ-
ity, where the enzyme activity alters the optical absorbance at
550 nanometers of a substrate solution (Masters, B. S. S.,
Williams, C. H., Kamin, H. (1967) Methods in Enzymology,
X, 565-573).

[0103] The term “fatty alcohol oxidase activity” as used
herein refers to inserting one atom of oxygen from O, into an
organic substrate and reducing the other oxygen atom to
peroxide. Fatty alcohol oxidase activity sometimes also is
referred to as “long-chain-alcohol oxidase activity”, “long-
chain-alcohol:oxygen oxidoreductase activity”, “fatty alco-
hol:oxygen oxidoreductase activity” and “long-chain fatty
acid oxidase activity”. In some embodiments, fatty alcohol
oxidase activity refers to incorporation of an oxygen atom
onto a six-carbon organic substrate. In certain embodiments,
fatty alcohol oxidase activity refers to the conversion of 6-hy-
droxyhexanoic acid into 6-oxohexanoic acid. In some
embodiments, fatty alcohol oxidase activity refers to the con-
version of an omega hydroxyl fatty acid into an omega oxo
fatty acid. A Fatty alcohol oxidase (FAO) activity can be
provided by any suitable polypeptide, such as a fatty alcohol
oxidase peptide, a long-chain-alcohol oxidase peptide, a
long-chain-alcohol:oxygen oxidoreductase peptide, a fatty
alcohol:oxygen oxidoreductase peptide and a long-chain
fatty acid oxidase peptide. Nucleic acid sequences conferring
FAO activity can be obtained from a number of sources,
including but not limited to Candida tropicalis, Candida
cloacae, Yarrowia lipolytica, and Arabidopsis thaliana.
Examples of amino acid sequences of polypeptides having
FAO activity, and nucleotide sequences of polynucleotides
that encode the polypeptides, are presented herein. In some
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embodiments, fatty alcohol oxidase activity is not altered in a
host microorganism, and in certain embodiments, the activity
is added or increased in the engineered microorganism rela-
tive to the host microorganism.

[0104] Presence, absence or amount of FAO activity can be
detected by any suitable method known in the art. For
example, an engineered microorganism having an increased
number of genes encoding an FAO activity, relative to the host
microorganism, could be detected using quantitative nucleic
acid detection methods (e.g., southern blotting, PCR, primer
extension, the like and combinations thereof). An engineered
microorganism having increased expression of genes encod-
ing an FAO activity, relative to the host microorganism, could
be detected using quantitative expression based analysis (e.g.,
RT-PCR, western blot analysis, northern blot analysis, the
like and combinations thereof). Alternately, an enzymatic
assay can be used to detect fatty alcohol oxidase activity as
described in Eirich et al, 2004, or as modified in the Examples
herein.

[0105] The term “acyl-CoA oxidase activity” as used
herein refers to the oxidation of a long chain fatty-acyl-CoA
to a trans-2,3-dehydroacyl-CoA fatty alcohol. In some
embodiments, the acyl-CoA activity is from a peroxisome. In
certain embodiments, the acyl-CoA oxidase activity is a per-
oxisomal acyl-CoA oxidase (POX) activity, carried out by a
POX polypeptide. In some embodiments the acyl-CoA oxi-
dase activity is encoded by the host organism and sometimes
can be altered to generate an engineered organism. Acyl-CoA
oxidase activity is encoded by the POX4 and POXS genes of
C. tropicalis. In certain embodiments, endogenous acyl-CoA
oxidase activity can be increased. In some embodiments,
acyl-CoA oxidase activity of the POX4 polypeptide or the
POXS5 polypeptide can be altered independently of each other
(e.g., increase activity of POX4 alone, POXS alone, increase
one and disrupt the other, and the like). Increasing the activity
of one POX activity, while disrupting the activity of another
POX activity, may alter the specific activity of acyl-CoA
oxidase with respect to carbon chain length, while maintain-
ing or increasing overall flux through the beta oxidation path-
way, in certain embodiments.

[0106] FIGS. 15A-15C graphically illustrate the units of
acyl-CoA oxidase activity expressed as units (U) per milli-
gram of protein (Y axis) in various strains of Candida tropi-
calis induced by feedstocks of specific chain length (Picatag-
gio et al. 1991 Molecular and Cellular Biology 11: 4333-
4339). Isolated protein was assayed for acyl-CoA oxidase
activity using carbon chains of various length (X axis). The X
and Y axes in FIGS. 15A-15C represent substantially similar
data. FIG. 15A illustrates acyl-CoA oxidase activity as mea-
sured in a strain having a full complement of POX genes (e.g.,
POX4 and POXS are active). FIG. 15B illustrates acyl-CoA
oxidase activity as measured in a strain having a disrupted
POXS gene. The activity encoded by the functional POX4
gene exhibits a higher specific activity for acyl-CoA mol-
ecules with shorter carbon chain lengths (e.g., less than 10
carbons). The results of the POXS disrupted strain also are
presented numerically in the table in FIG. 15B. FIG. 15C
illustrates acyl-CoA oxidase activity as measured in a strain
having a disrupted POX4 gene. The activity encoded by the
functional POXS gene exhibits a narrow peak of high specific
activity for acyl-CoA molecules 12 carbons in length, with a
lower specific activity for molecules 10 carbons in length.
The results of the POX4 disrupted strain are presented
numerically in the table in FIG. 15C.
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[0107] In certain embodiments, host acyl-CoA oxidase
activity of one of the POX genes can be increased by geneti-
cally altering (e.g., increasing) the amount of the polypeptide
produced (e.g., a strongly transcribed or constitutively
expressed heterologous promoter is introduced in operable
linkage with a polynucleotide that encodes the polypeptide;
the copy number of a polynucleotide that encodes the
polypeptide is increased (e.g., by introducing a plasmid that
includes the polynucleotide, integration of additional copies
in the host genome)). In some embodiments, the host acyl-
CoA oxidase activity can be decreased by disruption (e.g.,
knockout, insertion mutagenesis, the like and combinations
thereof) of an acyl-CoA oxidase gene, or by decreasing the
activity of the promoter (e.g., addition of repressor sequences
to the promoter or 5'UTR) which transcribes an acyl-CoA
oxidase gene.

[0108] A noted above, disruption of nucleotide sequences
encoding POX4, POX 5, or POX4 and POXS sometimes can
alter pathway efficiency, specificity and/or specific activity
with respect to metabolism of carbon chains of different
lengths (e.g., carbon chains including fatty alcohols, fatty
acids, paraffins, dicarboxylic acids of between about 1 and
about 60 carbons in length). In some embodiments, the nucle-
otide sequence of POX4, POXS, or POX4 and POXS is dis-
rupted with a URA3 nucleotide sequence encoding a select-
able marker, and introduced to a host microorganism, thereby
generating an engineered organism deficient in POX4, POX5
or POX4 and

[0109] POXS activity. Nucleic acid sequences encoding
POX4 and POXS5 can be obtained from a number of sources,
including Candida tropicalis, for example. Examples of
POX4 and POX5 amino acid sequences and nucleotide
sequences of polynucleotides that encode the polypeptides,
are presented herein.

[0110] Presence, absence or amount of POX4 and/or POX5
activity can be detected by any suitable method known in the
art. For example, using enzymatic assays as described in
Shimizu et al, 1979, and as described herein in the Examples.
Alternatively, nucleic acid sequences representing native and/
or disrupted POX4 and POXS sequences also can be detected
using nucleic acid detection methods (e.g., PCR, primer
extension, nucleic acid hybridization, the like and combina-
tions thereof), or quantitative expression based analysis (e.g.,
RT-PCR, western blot analysis, northern blot analysis, the
like and combinations thereof), where the engineered organ-
ism exhibits decreased RNA and/or polypeptide levels as
compared to the host organism.

[0111] The term “thioesterase activity” as used herein
refers to removal of Coenzyme A from hexanoate.

[0112] The thioesterase activity can be provided by a
polypeptide. In some embodiments, the polypeptide is
encoded by a heterologous nucleotide sequence introduced to
a host microorganism. Nucleic acid sequences conferring
thioesterase activity can be obtained from a number of
sources, including Cuphea lanceolata. Examples of such
polypeptides include, without limitation, acyl-(ACP)
thioesterase type B from Cuphea lanceolata, encoded by the
nucleotide sequences referenced by accession number
CAB60830 at the World Wide Web Uniform Resource Loca-
tor (URL) ncbi.nlm.nih.gov of the National Center for Bio-
technology Information (NCBI).

[0113] Presence, absence or amount of thioesterase activity
can be detected by any suitable method known in the art. An
example of such a method is described Chemistry and Biol-

Jun. 21, 2012

ogy 9: 981-988. In some embodiments, thioesterase activity
is not altered in a host microorganism, and in certain embodi-
ments, the activity is added or increased in the engineered
microorganism relative to the host microorganism. In some
embodiments, a polypeptide having thioesterase activity is
linked to another polypeptide (e.g., a hexanoate synthase A or
hexanoate synthase B polypeptide). A non-limiting example
of an amino acid sequence (one letter code sequence) for a
polypeptide having thioesterase activity is provided hereaf-
ter:

(SEQ ID NO: 14)
MVAAAATSAFFPVPAPGTS PKPGKSGNWPSSLSPTFKPKSIPNAGFQVKA

NASAHPKANGSAVNLKSGSLNTQEDTSSSPPPRAFLNQLPDWSMLLTAIT
TVFVAAEKQWTMLDRKSKRPDMLVDSVGLKSIVRDGLVSRQSFLIRSYEI
GADRTASIETLMNHLQETS INHCKSLGLLNDGFGRTPGMCKNDLIWVLTK
MQIMVNRYPTWGDTVEINTWFSQSGKIGMASDWLISDCNTGEILIRATSV
WAMMNQKTRRFSRLPYEVRQELTPHFVDSPHVIEDNDQKLHKFDVKTGDS
IRKGLTPRWNDLDVNQHVSNVKYIGWILESMPIEVLETQELCSLTVEYRR
ECGMDSVLESVTAVDPSENGGRSQYKHLLRLEDGTDIVKSRTEWRPKNAG

TNGAISTSTAKTSNGNSAS

[0114] Theterm “a genetic modification that results in sub-
stantial hexanoate usage by monooxygenase activity” as used
herein refers to a genetic alteration of a host microorganism
that reduces an endogenous activity that converts hexanoate
to another product. In some embodiments, an endogenous
activity that converts hexanoate to a toxin (e.g., in fungus) is
reduced. In certain embodiments, a polyketide synthase
activity is reduced. Such alterations can advantageously
increase yields of end products, such as adipic acid.

[0115] The term “polyketide synthase activity” as used
herein refers to the alteration of hexanoic acid by the
polyketide synthase enzyme (PKS) as a step in the production
of other products including mycotoxin. The PKS activity can
be provided by a polypeptide. Examples of such polypeptides
include, without limitation, an Aspergillus parasiticus
enzyme referenced by accession number AAS66004 at the
World Wide Web Uniform Resource Locator (URL) ncbi.
nlm.nih.gov of the National Center for Biotechnology Infor-
mation (NCBI). In certain embodiments, a PKS enzyme uses
hexanoic acid generated by hexanoate synthase as a substrate
and a component of the Aspergillus N or S multienzyme
complex, a closely associated gene cluster involved in the
synthesis of various products including mytoxin. Accord-
ingly, a PKS activity sometimes is altered to free hexanoic
acid for an engineered adipic acid pathway. In some embodi-
ments PKS activity is diminished or blocked. In certain
embodiments the PKS enzyme is engineered to substitute
thioesterase activity for PKS activity. Presence, absence, or
amount of PKS activity can be detected by any suitable
method known in the art, such as that described in Watanabe
C and Townsend C (2002) Initial characterization of a type |
fatty acid synthase and polyketide synthase multienzyme
complex N or S in the biosynthesis of aflatoxin B1. Chemistry
and Biology 9: 981-988. A non-limiting example of an amino
acid sequence (one letter code sequence) of a polypeptide
having polyketide synthase activity is provided hereafter:
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(SEQ ID NO: 15)
MAQSRQLFLFGDQTADFVPKLRSLLSVQDSPILAAFLDQSHYVVRAQMLQ

SMNTVDHKLARTADLRQMVQKYVDGKLTPAFRTALVCLCQLGCFIREYEE
SGNMYPQPSDSYVLGFCMGSLAAVAVSCSRSLSELLPIAVQTVLIAFRLG
LCALEMRDRVDGCSDDRGDPWSTIVWGLDPQQARDQIEVFCRTTNVPQTR
RPWISCISKNAITLSGSPSTLRAFCAMPQMAQHRTAPIPICLPAHNGALF
TQADITTILDTTPTTPWEQLPGQIPYISHVTGNVVQTSNYRDLIEVALSE
TLLEQVRLDLVETGLPRLLQSRQVKSVTIVPFLTRMNETMSNILPDSFIS
TETRTDTGRAIPASGRPGAGKCKLAIVSMSGRFPESPTTESFWDLLYKGL
DVCKEVPRRRWDINTHVDPSGKARNKGATKWGCWLDFSGDFDPRFFGISP
KEAPQMDPAQRMALMSTYEAMERAGLVPDTTPSTQRDRIGVFHGVTSNDW
METNTAQNIDTYFITGGNRGFIPGRINFCFEFAGPSYTNDTACSSSLAAT
HLACNSLWRGDCDTAVAGGTNMIYTPDGHTGLDKGFFLSRTGNCKPYDDK
ADGYCRAEGVGTVFIKRLEDALADNDPILGVILDAKTNHSAMSESMTRPH
VGAQIDNMTAALNT TGLHPNDFSYIEMHGTGTQVGDAVEMESVLSVFAPS
ETARKADQPLFVGSAKANVGHGEGVSGVTSLIKVLMMMQHDTIPPHCGIK
PGSKINRNFPDLGARNVHIAFEPKPWPRTHTPRRVLINNFSAAGGNTALI
VEDAPERHWPTEKDPRSSHIVALSAHVGASMKTNLERLHQYLLKNPHTDL
AQLSYTTTARRWHYLHRVSVTGASVEEVTRKLEMAIQNGDGVSRPKSKPK
ILFAFTGQGSQYATMGKQVYDAYPSFREDLEKFDRLAQSHGFPSFLHVCT
SPKGDVEEMAPVVVQLAITCLOMALTNLMTSFGIRPDVTVGHSLGEFAAL
YAAGVLSASDVVYLVGQRAELLQERCQRGTHAMLAVKATPEALSQWIQDH
DCEVACINGPEDTVLSGTTKNVAEVORAMTDNGIKCTLLKLPFAFHSAQV
QPILDDFEALAQGATFAKPQLLILSPLLRTEIHEQGVVTPSYVAQHCRHT
VDMAQALRSAREKGLIDDKTLVIELGPKPLISGMVKMTLGDKISTLPTLA
PNKAIWPSLQKILTSVYTGGWDINWKKYHAPFASSQKVVDLPSYGWDLKD
YYIPYQGDWCLHRHQQODCKCAAPGHEIKTADYQVPPESTPHRPSKLDPSK
EAFPEIKTTTTLHRVVEETTKPLGATLVVETDISRKDVNGLARGHLVDGI
PLCTPSFYADIAMQVGQYSMQRLRAGHPGAGAIDGLVDVSDMVVDKALVP
HGKGPQLLRTTLTMEWPPKAAATTRSAKVKFATYFADGKLDTEHASCTVR
FTSDAQLKSLRRSVSEYKTHIRQLHDGHAKGQFMRYNRKTGYKLMSSMAR
FNPDYMLLDYLVLNEAENEAASGVDFSLGSSEGTFAAHPAHVDAITQVAG
FAMNANDNVDIEKQVYVNHGWDSFQIYQPLDNSKSYQVYTKMGQAKENDL
VHGDVVVLDGEQIVAFFRGLTLRSVPRGALRVVLQTTVKKADRQLGFKTM
PSPPPPTTTMPISPYKPANTQVSSQAIPAEATHSHTPPQPKHSPVPETAG
SAPAAKGVGVSNEKLDAVMRVVSEESGIALEELTDDSNFADMGIDSLSSM
VIGSRFREDLGLDLGPEFSLFIDCTTVRALKDFMLGSGDAGSGSNVEDPP
PSATPGINPETDWSSSASDSIFASEDHGHSSESGADTGSPPALDLKPYCR

PSTSVVLQGLPMVARKTLFMLPDGGGSAFSYASLPRLKSDTAVVGLNCPY
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-continued
ARDPENMNCTHGAMI ESFCNE IRRRQPRGPYHLGGWSSGGAFAYVVAEAL

VNQGEEVHSLIIIDAPIPQAMEQLPRAFYEHCNSIGLFATQPGASPDGST
EPPSYLIPHFTAVVDVMLDYKLAPLHARRMPKVGIVWAADTVMDERDAPK
MKGMHFMIQKRTEFGPDGWDTIMPGASFDIVRADGANHF TLMQKEHVSII

SDLIDRVMA

[0116] The terms “a genetic modification that reduces
6-hydroxyhexanoic acid conversion” or “a genetic modifica-
tion that reduces omega hydroxyl fatty acid conversion™ as
used herein refer to genetic alterations of a host microorgan-
ism that reduce an endogenous activity that converts 6-hy-
droxyhexanoic acid to another product. In some embodi-
ments, an endogenous  6-hydroxyhexanoic  acid
dehydrogenase activity is reduced. Such alterations can
advantageously increase the amount of 6-hydroxyhexanoic
acid, which can be purified and further processed.

[0117] The term “a genetic modification that reduces beta-
oxidation activity” as used herein refers to a genetic alteration
of'a host microorganism that reduces an endogenous activity
that oxidizes a beta carbon of carboxylic acid containing
organic molecules. In certain embodiments, the organic mol-
ecule is a six carbon molecule, and sometimes contains one or
two carboxylic acid moieties located at a terminus of the
molecule (e.g., adipic acid). Such alterations can advanta-
geously increase yields of end products, such as adipic acid.

Polynucleotides and Polypeptides

[0118] A nucleic acid (e.g., also referred to herein as
nucleic acid reagent, target nucleic acid, target nucleotide
sequence, nucleic acid sequence of interest or nucleic acid
region of interest) can be from any source or composition,
such as DNA, cDNA, gDNA (genomic DNA), RNA, siRNA
(short inhibitory RNA), RNA1, tRNA or mRNA, for example,
and can be in any form (e.g., linear, circular, supercoiled,
single-stranded, double-stranded, and the like). A nucleic
acid can also comprise DNA or RNA analogs (e.g., contain-
ing base analogs, sugar analogs and/or a non-native backbone
and the like). It is understood that the term “nucleic acid” does
not refer to or infer a specific length of the polynucleotide
chain, thus polynucleotides and oligonucleotides are also
included in the definition. Deoxyribonucleotides include
deoxyadenosine, deoxycytidine, deoxyguanosine and deox-
ythymidine. For RNA, the uracil base is uridine.

[0119] A nucleic acid sometimes is a plasmid, phage,
autonomously replicating sequence (ARS), centromere, arti-
ficial chromosome, yeast artificial chromosome (e.g., YAC)
or other nucleic acid able to replicate or be replicated in a host
cell. In certain embodiments a nucleic acid can be from a
library or can be obtained from enzymatically digested,
sheared or sonicated genomic DNA (e.g., fragmented) from
an organism of interest. In some embodiments, nucleic acid
subjected to fragmentation or cleavage may have a nominal,
average or mean length of about 5 to about 10,000 base pairs,
about 100 to about 1,000 base pairs, about 100 to about 500
base pairs, or about 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60,
65,70, 75, 80, 85, 90, 95, 100, 200, 300, 400, 500, 600, 700,
800, 900, 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000,
9000 or 10000 base pairs. Fragments can be generated by any
suitable method in the art, and the average, mean or nominal
length of nucleic acid fragments can be controlled by select-
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ing an appropriate fragment-generating procedure by the per-
son of ordinary skill. In some embodiments, the fragmented
DNA can be size selected to obtain nucleic acid fragments of
a particular size range.

[0120] Nucleic acid can be fragmented by various methods
known to the person of ordinary skill, which include without
limitation, physical, chemical and enzymic processes.
Examples of such processes are described in U.S. Patent
Application Publication No. 20050112590 (published on
May 26, 2005, entitled “Fragmentation-based methods and
systems for sequence variation detection and discovery,”
naming Van Den Boom et al.). Certain processes can be
selected by the person of ordinary skill to generate non-
specifically cleaved fragments or specifically cleaved frag-
ments. Examples of processes that can generate non-specifi-
cally cleaved fragment sample nucleic acid include, without
limitation, contacting sample nucleic acid with apparatus that
expose nucleic acid to shearing force (e.g., passing nucleic
acid through a syringe needle; use of a French press); expos-
ing sample nucleic acid to irradiation (e.g., gamma, x-ray, UV
irradiation; fragment sizes can be controlled by irradiation
intensity); boiling nucleic acid in water (e.g., yields about 500
base pair fragments) and exposing nucleic acid to an acid and
base hydrolysis process.

[0121] Nucleic acid may be specifically cleaved by contact-
ing the nucleic acid with one or more specific cleavage agents.
The term “specific cleavage agent™ as used herein refers to an
agent, sometimes a chemical or an enzyme that can cleave a
nucleic acid at one or more specific sites. Specific cleavage
agents often will cleave specifically according to a particular
nucleotide sequence at a particular site. Examples of enzymic
specific cleavage agents include without limitation endonu-
cleases (e.g., DNase (e.g., DNase I, IT); RNase (e.g., RNase E,
F, H, P); Cleavase™ enzyme; Taq DNA polymerase; E. coli
DNA polymerase I and eukaryotic structure-specific endonu-
cleases; murine FEN-1 endonucleases; type L, IT or Il restric-
tion endonucleases such as Acc I, Afl 1T, Alu I, Alw44 1, Apa
I,Asnl, Aval, Ava Il, BamH [, Ban I1, Bel I, Bgl 1. Bgl 11, Bln
I, Bsm I, BssH IL, BstE II, Cfo I, Cla I, Dde I, Dpn I, Dra I,
EcIX 1, EcoR I, EcoR 1, EcoR 11, EcoR V, Hae 11, Hae 11, Hind
111, Hind 111, Hpa I, Hpa II, Kpn I, Ksp I, Mlu I, MIuN I, Msp
I,Ncil, Ncol, Ndel, Nde II, Nhe I, Not I, Nru I, Nsi I, Pst I,
Pvul, Pvull, Rsal, Sacl, Sal I, Sau3A 1, Scal, ScrF I, Sfil,
Smal, Spel, Sph1, Ssp I, Stul, Sty I, Swa I, Taq I, Xba I, Xho
1); glycosylases (e.g., uracil-DNA glycolsylase (UDG),
3-methyladenine DNA glycosylase, 3-methyladenine DNA
glycosylase 11, pyrimidine hydrate-DNA glycosylase, FaPy-
DNA glycosylase, thymine mismatch-DNA glycosylase,
hypoxanthine-DNA glycosylase, 5-Hydroxymethyluracil
DNA glycosylase (HmUDG), 5-Hydroxymethylcytosine
DNA glycosylase, or 1,N6-etheno-adenine DNA glycosy-
lase); exonucleases (e.g., exonuclease III); ribozymes, and
DNAzymes. Sample nucleic acid may be treated with a
chemical agent, or synthesized using modified nucleotides,
and the modified nucleic acid may be cleaved. In non-limiting
examples, sample nucleic acid may be treated with (i) alky-
lating agents such as methylnitrosourea that generate several
alkylated bases, including N3-methyladenine and N3-meth-
ylguanine, which are recognized and cleaved by alkyl purine
DNA-glycosylase; (ii) sodium bisulfite, which causes deami-
nation of cytosine residues in DNA to form uracil residues
that can be cleaved by uracil N-glycosylase; and (iii) a chemi-
cal agent that converts guanine to its oxidized form, 8-hy-
droxyguanine, which can be cleaved by formamidopyrimi-
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dine DNA N-glycosylase. Examples of chemical cleavage
processes include without limitation alkylation, (e.g., alkyla-
tion of phosphorothioate-modified nucleic acid); cleavage of
acid lability of P3'-N5'-phosphoroamidate-containing
nucleic acid; and osmium tetroxide and piperidine treatment
of nucleic acid.

[0122] As used herein, the term “complementary cleavage
reactions” refers to cleavage reactions that are carried out on
the same nucleic acid using different cleavage reagents or by
altering the cleavage specificity of the same cleavage reagent
such that alternate cleavage patterns of the same target or
reference nucleic acid or protein are generated. In certain
embodiments, nucleic acids of interest may be treated with
one or more specific cleavage agents (e.g., 1,2,3,4,5,6,7,8,
9, 10 or more specific cleavage agents) in one or more reac-
tion vessels (e.g., nucleic acid of interest is treated with each
specific cleavage agent in a separate vessel).

[0123] A nucleic acid suitable for use in the embodiments
described herein sometimes is amplified by any amplification
process known in the art (e.g., PCR, RT-PCR and the like).
Nucleic acid amplification may be particularly beneficial
when using organisms that are typically difficult to culture
(e.g., slow growing, require specialize culture conditions and
the like). The terms “amplity”, “amplification”, “amplifica-
tion reaction”, or “amplifying” as used herein refer to any in
vitro processes for multiplying the copies of a target sequence
of nucleic acid. Amplification sometimes refers to an “expo-
nential” increase in target nucleic acid. However, “amplify-
ing” as used herein can also refer to linear increases in the
numbers of a select target sequence of nucleic acid, but is
different than a one-time, single primer extension step. In
some embodiments, a limited amplification reaction, also
known as pre-amplification, can be performed. Pre-amplifi-
cation is a method in which a limited amount of amplification
occurs due to a small number of cycles, for example 10 cycles,
being performed. Pre-amplification can allow some amplifi-
cation, but stops amplification prior to the exponential phase,
and typically produces about 500 copies of the desired nucle-
otide sequence(s). Use of pre-amplification may also limit
inaccuracies associated with depleted reactants in standard
PCR reactions.

[0124] Insome embodiments, a nucleic acid reagent some-
times is stably integrated into the chromosome of the host
organism, or a nucleic acid reagent can be a deletion of a
portion of the host chromosome, in certain embodiments
(e.g., genetically modified organisms, where alteration of the
host genome confers the ability to selectively or preferentially
maintain the desired organism carrying the genetic modifica-
tion). Such nucleic acid reagents (e.g., nucleic acids or geneti-
cally modified organisms whose altered genome confers a
selectable trait to the organism) can be selected for their
ability to guide production of a desired protein or nucleic acid
molecule. When desired, the nucleic acid reagent can be
altered such that codons encode for (i) the same amino acid,
using a different tRNA than that specified in the native
sequence, or (ii) a different amino acid than is normal, includ-
ing unconventional or unnatural amino acids (including
detectably labeled amino acids). As described herein, the
term “native sequence” refers to an unmodified nucleotide
sequence as found in its natural setting (e.g., a nucleotide
sequence as found in an organism).

[0125] A nucleic acid or nucleic acid reagent can comprise
certain elements often selected according to the intended use
of the nucleic acid. Any of the following elements can be
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included in or excluded from a nucleic acid reagent. A nucleic
acid reagent, for example, may include one or more or all of
the following nucleotide elements: one or more promoter
elements, one or more 5' untranslated regions (S'UTRs), one
or more regions into which a target nucleotide sequence may
beinserted (an “insertion element™), one or more target nucle-
otide sequences, one or more 3' untranslated regions
(3'UTRs), and one or more selection elements. A nucleic acid
reagent can be provided with one or more of such elements
and other elements may be inserted into the nucleic acid
before the nucleic acid is introduced into the desired organ-
ism. In some embodiments, a provided nucleic acid reagent
comprises a promoter, S'UTR, optional 3'UTR and insertion
element(s) by which a target nucleotide sequence is inserted
(i.e., cloned) into the nucleotide acid reagent. In certain
embodiments, a provided nucleic acid reagent comprises a
promoter, insertion element(s) and optional 3'UTR, and a &'
UTR/target nucleotide sequence is inserted with an optional
3'UTR. The elements can be arranged in any order suitable for
expression in the chosen expression system (e.g., expression
in a chosen organism, or expression in a cell free system, for
example), and in some embodiments a nucleic acid reagent
comprises the following elements in the 5' to 3' direction: (1)
promoter element, S'UTR, and insertion element(s); (2) pro-
moter element, S'UTR, and target nucleotide sequence; (3)
promoter element, 5'UTR, insertion element(s) and 3'UTR;
and (4) promoter element, 5'UTR, target nucleotide sequence
and 3'UTR.

[0126] A promoter element typically is required for DNA
synthesis and/or RNA synthesis. A promoter element often
comprises a region of DNA that can facilitate the transcription
of'a particular gene, by providing a start site for the synthesis
of RNA corresponding to a gene. Promoters generally are
located near the genes they regulate, are located upstream of
the gene (e.g., 5' of the gene), and are on the same strand of
DNA as the sense strand of the gene, in some embodiments.
In some embodiments, a promoter element can be isolated
from a gene or organism and inserted in functional connection
with a polynucleotide sequence to allow altered and/or regu-
lated expression. A non-native promoter (e.g., promoter not
normally associated with a given nucleic acid sequence) used
for expression of a nucleic acid often is referred to as a
heterologous promoter. In certain embodiments, a heterolo-
gous promoter and/or a S'UTR can be inserted in functional
connection with a polynucleotide that encodes a polypeptide
having a desired activity as described herein. The terms
“operably linked” and “in functional connection with” as
used herein with respect to promoters, refer to a relationship
between a coding sequence and a promoter element. The
promoter is operably linked or in functional connection with
the coding sequence when expression from the coding
sequence via transcription is regulated, or controlled by, the
promoter element. The terms “operably linked” and “in func-
tional connection with” are utilized interchangeably herein
with respect to promoter elements.

[0127] A promoter often interacts with a RNA polymerase.
A polymerase is an enzyme that catalyses synthesis of nucleic
acids using a preexisting nucleic acid reagent. When the
template is a DNA template, an RNA molecule is transcribed
before protein is synthesized. Enzymes having polymerase
activity suitable for use in the present methods include any
polymerase that is active in the chosen system with the chosen
template to synthesize protein. In some embodiments, a pro-
moter (e.g., a heterologous promoter) also referred to herein
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as a promoter element, can be operably linked to a nucleotide
sequence or an open reading frame (ORF). Transcription
from the promoter element can catalyze the synthesis of an
RNA corresponding to the nucleotide sequence or ORF
sequence operably linked to the promoter, which in turn leads
to synthesis of a desired peptide, polypeptide or protein.

[0128] Promoter elements sometimes exhibit responsive-
ness to regulatory control. Promoter elements also sometimes
can be regulated by a selective agent. That is, transcription
from promoter elements sometimes can be turned on, turned
off, up-regulated or down-regulated, in response to a change
in environmental, nutritional or internal conditions or signals
(e.g., heat inducible promoters, light regulated promoters,
feedback regulated promoters, hormone influenced promot-
ers, tissue specific promoters, oxygen and pH influenced pro-
moters, promoters that are responsive to selective agents (e.g.,
kanamycin) and the like, for example). Promoters influenced
by environmental, nutritional or internal signals frequently
are influenced by a signal (direct or indirect) that binds at or
near the promoter and increases or decreases expression of
the target sequence under certain conditions.

[0129] Non-limiting examples of selective or regulatory
agents that can influence transcription from a promoter ele-
ment used in embodiments described herein include, without
limitation, (1) nucleic acid segments that encode products
that provide resistance against otherwise toxic compounds
(e.g., antibiotics); (2) nucleic acid segments that encode prod-
ucts that are otherwise lacking in the recipient cell (e.g.,
essential products, tRNA genes, auxotrophic markers); (3)
nucleic acid segments that encode products that suppress the
activity of a gene product; (4) nucleic acid segments that
encode products that can be readily identified (e.g., pheno-
typic markers such as antibiotics (e.g., f-lactamase), $-galac-
tosidase, green fluorescent protein (GFP), yellow fluorescent
protein (YFP), red fluorescent protein (RFP), cyan fluores-
cent protein (CFP), and cell surface proteins); (5) nucleic acid
segments that bind products that are otherwise detrimental to
cell survival and/or function; (6) nucleic acid segments that
otherwise inhibit the activity of any of the nucleic acid seg-
ments described in Nos. 1-5 above (e.g., antisense oligonucle-
otides); (7) nucleic acid segments that bind products that
modify a substrate (e.g., restriction endonucleases); (8)
nucleic acid segments that can be used to isolate or identify a
desired molecule (e.g., specific protein binding sites); (9)
nucleic acid segments that encode a specific nucleotide
sequence that can be otherwise non-functional (e.g., for PCR
amplification of subpopulations of molecules); (10) nucleic
acid segments that, when absent, directly or indirectly confer
resistance or sensitivity to particular compounds; (11) nucleic
acid segments that encode products that either are toxic or
convert a relatively non-toxic compound to a toxic compound
(e.g., Herpes simplex thymidine kinase, cytosine deaminase)
in recipient cells; (12) nucleic acid segments that inhibit
replication, partition or heritability of nucleic acid molecules
that contain them; and/or (13) nucleic acid segments that
encode conditional replication functions, e.g., replication in
certain hosts or host cell strains or under certain environmen-
tal conditions (e.g., temperature, nutritional conditions, and
the like). In some embodiments, the regulatory or selective
agent can be added to change the existing growth conditions
to which the organism is subjected (e.g., growth in liquid
culture, growth in a fermentor, growth on solid nutrient plates
and the like for example).
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[0130] Insomeembodiments, regulation of a promoter ele-
ment can be used to alter (e.g., increase, add, decrease or
substantially eliminate) the activity of a peptide, polypeptide
or protein (e.g., enzyme activity for example). For example, a
microorganism can be engineered by genetic modification to
express a nucleic acid reagent that can add a novel activity
(e.g., an activity not normally found in the host organism) or
increase the expression of an existing activity by increasing
transcription from a homologous or heterologous promoter
operably linked to a nucleotide sequence of interest (e.g.,
homologous or heterologous nucleotide sequence of inter-
est), in certain embodiments. In some embodiments, a micro-
organism can be engineered by genetic modification to
express anucleic acid reagent that can decrease expression of
an activity by decreasing or substantially eliminating tran-
scription from a homologous or heterologous promoter oper-
ably linked to a nucleotide sequence of interest, in certain
embodiments.

[0131] In some embodiments the activity can be altered
using recombinant DNA and genetic techniques known to the
artisan. Methods for engineering microorganisms are further
described herein. Tables herein provide non-limiting lists of
yeast promoters that are up-regulated by oxygen, yeast pro-
moters that are down-regulated by oxygen, yeast transcrip-
tional repressors and their associated genes, DNA binding
motifs as determined using the MEME sequence analysis
software. Potential regulator binding motifs can be identified
using the program MEME to search intergenic regions bound
by regulators for overrepresented sequences. For each regu-
lator, the sequences of intergenic regions bound with p-values
less than 0.001 were extracted to use as input for motif dis-
covery. The MEME software was run using the following
settings: a motif width ranging from 6 to 18 bases, the
“zoops” distribution model, a 6 order Markov background
model and a discovery limit of 20 motifs. The discovered
sequence motifs were scored for significance by two criteria:
an E-value calculated by MEME and a specificity score. The
motif with the best score using each metric is shown for each
regulator. All motifs presented are derived from datasets gen-
erated in rich growth conditions with the exception of a pre-
viously published dataset for epitope-tagged Gal4 grown in
galactose.

[0132] In some embodiments, the altered activity can be
found by screening the organism under conditions that select
for the desired change in activity. For example, certain micro-
organisms can be adapted to increase or decrease an activity
by selecting or screening the organism in question on a media
containing substances that are poorly metabolized or even
toxic. An increase in the ability of an organism to grow a
substance that is normally poorly metabolized would result in
an increase in the growth rate on that substance, for example.
A decrease in the sensitivity to a toxic substance might be
manifested by growth on higher concentrations of the toxic
substance, for example. Genetic modifications that are iden-
tified in this manner sometimes are referred to as naturally
occurring mutations or the organisms that carry them can
sometimes be referred to as naturally occurring mutants.
Modifications obtained in this manner are not limited to alter-
ations in promoter sequences. That is, screening microorgan-
isms by selective pressure, as described above, can yield
genetic alterations that can occur in non-promoter sequences,
and sometimes also can occur in sequences that are not in the
nucleotide sequence of interest, but in a related nucleotide
sequences (e.g., a gene involved in a different step of the same
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pathway, a transport gene, and the like). Naturally occurring
mutants sometimes can be found by isolating naturally occur-
ring variants from unique environments, in some embodi-
ments.

[0133] In addition to the regulated promoter sequences,
regulatory sequences, and coding polynucleotides provided
herein, a nucleic acid reagent may include a polynucleotide
sequence 80% or more identical to the foregoing (or to the
complementary sequences). That is, a nucleotide sequence
that is at least 80% or more, 81% or more, 82% or more, 83%
or more, 84% or more, 85% or more, 86% or more, 87% or
more, 88% or more, 89% or more, 90% or more, 91% or more,
92% or more, 93% or more, 94% or more, 95% or more, 96%
ormore, 97% or more, 98% or more, or 99% or more identical
to a nucleotide sequence described herein can be utilized. The
term “identical” as used herein refers to two or more nucle-
otide sequences having substantially the same nucleotide
sequence when compared to each other. One test for deter-
mining whether two nucleotide sequences or amino acids
sequences are substantially identical is to determine the per-
cent of identical nucleotide sequences or amino acid
sequences shared.

[0134] Calculations of sequence identity can be performed
as follows. 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). The length of a reference
sequence aligned for comparison purposes is sometimes 30%
or more, 40% or more, 50% or more, often 60% or more, and
more often 70% or more, 80% or more, 90% or more, or 100%
of the length of the reference sequence. The nucleotides or
amino acids at corresponding nucleotide or polypeptide posi-
tions, respectively, are then compared among the two
sequences. When a position in the first sequence is occupied
by the same nucleotide or amino acid as the corresponding
position in the second sequence, the nucleotides or amino
acids are deemed to be identical at that position. The percent
identity between the two sequences is a function of the num-
ber of identical positions shared by the sequences, taking into
account the number of gaps, and the length of each gap,
introduced for optimal alignment of the two sequences.

[0135] Comparison of sequences and determination of per-
cent identity between two sequences can be accomplished
using a mathematical algorithm. Percent identity between
two amino acid or nucleotide sequences can be determined
using the algorithm of Meyers & Miller, CABIOS 4: 11-17
(1989), which has been incorporated into the ALIGN pro-
gram (version 2.0), using a PAM120 weight residue table, a
gap length penalty of 12 and a gap penalty of 4. Also, percent
identity between two amino acid sequences can be deter-
mined using the Needleman & Wunsch, J. Mol. Biol. 48:
444-453 (1970) algorithm which has been incorporated into
the GAP program in the GCG software package (available at
the http address www.gcg.com), using either a Blossum 62
matrix or a PAM250 matrix, and a gap weight of 16, 14, 12,
10, 8, 6, or 4 and a length weight of 1, 2, 3, 4, 5, or 6. Percent
identity between two nucleotide sequences can be determined
using the GAP program in the GCG software package (avail-
able at http address www.gcg.com), using a NWSgapdna.
CMP matrix and a gap weight of 40, 50, 60, 70, or 80 and a
length weight of 1, 2, 3, 4, 5, or 6. A set of parameters often
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used is a Blossum 62 scoring matrix with a gap open penalty
of'12, a gap extend penalty of 4, and a frameshift gap penalty
of 5.

[0136] Sequenceidentity canalso be determined by hybrid-
ization assays conducted under stringent conditions. As use
herein, the term “stringent conditions” refers to conditions for
hybridization and washing. Stringent conditions are known to
those skilled in the art and can be found in Current Protocols
in Molecular Biology, John Wiley & Sons, N.Y., 6.3.1-6.3.6
(1989). Aqueous and non-aqueous methods are described in
that reference and either can be used. An example of stringent
hybridization conditions is hybridization in 6x sodium chlo-
ride/sodium citrate (SSC) at about 45° C., followed by one or
more washes in 0.2xSSC, 0.1% SDS at 50° C. Another
example of stringent hybridization conditions are hybridiza-
tion in 6x sodium chloride/sodium citrate (SSC) at about 45°
C., followed by one or more washes in 0.2xSSC, 0.1% SDS at
55° C. A further example of stringent hybridization condi-
tions is hybridization in 6x sodium chloride/sodium citrate
(SSC) at about 45° C., followed by one or more washes in
0.2xSSC, 0.1% SDS at 60° C. Often, stringent hybridization
conditions are hybridization in 6x sodium chloride/sodium
citrate (SSC) at about 45° C., followed by one or more washes
in 0.2xSSC, 0.1% SDS at 65° C. More often, stringency
conditions are 0.5M sodium phosphate, 7% SDS at 65° C.,
followed by one or more washes at 0.2xSSC, 1% SDS at 65°
C

[0137] As noted above, nucleic acid reagents may also
comprise one or more 5' UTR’s, and one or more 3'UTR’s. A
5' UTR may comprise one or more elements endogenous to
the nucleotide sequence from which it originates, and some-
times includes one or more exogenous elements. A 5' UTR
can originate from any suitable nucleic acid, such as genomic
DNA, plasmid DNA, RNA or mRNA, for example, from any
suitable organism (e.g., virus, bacterium, yeast, fungi, plant,
insect or mammal). The artisan may select appropriate ele-
ments for the 5' UTR based upon the chosen expression
system (e.g., expression in a chosen organism, or expression
in a cell free system, for example). A 5' UTR sometimes
comprises one or more of the following elements known to
the artisan: enhancer sequences (e.g., transcriptional or trans-
lational), transcription initiation site, transcription factor
binding site, translation regulation site, translation initiation
site, translation factor binding site, accessory protein binding
site, feedback regulation agent binding sites, Pribnow box,
TATA box, -35 element, E-box (helix-loop-helix binding
element), ribosome binding site, replicon, internal ribosome
entry site (IRES), silencer element and the like. In some
embodiments, a promoter element may be isolated such that
all 5' UTR elements necessary for proper conditional regula-
tion are contained in the promoter element fragment, or
within a functional subsequence of a promoter element frag-
ment.

[0138] A 5'UTR in the nucleic acid reagent can comprise a
translational enhancer nucleotide sequence. A translational
enhancer nucleotide sequence often is located between the
promoter and the target nucleotide sequence in a nucleic acid
reagent. A translational enhancer sequence often binds to a
ribosome, sometimes is an 18S rRNA-binding ribonucleotide
sequence (i.e., a 40S ribosome binding sequence) and some-
times is an internal ribosome entry sequence (IRES). An
IRES generally forms an RNA scaffold with precisely placed
RNA tertiary structures that contact a 40S ribosomal subunit
via a number of specific intermolecular interactions.
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Examples of ribosomal enhancer sequences are known and
can be identified by the artisan (e.g., Mignone et al., Nucleic
Acids Research 33: D141-D146 (2005); Paulous et al.,
Nucleic Acids Research 31: 722-733 (2003); Akbergenov et
al., Nucleic Acids Research 32: 239-247 (2004); Mignone et
al., Genome Biology 3(3): reviews0004.1-0001.10 (2002);
Gallie, Nucleic Acids Research 30: 3401-3411 (2002); Sha-
loiko et al., http address www.interscience.wiley.com, DOI:
10.1002/bit.20267; and Gallie et al., Nucleic Acids Research
15:3257-3273 (1987)).

[0139] A translational enhancer sequence sometimes is a
eukaryotic sequence, such as a Kozak consensus sequence or
other sequence (e.g., hydroid polyp sequence, GenBank
accession no. U07128). A translational enhancer sequence
sometimes is a prokaryotic sequence, such as a Shine-Dal-
garno consensus sequence. In certain embodiments, the trans-
lational enhancer sequence is a viral nucleotide sequence. A
translational enhancer sequence sometimes is from a 5' UTR
of'aplant virus, such as Tobacco Mosaic Virus (TMV), Alfalfa
Mosaic Virus (AMV); Tobacco Etch Virus (ETV); Potato
Virus Y (PVY); Turnip Mosaic (poty) Virus and Pea Seed
Borne Mosaic Virus, for example. In certain embodiments, an
omega sequence about 67 bases in length from TMV is
included in the nucleic acid reagent as a translational
enhancer sequence (e.g., devoid of guanosine nucleotides and
includes a 25 nucleotide long poly (CAA) central region).

[0140] A 3' UTR may comprise one or more clements
endogenous to the nucleotide sequence from which it origi-
nates and sometimes includes one or more exogenous ele-
ments. A 3' UTR may originate from any suitable nucleic
acid, such as genomic DNA, plasmid DNA, RNA or mRNA,
for example, from any suitable organism (e.g., a virus, bac-
terium, yeast, fungi, plant, insect or mammal). The artisan can
select appropriate elements for the 3' UTR based upon the
chosen expression system (e.g., expression in a chosen organ-
ism, for example). A 3' UTR sometimes comprises one or
more of the following elements known to the artisan: tran-
scription regulation site, transcription initiation site, tran-
scription termination site, transcription factor binding site,
translation regulation site, translation termination site, trans-
lation initiation site, translation factor binding site, ribosome
binding site, replicon, enhancer element, silencer element
and polyadenosine tail. A 3' UTR often includes a polyad-
enosine tail and sometimes does not, and if a polyadenosine
tail is present, one or more adenosine moieties may be added
ordeleted from it (e.g., about 5, about 10, about 15, about 20,
about 25, about 30, about 35, about 40, about 45 or about 50
adenosine moieties may be added or subtracted).

[0141] In some embodiments, modification of a 5' UTR
and/or a 3' UTR can be used to alter (e.g., increase, add,
decrease or substantially eliminate) the activity of a promoter.
Alteration of the promoter activity can in turn alter the activity
of'a peptide, polypeptide or protein (e.g., enzyme activity for
example), by a change in transcription of the nucleotide
sequence(s) of interest from an operably linked promoter
element comprising the modified 5' or 3' UTR. For example,
a microorganism can be engineered by genetic modification
to express a nucleic acid reagent comprising a modified 5' or
3' UTR that can add a novel activity (e.g., an activity not
normally found in the host organism) or increase the expres-
sion of an existing activity by increasing transcription from a
homologous or heterologous promoter operably linked to a
nucleotide sequence of interest (e.g., homologous or heter-
ologous nucleotide sequence of interest), in certain embodi-
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ments. In some embodiments, a microorganism can be engi-
neered by genetic modification to express a nucleic acid
reagent comprising a modified 5' or 3' UTR that can decrease
the expression of an activity by decreasing or substantially
eliminating transcription from a homologous or heterologous
promoter operably linked to a nucleotide sequence of interest,
in certain embodiments.

[0142] A nucleotide reagent sometimes can comprise a tar-
get nucleotide sequence. A “target nucleotide sequence” as
used herein encodes a nucleic acid, peptide, polypeptide or
protein of interest, and may be a ribonucleotide sequence or a
deoxyribonucleotide sequence. A target nucleic acid some-
times is an untranslated ribonucleic acid and sometimes is a
translated ribonucleic acid. An untranslated ribonucleic acid
may include, but is not limited to, a small interfering ribo-
nucleic acid (siRNA), a short hairpin ribonucleic acid
(shRNA), other ribonucleic acid capable of RNA interference
(RNAI), an antisense ribonucleic acid, or aribozyme. A trans-
latable target nucleotide sequence (e.g., a target ribonucle-
otide sequence) sometimes encodes a peptide, polypeptide or
protein, which are sometimes referred to herein as “target
peptides,” “target polypeptides™ or “target proteins.”

[0143] Any peptides, polypeptides or proteins, or an activ-
ity catalyzed by one or more peptides, polypeptides or pro-
teins may be encoded by a target nucleotide sequence and
may be selected by a user. Representative proteins include
enzymes (e.g., hexanoate synthase, thioesterase, monooxy-
genase, monooxygenase reductase, fatty alcohol oxidase,
6-oxohexanoic acid deydrogenase, 6-hydroxyhexanoic acid
dehydrogenase and the like, for example), antibodies, serum
proteins (e.g., albumin), membrane bound proteins, hor-
mones (e.g., growth hormone, erythropoietin, insulin, etc.),
cytokines, etc., and include both naturally occurring and
exogenously expressed polypeptides. Representative activi-
ties (e.g., enzymes or combinations of enzymes which are
functionally associated to provide an activity) include hex-
anoate synthase activity, thioesterase activity, monooxyge-
nase activity, 6-oxohexanoic acid deydrogenase activity,
6-hydroxyhexanoic acid dehydrogenase activity, beta-oxida-
tion activity and the like, for example. The term “enzyme” as
used herein refers to a protein which can act as a catalyst to
induce a chemical change in other compounds, thereby pro-
ducing one or more products from one or more substrates.
[0144] Specific polypeptides (e.g., enzymes) useful for
embodiments described herein are listed herein. The term
“protein” as used herein refers to a molecule having a
sequence of amino acids linked by peptide bonds. This term
includes fusion proteins, oligopeptides, peptides, cyclic pep-
tides, polypeptides and polypeptide derivatives, whether
native or recombinant, and also includes fragments, deriva-
tives, homologs, and variants thereof. A protein or polypep-
tide sometimes is of intracellular origin (e.g., located in the
nucleus, cytosol, or interstitial space of host cells in vivo) and
sometimes is a cell membrane protein in vivo. In some
embodiments (described above, and in further detail hereafter
in Engineering and Alteration Methods), a genetic modifica-
tion can result in a modification (e.g., increase, substantially
increase, decrease or substantially decrease) of a target activ-
ity.

[0145] A translatable nucleotide sequence generally is
located between a start codon (AUG in ribonucleic acids and
ATG in deoxyribonucleic acids) and a stop codon (e.g., UAA
(ochre), UAG (amber) or UGA (opal) in ribonucleic acids and
TAA, TAG or TGA in deoxyribonucleic acids), and some-
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times is referred to herein as an “open reading frame” (ORF).
A translatable nucleotide sequence (e.g., ORF) sometimes is
encoded differently in one organism (e.g., most organisms
encode CTG as leucine) than in another organism (e.g., C.
tropicalis encodes CTG as serine). In some embodiments, a
translatable nucleotide sequence is altered to correct alternate
genetic code (e.g., codon usage) differences between a nucle-
otide donor organism and an nucleotide recipient organism
(e.g., engineered organism). In certain embodiments, a trans-
latable nucleotide sequence is altered to improve; (i) codon
usage, (ii) transcriptional efficiency, (iii) translational effi-
ciency, (iv) the like, and combinations thereof.

[0146] A nucleic acid reagent sometimes comprises one or
more ORFs. An ORF may be from any suitable source, some-
times from genomic DNA, mRNA, reverse transcribed RNA
or complementary DNA (cDNA) or a nucleic acid library
comprising one or more of the foregoing, and is from any
organism species that contains a nucleic acid sequence of
interest, protein of interest, or activity of interest. Non-limit-
ing examples of organisms from which an ORF can be
obtained include bacteria, yeast, fungi, human, insect, nema-
tode, bovine, equine, canine, feline, rat or mouse, for
example.

[0147] A nucleic acid reagent sometimes comprises a
nucleotide sequence adjacent to an ORF that is translated in
conjunction with the ORF and encodes an amino acid tag. The
tag-encoding nucleotide sequence is located 3' and/or 5' of an
OREF in the nucleic acid reagent, thereby encoding a tag at the
C-terminus or N-terminus of the protein or peptide encoded
by the ORF. Any tag that does not abrogate in vitro transcrip-
tion and/or translation may be utilized and may be appropri-
ately selected by the artisan. Tags may facilitate isolation
and/or purification of the desired ORF product from culture
or fermentation media.

[0148] A tag sometimes specifically binds a molecule or
moiety of a solid phase or a detectable label, for example,
thereby having utility forisolating, purifying and/or detecting
a protein or peptide encoded by the ORF. In some embodi-
ments, atag comprises one or more of the following elements:
FLAG (e.g.,, DYKDDDDKG (SEQ ID NO: 16)), V5 (e.g.,
GKPIPNPLLGLDST (SEQ ID NO: 17)), ¢-MYC (e.g.,
EQKLISEEDL (SEQ ID NO: 18)), HSV (e.g., QPELA-
PEDPED (SEQ ID NO: 19)), influenza hemaglutinin, HA
(e.g., YPYDVPDYA (SEQ ID NO: 20)), VSV-G (e.g., YTDI-
EMNRLGK (SEQ ID NO: 21)), bacterial glutathione-5-
transferase, maltose binding protein, a streptavidin- or avidin-
binding tag (e.g., pcDNA™6  BioEase™ Gateway®
Biotinylation System (Invitrogen)), thioredoxin, 3-galactosi-
dase, VSV-glycoprotein, a fluorescent protein (e.g., green
fluorescent protein or one of its many color variants (e.g.,
yellow, red, blue)), a polylysine or polyarginine sequence, a
polyhistidine sequence (e.g., His6 (SEQ ID NO:13)) or other
sequence that chelates a metal (e.g., cobalt, zinc, copper),
and/or a cysteine-rich sequence that binds to an arsenic-con-
taining molecule.

[0149] In certain embodiments, a cysteine-rich tag com-
prises the amino acid sequence CC-Xn-CC (SEQ ID NO: 22),
wherein X is any amino acid and n is 1 to 3, and the cysteine-
rich sequence sometimes is CCPGCC (SEQ ID NO: 23). In
certain embodiments, the tag comprises a cysteine-rich ele-
ment and a polyhistidine element (e.g., CCPGCC (SEQ ID
NO: 23) and His6 (SEQ ID NO: 13)).

[0150] A tag often conveniently binds to a binding partner.
For example, some tags bind to an antibody (e.g., FLAG) and
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sometimes specifically bind to a small molecule. For
example, a polyhistidine tag specifically chelates a bivalent
metal, such as copper, zinc and cobalt; a polylysine or pol-
yarginine tag specifically binds to a zinc finger; a glutathione
S-transferase tag binds to glutathione; and a cysteine-rich tag
specifically binds to an arsenic-containing molecule.
Arsenic-containing molecules include LUMIO™ agents (In-
vitrogen, California), such as FLAsH™ (EDT2[4',5'-bis(1,3,
2-dithioarsolan-2-yl)fluorescein-(1,2-ethanedithiol)2]) and
ReAsH reagents (e.g., U.S. Pat. No. 5,932,474 to Tsien et al.,
entitled “Target Sequences for Synthetic Molecules;” U.S.
Pat. No. 6,054,271 to Tsien et al., entitled “Methods of Using
Synthetic Molecules and Target Sequences;” U.S. Pat. Nos.
6,451,569 and 6,008,378; published U.S. Patent Application
2003/0083373, and published PCT Patent Application WO
99/21013, all to Tsien et al. and all entitled “Synthetic Mol-
ecules that Specifically React with Target Sequences”). Such
antibodies and small molecules sometimes are linked to a
solid phase for convenient isolation of the target protein or
target peptide.

[0151] A tag sometimes comprises a sequence that local-
izes a translated protein or peptide to a component in a sys-
tem, which is referred to as a “signal sequence” or “localiza-
tion signal sequence” herein. A signal sequence often is
incorporated at the N-terminus of a target protein or target
peptide, and sometimes is incorporated at the C-terminus.
Examples of signal sequences are known to the artisan, are
readily incorporated into a nucleic acid reagent, and often are
selected according to the organism in which expression of the
nucleic acid reagent is performed. A signal sequence in some
embodiments localizes a translated protein or peptide to a cell
membrane. Examples of signal sequences include, but are not
limited to, a nucleus targeting signal (e.g., steroid receptor
sequence and N-terminal sequence of SV40 virus large T
antigen); mitochondrial targeting signal (e.g., amino acid
sequence that forms an amphipathic helix); peroxisome tar-
geting signal (e.g., C-terminal sequence in YFG from S.cer-
evisiae); and a secretion signal (e.g., N-terminal sequences
from invertase, mating factor alpha, PHOS5 and SUC2 in
S.cerevisiae; multiple N-terminal sequences of B. subtilis
proteins (e.g., Tjalsma et al., Microbiol.Molec. Biol. Rev. 64:
515-547 (2000)); alpha amylase signal sequence (e.g., U.S.
Pat. No. 6,288,302); pectate lyase signal sequence (e.g., U.S.
Pat. No. 5,846,818); precollagen signal sequence (e.g., U.S.
Pat. No. 5,712,114); OmpA signal sequence (e.g., U.S. Pat.
No. 5,470,719); lam beta signal sequence (e.g., U.S. Pat. No.
5,389,529); B. brevis signal sequence (e.g., U.S. Pat. No.
5,232,841); and P. pastoris signal sequence (e.g., U.S. Pat.
No. 5,268,273)).

[0152] A tag sometimes is directly adjacent to the amino
acid sequence encoded by an ORF (i.e., there is no interven-
ing sequence) and sometimes a tag is substantially adjacent to
an ORF encoded amino acid sequence (e.g., an intervening
sequence is present). An intervening sequence sometimes
includes a recognition site for a protease, which is useful for
cleaving a tag from a target protein or peptide. In some
embodiments, the intervening sequence is cleaved by Factor
Xa (e.g., recognition site I (E/D)GR), thrombin (e.g., recog-
nition site LVPRGS (SEQ ID NO: 24)), enterokinase (e.g.,
recognition site DDDDK (SEQ ID NO: 25)), TEV protease
(e.g., recognition site ENLYFQG (SEQ ID NO: 26)) or
PreScission™ protease (e.g., recognition site LEVLFQGP
(SEQ ID NO: 27)), for example.
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[0153] An intervening sequence sometimes is referred to
herein as a “linker sequence,” and may be of any suitable
length selected by the artisan. A linker sequence sometimes is
about 1 to about 20 amino acids in length, and sometimes
about 5 to about 10 amino acids in length. The artisan may
select the linker length to substantially preserve target protein
or peptide function (e.g., a tag may reduce target protein or
peptide function unless separated by a linker), to enhance
disassociation of a tag from a target protein or peptide when
a protease cleavage site is present (e.g., cleavage may be
enhanced when a linker is present), and to enhance interaction
of a tag/target protein product with a solid phase. A linker can
be of any suitable amino acid content, and often comprises a
higher proportion of amino acids having relatively short side
chains (e.g., glycine, alanine, serine and threonine).

[0154] A nucleic acid reagent sometimes includes a stop
codon between a tag element and an insertion element or
ORF, which can be useful for translating an ORF with or
without the tag. Mutant tRNA molecules that recognize stop
codons (described above) suppress translation termination
and thereby are designated “suppressor tRNAs.” Suppressor
tRNAs can result in the insertion of amino acids and continu-
ation of translation past stop codons (e.g., U.S. Patent Appli-
cation No. 60/587,583, filed Jul. 14, 2004, entitled “Produc-
tion of Fusion Proteins by Cell-Free Protein Synthesis,”;
Eggertsson, et al., (1988) Microbiological Review 52(3):354-
374, and Engleerg-Kukla, et al. (1996) in Escherichia coliand
Salmonella Cellular and Molecular Biology, Chapter 60, pps
909-921, Neidhardt, et al. eds., ASM Press, Washington,
D.C.). A number of suppressor tRNAs are known, including
but not limited to, supE, supP, supD, supF and supZ suppres-
sors, which suppress the termination of translation of the
amber stop codon; supB, gIT, supL, supN, supC and supM
suppressors, which suppress the function of the ochre stop
codon and glyT, trpT and Su-9 suppressors, which suppress
the function of the opal stop codon. In general, suppressor
tRNAs contain one or more mutations in the anti-codon loop
of the tRNA that allows the tRNA to base pair with a codon
that ordinarily functions as a stop codon. The mutant tRNA is
charged with its cognate amino acid residue and the cognate
amino acid residue is inserted into the translating polypeptide
when the stop codon is encountered. Mutations that enhance
the efficiency of termination suppressors (i.e., increase stop
codon read-through) have been identified. These include, but
are not limited to, mutations in the uar gene (also known as the
prfA gene), mutations in the ups gene, mutations in the sueA,
sueB and sueC genes, mutations in the rpsD (ramA) and rpsE
(spcA) genes and mutations in the rpIL. gene.

[0155] Thus, a nucleic acid reagent comprising a stop
codon located between an ORF and a tag can yield a trans-
lated ORF alone when no suppressor tRNA is present in the
translation system, and can yield a translated ORF-tag fusion
when a suppressor tRNA is present in the system. Suppressor
tRNA can be generated in cells transfected with a nucleic acid
encoding the tRNA (e.g., a replication incompetent adenovi-
rus containing the human tRNA-Ser suppressor gene can be
transfected into cells, or a YAC containing a yeast or bacterial
tRNA suppressor gene can be transfected into yeast cells, for
example). Vectors for synthesizing suppressor tRNA and for
translating ORFs with or without a tag are available to the
artisan (e.g., Tag-On-Demand™ kit (Invitrogen Corporation,
California); Tag-On-Demand™ Suppressor Supernatant
Instruction Manual, Version B, 6 Jun. 2003, at http address
www.invitrogen.com/content/sfs/manuals/tagondemand
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supernatant man.pdf; Tag-On-Demand™ Gateway® Vector
Instruction Manual, Version B, 20 Jun., 2003 at http address
www.invitrogen.com/content/sfs/manuals/tagondemand
vectors man.pdf; and Capone et al., Amber, ochre and opal
suppressor tRNA genes derived from a human serine tRNA
gene. EMBO J. 4:213, 1985).

[0156] Any convenient cloning strategy known in the art
may be utilized to incorporate an element, such as an ORF,
into a nucleic acid reagent. Known methods can be utilized to
insert an element into the template independent of an inser-
tion element, such as (1) cleaving the template at one or more
existing restriction enzyme sites and ligating an element of
interest and (2) adding restriction enzyme sites to the tem-
plate by hybridizing oligonucleotide primers that include one
or more suitable restriction enzyme sites and amplifying by
polymerase chain reaction (described in greater detail
herein). Other cloning strategies take advantage of one or
more insertion sites present or inserted into the nucleic acid
reagent, such as an oligonucleotide primer hybridization site
for PCR, for example, and others described herein. In some
embodiments, a cloning strategy can be combined with
genetic manipulation such as recombination (e.g., recombi-
nation of a nucleic acid reagent with a nucleic acid sequence
of interest into the genome of the organism to be modified, as
described further herein). In some embodiments, the cloned
ORF(s) can produce (directly or indirectly) adipic acid, by
engineering a microorganism with one or more ORFs of
interest, which microorganism comprises one or more altered
activities selected from the group consisting of 6-oxohex-
anoic acid dehydrogenase activity, 6-hydroxyhexanoic acid
dehydrogenase activity, hexanoate synthase activity and
monooxygenase activity.

[0157] In some embodiments, the nucleic acid reagent
includes one or more recombinase insertion sites. A recom-
binase insertion site is a recognition sequence on a nucleic
acid molecule that participates in an integration/recombina-
tion reaction by recombination proteins. For example, the
recombination site for Cre recombinase is loxP, which is a 34
base pair sequence comprised of two 13 base pair inverted
repeats (serving as the recombinase binding sites) flanking an
8 base pair core sequence (e.g., FIG. 1 of Sauer, B., Curr.
Opin. Biotech. 5:521-527 (1994)). Other examples of recom-
bination sites include attB, attP, attL., and attR sequences, and
mutants, fragments, variants and derivatives thereof, which
are recognized by the recombination protein A Int and by the
auxiliary proteins integration host factor (IHF), FIS and exci-
sionase (Xis) (e.g., U.S. Pat. Nos. 5,888.,732; 6,143,557
6,171,861, 6,270,969, 6,277,608; and 6,720,140; U.S. patent
application Ser. Nos. 09/517,466, filed Mar. 2, 2000, and
09/732,914, filed Aug. 14, 2003, and in U.S. patent publica-
tion no. 2002-0007051-A1; Landy, Curr. Opin. Biotech.
3:699-707 (1993)).

[0158] Examples of recombinase cloning nucleic acids are
in Gateway® systems (Invitrogen, California), which include
at least one recombination site for cloning a desired nucleic
acid molecules in vivo or in vitro. In some embodiments, the
system utilizes vectors that contain at least two different
site-specific recombination sites, often based on the bacte-
riophage lambda system (e.g., attl and att2), and are mutated
from the wild-type (att0) sites. Each mutated site has a unique
specificity for its cognate partner att site (i.e., its binding
partner recombination site) of the same type (for example
attB1 with attP1, or attl.1 with attR1) and will not cross-react
with recombination sites of the other mutant type or with the
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wild-type attO site. Different site specificities allow direc-
tional cloning or linkage of desired molecules thus providing
desired orientation of the cloned molecules. Nucleic acid
fragments flanked by recombination sites are cloned and sub-
cloned using the Gateway® system by replacing a selectable
marker (for example, ccdB) flanked by att sites on the recipi-
ent plasmid molecule, sometimes termed the Destination
Vector. Desired clones are then selected by transformation of
accdB sensitive host strain and positive selection for a marker
on the recipient molecule. Similar strategies for negative
selection (e.g., use of toxic genes) can be used in other organ-
isms such as thymidine kinase (TK) in mammals and insects.

[0159] A recombination system useful for engineering
yeast is outlined briefly. The system makes use of the URA3
gene (e.g., for S. cerevisieae and C. albicans, for example) or
URA4 and URAS genes (e.g., for S. pombe, for example) and
toxicity of the nucleotide analogue S5-Fluoroorotic acid
(5-FOA). The URA3 or URA4 and URAS genes encode
orotine-5'-monophosphate (OMP) dicarboxylase. Yeast with
an active URA3 or URA4 and URAS gene (phenotypically
Ura+) convert 5-FOA to fluorodeoxyuridine, which is toxic to
yeast cells. Yeast carrying a mutation in the appropriate gene
(s) or having a knock out of the appropriate gene(s) can grow
in the presence of 5-FOA, if the media is also supplemented
with uracil.

[0160] A nucleic acid engineering construct can be made
which may comprise the URA3 gene or cassette (for S. cer-
evisieae), flanked on either side by the same nucleotide
sequence in the same orientation. The URA3 cassette com-
prises a promoter, the URA3 gene and a functional transcrip-
tion terminator. Target sequences which direct the construct
to a particular nucleic acid region of interest in the organism
to be engineered are added such that the target sequences are
adjacent to and abut the flanking sequences on either side of
the URA3 cassette. Yeast can be transformed with the engi-
neering construct and plated on minimal media without
uracil. Colonies can be screened by PCR to determine those
transformants that have the engineering construct inserted in
the proper location in the genome. Checking insertion loca-
tion prior to selecting for recombination of the ura3 cassette
may reduce the number of incorrect clones carried through to
later stages of the procedure. Correctly inserted transfor-
mants can then be replica plated on minimal media containing
5-FOA to select for recombination of the URA3 cassette out
of the construct, leaving a disrupted gene and an identifiable
footprint (e.g., nucleic acid sequence) that can be use to verify
the presence of the disrupted gene. The technique described is
useful for disrupting or “knocking out” gene function, but
also can be used to insert genes or constructs into a host
organisms genome in a targeted, sequence specific manner.

[0161] In certain embodiments, a nucleic acid reagent
includes one or more topoisomerase insertion sites. A topoi-
somerase insertion site is a defined nucleotide sequence rec-
ognized and bound by a site-specific topoisomerase. For
example, the nucleotide sequence 5'-(C/T)CCTT-3'is a topoi-
somerase recognition site bound specifically by most poxvi-
rus topoisomerases, including vaccinia virus DNA topoi-
somerase 1. After binding to the recognition sequence, the
topoisomerase cleaves the strand at the 3'-most thymidine of
the recognition site to produce a nucleotide sequence com-
prising 5'-(C/T)CCTT-PO4-TOPO, a complex of the topoi-
somerase covalently bound to the 3' phosphate via a tyrosine
in the topoisomerase (e.g., Shuman, J. Biol. Chem. 266:
11372-11379, 1991; Sekiguchi and Shuman, Nucl. Acids
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Res. 22:5360-5365, 1994; U.S. Pat. No. 5,766,891; PCT/
US95/16099; and PCT/US98/12372). In comparison, the
nucleotide sequence 5'-GCAACTT-3' is a topoisomerase rec-
ognition site for type IA E. coli topoisomerase I1I. An element
to be inserted often is combined with topoisomerase-reacted
template and thereby incorporated into the nucleic acid
reagent (e.g., World Wide Web URL invitrogen.com/down-
loads/F-13512_Topo_Flyer.pdf; World Wide Web URL invit-
rogen.com/content/sts/brochures/710_021849%/20_B_
TOPOCloning_bro.pdf; TOPO TA Cloning® Kit and Zero
Blunt® TOPO® Cloning Kit product information).

[0162] A nucleic acid reagent sometimes contains one or
more origin of replication (ORI) elements. In some embodi-
ments, a template comprises two or more ORIs, where one
functions efficiently in one organism (e.g., a bacterium) and
another functions efficiently in another organism (e.g., a
eukaryote, like yeast for example). In some embodiments, an
ORI may function efficiently in one species (e.g., S. cer-
evisieae, for example) and another ORI may function effi-
ciently in a different species (e.g., S. pombe, for example). A
nucleic acid reagent also sometimes includes one or more
transcription regulation sites.

[0163] A nucleic acid reagent can include one or more
selection elements (e.g., elements for selection of the pres-
ence of the nucleic acid reagent, and not for activation of a
promoter element which can be selectively regulated). Selec-
tion elements often are utilized using known processes to
determine whether a nucleic acid reagent is included in a cell.
In some embodiments, a nucleic acid reagent includes two or
more selection elements, where one functions efficiently in
one organism and another functions efficiently in another
organism. Examples of selection elements include, but are not
limited to, (1) nucleic acid segments that encode products that
provide resistance against otherwise toxic compounds (e.g.,
antibiotics); (2) nucleic acid segments that encode products
that are otherwise lacking in the recipient cell (e.g., essential
products, tRNA genes, auxotrophic markers); (3) nucleic acid
segments that encode products that suppress the activity of a
gene product; (4) nucleic acid segments that encode products
that can be readily identified (e.g., phenotypic markers such
as antibiotics (e.g., f-lactamase), p-galactosidase, green fluo-
rescent protein (GFP), yellow fluorescent protein (YFP), red
fluorescent protein (RFP), cyan fluorescent protein (CFP),
and cell surface proteins); (5) nucleic acid segments that bind
products that are otherwise detrimental to cell survival and/or
function; (6) nucleic acid segments that otherwise inhibit the
activity of any of the nucleic acid segments described in Nos.
1-5 above (e.g., antisense oligonucleotides); (7) nucleic acid
segments that bind products that modify a substrate (e.g.,
restriction endonucleases); (8) nucleic acid segments that can
be used to isolate or identify a desired molecule (e.g., specific
protein binding sites); (9) nucleic acid segments that encode
a specific nucleotide sequence that can be otherwise non-
functional (e.g., for PCR amplification of subpopulations of
molecules); (10) nucleic acid segments that, when absent,
directly or indirectly confer resistance or sensitivity to par-
ticular compounds; (11) nucleic acid segments that encode
products that either are toxic or convert a relatively non-toxic
compound to a toxic compound (e.g., Herpes simplex thymi-
dine kinase, cytosine deaminase) in recipient cells; (12)
nucleic acid segments that inhibit replication, partition or
heritability of nucleic acid molecules that contain them; and/
or (13) nucleic acid segments that encode conditional repli-
cation functions, e.g., replication in certain hosts or host cell
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strains or under certain environmental conditions (e.g., tem-
perature, nutritional conditions, and the like).

[0164] A nucleic acid reagent is of any form useful for in
vivo transcription and/or translation. A nucleic acid some-
times is a plasmid, such as a supercoiled plasmid, sometimes
is a yeast artificial chromosome (e.g., YAC), sometimes is a
linear nucleic acid (e.g., a linear nucleic acid produced by
PCR or by restriction digest), sometimes is single-stranded
and sometimes is double-stranded. A nucleic acid reagent
sometimes is prepared by an amplification process, such as a
polymerase chain reaction (PCR) process or transcription-
mediated amplification process (TMA). In TMA, two
enzymes are used in an isothermal reaction to produce ampli-
fication products detected by light emission (see, e.g., Bio-
chemistry 1996 Jun. 25; 35(25):8429-38 and http address
www.devicelink.com/ivdt/archive/00/11/007 html).  Stan-
dard PCR processes are known (e.g., U.S. Pat. Nos. 4,683,
202;4,683,195;4,965,188; and 5,656,493), and generally are
performedin cycles. Each cycle includes heat denaturation, in
which hybrid nucleic acids dissociate; cooling, in which
primer oligonucleotides hybridize; and extension of the oli-
gonucleotides by a polymerase (i.e., Taq polymerase). An
example of a PCR cyclical process is treating the sample at
95° C. for 5 minutes; repeating forty-five cycles of 95° C. for
1 minute, 59° C. for 1 minute, 10 seconds, and 72° C. for 1
minute 30 seconds; and then treating the sample at 72° C. for
5 minutes. Multiple cycles frequently are performed using a
commercially available thermal cycler. PCR amplification
products sometimes are stored for a time at a lower tempera-
ture (e.g., at 4° C.) and sometimes are frozen (e.g., at —20° C.)
before analysis.

[0165] In some embodiments, a nucleic acid reagent, pro-
tein reagent, protein fragment reagent or other reagent
described herein is isolated or purified. The term “isolated” as
used herein refers to material removed from its original envi-
ronment (e.g., the natural environment if it is naturally occur-
ring, or a host cell if expressed exogenously), and thus is
altered “by the hand of man” from its original environment.
The term “purified” as used herein with reference to mol-
ecules does not refer to absolute purity. Rather, “purified”
refers to a substance in a composition that contains fewer
substance species in the same class (e.g., nucleic acid or
protein species) other than the substance of interest in com-
parison to the sample from which it originated. “Purified,” if
a nucleic acid or protein for example, refers to a substance in
a composition that contains fewer nucleic acid species or
protein species other than the nucleic acid or protein of inter-
est in comparison to the sample from which it originated.
Sometimes, a protein or nucleic acid is “substantially pure,”
indicating that the protein or nucleic acid represents at least
50% of protein or nucleic acid on a mass basis of the compo-
sition. Often, a substantially pure protein or nucleic acid is at
least 75% on a mass basis of the composition, and sometimes
at least 95% on a mass basis of the composition.

Engineering and Alteration Methods

[0166] Methods and compositions (e.g., nucleic acid
reagents) described herein can be used to generate engineered
microorganisms. As noted above, the term “engineered
microorganism” as used herein refers to a modified organism
that includes one or more activities distinct from an activity
present in a microorganism utilized as a starting point for
modification (e.g., host microorganism or unmodified organ-
ism). Engineered microorganisms typically arise as a result of
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a genetic modification, usually introduced or selected for, by
one of skill in the art using readily available techniques.
Non-limiting examples of methods useful for generating an
altered activity include, introducing a heterologous poly-
nucleotide (e.g., nucleic acid or gene integration, also
referred to as “knock in”), removing an endogenous poly-
nucleotide, altering the sequence of an existing endogenous
nucleic acid sequence (e.g., site-directed mutagenesis), dis-
ruption of an existing endogenous nucleic acid sequence
(e.g., knock outs and transposon or insertion element medi-
ated mutagenesis), selection for an altered activity where the
selection causes a change in a naturally occurring activity that
can be stably inherited (e.g., causes a change in a nucleic acid
sequence in the genome of the organism or in an epigenetic
nucleic acid that is replicated and passed on to daughter cells),
PCR-based mutagenesis, and the like. The term “mutagen-
esis” as used herein refers to any modification to a nucleic
acid (e.g., nucleic acid reagent, or host chromosome, for
example) that is subsequently used to generate a productin a
host or modified organism. Non-limiting examples of
mutagenesis include, deletion, insertion, substitution, rear-
rangement, point mutations, suppressor mutations and the
like. Mutagenesis methods are known in the art and are
readily available to the artisan. Non-limiting examples of
mutagenesis methods are described herein and can also be
found in Maniatis, T., E. F. Fritsch and J. Sambrook (1982)
Molecular Cloning: a Laboratory Manual; Cold Spring Har-
bor Laboratory, Cold Spring Harbor, N.Y. Another non-lim-
iting example of mutagenesis can be conducted using a Strat-
agene (San Diego, Calif.) “QuickChange” kit according to
the manufacturer’s instructions.

[0167] The term “genetic modification” as used herein
refers to any suitable nucleic acid addition, removal or alter-
ation that facilitates production of a target product (e.g., adi-
pic acid, 6-hydroxyhexanoic acid) in an engineered microor-
ganism. Genetic modifications include, without limitation,
insertion of one or more nucleotides in a native nucleic acid of
a host organism in one or more locations, deletion of one or
more nucleotides in a native nucleic acid of a host organism in
one or more locations, modification or substitution of one or
more nucleotides in a native nucleic acid of a host organism in
one or more locations, insertion of a non-native nucleic acid
into a host organism (e.g., insertion of an autonomously rep-
licating vector), and removal of a non-native nucleic acid in a
host organism (e.g., removal of a vector).

[0168] The term “heterologous polynucleotide” as used
herein refers to a nucleotide sequence not present in a host
microorganism in some embodiments. In certain embodi-
ments, a heterologous polynucleotide is present in a different
amount (e.g., different copy number) than in a host microor-
ganism, which can be accomplished, for example, by intro-
ducing more copies of a particular nucleotide sequence to a
host microorganism (e.g., the particular nucleotide sequence
may be in a nucleic acid autonomous of the host chromosome
or may be inserted into a chromosome). A heterologous poly-
nucleotide is from a different organism in some embodi-
ments, and in certain embodiments, is from the same type of
organism but from an outside source (e.g., a recombinant
source).

[0169] In some embodiments, an organism engineered
using the methods and nucleic acid reagents described herein
can produce adipic acid. In certain embodiments, an engi-
neered microorganism described herein that produces adipic
acid may comprise one or more altered activities selected
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from the group consisting of 6-oxohexanoic acid dehydroge-
nase activity, omega oxo fatty acid dehydrogenase activity,
6-hydroxyhexanoic acid dehydrogenase activity, omega
hydroxyl fatty acid dehydrogenase activity, hexanoate syn-
thase activity and monooxygenase activity. In some embodi-
ments, an engineered microorganism as described herein may
comprise a genetic modification that adds or increases the
6-oxohexanoic acid dehydrogenase activity, omega oxo fatty
acid dehydrogenase activity, 6-hydroxyhexanoic acid dehy-
drogenase activity, omega hydroxy] fatty acid dehydrogenase
activity, hexanoate synthase activity and monooxygenase
activity.

[0170] Incertain embodiments, an engineered microorgan-
ism described herein can comprise an altered thioesterase
activity. In some embodiments, the engineered microorgan-
ism may comprise a genetic alteration that adds or increases
a thioesterase activity. In some embodiments, the engineered
microorganism comprising a genetic alteration that adds or
increases a thioesterase activity, may further comprise a het-
erologous polynucleotide encoding a polypeptide having
thioesterase activity.

[0171] The term “altered activity” as used herein refers to
an activity in an engineered microorganism that is added or
modified relative to the host microorganism (e.g., added,
increased, reduced, inhibited or removed activity). An activ-
ity can be altered by introducing a genetic modification to a
host microorganism that yields an engineered microorganism
having added, increased, reduced, inhibited or removed activ-
ity.

[0172] An added activity often is an activity not detectable
in a host microorganism. An increased activity generally is an
activity detectable in a host microorganism that has been
increased in an engineered microorganism. An activity can be
increased to any suitable level for production of a target
product (e.g., adipic acid, 6-hydroxyhexanoic acid), includ-
ing but not limited to less than 2-fold (e.g., about 10%
increase to about 99% increase; about 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90% increase), 2-fold, 3-fold, 4-fold, 5-fold,
6-fold, 7-fold, 8-fold, 9-fold, of 10-fold increase, or greater
than about 10-fold increase. A reduced or inhibited activity
generally is an activity detectable in a host microorganism
that has been reduced or inhibited in an engineered microor-
ganism. An activity can be reduced to undetectable levels in
some embodiments, or detectable levels in certain embodi-
ments. An activity can be decreased to any suitable level for
production of a target product (e.g., adipic acid, 6-hydroxy-
hexanoic acid), including but not limited to less than 2-fold
(e.g., about 10% decrease to about 99% decrease; about 20%,
30%, 40%, 50%, 60%, 70%, 80%, 90% decrease), 2-fold,
3-fold, 4-fold, 5-fold, 6-fold, 7-fold, 8-fold, 9-fold, of 10-fold
decrease, or greater than about 10-fold decrease.

[0173] An altered activity sometimes is an activity not
detectable in a host organism and is added to an engineered
organism. An altered activity also may be an activity detect-
able in a host organism and is increased in an engineered
organism. An activity may be added or increased by increas-
ing the number of copies of a polynucleotide that encodes a
polypeptide having a target activity, in some embodiments. In
certain embodiments an activity can be added or increased by
inserting into a host microorganism a heterologous poly-
nucleotide that encodes a polypeptide having the added activ-
ity. In certain embodiments, an activity can be added or
increased by inserting into a host microorganism a heterolo-
gous polynucleotide that is (i) operably linked to another
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polynucleotide that encodes a polypeptide having the added
activity, and (ii) up regulates production of the polynucle-
otide. Thus, an activity can be added or increased by inserting
or modifying a regulatory polynucleotide operably linked to
another polynucleotide that encodes a polypeptide having the
target activity. In certain embodiments, an activity can be
added or increased by subjecting a host microorganism to a
selective environment and screening for microorganisms that
have a detectable level of the target activity. Examples of a
selective environment include, without limitation, a medium
containing a substrate that a host organism can process and a
medium lacking a substrate that a host organism can process.
[0174] An altered activity sometimes is an activity detect-
able in a host organism and is reduced, inhibited or removed
(i.e., not detectable) in an engineered organism. An activity
may be reduced or removed by decreasing the number of
copies of a polynucleotide that encodes a polypeptide having
a target activity, in some embodiments. In some embodi-
ments, an activity can be reduced or removed by (i) inserting
a polynucleotide within a polynucleotide that encodes a
polypeptide having the target activity (disruptive insertion),
and/or (i1) removing a portion of or all of a polynucleotide that
encodes a polypeptide having the target activity (deletion or
knock out, respectively). In certain embodiments, an activity
can be reduced or removed by inserting into a host microor-
ganism a heterologous polynucleotide that is (i) operably
linked to another polynucleotide that encodes a polypeptide
having the target activity, and (ii) down regulates production
of the polynucleotide. Thus, an activity can be reduced or
removed by inserting or modifying a regulatory polynucle-
otide operably linked to another polynucleotide that encodes
a polypeptide having the target activity.

[0175] An activity also can be reduced or removed by (i)
inhibiting a polynucleotide that encodes a polypeptide having
the activity or (ii) inhibiting a polynucleotide operably linked
to another polynucleotide that encodes a polypeptide having
the activity. A polynucleotide can be inhibited by a suitable
technique known in the art, such as by contacting an RNA
encoded by the polynucleotide with a specific inhibitory RNA
(e.g., RNAi, siRNA, ribozyme). An activity also can be
reduced or removed by contacting a polypeptide having the
activity with a molecule that specifically inhibits the activity
(e.g., enzyme inhibitor, antibody). In certain embodiments,
an activity can be reduced or removed by subjecting a host
microorganism to a selective environment and screening for
microorganisms that have a reduced level or removal of the
target activity.

[0176] In some embodiments, an untranslated ribonucleic
acid, or a cDNA can be used to reduce the expression of a
particular activity or enzyme. For example, a microorganism
can be engineered by genetic modification to express a
nucleic acid reagent that reduces the expression of an activity
by producing an RNA molecule that is partially or substan-
tially homologous to a nucleic acid sequence of interest
which encodes the activity of interest. The RNA molecule can
bind to the nucleic acid sequence of interest and inhibit the
nucleic acid sequence from performing its natural function, in
certain embodiments. In some embodiments, the RNA may
alter the nucleic acid sequence of interest which encodes the
activity of interest in a manner that the nucleic acid sequence
of interest is no longer capable of performing its natural
function (e.g., the action of a ribozyme for example).

[0177] In certain embodiments, nucleotide sequences
sometimes are added to, modified or removed from one or
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more of the nucleic acid reagent elements, such as the pro-
moter, S'UTR, target sequence, or 3'UTR elements, to
enhance, potentially enhance, reduce, or potentially reduce
transcription and/or translation before or after such elements
are incorporated in a nucleic acid reagent. In some embodi-
ments, one or more of the following sequences may be modi-
fied or removed if they are present in a S'UTR: a sequence that
forms a stable secondary structure (e.g., quadruplex structure
or stem loop stem structure (e.g., EMBL sequences X12949,
AF274954, AF139980, AF152961, S95936, U194144,
AF 116649 or substantially identical sequences that form such
stem loop stem structures)); a translation initiation codon
upstream of the target nucleotide sequence start codon; a stop
codon upstream of the target nucleotide sequence translation
initiation codon; an ORF upstream of the target nucleotide
sequence translation initiation codon; an iron responsive ele-
ment (IRE) or like sequence; and a 5' terminal oligopyrimi-
dine tract (TOP, e.g., consisting of 5-15 pyrimidines adjacent
to the cap). A translational enhancer sequence and/or an inter-
nal ribosome entry site (IRES) sometimes is inserted into a
S'UTR (e.g., EMBL nucleotide sequences J04513, X87949,
M95825, M12783, AF025841, AF013263, AF006822,
M17169, M13440, M22427, D14838 and M17446 and sub-
stantially identical nucleotide sequences).

[0178] An AU-rich element (ARE, e.g., AUUUA repeats)
and/or splicing junction that follows a non-sense codon some-
times is removed from or modified in a 3'UTR. A polyadenos-
ine tail sometimes is inserted into a 3'UTR if none is present,
sometimes is removed if it is present, and adenosine moieties
sometimes are added to or removed from a polyadenosine tail
present in a 3'UTR. Thus, some embodiments are directed to
a process comprising: determining whether any nucleotide
sequences that increase, potentially increase, reduce or poten-
tially reduce translation efficiency are present in the elements,
and adding, removing or modifying one or more of such
sequences if they are identified. Certain embodiments are
directed to a process comprising: determining whether any
nucleotide sequences that increase or potentially increase
translation efficiency are not present in the elements, and
incorporating such sequences into the nucleic acid reagent.

[0179] Insome embodiments, an activity can be altered by
modifying the nucleotide sequence of an ORF. An ORF
sometimes is mutated or modified (for example, by point
mutation, deletion mutation, insertion mutation, PCR based
mutagenesis and the like) to alter, enhance or increase,
reduce, substantially reduce or eliminate the activity of the
encoded protein or peptide. The protein or peptide encoded
by amodified ORF sometimes is produced in a lower amount
or may not be produced at detectable levels, and in other
embodiments, the product or protein encoded by the modified
ORF is produced at a higher level (e.g., codons sometimes are
modified so they are compatible with tRNA’s preferentially
used in the host organism or engineered organism). To deter-
mine the relative activity, the activity from the product of the
mutated ORF (or cell containing it) can be compared to the
activity of the product or protein encoded by the unmodified
OREF (or cell containing it).

[0180] Insomeembodiments, an ORF nucleotide sequence
sometimes is mutated or modified to alter the triplet nucle-
otide sequences used to encode amino acids (e.g., amino acid
codon triplets, for example). Modification of the nucleotide
sequence of an ORF to alter codon triplets sometimes is used
to change the codon found in the original sequence to better
match the preferred codon usage of the organism in which the
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ORF or nucleic acid reagent will be expressed. The codon
usage, and therefore the codon triplets encoded by a nucleic
acid sequence, in bacteria may be different from the preferred
codon usage in eukaryotes, like yeast or plants for example.
Preferred codon usage also may be different between bacte-
rial species. In certain embodiments an ORF nucleotide
sequences sometimes is modified to eliminate codon pairs
and/or eliminate mRNA secondary structures that can cause
pauses during translation of the mRNA encoded by the ORF
nucleotide sequence. Translational pausing sometimes
occurs when nucleic acid secondary structures exist in an
mRNA, and sometimes occurs due to the presence of codon
pairs that slow the rate of translation by causing ribosomes to
pause. In some embodiments, the use of lower abundance
codon triplets can reduce translational pausing due to a
decrease in the pause time needed to load a charged tRNA into
the ribosome translation machinery. Therefore, to increase
transcriptional and translational efficiency in bacteria (e.g.,
where transcription and translation are concurrent, for
example) or to increase translational efficiency in eukaryotes
(e.g., where transcription and translation are functionally
separated), the nucleotide sequence of a nucleotide sequence
of'interest can be altered to better suit the transcription and/or
translational machinery of the host and/or genetically modi-
fied microorganism. In certain embodiments, slowing the rate
of translation by the use of lower abundance codons, which
slow or pause the ribosome, can lead to higher yields of the
desired product due to an increase in correctly folded proteins
and a reduction in the formation of inclusion bodies.

[0181] Codons can be altered and optimized according to
the preferred usage by a given organism by determining the
codon distribution of the nucleotide sequence donor organism
and comparing the distribution of codons to the distribution of
codons in the recipient or host organism. Techniques
described herein (e.g., site directed mutagenesis and the like)
can then be used to alter the codons accordingly. Compari-
sons of codon usage can be done by hand, or using nucleic
acid analysis software commercially available to the artisan.

[0182] Modification of the nucleotide sequence of an ORF
also can be used to correct codon triplet sequences that have
diverged in different organisms. For example, certain yeast
(e.g., C. tropicalis and C. maltosa) use the amino acid triplet
CUG (e.g., CTG in the DNA sequence) to encode serine.
CUG typically encodes leucine in most organisms. In order to
maintain the correct amino acid in the resultant polypeptide
or protein, the CUG codon must be altered to reflect the
organism in which the nucleic acid reagent will be expressed.
Thus, if an ORF from a bacterial donor is to be expressed in
either Candida yeast strain mentioned above, the heterolo-
gous nucleotide sequence must first be altered or modified to
the appropriate leucine codon. Therefore, in some embodi-
ments, the nucleotide sequence of an ORF sometimes is
altered or modified to correct for differences that have
occurred in the evolution of the amino acid codon triplets
between different organisms. In some embodiments, the
nucleotide sequence can be left unchanged at a particular
amino acid codon, if the amino acid encoded is a conservative
or neutral change in amino acid when compared to the origi-
nally encoded amino acid.

[0183] Insome embodiments, an activity can be altered by
modifying translational regulation signals, like a stop codon
for example. A stop codon at the end of an ORF sometimes is
modified to another stop codon, such as an amber stop codon
described above. In some embodiments, a stop codon is intro-
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duced within an ORF, sometimes by insertion or mutation of
an existing codon. An ORF comprising a modified terminal
stop codon and/or internal stop codon often is translated in a
system comprising a suppressor tRNA that recognizes the
stop codon. An ORF comprising a stop codon sometimes is
translated in a system comprising a suppressor tRNA that
incorporates an unnatural amino acid during translation of the
target protein or target peptide. Methods for incorporating
unnatural amino acids into a target protein or peptide are
known, which include, for example, processes utilizing a
heterologous tRNA/synthetase pair, where the tRNA recog-
nizes an amber stop codon and is loaded with an unnatural
amino acid (e.g., World Wide Web URL iupac.org/news/
prize/2003/wang.pdf).

[0184] Depending on the portion of a nucleic acid reagent
(e.g., Promoter, 5' or 3' UTR, ORI, ORF, and the like) chosen
for alteration (e.g., by mutagenesis, introduction or deletion,
for example) the modifications described above can alter a
given activity by (i) increasing or decreasing feedback inhi-
bition mechanisms, (ii) increasing or decreasing promoter
initiation, (iii) increasing or decreasing translation initiation,
(iv) increasing or decreasing translational efficiency, (v)
modifying localization of peptides or products expressed
from nucleic acid reagents described herein, or (vi) increasing
or decreasing the copy number of a nucleotide sequence of
interest, (vii) expression of an anti-sense RNA, RNAI,
siRNA, ribozyme and the like. In some embodiments, alter-
ation of a nucleic acid reagent or nucleotide sequence can
alter a region involved in feedback inhibition (e.g., 5' UTR,
promoter and the like). A modification sometimes is made
that can add or enhance binding of a feedback regulator and
sometimes a modification is made that can reduce, inhibit or
eliminate binding of a feedback regulator.

[0185] In certain embodiments, alteration of a nucleic acid
reagent or nucleotide sequence can alter sequences involved
in transcription initiation (e.g., promoters, 5' UTR, and the
like). A modification sometimes can be made that can
enhance or increase initiation from an endogenous or heter-
ologous promoter element. A modification sometimes can be
made that removes or disrupts sequences that increase or
enhance transcription initiation, resulting in a decrease or
elimination of transcription from an endogenous or heterolo-
gous promoter element.

[0186] In some embodiments, alteration of a nucleic acid
reagent or nucleotide sequence can alter sequences involved
in translational initiation or translational efficiency (e.g., 5'
UTR, 3' UTR, codon triplets of higher or lower abundance,
translational terminator sequences and the like, for example).
A modification sometimes can be made that can increase or
decrease translational initiation, modifying a ribosome bind-
ing site for example. A modification sometimes can be made
that can increase or decrease translational efficiency. Remov-
ing or adding sequences that form hairpins and changing
codon triplets to a more or less preferred codon are non-
limiting examples of genetic modifications that can be made
to alter translation initiation and translation efficiency.
[0187] In certain embodiments, alteration of a nucleic acid
reagent or nucleotide sequence can alter sequences involved
in localization of peptides, proteins or other desired products
(e.g., adipic acid, for example). A modification sometimes
can be made that can alter, add or remove sequences respon-
sible for targeting a polypeptide, protein or product to an
intracellular organelle, the periplasm, cellular membranes, or
extracellularly. Transport of a heterologous product to a dif-
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ferent intracellular space or extracellularly sometimes can
reduce or eliminate the formation of inclusion bodies (e.g.,
insoluble aggregates of the desired product).

[0188] In some embodiments, alteration of a nucleic acid
reagent or nucleotide sequence can alter sequences involved
in increasing or decreasing the copy number of a nucleotide
sequence of interest. A modification sometimes can be made
that increases or decreases the number of copies of an ORF
stably integrated into the genome of an organism or on an
epigenetic nucleic acid reagent. Non-limiting examples of
alterations that can increase the number of copies of a
sequence of interest include, adding copies ofthe sequence of
interest by duplication of regions in the genome (e.g., adding
additional copies by recombination or by causing gene ampli-
fication of the host genome, for example), cloning additional
copies of a sequence onto a nucleic acid reagent, or altering an
ORI to increase the number of copies of an epigenetic nucleic
acid reagent. Non-limiting examples of alterations that can
decrease the number of copies of a sequence of interest
include, removing copies of the sequence of interest by dele-
tion or disruption of regions in the genome, removing addi-
tional copies of the sequence from epigenetic nucleic acid
reagents, or altering an ORI to decrease the number of copies
of an epigenetic nucleic acid reagent.

[0189] In certain embodiments, increasing or decreasing
the expression of a nucleotide sequence of interest can also be
accomplished by altering, adding or removing sequences
involved in the expression of an anti-sense RNA, RNAi,
siRNA, ribozyme and the like. The methods described above
can be used to modify expression of anti-sense RNA, RNAI,
siRNA, ribozyme and the like.

[0190] The methods and nucleic acid reagents described
herein can be used to generate genetically modified microor-
ganisms with altered activities in cellular processes involved
in adipic acid synthesis. In some embodiments, an engineered
microorganism described herein may comprise a heterolo-
gous polynucleotide encoding a polypeptide having 6-oxo-
hexanoic acid dehydrogenase activity, and in certain embodi-
ments, an engineered microorganism described herein may
comprise a heterologous polynucleotide encoding a polypep-
tide having omega oxo fatty acid dehydrogenase activity. In
some embodiments, an engineered microorganism described
herein may comprise a heterologous polynucleotide encod-
ing a polypeptide having 6-hydroxyhexanoic acid dehydro-
genase activity, and in certain embodiments, an engineered
microorganism described herein may comprise a heterolo-
gous polynucleotide encoding a polypeptide having omega
hydroxyl fatty acid dehydrogenase activity. In some embodi-
ments, the heterologous polynucleotide can be from a bacte-
rium. In some embodiments, the bacterium can be an Acine-

tobacter, Nocardia, Pseudomonas or Xanthobacter
bacterium.
[0191] Incertain embodiments, an engineered microorgan-

ism described herein may comprise a heterologous poly-
nucleotide encoding a polypeptide having hexanoate syn-
thase subunit A activity. In some embodiments, an engineered
microorganism described herein may comprise a heterolo-
gous polynucleotide encoding a polypeptide having hex-
anoate synthase subunit B activity. In certain embodiments,
the heterologous polynucleotide independently is selected
from a fungus.

[0192] In some embodiments, the fungus can be an
Aspergillus fungus. In certain embodiments, the Aspergillus
fungus is A. parasiticus.
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[0193] In some embodiments, an engineered microorgan-
ism described herein may comprise a heterologous poly-
nucleotide encoding a polypeptide having monooxygenase
activity. In certain embodiments, the heterologous polynucle-
otide can be from a bacterium. In some embodiments, the
bacterium can be a Bacillus bacterium. In certain embodi-
ments, the Bacillus bacterium is B. megaterium.

[0194] In some embodiments, an engineered microorgan-
ism described herein may comprise a genetic modification
that results in primary hexanoate usage by monooxygenase
activity. In certain embodiments, the genetic modification can
reduce a polyketide synthase activity. In some embodiments,
the engineered microorganism can be a eukaryote. In certain
embodiments, the eukaryote can be a yeast. In some embodi-
ments, the eukaryote may be a fungus. In certain embodi-
ments, the yeast can be a Candida yeast. In some embodi-
ments, the Candida yeast may be C. troplicalis. In certain
embodiments, the fungus can be a Yarrowia fungus. In some
embodiments the Yarrowia fungus may be Y. lipolytica. In
certain embodiments, the fungus can be an Aspergillus fun-
gus. In some embodiments, the Aspergillus fungus may be 4.
parasiticus or A. nidulans.

[0195] Incertain embodiments, an engineered microorgan-
ism described herein may comprise a genetic modification
that reduces 6-hydroxyhexanoic acid conversion. In some
embodiments, the genetic modification can reduce 6-hy-
droxyhexanoic acid dehydrogenase activity. In certain
embodiments, an engineered microorganism described
herein may comprise a genetic modification that reduces
beta-oxidation activity. In some embodiments, the genetic
modification can reduce a target activity described herein.

[0196] Engineered microorganisms that produce adipic
acid, as described herein, can comprise an altered monooxy-
genase activity, in certain embodiments. In some embodi-
ments, the engineered microorganism described herein may
comprise a genetic modification that alters the monooxyge-
nase activity. In certain embodiments, the genetic modifica-
tion can result in substantial hexanoate usage by the
monooxygenase activity. In some embodiments, the genetic
modification can reduce a polyketide synthase activity. In
certain embodiments, the engineered microorganism
described herein can comprise a heterologous polynucleotide
encoding a polypeptide having monooxygenase activity. In
certain embodiments, the heterologous polynucleotide can be
from a bacterium. In some embodiments, the bacterium can
be a Bacillus bacterium. In certain embodiments, the Bacillus
bacterium is B. megaterium.

[0197] Insome embodiments, the engineered microorgan-
ism described herein may comprise an altered hexanoate
synthase activity. In certain embodiments, the altered hex-
anoate synthase activity is an altered hexanoate synthase sub-
unit A activity, altered hexanoate synthase subunit B activity,
or altered hexanoate synthase subunit A activity and altered
hexanoate synthase subunit B activity. In some embodiments,
the engineered microorganism may comprise a genetic alter-
ation that adds or increases hexanoate synthase activity. In
certain embodiments, the engineered microorganism may
comprise a heterologous polynucleotide encoding a polypep-
tide having hexanoate synthase activity. In some embodi-
ments, the heterologous polynucleotide can be from a fungus.
In certain embodiments, the fungus can be an Aspergillus
fungus. In some embodiments, the Aspergillus fungus is 4.
parasiticus.



US 2012/0156761 Al

[0198] Engineered microorganisms that produce adipic
acid, as described herein, can comprise an altered thioesterase
activity, in certain embodiments. In some embodiments, the
engineered microorganism may comprise a genetic modifi-
cation that adds or increases the thioesterase activity. In cer-
tain embodiments, the engineered microorganism may com-
prise a heterologous polynucleotide encoding a polypeptide
having thioesterase activity.

[0199] In some embodiments, the engineered microorgan-
ism with an altered thioesterase activity may comprise an
altered 6-oxohexanoic acid dehydrogenase activity, or an
altered omega oxo fatty acid dehydrogenase activity. In cer-
tain embodiments, the engineered microorganism with an
altered thioesterase activity may comprise a genetic modifi-
cation that adds or increases 6-oxohexanoic acid dehydroge-
nase activity, or a genetic modification that adds or increases
omega oxo fatty acid dehydrogenase activity. In some
embodiments, the engineered microorganism may comprise
aheterologous polynucleotide encoding a polypeptide having
altered 6-oxohexanoic acid dehydrogenase activity, and in
some embodiments, the engineered microorganism may
comprise a heterologous polynucleotide encoding a polypep-
tide having altered omega oxo fatty acid dehydrogenase activ-
ity. In certain embodiments, the heterologous polynucleotide
can be from a bacterium. In some embodiments, the bacte-
rium can be an Acinetobacter, Nocardia, Pseudomonas or
Xanthobacter bacterium.

[0200] Engineered microorganisms that produce adipic
acid, as described herein, can comprise an altered 6-hydroxy-
hexanoic acid dehydrogenase activity, in certain embodi-
ments, and in some embodiments, can comprise an altered
omega hydroxy] fatty acid dehydrogenase activity. In certain
embodiments, the engineered microorganism may comprise
a genetic modification that adds or increases the 6-hydroxy-
hexanoic acid dehydrogenase activity and in some embodi-
ments the engineered microorganism may comprise a genetic
modification that adds or increases the omega hydroxyl fatty
acid dehydrogenase activity. In certain embodiments, the
engineered microorganism may comprise a heterologous
polynucleotide encoding a polypeptide having altered 6-hy-
droxyhexanoic acid dehydrogenase activity, and in some
embodiments, the engineered microorganism may comprise
aheterologous polynucleotide encoding a polypeptide having
altered omega hydroxyl fatty acid dehydrogenase activity. In
some embodiments, the heterologous polynucleotide is from
abacterium. In certain embodiments, the bacterium can be an
Acinetobacter, Nocardia, Pseudomonas or Xanthobacter
bacterium. In some embodiments, the engineered microor-
ganism can be a eukaryote. In certain embodiments, the
eukaryote can be a yeast. In some embodiments, the eukary-
ote may be a fungus. In certain embodiments, the yeast can be
a Candida yeast. In some embodiments, the Candida yeast
may be C. troplicalis. In certain embodiments, the fungus can
be a Yarrowia fungus. In some embodiments the Yarrowia
fungus may be Y. lipolytica. In certain embodiments, the
fungus can be an Aspergillus fungus. In some embodiments,
the Aspergillus fungus may be A. parasiticus or A. nidulans.
[0201] In some embodiments, an engineered microorgan-
ism as described above may comprise a genetic modification
that reduces 6-hydroxyhexanoic acid conversion. In certain
embodiments, the genetic modification can reduce 6-hy-
droxyhexanoic acid dehydrogenase activity. In some embodi-
ments the genetic may reduce beta-oxidation activity. In cer-
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tain embodiments, the genetic modification may reduce a
target activity described herein.

[0202] Engineered microorganisms can be prepared by
altering, introducing or removing nucleotide sequences in the
host genome or in stably maintained epigenetic nucleic acid
reagents, as noted above. The nucleic acid reagents use to
alter, introduce or remove nucleotide sequences in the host
genome or epigenetic nucleic acids can be prepared using the
methods described herein or available to the artisan.

[0203] Nucleic acid sequences having a desired activity can
be isolated from cells of a suitable organism using lysis and
nucleic acid purification procedures described in a known
reference manual (e.g., Maniatis, T., E. F. Fritsch and J. Sam-
brook (1982) Molecular Cloning: a Laboratory Manual,
Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y.) or
using commercially available cell lysis and DNA purification
reagents and kits. In some embodiments, nucleic acids used to
engineer microorganisms can be provided for conducting
methods described herein after processing of the organism
containing the nucleic acid. For example, the nucleic acid of
interest may be extracted, isolated, purified or amplified from
a sample (e.g., from an organism of interest or culture con-
taining a plurality of organisms of interest, like yeast or bac-
teria for example). The term “isolated” as used herein refers to
nucleic acid removed from its original environment (e.g., the
natural environment if it is naturally occurring, or a host cell
if expressed exogenously), and thus is altered “by the hand of
man” from its original environment. An isolated nucleic acid
generally is provided with fewer non-nucleic acid compo-
nents (e.g., protein, lipid) than the amount of components
present in a source sample. A composition comprising iso-
lated sample nucleic acid can be substantially isolated (e.g.,
about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or greater than 99% free of non-nucleic acid compo-
nents). The term “purified” as used herein refers to sample
nucleic acid provided that contains fewer nucleic acid species
than in the sample source from which the sample nucleic acid
is derived. A composition comprising sample nucleic acid
may be substantially purified (e.g., about 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or greater than 99%
free of other nucleic acid species). The term “amplified” as
used herein refers to subjecting nucleic acid of a cell, organ-
ism or sample to a process that linearly or exponentially
generates amplicon nucleic acids having the same or substan-
tially the same nucleotide sequence as the nucleotide
sequence of the nucleic acid in the sample, or portion thereof.
As noted above, the nucleic acids used to prepare nucleic acid
reagents as described herein can be subjected to fragmenta-
tion or cleavage.

[0204] Amplification of nucleic acids is sometimes neces-
sary when dealing with organisms that are difficult to culture.
Where amplification may be desired, any suitable amplifica-
tion technique can be utilized. Non-limiting examples of
methods for amplification of polynucleotides include, poly-
merase chain reaction (PCR); ligation amplification (or ligase
chain reaction (LCR)); amplification methods based on the
use of Q-beta replicase or template-dependent polymerase
(see US Patent Publication Number US20050287592); heli-
case-dependant isothermal amplification (Vincent et al.,
“Helicase-dependent isothermal DNA amplification”.
EMBO reports 5 (8): 795-800 (2004)); strand displacement
amplification (SDA); thermophilic SDA nucleic acid
sequence based amplification (3SR or NASBA) and tran-
scription-associated amplification (TAA). Non-limiting
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examples of PCR amplification methods include standard
PCR, AFLP-PCR, Allele-specific PCR, Alu-PCR, Asymmet-
ric PCR, Colony PCR, Hot start PCR, Inverse PCR (IPCR), In
situ PCR (ISH), Intersequence-specific PCR (ISSR-PCR),
Long PCR, Multiplex PCR, Nested PCR, Quantitative PCR,
Reverse Transcriptase PCR(RT-PCR), Real Time PCR,
Single cell PCR, Solid phase PCR, combinations thereof, and
the like. Reagents and hardware for conducting PCR are
commercially available.

[0205] Protocols for conducting the various type of PCR
listed above are readily available to the artisan. PCR condi-
tions can be dependent upon primer sequences, target abun-
dance, and the desired amount of amplification, and therefore,
one of skill in the art may choose from a number of PCR
protocols available (see, e.g., U.S. Pat. Nos. 4,683,195 and
4,683,202; and PCR Protocols: A Guide to Methods and
Applications, Innis et al., eds, 1990. PCR often is carried out
as an automated process with a thermostable enzyme. In this
process, the temperature of the reaction mixture is cycled
through a denaturing region, a primer-annealing region, and
an extension reaction region automatically. Machines specifi-
cally adapted for this purpose are commercially available. A
non-limiting example of a PCR protocol that may be suitable
for embodiments described herein is, treating the sample at
95° C. for 5 minutes; repeating forty-five cycles of 95° C. for
1 minute, 59° C. for 1 minute, 10 seconds, and 72° C. for 1
minute 30 seconds; and then treating the sample at 72° C. for
5 minutes. Additional PCR protocols are described in the
example section. Multiple cycles frequently are performed
using a commercially available thermal cycler. Suitable iso-
thermal amplification processes known and selected by the
person of ordinary skill in the art also may be applied, in
certain embodiments. In some embodiments, nucleic acids
encoding polypeptides with a desired activity can be isolated
by amplifying the desired sequence from an organism having
the desired activity using oligonucleotides or primers
designed based on sequences described herein.

[0206] Amplified, isolated and/or purified nucleic acids can
be cloned into the recombinant DNA vectors described in
Figures herein or into suitable commercially available recom-
binant DNA vectors. Cloning of nucleic acid sequences of
interest into recombinant DNA vectors can facilitate further
manipulations of the nucleic acids for preparation of nucleic
acid reagents, (e.g., alteration of nucleotide sequences by
mutagenesis, homologous recombination, amplification and
the like, for example). Standard cloning procedures (e.g.,
enzymic digestion, ligation, and the like) are known (e.g.,
described in Maniatis, T., E. F. Fritsch and J. Sambrook
(1982) Molecular Cloning: a Laboratory Manual; Cold
Spring Harbor Laboratory, Cold Spring Harbor, N.Y.).

[0207] In some embodiments, nucleic acid sequences pre-
pared by isolation or amplification can be used, without any
further modification, to add an activity to a microorganism
and thereby create a genetically modified or engineered
microorganism. In certain embodiments, nucleic acid
sequences prepared by isolation or amplification can be
genetically modified to alter (e.g., increase or decrease, for
example) a desired activity. In some embodiments, nucleic
acids, used to add an activity to an organism, sometimes are
genetically modified to optimize the heterologous polynucle-
otide sequence encoding the desired activity (e.g., polypep-
tide or protein, for example). The term “optimize” as used
herein can refer to alteration to increase or enhance expres-
sion by preferred codon usage. The term optimize can also
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refer to modifications to the amino acid sequence to increase
the activity of a polypeptide or protein, such that the activity
exhibits a higher catalytic activity as compared to the “natu-
ral” version of the polypeptide or protein.

[0208] Nucleic acid sequences of interest can be geneti-
cally modified using methods known in the art. Mutagenesis
techniques are particularly useful for small scale (e.g., 1,2, 5,
10 or more nucleotides) or large scale (e.g., 50, 100, 150, 200,
500, or more nucleotides) genetic modification. Mutagenesis
allows the artisan to alter the genetic information of an organ-
ism in a stable manner, either naturally (e.g., isolation using
selection and screening) or experimentally by the use of
chemicals, radiation or inaccurate DNA replication (e.g.,
PCR mutagenesis). In some embodiments, genetic modifica-
tion can be performed by whole scale synthetic synthesis of
nucleic acids, using a native nucleotide sequence as the ref-
erence sequence, and modifying nucleotides that can result in
the desired alteration of activity. Mutagenesis methods some-
times are specific or targeted to specific regions or nucleotides
(e.g., site-directed mutagenesis, PCR-based site-directed
mutagenesis, and in vitro mutagenesis techniques such as
transplacement and in vivo oligonucleotide site-directed
mutagenesis, for example). Mutagenesis methods sometimes
are non-specific or random with respect to the placement of
genetic modifications (e.g., chemical mutagenesis, insertion
element (e.g., insertion or transposon elements) and inaccu-
rate PCR based methods, for example).

[0209] Site directed mutagenesis is a procedure in which a
specific nucleotide or specific nucleotides in a DNA molecule
are mutated or altered. Site directed mutagenesis typically is
performed using a nucleic acid sequence of interest cloned
into a circular plasmid vector. Site-directed mutagenesis
requires that the wild type sequence be known and used a
platform for the genetic alteration. Site-directed mutagenesis
sometimes is referred to as oligonucleotide-directed
mutagenesis because the technique can be performed using
oligonucleotides which have the desired genetic modification
incorporated into the complement a nucleotide sequence of
interest. The wild type sequence and the altered nucleotide
are allowed to hybridize and the hybridized nucleic acids are
extended and replicated using a DNA polymerase. The
double stranded nucleic acids are introduced into a host (e.g.,
E. coli, for example) and further rounds of replication are
carried out in vivo. The transformed cells carrying the
mutated nucleic acid sequence are then selected and/or
screened for those cells carrying the correctly mutagenized
sequence. Cassette mutagenesis and PCR-based site-directed
mutagenesis are further modifications of the site-directed
mutagenesis technique. Site-directed mutagenesis can also be
performed in vivo (e.g., transplacement “pop-in pop-out”, In
vivo site-directed mutagenesis with synthetic oligonucle-
otides and the like, for example).

[0210] PCR-based mutagenesis can be performed using
PCR with oligonucleotide primers that contain the desired
mutation or mutations. The technique functions in a manner
similar to standard site-directed mutagenesis, with the excep-
tion that a thermocycler and PCR conditions are used to
replace replication and selection of the clones in a microor-
ganism host. As PCR-based mutagenesis also uses a circular
plasmid vector, the amplified fragment (e.g., linear nucleic
acid molecule) containing the incorporated genetic modifica-
tions can be separated from the plasmid containing the tem-
plate sequence after a sufficient number of rounds of ther-
mocycler amplification, using standard electrophorectic
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procedures. A modification of this method uses linear ampli-
fication methods and a pair of mutagenic primers that amplify
the entire plasmid. The procedure takes advantage of the E.
coli Dam methylase system which causes DNA replicated in
vivo to be sensitive to the restriction endonucleases Dpnl.
PCR synthesized DNA is not methylated and is therefore
resistant to Dpnl. This approach allows the template plasmid
to be digested, leaving the genetically modified, PCR synthe-
sized plasmids to be isolated and transformed into a host
bacteria for DNA repair and replication, thereby facilitating
subsequent cloning and identification steps. A certain amount
of randomness can be added to PCR-based sited directed
mutagenesis by using partially degenerate primers.

[0211] Recombination sometimes can be used as a tool for
mutagenesis. Homologous recombination allows the artisan
to specifically target regions of known sequence for insertion
of heterologous nucleotide sequences using the host organ-
isms natural DNA replication and repair enzymes. Homolo-
gous recombination methods sometimes are referred to as
“pop in pop out” mutagenesis, transplacement, knock out
mutagenesis or knock in mutagenesis. Integration of a nucleic
acid sequence into a host genome is a single cross over event,
which inserts the entire nucleic acid reagent (e.g., pop in). A
second cross over event excises all but a portion of the nucleic
acid reagent, leaving behind a heterologous sequence, often
referred to as a “footprint” (e.g., pop out). Mutagenesis by
insertion (e.g., knock in) or by double recombination leaving
behind a disrupting heterologous nucleic acid (e.g., knock
out) both server to disrupt or “knock out” the function of the
gene or nucleic acid sequence in which insertion occurs. By
combining selectable markers and/or auxotrophic markers
with nucleic acid reagents designed to provide the appropri-
ate nucleic acid target sequences, the artisan can target a
selectable nucleic acid reagent to a specific region, and then
select for recombination events that “pop out” a portion of the
inserted (e.g., “pop in”") nucleic acid reagent.

[0212] Such methods take advantage of nucleic acid
reagents that have been specifically designed with known
target nucleic acid sequences at or near a nucleic acid or
genomic region of interest. Popping out typically leaves a
“foot print” of left over sequences that remain after the
recombination event. The left over sequence can disrupt a
gene and thereby reduce or eliminate expression of that gene.
In some embodiments, the method can be used to insert
sequences, upstream or downstream of genes that can result
in an enhancement or reduction in expression of the gene. In
certain embodiments, new genes can be introduced into the
genome of a host organism using similar recombination or
“pop in” methods. An example of a yeast recombination
system using the ura3 gene and 5-FOA were described briefly
above and further detail is presented herein.

[0213] A method for modification is described in Alani et
al., “A method for gene disruption that allows repeated use of
URA3 selection in the construction of multiply disrupted
yeast strains”, Genetics 116(4):541-545 August 1987. The
original method uses a Ura3 cassette with 1000 base pairs
(bp) of the same nucleotide sequence cloned in the same
orientation on either side of the URA3 cassette. Targeting
sequences of about 50 bp are added to each side of the con-
struct. The double stranded targeting sequences are comple-
mentary to sequences in the genome of the host organism. The
targeting sequences allow site-specific recombination in a
region of interest. The modification of the original technique
replaces the two 1000 bp sequence direct repeats with two
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200 bp direct repeats. The modified method also uses 50 bp
targeting sequences. The modification reduces or eliminates
recombination of a second knock out into the 1000 bp repeat
left behind in a first mutagenesis, therefore allowing multiply
knocked out yeast. Additionally, the 200 bp sequences used
herein are uniquely designed, self-assembling sequences that
leave behind identifiable footprints. The technique used to
design the sequences incorporate design features such as low
identity to the yeast genome, and low identity to each other.
Therefore a library of the self-assembling sequences can be
generated to allow multiple knockouts in the same organism,
while reducing or eliminating the potential for integration
into a previous knockout.

[0214] Asnoted above, the URA3 cassette makes use ofthe
toxicity of 5-FOA in yeast carrying a functional URA3 gene.
Uracil synthesis deficient yeast are transformed with the
modified URA3 cassette, using standard yeast transformation
protocols, and the transformed cells are plated on minimal
media minus uracil. In some embodiments, PCR can be used
to verify correct insertion into the region of interest in the host
genome, and certain embodiments the PCR step can be omit-
ted. Inclusion of the PCR step can reduce the number of
transformants that need to be counter selected to “pop out” the
URAZ3 cassette. The transformants (e.g., all or the ones deter-
mined to be correct by PCR, for example) can then be
counter-selected on media containing 5-FOA, which will
select for recombination out (e.g., popping out) of the URA3
cassette, thus rendering the yeast ura3 deficient again, and
resistant to 5-FOA toxicity. Targeting sequences used to
direct recombination events to specific regions are presented
herein. A modification of the method described above can be
used to integrate genes in to the chromosome, where after
recombination a functional gene is left in the chromosome
next to the 200 bp footprint.

[0215] In some embodiments, other auxotrophic or domi-
nant selection markers can be used in place of URA3 (e.g., an
auxotrophic selectable marker), with the appropriate change
in selection media and selection agents. Auxotrophic select-
able markers are used in strains deficient for synthesis of a
required biological molecule (e.g., amino acid or nucleoside,
for example). Non-limiting examples of additional aux-
otrophic markers include; HIS3, TRP1, LEU2, LEU2-d, and
LYS2. Certain auxotrophic markers (e.g., URA3 and LYS2)
allow counter selection to select for the second recombination
event that pops out all but one of the direct repeats of the
recombination construct. HIS3 encodes an activity involved
in histidine synthesis. TRP1 encodes an activity involved in
tryptophan synthesis. LEU2 encodes an activity involved in
leucine synthesis. LEU2-d is a low expression version of
LEU2 that selects for increased copy number (e.g., gene or
plasmid copy number, for example) to allow survival on mini-
mal media without leucine. LYS2 encodes an activity
involved in lysine synthesis, and allows counter selection for
recombination out of the LYS2 gene using alpha-amino adi-
pate (a-amino adipate).

[0216] Dominant selectable markers are useful because
they also allow industrial and/or prototrophic strains to be
used for genetic manipulations. Additionally, dominant
selectable markers provide the advantage that rich medium
can be used for plating and culture growth, and thus growth
rates are markedly increased. Non-limiting examples of
dominant selectable markers include; Tn903 kan”, Cm’,
Hyg”, CUP1, and DHFR. Tn903 kan” encodes an activity
involved in kanamycin antibiotic resistance (e.g., typically
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neomycin phosphotransferase II or NPTII, for example). Cmr
encodes an activity involved in chloramphenicol antibiotic
resistance (e.g., typically chloramphenicol acetyl transferase
or CAT, for example). Hygr encodes an activity involved in
hygromycin resistance by phosphorylation of hygromycin B
(e.g., hygromycin phosphotransferase, or HPT). CUPI1
encodes an activity involved in resistance to heavy metal
(e.g., copper, for example) toxicity. DHFR encodes a dihy-
drofolate reductase activity which confers resistance to meth-
otrexate and sulfanilamde compounds.

[0217] In contrast to site-directed or specific mutagenesis,
random mutagenesis does not require any sequence informa-
tion and can be accomplished by a number of widely different
methods. Random mutagenesis often is used to create mutant
libraries that can be used to screen for the desired genotype or
phenotype. Non-limiting examples of random mutagenesis
include; chemical mutagenesis, UV-induced mutagenesis,
insertion element or transposon-mediated mutagenesis, DNA
shuffling, error-prone PCR mutagenesis, and the like.

[0218] Chemical mutagenesis often involves chemicals
like ethyl methanesulfonate (EMS), nitrous acid, mitomycin
C, N-methyl-N-nitrosourea (MNU), diepoxybutane (DEB),
1,2,7.8-diepoxyoctane (DEO), methyl methane sulfonate
(MMS), N-methyl-N'-nitro-N-nitrosoguanidine (MNNG),
4-nitroquinoline 1-oxide (4-NQO), 2-methyloxy-6-chloro-9
(3-[ethyl-2-chloroethyl|-aminopropylamino)-acridinedihy-
drochloride (ICR-170), 2-amino purine (2AP), and hydroxy-
lamine (HA), provided herein as non-limiting examples.
These chemicals can cause base-pair substitutions, frameshift
mutations, deletions, transversion mutations, transition muta-
tions, incorrect replication, and the like. In some embodi-
ments, the mutagenesis can be carried out in vivo. Sometimes
the mutagenic process involves the use of the host organisms
DNA replication and repair mechanisms to incorporate and
replicate the mutagenized base or bases. Another type of
chemical mutagenesis involves the use of base-analogs. The
use of base-analogs cause incorrect base pairing which in the
following round of replication is corrected to a mismatched
nucleotide when compared to the starting sequence. Base
analog mutagenesis introduces a small amount of non-ran-
domness to random mutagenesis, because specific base ana-
logs can be chose which can be incorporated at certain nucle-
otides in the starting sequence. Correction of the mispairing
typically yields a known substitution. For example, Bromo-
deoxyuridine (BrdU) can be incorporated into DNA and
replaces T in the sequence. The host DNA repair and replica-
tion machinery can sometime correct the defect, but some-
times will mispair the BrdU with a G. The next round of
replication then causes a G-C transversion from the original
A-T in the native sequence.

[0219] Ultra violet (UV) induced mutagenesis is caused by
the formation of thymidine dimers when UV light irradiates
chemical bonds between two adjacent thymine residues.
Excision repair mechanism of the host organism correct the
lesion in the DNA, but occasionally the lesion is incorrectly
repaired typically resulting in a C to T transition.

[0220] Insertion elementor transposon-mediated mutagen-
esis makes use of naturally occurring or modified naturally
occurring mobile genetic elements. Transposons often
encode accessory activities in addition to the activities nec-
essary for transposition (e.g., movement using a transposase
activity, for example). In many examples, transposon acces-
sory activities are antibiotic resistance markers (e.g., see
Tn903 kan” described above, for example). Insertion ele-
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ments typically only encode the activities necessary for
movement of the nucleic acid sequence. Insertion element
and transposon mediated mutagenesis often can occur ran-
domly, however specific target sequences are known for some
transposons. Mobile genetic elements like IS elements or
Transposons (Tn) often have inverted repeats, direct repeats
or both inverted and direct repeats flanking the region coding
for the transposition genes. Recombination events catalyzed
by the transposase cause the element to remove itself from the
genome and move to a new location, leaving behind a portion
of an inverted or direct repeat. Classic examples of trans-
posons are the “mobile genetic elements” discovered in
maize. Transposon mutagenesis kits are commercially avail-
able which are designed to leave behind a 5 codon insert (e.g.,
Mutation Generation System kit, Finnzymes, World Wide
Web URL finnzymes.us, for example). This allows the artisan
to identify the insertion site, without fully disrupting the
function of most genes.

[0221] DNA shuffling is a method which uses DNA frag-
ments from members of a mutant library and reshuffles the
fragments randomly to generate new mutant sequence com-
binations. The fragments are typically generated using DNa-
sel, followed by random annealing and re-joining using self
priming PCR. The DNA overhanging ends, from annealing of
random fragments, provide “primer” sequences for the PCR
process. Shuffling can be applied to libraries generated by any
of the above mutagenesis methods.

[0222] Error prone PCR and its derivative rolling circle
error prone PCR uses increased magnesium and manganese
concentrations in conjunction with limiting amounts of one or
two nucleotides to reduce the fidelity of the Taq polymerase.
The error rate can be as high as 2% under appropriate condi-
tions, when the resultant mutant sequence is compared to the
wild type starting sequence. After amplification, the library of
mutant coding sequences must be cloned into a suitable plas-
mid. Although point mutations are the most common types of
mutation in error prone PCR, deletions and frameshift muta-
tions are also possible. There are a number of commercial
error-prone PCR kits available, including those from Strat-
agene and Clontech (e.g., World Wide Web URL strategene.
com and World Wide Web URL clontech.com, respectively,
for example). Rolling circle error-prone PCR is a variant of
error-prone PCR in which wild-type sequence is first cloned
into a plasmid, then the whole plasmid is amplified under
error-prone conditions.

[0223] As noted above, organisms with altered activities
can also be isolated using genetic selection and screening of
organisms challenged on selective media or by identifying
naturally occurring variants from unique environments. For
example, 2-Deoxy-D-glucose is a toxic glucose analog.
Growth of yeast on this substance yields mutants that are
glucose-deregulated. A number of mutants have been isolated
using 2-Deoxy-D-glucose including transport mutants, and
mutants that ferment glucose and galactose simultaneously
instead of glucose first then galactose when glucose is
depleted. Similar techniques have been used to isolate mutant
microorganisms that can metabolize plastics (e.g., from land-
fills), petrochemicals (e.g., from oil spills), and the like, either
in a laboratory setting or from unique environments.

[0224] Similar methods can be used to isolate naturally
occurring mutations in a desired activity when the activity
exists at a relatively low or nearly undetectable level in the
organism of choice, in some embodiments. The method gen-
erally consists of growing the organism to a specific density in
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liquid culture, concentrating the cells, and plating the cells on
various concentrations of the substance to which an increase
in metabolic activity is desired. The cells are incubated at a
moderate growth temperature, for 5 to 10 days. To enhance
the selection process, the plates can be stored for another 5 to
10days ata low temperature. The low temperature sometimes
can allow strains that have gained or increased an activity to
continue growing while other strains are inhibited for growth
at the low temperature. Following the initial selection and
secondary growth at low temperature, the plates can be rep-
lica plated on higher or lower concentrations of the selection
substance to further select for the desired activity.

[0225] A native, heterologous or mutagenized polynucle-
otide can be introduced into a nucleic acid reagent for intro-
duction into a host organism, thereby generating an engi-
neered microorganism. Standard recombinant DNA
techniques (restriction enzyme digests, ligation, and the like)
can be used by the artisan to combine the mutagenized nucleic
acid of interest into a suitable nucleic acid reagent capable of
(1) being stably maintained by selection in the host organism,
or (ii) being integrating into the genome of the host organism.
As noted above, sometimes nucleic acid reagents comprise
two replication origins to allow the same nucleic acid reagent
to be manipulated in bacterial before final introduction of the
final product into the host organism (e.g., yeast or fungus for
example). Standard molecular biology and recombinant
DNA methods are known (e.g., described in Maniatis, T., E. F.
Fritsch and J. Sambrook (1982) Molecular Cloning: a Labo-
ratory Manual; Cold Spring Harbor Laboratory, Cold Spring
Harbor, N.Y.).

[0226] Nucleic acid reagents can be introduced into micro-
organisms using various techniques. Non-limiting examples
of methods used to introduce heterologous nucleic acids into
various organisms include; transformation, transfection,
transduction, electroporation, ultrasound-mediated transfor-
mation, particle bombardment and the like. In some instances
the addition of carrier molecules (e.g., bis-benzimdazolyl
compounds, for example, see U.S. Pat. No. 5,595,899) can
increase the uptake of DNA in cells typically though to be
difficult to transform by conventional methods. Conventional
methods of transformation are known (e.g., described in
Maniatis, T., E. F. Fritsch and J. Sambrook (1982) Molecular
Cloning: a Laboratory Manual; Cold Spring Harbor Labora-
tory, Cold Spring Harbor, N.Y.).

Culture, Production and Process Methods

[0227] Engineered microorganisms often are cultured
under conditions that optimize yield of a target molecule
(e.g., six-carbon target molecule). Non-limiting examples of
such target molecules are adipic acid and 6-hydroxyhexanoic
acid. Culture conditions often optimize activity of one or
more of the following activities: 6-oxohexanoic acid dehy-
drogenase activity, omega oxo fatty acid dehydrogenase
activity, 6-hydroxyhexanoic acid dehydrogenase activity,
omega hydroxyl fatty acid dehydrogenase activity, hexanoate
synthase, monooxygenase, monooxygenase reductase, fatty
alcohol oxidase, acyl-CoA ligase, acyl-CoA oxidase, enoyl-
CoA hydratase, 3-hydroxyacyl-CoA dehydrogenase, and/or
acetyl-CoA C-acyltransferase activities. In general, non-lim-
iting examples of conditions that may be optimized include
the type and amount of carbon source, the type and amount of
nitrogen source, the carbon-to-nitrogen ratio, the oxygen
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level, growth temperature, pH, length of the biomass produc-
tion phase, length of target product accumulation phase, and
time of cell harvest.

[0228] Culture media generally contain a suitable carbon
source. Carbon sources useful for culturing microorganisms
and/or fermentation processes sometimes are referred to as
feedstocks. The term “feedstock™ as used herein refers to a
composition containing a carbon source that is provided to an
organism, which is used by the organism to produce energy
and metabolic products useful for growth. A feedstock may
be a natural substance, a “man-made substance,” a purified or
isolated substance, a mixture of purified substances, a mix-
ture of unpurified substances or combinations thereof. A feed-
stock often is prepared by and/or provided to an organism by
a person, and a feedstock often is formulated prior to admin-
istration to the organism. A carbon source may include, but is
not limited to including, one or more of the following sub-
stances: monosaccharides (e.g., also referred to as “saccha-
rides,” which include 6-carbon sugars (e.g., glucose, fruc-
tose), S-carbon sugars (e.g., xylose and other pentoses) and
the like), disaccharides (e.g., lactose, sucrose), oligosaccha-
rides (e.g., glycans, homopolymers of a monosaccharide),
polysaccharides (e.g., starch, cellulose, heteropolymers of
monosaccharides or mixtures thereof), sugar alcohols (e.g.,
glycerol), and renewable feedstocks (e.g., cheese whey per-
meate, cornsteep liquor, sugar beet molasses, barley malt).
Carbon sources also can be selected from one or more of the
following non-limiting examples: paraffin (e.g., saturated
paraffin, unsaturated paraffin, substituted paraffin, linear par-
affin, branched paraffin, or combinations thereof); alkanes
(e.g., hexane), alkenes or alkynes, each of which may be
linear, branched, saturated, unsaturated, substituted or com-
binations thereof (described in greater detail below); linear or
branched alcohols (e.g., hexanol); fatty acids (e.g., about 1
carbon to about 60 carbons, including free fatty acids, soap
stock, for example); esters of fatty acids; monoglycerides;
diglycerides; triglycerides, phospholipids. Non-limiting
commercial sources of products for preparing feedstocks
include plants or plant products (e.g., vegetable oils (e.g.,
almond oil, canola oil, cocoa butter, coconut oil, corn oil,
cottonseed oil, flaxseed oil, grape seed oil, illipe, olive oil,
palm oil, palm olein, palm kernel oil, safflower oil, peanut oil,
soybean oil, sesame oil, shea nut oil, sunflower oil walnut oil,
the like and combinations thereof) and animal fats (e.g., beef
tallow, butterfat, lard, cod liver oil). A carbon source may
include a petroleum product and/or a petroleum distillate
(e.g., diesel, fuel oils, gasoline, kerosene, paraffin wax, par-
affin oil, petrochemicals).

[0229] The term “paraffin” as used herein refers to the
common name for alkane hydrocarbons, independent of the
source (e.g., plant derived, petroleum derived, chemically
synthesized, fermented by a microorganism), or carbon chain
length. A carbon source sometimes comprises a paraffin, and
in some embodiments, a paraffin is predominant in a carbon
source (e.g., about 75%, 80%, 85%, 90% or 95% paraffin). A
paraffin sometimes is saturated (e.g., fully saturated), some-
times includes one or more unsaturations (e.g., about 1, 2, 3,
4,5,6,7,8,9, 10 unsaturations) and sometimes is substituted
with one or more non-hydrogen substituents. Non-limiting
examples of non-hydrogen substituents include halo, acetyl,
—0, —N—CN, —N—OR, —NR, OR, NR,, SR, SO,R,
SO,NR,, NRSO,R, NRCONR,, NRCOOR, NRCOR, CN,
COOR, CONR,, OOCR, COR, and NO,, where each R is
independently H, C1-C8 alkyl, C2-C8 heteroalkyl, C1-C8
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acyl, C2-C8 heteroacyl, C2-C8 alkenyl, C2-C8 heteroalk-
enyl, C2-C8 alkynyl, C2-C8 heteroalkynyl, C6-C10 aryl, or
C5-C10 heteroaryl, and each R is optionally substituted with
halo, —O, —N—CN, —N—OR', —NR', OR', NR',, SR,
SO,R', SO,NR';,, NR'SO,R', NR'CONR',, NR'COOR',
NR'COR!, CN, COOR!, CONR',, OOCR', COR', and NO,,
where each R' is independently H, C1-C8 alkyl, C2-C8 het-
eroalkyl, C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl or
C5-C10 heteroaryl.

[0230] In some embodiments a feedstock is selected
according to the genotype and/or phenotype of the engineered
microorganism to be cultured. For example, a feedstock rich
in 12-carbon fatty acids, 12-carbon dicarboxylic acids or
12-carbon paraffins, or a mixture of 10-carbon and 12-carbon
compounds can be useful for culturing yeast strains harboring
an alteration that partially blocks beta oxidation by disrupting
POX4 activity, as described herein. Non-limiting examples of
carbon sources having 10 and/or 12 carbons include fats (e.g.,
coconut oil, palm kernel oil), paraffins (e.g., alkanes, alkenes,
or alkynes) having 10 or 12 carbons, (e.g., decane, dodecane
(also referred to as adakanel2, bihexyl, dihexyl and duode-
cane), alkene and alkyne derivatives), fatty acids (decanoic
acid, dodecanoic acid), fatty alcohols (decanol, dodecanol),
the like, non-toxic substituted derivatives or combinations
thereof.

[0231] A carbon source sometimes comprises an alkyl, alk-
enyl or alkynyl compound or molecule (e.g., a compound that
includes an alkyl, alkenyl or alkynyl moiety (e.g., alkane,
alkene, alkyne)). In certain embodiments, an alkyl, alkenyl or
alkynyl molecule, or combination thereof, is predominant in
a carbon source (e.g., about 75%, 80%, 85%, 90% or 95% of
such molecules). As used herein, the terms “alkyl,” “alkenyl”
and “alkynyl” include straight-chain (referred to herein as
“linear”), branched-chain (referred to herein as “non-linear”),
cyclic monovalent hydrocarbyl radicals, and combinations of
these, which contain only C and H atoms when they are
unsubstituted. Non-limiting examples of alkyl moieties
include methyl, ethyl, isobutyl, cyclohexyl, cyclopentylethyl,
2-propenyl, 3-butynyl, and the like. An alkyl that contains
only C and H atoms and is unsubstituted sometimes is
referred to as “saturated.” An alkenyl or alkynyl generally is
“unsaturated” as it contains one or more double bonds or
triple bonds, respectively. An alkenyl can include any number
of double bonds, such as 1, 2, 3, 4 or 5 double bonds, for
example. An alkynyl can include any number of triple bonds,
suchas 1,2, 3,4 or 5 triple bonds, for example. Alkyl, alkenyl
and alkynyl molecules sometimes contain between about 2 to
about 60 carbon atoms (C). For example, an alkyl, alkenyl and
alkynyl molecule can include about 1 carbon atom, about 2
carbon atoms, about 3 carbon atoms, about 4 carbon atoms,
about 5 carbon atoms, about 6 carbon atoms, about 7 carbon
atoms, about 8 carbon atoms, about 9 carbon atoms, about 10
carbon atoms, about 12 carbon atoms, about 14 carbon atoms,
about 16 carbon atoms, about 18 carbon atoms, about 20
carbon atoms, about 22 carbon atoms, about 24 carbon atoms,
about 26 carbon atoms, about 28 carbon atoms, about 30
carbon atoms, about 32 carbon atoms, about 34 carbon atoms,
about 36 carbon atoms, about 38 carbon atoms, about 40
carbon atoms, about 42 carbon atoms, about 44 carbon atoms,
about 46 carbon atoms, about 48 carbon atoms, about 50
carbon atoms, about 52 carbon atoms, about 54 carbon atoms,
about 56 carbon atoms, about 58 carbon atoms or about 60
carbon atoms. In some embodiments, paraffins can have a
mean number of carbon atoms of between about 8 to about 18
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carbon atoms (e.g., about 8 carbon atoms, about 9 carbon
atoms, about 10 carbon atoms, about 11 carbon atoms, about
12 carbon atoms, about 13 carbon atoms, about 14 carbon
atoms, about 15 carbon atoms, about 16 carbon atoms, about
17 carbon atoms and about 18 carbon atoms). A single group
can include more than one type of multiple bond, or more than
one multiple bond. Such groups are included within the defi-
nition of the term “alkenyl” when they contain at least one
carbon-carbon double bond, and are included within the term
“alkynyl” when they contain at least one carbon-carbon triple
bond. Alkyl, alkenyl and alkynyl molecules include mol-
ecules that comprise an alkyl, alkenyl and/or alkynyl moiety,
and include molecules that consist of an alkyl, alkenyl or
alkynyl moiety (i.e., alkane, alkene and alkyne molecules).

[0232] Alkyl, alkenyl and alkynyl substituents sometimes
contain 1-20C (alkyl) or 2-20C (alkenyl or alkynyl). They can
contain about 8-14C or about 10-14C in some embodiments.
A single group can include more than one type of multiple
bond, or more than one multiple bond. Such groups are
included within the definition of the term “alkeny]” when they
contain at least one carbon-carbon double bond, and are
included within the term “alkynyl” when they contain at least
one carbon-carbon triple bond.

[0233] Alkyl, alkenyl and alkynyl groups or compounds
sometimes are substituted to the extent that such substitution
can be synthesized and can exist. Typical substituents
include, but are not limited to, halo, acetyl, —0O, —N—CN,
—N—OR, —NR, OR, NR,, SR, SO,R, SO,NR,, NRSO,R,
NRCONR,, NRCOOR, NRCOR, CN, COOR, CONR,,
OOCR, COR, and NO,, where each R is independently H,
C1-C8 alkyl, C2-C8 heteroalkyl, C1-C8 acyl, C2-C8 heteroa-
cyl, C2-C8 alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl,
C2-C8 heteroalkynyl, C6-C11 aryl, or C5-C11 heteroaryl,
and each R is optionally substituted with halo, —O,
—N—CN, —N—OR', —NR', OR', NR',, SR', SO,R/,
SO,NR',, NR'SO,R', NR'CONR',, NR'COOR', NR'COR',
CN, COOR', CONR',, OOCR', COR', and NO,, where each
R' is independently H, C1-C8 alkyl, C2-C8 heteroalkyl,
C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl or C5-C10 het-
eroaryl. Alkyl, alkenyl and alkynyl groups can also be substi-
tuted by C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl or
C5-C10 heteroaryl, each of which can be substituted by the
substituents that are appropriate for the particular group.

[0234] “Acetylene” or “acetyl” substituents are 2-10C
alkynyl groups that are optionally substituted, and are of the
formula—C=C—R1, where R1 is H or C1-C8 alkyl, C2-C8
heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalkenyl, C2-C8
alkynyl, C2-C8 heteroalkynyl, C1-C8 acyl, C2-C8 heteroa-
cyl, C6-C10 aryl, C5-C10 heteroaryl, C7-C12 arylalkyl, or
C6-C12 heteroarylalkyl, and each Ri group is optionally sub-
stituted with one or more substituents selected from halo,
—0, —N—CN, —N—OR', —NR', OR', NR'2, SR', SO,R,
SO,NR',, NR'SO,R', NR'CONR',, NR'COOR', NR'COR',
CN, COOR', CONR,, OOCR', COR', and NO,, where each R’
is independently H, C1-C6 alkyl, C2-C6 heteroalkyl, C1-C6
acyl, C2-C6 heteroacyl, C6-C10 aryl, C5-C10 heteroaryl,
C7-12 arylalkyl, or C6-12 heteroarylalkyl, each of which is
optionally substituted with one or more groups selected from
halo, C1-C4 alkyl, C1-C4 heteroalkyl, C1-C6 acyl, C1-C6
heteroacyl, hydroxy, amino, and —O; and where two R' can
be linked to form a 3-7 membered ring optionally containing
up to three heteroatoms selected from N, O and S. In some
embodiments, R1 of —C=C—Ri is H or Me.
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[0235] A carbon source sometimes comprises a het-
eroalkyl, heteroalkenyl and/or heteroalkynyl molecule or
compound (e.g., comprises heteroalkyl, heteroalkenyl and/or
heteroalkynyl moiety (e.g., heteroalkane, heteroalkene or
heteroalkyne)). “Heteroalkyl”, “heteroalkenyl”, and “het-
eroalkynyl” and the like are defined similarly to the corre-
sponding hydrocarbyl (alkyl, alkenyl and alkynyl) groups,
but the ‘hetero’ terms refer to groups that contain one to three
O, S or N heteroatoms or combinations thereof within the
backbone; thus at least one carbon atom of a corresponding
alkyl, alkenyl, or alkynyl group is replaced by one of the
specified heteroatoms to form a heteroalkyl, heteroalkenyl, or
heteroalkynyl group. The typical and sizes for heteroforms of
alkyl, alkenyl and alkynyl groups are generally the same as
for the corresponding hydrocarbyl groups, and the substitu-
ents that may be present on the heteroforms are the same as
those described above for the hydrocarbyl groups. For rea-
sons of chemical stability, it is also understood that, unless
otherwise specified, such groups do not include more than
two contiguous heteroatoms except where an oxo group is
present on N or S as in a nitro or sulfonyl group.

[0236] The term “alkyl” as used herein includes cycloalkyl
and cycloalkylalkyl groups and compounds, the term
“cycloalkyl” may be used herein to describe a carbocyclic
non-aromatic compound or group that is connected via a ring
carbon atom, and “cycloalkylalkyl” may be used to describe
a carbocyclic non-aromatic compound or group that is con-
nected to a molecule through an alkyl linker. Similarly, “het-
erocyclyl” may be used to describe a non-aromatic cyclic
group that contains at least one heteroatom as a ring member
and that is connected to the molecule via a ring atom, which
may be C or N; and “heterocyclylalkyl” may be used to
describe such a group that is connected to another molecule
through a linker. The sizes and substituents that are suitable
for the cycloalkyl, cycloalkylalkyl, heterocyclyl, and hetero-
cyclylalkyl groups are the same as those described above for
alkyl groups. As used herein, these terms also include rings
that contain a double bond or two, as long as the ring is not
aromatic.

[0237] A carbon source sometimes comprises an acyl com-
pound or moiety (e.g., compound comprising an acyl moi-
ety). As used herein, “acyl” encompasses groups comprising
an alkyl, alkenyl, alkynyl, aryl or arylalkyl radical attached at
one of the two available valence positions of a carbonyl car-
bon atom, and heteroacyl refers to the corresponding groups
where at least one carbon other than the carbonyl carbon has
been replaced by a heteroatom chosen from N, O and S. Thus
heteroacyl includes, for example, —C(—O)OR and
—C(—O0O)NR, as well as —C(—0)-heteroaryl.

[0238] Acyl and heteroacyl groups are bonded to any group
or molecule to which they are attached through the open
valence of the carbonyl carbon atom. Typically, they are
C1-C8 acyl groups, which include formyl, acetyl, pivaloyl,
and benzoyl, and C2-C8 heteroacyl groups, which include
methoxyacetyl, ethoxycarbonyl, and 4-pyridinoyl. The
hydrocarbyl groups, aryl groups, and heteroforms of such
groups that comprise an acyl or heteroacyl group can be
substituted with the substituents described herein as generally
suitable substituents for each of the corresponding compo-
nent of the acyl or heteroacyl group.

[0239] A carbon source sometimes comprises one or more
aromatic moieties and/or heteroaromatic moieties. “Aro-
matic” moiety or “aryl” moiety refers to a monocyclic or
fused bicyclic moiety having the well-known characteristics
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of aromaticity; examples include phenyl and naphthyl. Simi-
larly, “heteroaromatic” and “heteroaryl” refer to such mono-
cyclic or fused bicyclic ring systems which contain as ring
members one or more heteroatoms selected from O, S and N.
The inclusion of a heteroatom permits aromaticity in 5 mem-
bered rings as well as 6 membered rings. Typical heteroaro-
matic systems include monocyclic C5-C6 aromatic groups
such as pyridyl, pyrimidyl, pyrazinyl, thienyl, furanyl, pyrro-
lyl, pyrazolyl, thiazolyl, oxazolyl, and imidazolyl and the
fused bicyclic moieties formed by fusing one of these mono-
cyclic groups with a phenyl ring or with any of the heteroaro-
matic monocyclic groups to form a C8-C10 bicyclic group
such as indolyl, benzimidazolyl, indazolyl, benzotriazolyl,
isoquinolyl, quinolyl, benzothiazolyl, benzofuranyl, pyrazol-
opyridyl, quinazolinyl, quinoxalinyl, cinnolinyl, and the like.
Any monocyclic or fused ring bicyclic system which has the
characteristics of aromaticity in terms of electron distribution
throughout the ring system is included in this definition. It
also includes bicyclic groups where at least the ring which is
directly attached to the remainder of the molecule has the
characteristics of aromaticity. Typically, the ring systems
contain 5-12 ring member atoms. The monocyclic heteroaryls
sometimes contain 5-6 ring members, and the bicyclic het-
eroaryls sometimes contain 8-10 ring members.

[0240] Aryl and heteroaryl moieties may be substituted
with a variety of substituents including C1-C8 alkyl, C2-C8
alkenyl, C2-C8 alkynyl, C5-C12 aryl, C1-C8 acyl, and het-
eroforms of these, each of which can itself be further substi-
tuted; other substituents for aryl and heteroaryl moieties
include halo, OR, NR,, SR, SO,R, SO,NR,, NRSO,R,
NRCONR,, NRCOOR, NRCOR, CN, COOR, CONR,,
OOCR, COR, and NO,, where each R is independently H,
C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8 alkenyl, C2-C8 het-
eroalkenyl, C2-C8 alkynyl, C2-C8 heteroalkynyl, C6-C10
aryl, C5-C10 heteroaryl, C7-C12 arylalkyl, or C6-C12 het-
eroarylalkyl, and each R is optionally substituted as described
above for alkyl groups. The substituent groups on an aryl or
heteroaryl group may be further substituted with the groups
described herein as suitable for each type of such substituents
or for each component of the substituent. Thus, for example,
an arylalkyl substituent may be substituted on the aryl portion
with substituents typical for aryl groups, and it may be further
substituted on the alkyl portion with substituents as typical or
suitable for alkyl groups.

[0241] Similarly, “arylalkyl” and “heteroarylalkyl” refer to
aromatic and heteroaromatic ring systems, which are stand-
alone molecules (e.g., benzene or substituted benzene, pyri-
dine or substituted pyridine), or which are bonded to an
attachment point through a linking group such as an alkylene,
including substituted or unsubstituted, saturated or unsatur-
ated, cyclic or acyclic linkers. A linker often is C1-C8 alkyl or
a hetero form thereof. These linkers also may include a car-
bonyl group, thus making them able to provide substituents as
an acyl or heteroacyl moiety. An aryl or heteroaryl ring in an
arylalkyl or heteroarylalkyl group may be substituted with the
same substituents described above for aryl groups. An aryla-
lkyl group sometimes includes a phenyl ring optionally sub-
stituted with the groups defined above for aryl groups and a
C1-C4 alkylene that is unsubstituted or is substituted with one
or two C1-C4 alkyl groups or heteroalkyl groups, where the
alkyl or heteroalkyl groups can optionally cyclize to form a
ring such as cyclopropane, dioxolane, or oxacyclopentane.
Similarly, a heteroarylalkyl group often includes a C5-C6
monocyclic heteroaryl group optionally substituted with one
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or more of the groups described above as substituents typical
on aryl groups and a C1-C4 alkylene that is unsubstituted. A
heteroarylalkyl group sometimes is substituted with one or
two C1-C4 alkyl groups or heteroalkyl groups, or includes an
optionally substituted phenyl ring or C5-C6 monocyclic het-
eroaryl and a C1-C4 heteroalkylene that is unsubstituted or is
substituted with one or two C1-C4 alkyl or heteroalkyl
groups, where the alkyl or heteroalkyl groups can optionally
cyclize to form a ring such as cyclopropane, dioxolane, or
oxacyclopentane.

[0242] Where an arylalkyl or heteroarylalkyl group is
described as optionally substituted, the substituents may be
on the alkyl or heteroalkyl portion or on the aryl or heteroaryl
portion of the group. The substituents optionally present on
the alkyl or heteroalkyl portion sometimes are the same as
those described above for alkyl groups, and the substituents
optionally present on the aryl or heteroaryl portion often are
the same as those described above for aryl groups generally.
[0243] “Arylalkyl” groups as used herein are hydrocarbyl
groups ifthey are unsubstituted, and are described by the total
number of carbon atoms in the ring and alkylene or similar
linker. Thus a benzyl group is a C7-arylalkyl group, and
phenylethyl is a C8-arylalkyl.

[0244] “Heteroarylalkyl” as described above refers to a
moiety comprising an aryl group that is attached through a
linking group, and differs from “arylalkyl” in that at least one
ring atom of the aryl moiety or one atom in the linking group
is a heteroatom selected from N, O and S. The heteroarylalkyl
groups are described herein according to the total number of
atoms in the ring and linker combined, and they include aryl
groups linked through a heteroalkyl linker; heteroaryl groups
linked through a hydrocarbyl linker such as an alkylene; and
heteroaryl groups linked through a heteroalkyl linker. Thus,
for example, C7-heteroarylalkyl includes pyridylmethyl,
phenoxy, and N-pyrrolylmethoxy.

[0245] “Alkylene” as used herein refers to a divalent hydro-
carbyl group. Because an alkylene is divalent, it can link two
other groups together. An alkylene often is referred to as
—(CH,),— where n can be 1-20, 1-10, 1-8, or 1-4, though
where specified, an alkylene can also be substituted by other
groups, and can be of other lengths, and the open valences
need not be at opposite ends of a chain. Thus —CH(Me)—
and —C(Me),— may also be referred to as alkylenes, as can
a cyclic group such as cyclopropan-1,1-diyl. Where an alky-
lene group is substituted, the substituents include those typi-
cally present on alkyl groups as described herein.

[0246] Nitrogen may be supplied from an inorganic (e.g.,
(NH.sub.4).sub.2S0O.sub.4) or organic source (e.g., urea or
glutamate). In addition to appropriate carbon and nitrogen
sources, culture media also can contain suitable minerals,
salts, cofactors, buffers, vitamins, metal ions (e.g., Mn.sup.+
2, Co.sup.+2, Zn.sup.+2, Mg.sup.+2) and other components
suitable for culture of microorganisms.

[0247] Engineered microorganisms sometimes are cul-
tured in complex media (e.g., yeast extract-peptone-dextrose
broth (YPD)). In some embodiments, engineered microor-
ganisms are cultured in a defined minimal media that lacks a
component necessary for growth and thereby forces selection
of a desired expression cassette (e.g., Yeast Nitrogen Base
(DIFCO Laboratories, Detroit, Mich.)). Culture media in
some embodiments are common commercially prepared
media, such as Yeast Nitrogen Base (DIFCO Laboratories,
Detroit, Mich.). Other defined or synthetic growth media may
also be used and the appropriate medium for growth of the
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particular microorganism are known. A variety of host organ-
isms can be selected for the production of engineered micro-
organisms. Non-limiting examples include yeast (e.g., Can-
dida  tropicalis  (e.g., ATCC20336, ATCC20913,
ATCC20962), Yarrowia lipolytica (e.g., ATCC20228)) and
filamentous fungi (e.g., Aspergillus nidulans (e.g.,
ATCC38164) and Aspergillus parasiticus (e.g., ATCC
24690)). In specific embodiments, yeast are cultured in YPD
media (10 g/ Bacto Yeast Extract, 20 g/, Bacto Peptone, and
20 g/IL Dextrose). Filamentous fungi, in particular embodi-
ments, are grown in CM (Complete Medium) containing 10
g/L Dextrose, 2 g/L. Bacto Peptone, 1 g/I. Bacto Yeast Extract,
1 g/I. Casamino acids, 50 mL/, 20x Nitrate Salts (120 g/L.
NaNO,, 104 g/I. KCl, 10.4 g/l MgSO,.7 H,0), 1 mL/L
1000x Trace Elements (22 g/ ZnSO,.7 H,0, 11 g/I. H;BO;,
5 g/LL MnCl,.7 H,0, 5 g/L FeSO,.7 H,0, 1.7 g/L CoCl,.6
H,0, 1.6 g/. CuS0,.5 H,0, 1.5 /L. Na,Mo00,.2 H,0, and 50
g/l Na,EDTA), and 1 mI/L Vitamin Solution (100 mg each
of Biotin, pyridoxine, thiamine, riboflavin, p-aminobenzoic
acid, and nicotinic acid in 100 mL. water).

[0248] A suitable pH range for the fermentation often is
between about pH 4.0 to about pH 8.0, where a pH in the
range of about pH 5.5 to about pH 7.0 sometimes is utilized
for initial culture conditions. Depending on the host organ-
ism, culturing may be conducted under aerobic or anaerobic
conditions, where microaerobic conditions sometimes are
maintained. A two-stage process may be utilized, where one
stage promotes microorganism proliferation and another state
promotes production of target molecule. In a two-stage pro-
cess, the first stage may be conducted under aerobic condi-
tions (e.g., introduction of air and/or oxygen) and the second
stage may be conducted under anaerobic conditions (e.g., air
or oxygen are not introduced to the culture conditions). In
some embodiments, the first stage may be conducted under
anaerobic conditions and the second stage may be conducted
under aerobic conditions. In certain embodiments, a two-
stage process may include two more organisms, where one
organism generates an intermediate product (e.g., hexanoic
acid produced by Megasphera spp.) in one stage and another
organism processes the intermediate product into a target
product (e.g., adipic acid) in another stage, for example.
[0249] A variety of fermentation processes may be applied
for commercial biological production of a target product. In
some embodiments, commercial production of a target prod-
uct from a recombinant microbial host is conducted using a
batch, fed-batch or continuous fermentation process, for
example.

[0250] A batch fermentation process often is a closed sys-
tem where the media composition is fixed at the beginning of
the process and not subject to further additions beyond those
required for maintenance of pH and oxygen level during the
process. At the beginning of the culturing process the media is
inoculated with the desired organism and growth or metabolic
activity is permitted to occur without adding additional
sources (i.e., carbon and nitrogen sources) to the medium. In
batch processes the metabolite and biomass compositions of
the system change constantly up to the time the culture is
terminated. In a typical batch process, cells proceed through
a static lag phase to a high-growth log phase and finally to a
stationary phase, wherein the growth rate is diminished or
halted. Left untreated, cells in the stationary phase will even-
tually die.

[0251] A wvariation of the standard batch process is the
fed-batch process, where the carbon source is continually
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added to the fermentor over the course of the fermentation
process. Fed-batch processes are useful when catabolite
repression is apt to inhibit the metabolism of the cells or
where it is desirable to have limited amounts of carbon source
in the media at any one time.

[0252] Measurement of the carbon source concentration in
fed-batch systems may be estimated on the basis of the
changes of measurable factors such as pH, dissolved oxygen
and the partial pressure of waste gases (e.g., CO.sub.2).
[0253] Batch and fed-batch culturing methods are known in
the art. Examples of such methods may be found in Thomas
D. Brock in Biotechnology: A Textbook of Industrial Micro-
biology, 2.sup.nd ed., (1989) Sinauer Associates Sunderland,
Mass. and Deshpande, Mukund V., Appl. Biochem. Biotech-
nol., 36:227 (1992).

[0254] In continuous fermentation process a defined media
often is continuously added to a bioreactor while an equal
amount of culture volume is removed simultaneously for
product recovery. Continuous cultures generally maintain
cells in the log phase of growth at a constant cell density.
Continuous or semi-continuous culture methods permit the
modulation of one factor or any number of factors that affect
cell growth or end product concentration. For example, an
approach may limit the carbon source and allow all other
parameters to moderate metabolism. In some systems, anum-
ber of factors affecting growth may be altered continuously
while the cell concentration, measured by media turbidity, is
kept constant. Continuous systems often maintain steady
state growth and thus the cell growth rate often is balanced
against cell loss due to media being drawn off the culture.
Methods of modulating nutrients and growth factors for con-
tinuous culture processes, as well as techniques for maximiz-
ing the rate of product formation, are known and a variety of
methods are detailed by Brock, supra.

[0255] In some embodiments involving fermentation, the
fermentation can be carried out using two or more microor-
ganisms (e.g., host microorganism, engineered microorgan-
ism, isolated naturally occurring microorganism, the like and
combinations thereof), where a feedstock is partially or com-
pletely utilized by one or more organisms in the fermentation
(e.g., mixed fermentation), and the products of cellular res-
piration or metabolism of one or more organisms can be
further metabolized by one or more other organisms to pro-
duce a desired target product (e.g., adipic acid, hexanoic
acid). In certain embodiments, each organism can be fer-
mented independently and the products of cellular respiration
or metabolism purified and contacted with another organism
to produce a desired target product. In some embodiments,
one or more organisms are partially or completely blocked in
a metabolic pathway (e.g., beta oxidation, omega oxidation,
the like or combinations thereof), thereby producing a desired
product that can be used as a feedstock for one or more other
organisms. Any suitable combination of microorganisms can
be utilized to carry out mixed fermentation or sequential
fermentation. A non-limiting example of an organism com-
bination and feedstock suitable for use in mixed fermenta-
tions or sequential fermentations where the fermented media
from a first organism is used as a feedstock for a second
organism is the use of long chain dicarboxylic acids as a
fermentation media for Megasphaera elsdenii to produce
hexanoic acid, and Candida tropicalis engineered as
described herein to produce adipic acid from the hexanoic
acid produced by Megasphaera elsdenii. Megasphaera els-
denii is a facultative anaerobe. Without being limited by
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theory, it is believe that Megasphaera elsdenii naturally accu-
mulates hexanoic acid as a result of anaerobic respiration.
Candida tropicalis can grow aerobically and anaerobically. In
some embodiments, the hexanoic acid produced by Megas-
phaera elsdenii can be utilized as a feedstock for Candida
tropicalis to produce adipic acid. In certain embodiments, the
Megasphaera produced hexanoic acid is purified (e.g., par-
tially, completely) prior to being used as a feedstock for C.
tropicalis.

[0256] In various embodiments adipic acid is isolated or
purified from the culture media or extracted from the engi-
neered microorganisms. In some embodiments, fermentation
of feedstocks by methods described herein can produce a
target product (e.g., adipic acid) at a level of about 80% or
more of theoretical yield (e.g., 80% or more, 81% or more,
82% or more, 83% or more, 84% or more, 85% or more, 86%
or more, 87% or more, 88% or more, 89% or more, 90% or
more, 91% or more, 92% or more, 93% or more, 94% or more,
95% or more, 96% or more, 97% or more, 98% or more, or
99% or more of theoretical yield). The term “theoretical
yield” as used herein refers to the amount of product that
could be made from a starting material if the reaction is 100%
complete. Theoretical yield is based on the stoichiometry of a
reaction and ideal conditions in which starting material is
completely consumed, undesired side reactions do not occur,
the reverse reaction does not occur, and there are no losses in
the work-up procedure. Culture media may be tested for
target product (e.g., adipic acid) concentration and drawn off
when the concentration reaches a predetermined level. Detec-
tion methods are known in the art, including but not limited to
those set forth in B Stieglitz and P ] Weimer, Novel microbial
screen for detection of 1,4-butanediol, ethylene glycol, and
adipic acid, Appl Environ Microbiol. 198. Target product
(e.g., adipic acid) may be present at a range of levels as
described herein.

[0257] A target product sometimes is retained within an
engineered microorganism after a culture process is com-
pleted, and in certain embodiments, the target product is
secreted out of the microorganism into the culture medium.
For the latter embodiments, (i) culture media may be drawn
from the culture system and fresh medium may be supple-
mented, and/or (i) target product may be extracted from the
culture media during or after the culture process is completed.
Engineered microorganisms may be cultured on or in solid,
semi-solid or liquid media. In some embodiments media is
drained from cells adhering to a plate. In certain embodi-
ments, a liquid-cell mixture is centrifuged at a speed suffi-
cient to pellet the cells but not disrupt the cells and allow
extraction of the media, as known in the art. The cells may
then be resuspended in fresh media. Target product may be
purified from culture media according to known methods,
such as those described in U.S. Pat. No. 6,787,669 and U.S.
Pat. No. 5,296,639, for example.

[0258] In certain embodiments, target product is extracted
from the cultured engineered microorganisms. The micoor-
ganism cells may be concentrated through centrifugation at a
speed sufficient to shear the cell membranes. In some
embodiments, the cells may be physically disrupted (e.g.,
shear force, sonication) or chemically disrupted (e.g., con-
tacted with detergent or other lysing agent). The phases may
be separated by centrifugation or other method known in the
art and target product may be isolated according to known
methods.
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[0259] Commercial grade target product sometimes is pro-
vided in substantially pure form (e.g., 90% pure or greater,
95% pure or greater, 99% pure or greater or 99.5% pure or
greater). In some embodiments, target product may be modi-
fied into any one of a number of downstream products. For
example, adipic acid may be polycondensed with hexameth-
ylenediamine to produce nylon. Nylon may be further pro-
cessed into fibers for applications in carpeting, automobile
tire cord and clothing. Adipic acid is also used for manufac-
turing plasticizers, lubricant components and polyester poly-
ols for polyurethane systems. Food grade adipic acid is used
as a gelling aid, acidulant, leavening and buffering agent.
Adipic acid has two carboxylic acid (—COOH) groups,
which can yield two kinds of salts. Its derivatives, acyl
halides, anhydrides, esters, amides and nitriles, are used in
making downstream products such as flavoring agents, inter-
nal plasticizers, pesticides, dyes, textile treatment agents,
fungicides, and pharmaceuticals through further reactions of
substitution, catalytic reduction, metal hydride reduction,
diborane reduction, keto formation with organometallic
reagents, electrophile bonding at oxygen, and condensation.
[0260] Target product may be provided within cultured
microbes containing target product, and cultured microbes
may be supplied fresh or frozen in a liquid media or dried.
Fresh or frozen microbes may be contained in appropriate
moisture-proof containers that may also be temperature con-
trolled as necessary. Target product sometimes is provided in
culture medium that is substantially cell-free. In some
embodiments target product or modified target product puri-
fied from microbes is provided, and target product sometimes
is provided in substantially pure form. In certain embodi-
ments crystallized or powdered target product is provided.
Crystalline adipic acid is a white powder with a melting point
ot 360° F. and may be transported in a variety of containers
including one ton cartons, drums, 50 pound bags and the like.
[0261] In certain embodiments, a target product (e.g., adi-
pic acid, 6-hydroxyhexanoic acid) is produced with a yield of
about 0.30 grams of target product, or greater, per gram of
glucose added during a fermentation process (e.g., about 0.31
grams of target product per gram of glucose added, or greater;
about 0.32 grams of target product per gram of glucose added,
or greater; about 0.33 grams of target product per gram of
glucose added, or greater; about 0.34 grams of target product
per gram of glucose added, or greater; about 0.35 grams of
target product per gram of glucose added, or greater; about
0.36 grams of target product per gram of glucose added, or
greater; about 0.37 grams of target product per gram of glu-
cose added, or greater; about 0.38 grams of target product per
gram of glucose added, or greater; about 0.39 grams of target
product per gram of glucose added, or greater; about 0.40
grams of target product per gram of glucose added, or greater;
about0.41 grams oftarget product per gram of glucose added,
or greater; 0.42 grams of target product per gram of glucose
added, or greater; 0.43 grams of target product per gram of
glucose added, or greater; 0.44 grams of target product per
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gram of glucose added, or greater; 0.45 grams of target prod-
uct per gram of glucose added, or greater; 0.46 grams of target
product per gram of glucose added, or greater; 0.47 grams of
target product per gram of glucose added, or greater; 0.48
grams of target product per gram of glucose added, or greater;
0.49 grams of target product per gram of glucose added, or
greater; 0.50 grams of target product per gram of glucose
added, or greater; 0.51 grams of target product per gram of
glucose added, or greater; 0.52 grams of target product per
gram of glucose added, or greater; 0.53 grams of target prod-
uct per gram of glucose added, or greater; 0.54 grams of target
product per gram of glucose added, or greater; 0.55 grams of
target product per gram of glucose added, or greater; 0.56
grams of target product per gram of glucose added, or greater;
0.57 grams of target product per gram of glucose added, or
greater; 0.58 grams of target product per gram of glucose
added, or greater; 0.59 grams of target product per gram of
glucose added, or greater; 0.60 grams of target product per
gram of glucose added, or greater; 0.61 grams of target prod-
uct per gram of glucose added, or greater; 0.62 grams of target
product per gram of glucose added, or greater; 0.63 grams of
target product per gram of glucose added, or greater; 0.64
grams of target product per gram of glucose added, or greater;
0.65 grams of target product per gram of glucose added, or
greater; 0.66 grams of target product per gram of glucose
added, or greater; 0.67 grams of target product per gram of
glucose added, or greater; 0.68 grams of target product per
gram of glucose added, or greater; 0.69 or 0.70 grams of target
product per gram of glucose added or greater).

EXAMPLES

[0262] The examples set forth below illustrate certain
embodiments and do not limit the technology. Certain
examples set forth below utilize standard recombinant DNA
and other biotechnology protocols known in the art. Many
such techniques are described in detail in Maniatis, T., E. F.
Fritsch and J. Sambrook (1982) Molecular Cloning: a Labo-
ratory Manual; Cold Spring Harbor Laboratory, Cold Spring
Harbor, N.Y. DNA mutagenesis can be accomplished using
the Stratagene (San Diego, Calif.) “QuickChange” kit
according to the manufacturer’s instructions.

Example 1

Cloning Hexanoate Synthase (“HexS”) Subunit
Genes

[0263] Total RNA from Aspergillus parasiticus was pre-
pared using the RiboPure™ (Ambion, Austin, Tex.) kit for
yeast. The genes encoding the two subunits of hexanoate
synthase (referred to as “hexA” and “hex B” were isolated
from this total RNA using the 2-step RT-PCR method with
Superscript 1II reverse transcriptase (Life Technologies,
Carlsbad, Calif.) and the fragments were gel purified. The
primers used for each RT-PCR reaction are as follows:

HexA Aspergillus parasiticus primers NO:

SP_HexA Apar_ 1 1149

ASP_HexA Apar_1 1149

ATGGTCATCCAAGGGAAGAGATTGGCCGCCTCCTCTATTCAGC 28

GTAGGCGTCACAGGAAAGACTGCGTACCA 29
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-continued
SEQ
iD
HexA Aspergillus parasiticus primers NO:
SP_HexA Apar_ 941 2270 TATCACCAATGCTGGATGTAAAGAAGTCGCG 30
ASP_HexA Apar_ 941 2270 AATTGGGCTAGGAAACCGGGGATGC 31
SP_HexA Apar_2067_3016 CGGTCTAATGACGGCGCATGATATCATAGCCGAAACGGTCGAG 32
ASP_HexA Apar_2067_3016 ACTTGGCTGGAGTCCATCCCTTCGGCA 33
SP_HexA Apar_2812_ 4181 CTGCCCGAGTTTGAAGTATCTCAACTTACCGCCGACGCCATG 34
ASP_HexA Apar_ 2812 4181 TGAGACGCGCTGCGCAGGGC 35
SP_HexA Apar_3975_5016 CGAGGTGATCGAGACGCAGATGC 36
ASP_HexA Apar_ 3975 5016 TTATGAAGCACCAGACATCAGCCCCAGC 37
SEQ
iD
HexB Aspergillus parasiticus primers NO:
SP_HexB_Apar_1 1166 ATGGGTTCCGTTAGTAGGGAACATGAGTCAATC 38
ASP_HexB_Apar_1 1166 GTTCCTTGTGTGAGCTCCTGAATAAGACTGCATG 39
SP_HexB_Apar_962_2042 CCATCAAAATCCCCCTCTATCACACGGGCACTGGGAGCAAC 40
ASP_HexB_Apar_962_ 2042 CCCACGCCTTGCGCATCTATAATCAGG 41
SP_HexB_Apar_1837_3527 TGTCCGAATATTCTCCTCGTTGTAGGTAGTGGATT 42
ASP_HexB_Apar_1837_3527 GCAGTAGTCGATAGGTACACATCCTTGGGGGTTCCATGACTGC 43

SP_HexB_Apar_3322_4460

AGAGGATCAAGGCATTATACATGAGTCTGTGGAACTTGGGCTTTCC 44

ASP_HexB_Apar_3322_4460 TTCCCCGTCCTCCATGGCCTTATGC 45
SP_HexB_Apar_4256_5667  GGCCTTTGCGCGATACGCTGGTCTCTCEGGTCCCAT 46
ASP_HexB_Apar_4256_5667 TCACGCCATTTGTTGAAGCAGGGAATG 47
[0264] Each of the fragments was inserted separately into Example 2

the plasmid pCRBlunt II (Life Technologies, Carlsbad,
Calif.) such that there were four hexA plasmids, each with a
different hex A gene fragment, and five hex B plasmids each
with a different hexB gene fragment. Each hexA and hexB
fragment was sequence verified, after which the fragments
were PCR cloned from each plasmid. Overlap PCR was then
used to create the full length hex A and hexB genes. The hexA
gene was inserted into the vector p425GPD which has a
LEU2 selectable marker and a glyceraldehyde 3-phosphate
dehydrogenase promoter (American Type Culture Collec-
tion) and the hexB full length gene was inserted into
p426GPD which has a URA3 selectable marker and a glyc-
eraldehyde 3-phosphate dehydrogenase promoter (American
Type Culture Collection).

Transformation of Saccharomyces Cerevisiae with
HexA and HexB Genes

[0265] Saccharomyces cereviseae cells (strain BY4742,
ATCC Accession Number 201389) were grown in standard
YPD (10 g Yeast Extract, 20 g Bacto-Peptone, 20 g Glucose,
1 L total) media at about 30 degrees Celsius for about 3 days.
The plasmids containing the hexA and hexB genes were
co-transformed into the Saccharomyces cerevisiae. Transfor-
mation was accomplished using the Zymo kit (Catalog num-
ber T2001; Zymo Research Corp., Orange, Calif. 92867)
using 1 pug plasmid DNA and cultured on SC drop out media
with glucose (minus uracil and minus leucine) (20 g glucose;
2.21 g SC (-URA,-LEU) dry mix, 6.7 g Yeast Nitrogen Base,
1 L total) for 2-3 days at about 30° C.
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SC(-URA) Mix Contains:

[0266]
04 g Adenine hemisulfate
35 ¢ Arginine
lg Glutamic Acid
0433 g Histidine
04 g Myo-Inositol
52 ¢ Isoleucine
09 g Lysine
15 g Methionine
08 g Phenylalanine
11 g Serine
12 g Threonine
08 g Tryptophan
02 g Tyrosine
12 g Valine
[0267] When needed:
0.263 g Leucine
02 g Uracil
[0268] Co-transformants were selected and established as

liquid cultures in YPD media under standard conditions.

Example 3
Production of Synthetic HexA and HexB Genes

[0269] Synthetic hexaonoate synthase subunit genes were
designed for use in Candida tropicalis. This organism uses an
alternate genetic code in which the codon “CTG” encodes
serine instead of leucine. Therefore, all “CTG” codons were
replaced with the codon “TTG” to ensure that these genes,
when translated by C. tropicalis, would generate polypep-
tides with amino acid sequences identical to the wild type
polypeptides found in 4. parasiticus. Due to the large size of
each subunit, each was synthesized as four fragments, and
each fragment was inserted into the vector pUCS57. PCR was
used to clone each fragment, and overlap extension PCR was
then used to generate each full length gene.

[0270] The sequence of the synthetic gene for each hex-
anoate synthase subunit is set forth below. The synthetic gene
encoding the hexA subunit is referred to as hexA-AGC (“Al-
ternate Genetic Code”) and the synthetic gene encoding the
hexB subunit is referred to as hexB-AGC.

>hexA-AGC for Candida tropicalis

(SEQ ID NO: 48)
atggtcatccaagggaagagattggecgectectetattecagettetege
aagctegttagacgcgaagaagetttgttatgagtatgacgagaggcaag
ccecaggtgtaacccaaatcaccgaggaggegectacagagcaacegect
ctctectaccectecctegetaceccaaacgeccaatatttegectataag
tgcttcaaagatcgtgategacgatgtggegetatetegagtgcaaattyg
ttcaggctecttgttgecagaaagttgaagacggcaattgetcagettect

acatcaaagtcaatcaaagagttgtegggtggteggtettetttgecagaa

cgagctegtgggggatatacacaacgagttcagetecateccggatgeac
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-continued
cagagcagatcttgttgegggactttggcgacgccaacccaacagtgeaa
ttggggaaaacgtcctecgeggecagttgcecaaactaatctegtccaagat
gcctagtgacttcaacgccaacgctattegageccacctagcaaacaagt
ggggtctaggacccttgegacaaacageggtgttgetctacgecattgeg
tcagaacccccatcgegtttagetteatcgagegecageggaagagtactyg
ggacaacgtgtcatccatgtacgccgaategtgtggcatcaccecteegee
cgagacaagacactatgaatgaagatgctatggcatcgtceggegattgat
ccggetgtggtagecgagttttecaaggggecacegtaggeteggagttca
acagttccaagcgctagcagaatacttacaaattgatttgteggggtete
aagcctctcagtecggatgetttggtggeggaacttcagcagaaagtcegat
ctctggacggecgaaatgacccccgagtttetegecgggatatcaccaat
gttggatgtaaagaagtcgcgacgctatggetegtggtggaacatggeac
ggcaggatgtcttggecttctategecgtecttectacagtgaattegtyg
gacgacgccttggecttcaaagtttttetcaategtctetgtaaccgage
tgatgaggccctcectcaacatggtacgcagtetttectgtgacgectact
tcaagcaaggttctttgccecggatatcatgecgectegegactecttgag
caggccatcacatccacagtggeggattgccecgaaggcacgectcattet
cceggeggtgggeccccacaccaccattacaaaggacggcacgattgaat
acgcggaggcaccgegecagggagtgagtggtccecactgegtacatcecag
tctctecgecaaggegeatctttecattggtetcaagtcagecgacgtega
tactcagagcaacttgaccgacgctttgcttgacgecatgtgettagecac
tccataatggaatctegtttgttggtaaaacctttttggtgacgggageg
ggtcaggggtcaataggagcgggagtggtgegtcetattgttagagggagyg
agcccgagtattggtgacgacgagcagggagecggegacgacatccagat
acttccagcagatgtacgataatcacggtgcegaagttcetcecgagttgegyg
gtagttccttgcaatctagccagegeccaagattgegaagggttgatecyg
gcacgtctacgatccecegtgggctaaattgggatttggatgecatectte
ccttegetgcegegtecgactacageaccgagatgcatgacattegggga
cagagcgagttgggccaccggctaatgttggtcaatgtettecgegtgtt
ggggcatatcgtccactgtaaacgagatgcceggggttgactgecatccega
cgcaggtgttgttgeccattgtegecaaatcacggcatetteggtggegat
gggatgtatccggagtcaaagctageccttgagagettgttcecategeat
ccgatcagagtcttggtcagaccagttatctatatgeggegttegtateg
gttggacceggtcgaccggtctaatgacggegecatgatatcatagecgaa
acggtcgaggaacacggaatacgcacattttcecegtggecgagatggcact
caacatagccatgttgttaaccccecgactttgtggeccattgtgaagatyg
gacctttggatgccgatttcaccggcagettgggaacattgggtageatce

cceggtttectageccaattgeaccagaaagtecagttggecagecgaggt



US 2012/0156761 Al

-continued
gatccgtgececgtgcaggecgaggatgagcatgagagattettgteteegyg

gaacaaaacctaccttgcaagcaccegtggecccaatgecaceeccegeagt
agccttegtgtaggctateccegtetecccgattatgagecaagagatteg
ccegttgtecccacggttggaaaggttgecaagateeggecaatgetgtygg
tggtggtegggtacteggagttggggecatggggtagegegegattacgg
tgggaaatagagagccagggecagtggacttcagecggttatgtegaact
tgcctggttgatgaaccteatecgecacgtcaacgatgaatectacgteg
getgggtggatactcagacceggaaagecagtgegggatggegagatecag
gecattgtacggggaccacattgacaaccacaccggtatceegtectateca
gtccacctegtacaacccagagegcatggaggtettgeaggaggtegetyg
tcgaggaggatttgeccgagtttgaagtatetcaacttacegecgacgece
atgcgtcteegecatggagetaacgtttecatecgecccagtggaaatece
cgacgcatgecacgtgaagettaaacgaggegetgttatecttgttecca
agacagttcectttgtttggggategtgtgecggtgagttgecgaaggga
tggactccagccaagtacggecatecctgagaacctaattecatcaggtega
ccecegtecacgetetatacaatttgetgegtggeggaggeattttacagtyg
ccggtataactcaccctettgaggtetttegacacattcaccteteggaa
ctaggcaactttatcggatectecatgggtgggecgacgaagactegtea
getctaccgagatgtcetacttegaccatgagatteegteggatgttttge
aagacacttatctcaacacacctgetgectgggttaatatgetactectt
ggctgcacggggccgatcaaaactcecegteggegeatgtgecaceggggt
cgagtcgategatteeggetacgagtcaatcatggegggcaagacaaaga
tgtgtecttgtgggtggetacgacgatttgcaggaggaggecategtatgga
ttcgcacaacttaaggecacggtcaacgttgaagaggagategectgegg
tcgacageccteggagatgtegegecccatggetgagagtegtgetgget
ttgtcgaggegecatggetgeggtgtacagttgttgtgtegaggtgacate
gecttgcaaatgggtettectatetatgeggtecattgecagetecagecat
ggccgecgacaagateggttecteggtgecageacegggecagggeatte
taagcttetecegtgagegegetegatecagtatgatateegtcacgteg
cgecccgagtagecgtageagecacatcatetgaagteteggacaaatcate
cttgacctcaatcaccteaatcagecaatecegetectegtgecacaacgeg
ccegatccaccactgatatggeteegttgegageagegettgegacttgg
gggttgactatcgacgacttggatgtggecteattgecacggecacctegac
gegeggtaacgatcetcaatgageccgaggtgategagacgecagatgegec
atttaggtcgcactectggecgececttgtgggecatetgecaaaagtcea
gtgacgggacaccctaaagecccageggecgcatggatgeteaatggatyg
cttgcaagtattggacteggggttggtgecgggecaaccgcaatcttgaca
cgttggacgaggecttgegeagegegteteatetetgettecctacgege

accgtgcagetacgtgaggtcaaggeattettgttgaccteatttggett
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-continued
cggacagaaggggggccaagtcegtceggegttgeccccaagtacttetttyg
ctacgctcecceccgececcgaggttgagggcetactategecaaggtgagggtt
cgaaccgaggcgggtgatcgecgectacgecgeggeggtcatgtegcagge
ggtggtgaagatccagacgcaaaacccgtacgacgageccggatgecececce
gcatttttctcgatceccttggcacgtatctecccaggatecegtegacggge
cagtatcggtttegtteccgatgccactecccgeectegatgatgatgettt
gccacctccecggegaacccaccgagctagtgaagggecatctectecgect
ggatcgaggagaaggtgcgaccgcatatgtctcececggeggcacggtggge
gtggacttggttcctctegectecttecgacgcatacaagaatgecatett
tgttgagcgcaattatacggtaagggagcgcgattgggctgaaaagagtyg
cggatgtgcgcecgeggectatgeccagteggtggtgtgcaaaagaggeggtyg
ttcaaatgtctccagacacattcacagggcgcgggggcagccatgaaaga
gattgagatcgagcatggaggtaacggcgcaccgaaagtcaagctceceggyg
gtgctgcgcaaacagcggcgcggcaacgaggattggaaggagtgcaattyg
agcatcagctatggcgacgatgcggtgatagcggtggegttggggttgat
gtctggtgcttcataa
>hexB-AGC for Candida tropicalis

(SEQ ID NO: 49)
atgggttccgttagtagggaacatgagtcaatccccatccaggecgecca
gagaggcgctgeccggatctgegetgettttggaggtcaagggtcectaaca
atttggacgtgttaaaaggtctattggagttatacaagcggtatggeccca
gatttggatgagctactagacgtggcatccaacacgctttegecagttgge
atcttceccctgectgcaatagacgtccacgaaccctggggtttegacctece
gacaatggttgaccacaccggaggttgctcctagcaaagaaattecttgece
ttgccaccacgaagctttcccttaaatacgttacttagettggegetcta
ttgtgcaacttgtcgagagcttgaacttgatcctgggcaatttegatcece
teccttecatagttecacggggcattceccaaggcatattggeggeggtggece
atcacccaagccgagagctggccaaccttttatgacgectgcaggacggt
gctccagatctetttectggattggactecgaggettacctettcactecat
ccteccgecgecteggatgecatgateccaagattgcategaacatggegag
ggccttectttectcaatgctaagtgtectecgggeteteccgeteccaagt
tgagcgagtaattgagcacgtcaataaagggctcggagaatgcaaccgat
gggttcacttggccttggttaactcccacgaaaagttegtcttageggga
ccacctcaatccttatgggeccgtttgtecttcatgteccgacggatcagage
agacaatgacctcgaccagtcgcgtatcttgttececgcaaccgaaagecta
tagtggatatattatttcttcccatatccgcaccatttcacacaccgtac
ttggacggtgttcaagatcgcgttatecgaggctttgagetcectgettegtt
ggctctccatteccatcaaaatceccectcectatcacacgggcactgggagea

acctacaagaactacaaccacatcagctaatcecgactcettateegegece
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-continued -continued

attaccgtggaccaattggactggccegttggtttgecggggettgaacge

atgagtaaatcggtctttagggacggttctegtttgcataaccccatteg
aacgcacgtgttggactttggacctggacaaacatgcagtcttattcagg

cgcecgeactccagetceccagegeggegacaccategaggtgettttaacag
agctcacacaaggaacaggtgtatcagtgatccagttgactactcaatcg

cagactcggaaattcgcaagattcgacttatttcacccacgggggatggt
ggaccaaaacccgttggaggcecatttggeggcagtgaactgggaggecga

ggatccacttctaaggtcgtattagagatagtctctaacgacggacaaag
gtttggcttacgacttcatgccaatgtccacggtgcagctaaattgcaca

agttttcgccaccttggccecctaacatcccactecageccegageccageg
accgtatgacaacattgcttgggaagectcectgtgatggtagecggaatyg

tecgtettttgettecaaggtcegaccagaageccegaatgagtggacccttgag
acacctactacggtgegcetgggactttgtegetgeegttgetcaagetgg

gaggatgcgtctggcegggcagagaggatcaaggcattatacatgagttt
ataccacgtcgaattggctggtggtggctaccacgcagagegecagtteg

gtggaacttgggctttccgaacaaggectetgttttgggtettaattege
aggccgagattceggegettggecaactgecatcccagcagatcatggeate

aattcacgggagaagaattgatgatcacaacggacaagattcgtgattte
acctgcaatctcctctacgccaagectacgactttttectggeagatete

gaaagggtattgcggcaaaccagtcctettcagttgcagtcatggaacce
tgtcatcaaggatttggtgcgeccagggagttccegtggaaggaatcacca

ccaaggatgtgtacctatcgactactgegtggtcatcegectggtetgete
teggegecggecateccttetecggaggtegteccaagaatgtgtacagtece

ttaccaagcctttgatggtctectectttgaaatgegacctettggattty
atcggactcaagcacatctcattcaagectgggtcetttegaagecattca

ctccacagcegctataagettcecactatgctecatcetgtcaaaccattgeg
ccaagtcatacagatcgcgegtacccatectaactttttgategggttge

ggtgggcgatattgtcaaaacctcatccegtatectageggteteggtga
aatggaccgcaggacgagggggaggacatcattcectgggaagacttccat

gacctaggggaactatgttgacggtgteggeggacattcagegecaggga
ggacctattttggcaacctacgctcaaatccgatcatgtcegaatattet

caacatgtagtcactgtcaaatcagatttcttteteggaggeccegtttt
cctegttgtaggtagtggatteggtggaggeccggacacgtttecctace

ggcatgtgaaacccctttegaactcactgaggagectgaaatggttgtee
tcacgggccaatgggeccaggectttggetatecatgeatgeccttegac

atgtcgactctgaagtgcgecegtgetattttacacagecgcaagtggete
ggagtgttgctcecggecagtegecatgatggtggctegggaageccatacgte

atgcgagaagatcgcgegctagatttgctagggaggcagetectetteag
agcccaggcaaaacgcttgattatagatgegcaaggegtgggagatgeag

attaaagagcgaaaaattgttcaggccagacggccagctagecattgttac
attggcacaagtctttegatgagectacceggeggegtagtgacggtcaac

aggtaacaggttcecgtgttcagctacagcceccgatgggtcaacgacagea
tcggaattceggtcaacctatccacgttctagetactegeggagtgatgtt

ttcggtegegtatacttcgaaagegagtettgtacagggaacgtggtgat
gtggaaagaactcgacaaccgggtcttttcaatcaaagacacttctaage

ggacttcttgcaccgctacggtgcacctegggegecagttgttggagttge
gcttagaatatttgegcaaccaccggcaagaaattgtgagecgtettaac

aacatcccgggtggacgggcacctctactgtggcagtaagaggtectega
gcagactttgccegtecctggtttgeegttgacggacacggacagaatgt

cgcagccaatcctacgcacgegtctecctegatcataatcccatceccatgt
ggagttggaggacatgacctacctcgaggttcteegeegtttgtgegate

ttgtcecggectttgegegatacgetggtetetegggteccattgtecaty
tcacgtatgtttcccaccagaagcgatgggtagatccatcatatcgaata

ggatggaaacctctgccatgatgegcagaattgeccgaatgggecategga
ttattgttggacttcgttcatttgcttecgagaacgattecaatgegetat

gatgcagaccggtcteggtteeggagetggeatatcaccttgecaageace
tgacaaccccggcgaatatccactegacatcategtecegggtggaagaga

cgtccaccccaacgaccctttgegggtggagttgecagecataaggecatgg
gcttgaaggataaagcataccgcacgctttatccagaagatgtctetett

aggacggggaaatggttttgaaagtacaagcatttaacgaaaggacggaa
ctaatgcatttgttcagccgacgtgacatcaagcccgtaccattcatece

gaacgcgtagcggaggcagatgceccatgttgagcaggaaactacggetta
caggttggatgagcgttttgagacctggtttaaaaaagactcattgtgge

cgtecttetgtggeccagggcagtcaacgacaggggatgggaatggacttgt
aatccgaagatgtggaggcggtaattggacaggacgtcecagegaatcette

acgtcaactgtccggaggctaaagegttgtgggetegegecgacaageat
atcattcaagggcctatggcegttcagtactcaatatcegacgatgagte

ttgtgggagaaatatgggttctccatcttgcacattgtgcaaaacaacce
tgttaaagacattttacacaatatttgtaatcattacgtggaggctctac

tccagecctcactgttecactttggecagecagegagggegeegtattegtyg
aggctgattcaagagaaacttctatcggcgatgtacactcegatcacgcaa

ccaactatttgcgecatgatgggacagccaccgatagatggtagacatcceg
aaacctctcagcegegtttectgggetcaaagtgacgacaaatagggtceca

cccatattgaagggattgacgcggaattcegacctcegtacaccttcetecta
agggctctataagttcgagaaagtaggagcagtccccgaaatggacgtte

ttcccaggggttgttgatgtcecacccagttegeccagecegeattggegt
tttttgagcatattgtcggattgtcgaagtcatgggcteggacatgtttyg
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tgatggaaatggctcagttcgaatggctcaaagceccagggagtcgttecag

aagggtgcgeggttegegggacattegttgggagaatatgecgeecttgg

agcttgtgettecttectetecatttgaagatetecatatetetcatetttt
atcggggcttgaagatgecagaatgegttgeegegegatgecaacggecac
accgactatggaatgttggetgecgatecategeggataggaaaaggttt
cgaggaagcgagtttgaaatgtettgtecatatcattcaacaggagaceg
getggttegtggaagtegtcaactacaacatcaactegecagecaatacgte
tgtgcaggccattteegagecctttggatgttgggtaagatatgegatga
ccttteatgecacectecaaccggagactgttgaaggecaagagetacggg
ccatggtetggaagcatgteccgacggtggagecaggtgeceegegaggat
cgcatggaacgaggtegagegaccatteegttgeeggggategatatece
ataccattcgaccatgttacgaggggagattgagecttategtgaatatt
tgtctgaacgtatcaaggtgggggatgtgaagecgtgegaattggtggga
cgctggatcectaatgttgttggecagectttetecgtegataagtetta
cgttcagttggtgcacggeatcacaggtagtecteggetteattecttge

ttcaacaaatggcgtga

Example 4

Transformation of C. Tropicalis with the Synthetic
Hexanoate Synthase Subunit Genes

[0271] Candida tropicalis cells (ATCC number 20962) and
cultured under standard conditions in YPD medium at 30
degrees Celsius. The synthetic genes encoding hexA and
hexB are amplified using standard PCR amplification tech-
niques. A linear DNA construct comprising, from 5' to 3', the
TEF (transcription elongation factor) promoter, the hexA-
AGC gene, the TEF promoter, the hexB-AGC gene, and the
URA3 marker. Each end of this construct is designed to
contain a mini-URA-Blaster for integration of the construct
into C. tropicalis genomic DNA (Alani E, Cao L, Kleckner N.
A method for gene disruption that allows repeated use of
URA3 selection in the construction of multiply disrupted
yeast strains. Genetics. 1987 August; 116 (4):541-545).

[0272] The construct is amplified using standard tech-
niques. Transformation of C. tropicalis cells with this linear
construct is accomplished using standard electroporation
techniques such as those set forth in U.S. Pat. No. 5,648,247
or U.S. Pat. No. 5,204,252. Transformants are selected by
plating and growing the transformed cells on SC-URA media
as described above in which only transformants will survive.
To remove the URA cassette, the confirmed strain is then
replated onto SC complete media containing 5-Fluoroorotic
Acid (5-FOA) and confirmed for the loss of the URA cassette.

Example 5

Assay of Cytochrome P450 with Activity on Six
Carbon Chains in C. Tropicalis

[0273] Cultures of C. tropicalis are cultured in YPD media
to late log phase and then exposed to hexane exposed to
various concentrations of hexane up to about 0.1 percent (v/v)
induce the expression of the cytochrome p450 gene having
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activity specific for six carbon substrates. After about 2 hours
exposure to the hexane solution, cells were harvested and
RNA isolated using techniques described above. The specifi-
cally induced gene may be detected by Northern blotting
and/or quantitative RT-PCR.

[0274] Cells to be analyzed for cytochrome P450 activity
are grown under standard conditions and harvested for the
production of microsomes. Microsomes were prepared by
lysing cells in Tris-buffered sucrose (10 mM Tris-HClpH 7.5,
1 mM EDTA, 0.25M sucrose). Differential centrifugation is
performed first at 25,000xg then at 100,000xg to pellet cell
debris then microsomes, respectively. The microsome pellet
is resuspended in 0.1 M phosphate buffer (pH 7.5), 1 mM
EDTA to a final concentration of approximately 10 mg pro-
tein/mL.

[0275] A reaction mixture containing approximately 0.3
mg microsomes, 0.1 mM sodium hexanoate, 0.7 mM
NADPH, 50 mM Tris-HC1 pH 7.5 in 1 mL is initiated by the
addition of NADPH and incubated at 37° C. for 10 minutes.
The reaction is terminated by addition of 0.25 mL 5SM HCl
and 0.25 mL 2.5 ug/mL 10-hydroxydecanoic acid is added as
an internal standard (3.3 nmol). The mixture is extracted with
4.5 mL diethyl ether under NaCl-saturated conditions. The
organic phase is transferred to a new tube and evaporated to
dryness. The residue is dissolved in acetonitrile containing 10
mM 3-bromomethyl-7-methoxy-1,4-benzoxazin-2-one
(BrMB) and 0.1 mL of 15 mg/ml. 18-crown-6 in acetonitril
saturated with K,COj;. The solution is incubated at 40° C. for
30 minutes before addition of 0.05 mL 2% acetic acid. The
fluorescently labeled omega-hydroxy fatty acids are resolved
via HPLC with detection at 430 nm and excitation at 355 nm.

Example 6
Examples of Polynucleotide Regulators

[0276] Provided in the tables hereafter are non-limiting
examples of regulator polynucleotides that can be utilized in
embodiments herein. Such polynucleotides may be utilized in
native form or may be modified for use herein. Examples of
regulatory polynucleotides include those that are regulated by
oxygen levels in a system (e.g., upregulated or downregulated
by relatively high oxygen levels or relatively low oxygen
levels).

Regulated Yeast Promoters - Up-regulated by oxygen

Relative Relative
Gene mRNA level mRNA level

ORF name name (Aerobic) (Anaerobic) Ratio
YPL275W 4389 30 219.5
YPL276W 2368 30 118.4
YDR256C CTAl 2076 30 103.8
YHRO096C HXT5 1846 30 72.4
YDL218W 1189 30 59.4
YCRO10C 1489 30 48.8
YORI161C 599 30 29.9
YPL200W 589 30 29.5
YGR110W 1497 30 27

YNL237W YTP1 505 30 25.2
YBR116C 458 30 22.9
YOR348C PUT4 451 30 22.6
YBR117C TKL2 418 30 20.9
YLLO52C 635 30 20

YNL195C 1578 30 19.4
YPR193C 697 30 15.7
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Regulated Yeast Promoters - Up-regulated by oxygen

Regulated Yeast Promoters - Down-regulated by oxygen

Relative Relative Relative Relative
Gene mRNA level mRNA level Gene mRNA level mRNA level
ORF name name (Aerobic) (Anaerobic) Ratio ORF name name (Aerobic) (Anaerobic) Ratio
YDL222C 301 30 15 YPR194C 30 982 49.1
YNL335W 294 30 14.6 YIRO19C STAl 30 981 22.8
YPLO36W PMA2 487 30 12.8 YHLO042W 30 608 12
YML122C 206 30 10.3 YHR210C 30 552 27.6
YGRO67C 236 30 10.2 YHRO79B SAE3 30 401 2.7
YPR192W 204 30 10.2 YGL162W STO1 30 371 9.6
YNLO14W 828 30 9.8 YHL044W 30 334 16.7
YFLO61W 256 30 9.1 YOLO1SW 30 320 6.1
YNRO56C 163 30 8.1 YCLX07TW 30 292 4.2
YOR186W 153 30 7.6 YILO13C PDR11 30 266 10.6
YDR222W 196 30 6.5 YDRO46C 30 263 13.2
YOR338W 240 30 6.3 YBRO40OW FIG1 30 257 12.8
YPR200C 113 30 5.7 YLRO40C 30 234 2.9
YMRO18W 778 30 52 YOR255W 30 231 11.6
YOR364W 123 30 5.1 YOLO14W 30 229 114
YNL234W 93 30 4.7 YARO28W 30 212 7.5
YNRO64C 85 30 4.2 YER089C 30 201 6.2
YGR213C RTA1 104 30 4 VFLOL2W 30 193 07
YCLO64C CHA1 80 30 4 YDR539W 30 187 34
YOLL34wW 302 30 3.9 YHLO43W 30 179 8.9
YPRISOW 79 30 3.9 YIR162C 30 173 6
YPRI196W MALG63 30 30 3.6
YDR420W HKRI1 201 30 35 YMR165C SMP2 30 147 3.5
YIL216C 115 30 35 YER106W 30 145 7.3
YNL270C ALP1 67 30 3.3 YDR541C 30 140 7
YHLO16C DUR3 224 30 3.2 YCRXOTW 30 138 3.3
YOL131W 230 30 3 YHRO48W 30 137 6.9
YORO77TW RTS2 210 30 3 YCLO21IW 30 136 6.8
YDR536W STL1 55 30 2.7 YOL160W 30 136 6.8
YNLI150W 78 30 2.6 YCRX08W 30 132 6.6
YHR212C 149 30 2.4 YMRO57C 30 109 55
YIL108C 106 30 24 YDR540C 30 83 4.2
YGRO69W 49 30 24 YOR378W 30 78 3.9
YDRI106W 60 30 2.3 YBRORSW AAC3 45 1281 283
YNRO34W SOL1 197 30 22 VERIZSW 47 746 158
YELO73C 104 30 21 YLLOGSW GIN11 50 175 35
YOLL4IW 81 30 18 YDL241W 58 645 1.1
YBR238C 59 274 4.6
YCRO48W ARE1 60 527 8.7
YOL165C 60 306 5.1
YNRO75W 60 251 4.2
YIL213W 60 250 4.2
__ Regulated Yeast Promoters - Down-regulated by oxygen YPL265W DIP5 61 772 127
Relative Relative YDLO93W PMT5 62 353 5.7
Gene mRNA level mRNA level YKRO34W DAL80 63 345 54
ORF name name (Aerobic) (Anaerobic) Ratio YRRO33C 66 1268 19.3
YIR147W 68 281 4.1
YIR047C ANB1 30 4901 231.1
YMR319C FET4 30 1159 58
[0277] Known and putative DNA binding motifs
Regulator Known Consensus Motif SEQ ID NO:
Abf1l TCRNNNNNNACG 50
Cbfl RTCACRTG
Gal4d CGGNNNNNNNNNNNCCG 51
Gend TGACTCA
Gerl CTTCC
Hap2 CCAATNA
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Hap3 CCAATNA
Hap4 CCAATNA
Hefl GAANNTTCNNGAA 52
Ino2 ATGTGARA
Mata (A1) TGATGTANNT 53
Meml CCNNNWWRGG 54
Migl WHWWSYGGGG 55
pho4 CACGTG
Rapl RMACCCANNCAYY 56
Rebl CGGGTRR
Stel2 TGAAACA
Swis CACGARA
swié CACGARA
Yapl TTACTAA

Putative DNA Binding Motifs

Best Motif (scored by E-

Best Motif (scored by

Regulator value) SEQ ID NO: Hypergeometric) SEQ ID NO:
Abfl TYCGT- -R-ARTGAYA 57 TYCGT- -R-ARTGAYA 151
Ace2 RRRAARARAA-A-RARAA 58 GTGTGTGTGTGTGTG 152
Adrl A-AG-GAGAGAG-GGCAG 59 YTSTYSTT-TTGYTWTT 153
Arg80 T--CCW-TTTKTTTC 60 GCATGACCATCCACG 154
Arg81l AAAAARARAAAARMA 61 GSGAYARMGGAMAAAAAL 155
Aro80 YKYTYTTYTT----KY 62 TRCCGAGRYW-SSSGCGS 156
Ashl CGTCCGGCGC 63 CGTCCGGCGC 157
Azfl GAAAAAGMAAAAADR 64 ARRWTSGARG-A--CSAA 158
Basl TTTTYYTTYTTKY-TY-T 65 CS-CCAATGK--CS 159
Cadl CATKYTTTTTTKYTY 66 GCT-ACTAAT 160
Cbfl CACGTGACYA 67 CACGTGACYA 161
Cha4 CA---ACACASA-A 68 CAYAMRTGY-C 162
Cin5 none none

Crzl GG-A-A--AR-ARGGC- 69 TSGYGRGASA 163
Cup9 TTTKYTKTTY-YTTTKTY 70 K-C-C---SCGCTACKGC 164
Dalsl WTTKTTTTTYTTTTT-T 71 SR-GGCMCGGC-SSG 165
Dals2 TTKTTTTYTTC 72 TACYACA-CACAWGA 166
Digl AAA- -RAA-GARRAA-AR 73 CCYTG-AYTTCW-CTTC 167
Doté GTGMAK-MGRA-G-G 74 GTGMAK-MGRA-G-G 168
Fhll -TTWACAYCCRTACAY-Y 75 -TTWACAYCCRTACAY-Y 169
Fkhl TTT-CTTTKYTT-YTTTT 76 AAW-RTAAAYARG 170
Fkh2 AAARA-RAAA-AAAR-AA 77 GG-AAWA-GTAAACAA 171
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Fzfl CACACACACACACACAC 78 SASTKCWCTCKTCGT 172
Gal4 TTGCTTGAACGSATGCCA 79 TTGCTTGAACGSATGCCA 173
Gal4 (Gal) YCTTTTTTTTYTTYYKG 80 CGGM---CW-Y--CCCG 174
Gatl none none
Gat3 RRSCCGMCGMGRCGCGCS 81 RGARGTSACGCAKRTTCT 175
Gené AAA-ARAR-RAAAARRAR 82 TGAGTCAY
Gerl GGAAGCTGAAACGYMWRR 83 GGAAGCTGAAACGYMWRR 176
Ger2 GGAGAGGCATGATGGGGG 84 AGGTGATGGAGTGCTCAG 177
Gln3 CT-CCTTTCT 85 GKCTRR-RGGAGA-GM 178
Grflo GAAARRAAAAAAMRMARA 86 -GGGSG-T-SYGT-CGA 179
Gtsl G-GCCRS--TM 87 AG-AWGTTTTTGWCAAMA 180
Haal none none
Halo TTTTTTYTTTTY-KTTTT 88 KCKSGCAGGCWTTKYTCT 181
Hap2 YTTCTTTTYT-Y-C-KT- 89 G-CCSART-GC 182
Hap3 T-SYKCTTTTCYTTY 90 SGCGMGGG--CC-GACCG 183
Hap4 STT-YTTTY-TTYTYYYY 91 YCT-ATTSG-C-GS 184
Hap5 YK-TTTWYYTC 92 T-TTSMTT-YTTTCCK-C 185
Hirl AAAA-A-ARARAR-AG 93 CCACKTKSGSCCT-S 186
Hir2 WAAAAAAGAAAA-AAAAR 94 CRSGCYWGKGC 187
Hms1 AAA-GG-ARAM 95 -AARAAGC-GGGCAC-C 188
Hsfl TYTTCYAGAA--TTCY 96 TYTTCYAGAA--TTCY 189
Ime4 CACACACACACACACACA 97 CACACACACACACACACA 190
Ino2 TTTYCACATGC 98 SCKKCGCKSTSSTTYAA 191
Ino4 G- -GCATGTGAAAA 99 G--GCATGTGAAAA 192
Ixrl GAAAA-AAAAAAAARA-A 100 CTTTTTTTYYTSGCC 193
Leu3 GAAAAARAARAA-AA 101 GCCGGTMMCGSYC- - 194
Macl YTTKT--TTTTTYTYTTT 102 A--TTTTTYTTKYGC 195
Mall3 GCAG-GCAGG 103 AAAC-TTTATA-ATACA 196
Mal33 none none
Matal GCee-¢ CAAT-TCT-CK 197
Mbpl TTTYTYKTTT-YYTTTTT 104 G-RR-A-ACGCGT-R 198
Mcml TTTCC-AAW-RGGAAA 105 TTTCC-AAW-RGGAAA 199
Met31 YTTYYTTYTTTTYTYTTC 106
Met4 MTTTTTYTYTYTTC 107
Migl TATACA-AGMKRTATATG 108
Mot3 TMTTT-TY-CTT-TTTWK 109
Msnl KT--TTWTTATTCC-C 110

Msn2

ACCACC
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Msn4 R--AAAA-RA-AARAAAT 111
Mssll TTTTTTTTCWCTTTKYC 112
Ndd1l TTTY-YTKTTTY-YTTYT 113
Nrgl TTY--TTYTT-YTTTYYY 114
Pdrl T-YGTGKRYGT-YG 115
Phdl TTYYYTTTTTYTTTTYTT 116
Pho4 GAMAAAAAARAAAAR 117
Put3 CYCGGGAAGCSAMM-CCG 118
Rapl GRTGYAYGGRTGY 119
Resl KMAARAAAAARAAR 120
Rebl RTTACCCGS
Rfx1 AYGRAAAARARAAAARAA 121
Rgml GGAKSCC-TTTY-GMRTA 122
Rgtl CCCTCC
Riml01 GCGCCGC
Rlml TTTTC-KTTTYTTTTTC 123
Rmel ARAAGMAGAAARRAA 124
Rox1l YTTTTCTTTTY-TTTTT 125
Rphl ARRARAAAGG- 126
Rtgl YST-YK-TYTT-CTCCCM 127
Rtg3 GARA-AAAAR-RAARAAA 128
Sfl1l CY--GGSSA-C 129
sfpl CACACACACACACAYA 130
Sip4 CTTYTWTTKTTKTSA 131
Skn7 YTTYYYTYTTTYTYYTTT 132
Skol none
Smpl AMAAAAARAARWARA-AA 133
Sok2 ARAAAARRAAAAAG-RAA 134
Stbl RAARAAAAARCMRSRAAA 135
Stel2 TTYTKTYTY-TYYKTTTY 136
Stpl GAAAAMAA-AAAAA-AAA 137
Stp2 YAA-ARAARAAAAA-AAM 138
Suml TY-TTTTTTYTTTTT-TK 139
Swi4 RAARAARAAA-AA-R-AA 140
Swis CACACACACACACACACA 141
Swie RAARRRAAAAA-AAAMAA 142
Thi2 GCCAGACCTAC 143

Uga3 GG-GGCT
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Yapl TTYTTYTTYTTTY-YTYT 144
Yap3 none

Yap5 YKSGCGCGYCKCGKCGGS 145
Yapé TTTTYYTTTTYYYYKTT 146
Yap7 none

Yflo44c TTCTTKTYYTTTT 147
Yjl206c TTYTTTTYTYYTTTYTTT 148
Zapl TTGCTTGAACGGATGCCA 149
Zmsl MG-MCAAAAATAAAAS 150

Transcriptional Repressors

[0278]

Associated Gene(s)

Description(s)

WHIS

TUP1

ROX1

SFL1

RIM101

RDR1

SUM1

XBP1

NRG2

NRG1

CUP9

YOX1

RFX1

Repressor of G1 transcription that binds to SCB binding factor (SBF)
at SCB target promoters in early G1; phosphorylation of Whi5p by
the CDK, Cln3p/Cdc28p relieves repression and promoter binding by
Whi5; periodically expressed in G1

General repressor of transcription, forms complex with Cyc8p,
involved in the establishment of repressive chromatin structure
through interactions with histones H3 and H4, appears to enhance
expression of some genes

Heme-dependent repressor of hypoxic genes; contains an HMG
domain that is responsible for DNA bending activity
Transcriptional repressor and activator; involved in repression of
flocculation-related genes, and activation of stress responsive

genes; negatively regulated by cAMP-dependent protein kinase A
subunit Tpk2p

Transcriptional repressor involved in response to pH and in cell wall
construction; required for alkaline pH-stimulated haploid invasive
growth and sporulation; activated by proteolytic processing; similar
to A. nidulans PacC

Transcriptional repressor involved in the control of multidrug
resistance; negatively regulates expression of the PDRS gene;
member of the Galdp family of zinc cluster proteins

Transcriptional repressor required for mitotic repression of middle
sporulation-specific genes; also acts as general replication initiation
factor; involved in telomere maintenance, chromatin silencing;
regulated by pachytene checkpoint

Transcriptional repressor that binds to promoter sequences of the
cyclin genes, CYS3, and SMF2; expression is induced by stress or
starvation during mitosis, and late in meiosis; member of the
Swidp/Mbplp family; potential Cdc28p substrate

Transcriptional repressor that mediates glucose repression and
negatively regulates filamentous growth; has similarity to Nrglp
Transcriptional repressor that recruits the Cyc8p-Tuplp complex to
promoters; mediates glucose repression and negatively regulates a
variety of processes including filamentous growth and alkaline pH
response

Homeodomain-containing transcriptional repressor of PTR2, which
encodes a major peptide transporter; imported peptides activate
ubiquitin-dependent proteolysis, resulting in degradation of Cup9p
and de-repression of PTR2 transcription

Homeodomain-containing transcriptional repressor, binds to Mem1p
and to early cell cycle boxes (ECBs) in the promoters of cell cycle-
regulated genes expressed in M/G1 phase; expression is cell cycle-
regulated; potential Cde28p substrate

Major transcriptional repressor of DNA-damage-regulated genes,
recruits repressors Tuplp and Cyc8p to their promoters; involved in
DNA damage and replication checkpoint pathway; similar to a family
of mammalian DNA binding RFX1-4 proteins
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Associated Gene(s)

Description(s)

MIG3

RGM1

YHP1

HOS4

CAF20

SAP1

SET3

RPHI1

YMRI18IC

YLR345W

MCM1

PHR1

HOS2

RGT1

SRB7

GALI11

Probable transcriptional repressor involved in response to toxic
agents such as hydroxyurea that inhibit ribonucleotide reductase;
phosphorylation by Snflp or the Meclp pathway inactivates Mig3p,
allowing induction of damage response genes

Putative transcriptional repressor with proline-rich zinc fingers;
overproduction impairs cell growth

One of two homeobox transcriptional repressors (see also Yox1p),
that bind to Memlp and to early cell cycle box (ECB) elements of
cell cycle regulated genes, thereby restricting ECB-mediated
transcription to the M/G1 interval

Subunit of the Set3 complex, which is a meiotic-specific repressor of
sporulation specific genes that contains deacetylase activity;
potential Cdc28p substrate

Phosphoprotein of the mRNA cap-binding complex involved in
translational control, repressor of cap-dependent translation
initiation, competes with eIFAG for binding to eIF4E

Putative ATPase of the AAA family, interacts with the Sinlp
transcriptional repressor in the two-hybrid system

Defining member of the SET3 histone deacetylase complex which is
a meiosis-specific repressor of sporulation genes; necessary for
efficient transcription by RNAPII; one of two yeast proteins that
contains both SET and PHD domains

JmjC domain-containing histone demethylase which can specifically
demethylate H3K36 tri- and dimethyl modification states;
transcriptional repressor of PHR1; Rphlp phosphorylation during
DNA damage is under control of the MEC1-RADS53 pathway
Protein of unknown function; mRNA transcribed as part of a
bicistronic transcript with a predicted transcriptional repressor
RGM1/YMR182C; mRNA is destroyed by nonsense-mediated decay
(NMD); YMR181C is not an essential gene

Similar to 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase
enzymes responsible for the metabolism of fructoso-2,6-
bisphosphate; mRNA expression is repressed by the Rfx1p-Tuplp-
Ssnép repressor complex; YLR345W is not an essential gene
Transcription factor involved in cell-type-specific transcription and
pheromone response; plays a central role in the formation of both
repressor and activator complexes

DNA photolyase involved in photoreactivation, repairs pyrimidine
dimers in the presence of visible light; induced by DNA damage;
regulated by transcriptional repressor Rphlp

Histone deacetylase required for gene activation via specific
deacetylation of lysines in H3 and H4 histone tails; subunit of the
Set3 complex, a meiotic-specific repressor of sporulation specific
genes that contains deacetylase activity

Glucose-responsive transcription factor that regulates expression of
several glucose transporter (HXT) genes in response to glucose;
binds to promoters and acts both as a transcriptional activator and
Tepressor

Subunit of the RNA polymerase II mediator complex; associates with
core polymerase subunits to form the RNA polymerase 1T
holoenzyme; essential for transcriptional regulation; target of the
global repressor Tuplp

Subunit of the RNA polymerase II mediator complex; associates with
core polymerase subunits to form the RNA polymerase 1T
holoenzyme; affects transcription by acting as target of activators
and repressors

Transcriptional Activators

[0279]

Associated Gene(s)

Description(s)

SKTS5

MSA1

Activator of Chs3p (chitin synthase III), recruits Chs3p to the bud neck
via interaction with Bnidp; has similarity to Shelp, which activates
Chs3p during sporulation

Activator of G1-specific transcription factors, MBF and SBF, that
regulates both the timing of G1-specific gene transcription, and cell
cycle initiation; potential Cde28p substrate
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Associated Gene(s) Description(s)

AMA1 Activator of meiotic anaphase promoting complex (APC/C); Cdc20p
family member; required for initiation of spore wall assembly; required
for Clblp degradation during meiosis

STBS5 Activator of multidrug resistance genes, forms a heterodimer with
Pdrlp; contains a Zn(II)2Cys6 zinc finger domain that interacts with a
PDRE (pleotropic drug resistance element) in vitro; binds Sin3p in a
two-hybrid assay

RRD2 Activator of the phosphotyrosyl phosphatase activity of PP2A, peptidyl-
prolyl cis/trans-isomerase; regulates G1 phase progression, the
osmoresponse, microtubule dynamics; subunit of the Tap42p-Pph21p-
Rrd2p complex

BLM10 Proteasome activator subunit; found in association with core particles,
with and without the 198 regulatory particle; required for resistance to
bleomycin, may be involved in protecting against oxidative damage;
similar to mammalian PA200

SHC1 Sporulation-specific activator of Chs3p (chitin synthase III), required
for the synthesis of the chitosan layer of ascospores; has similarity to
Skt5p, which activates Chs3p during vegetative growth;
transcriptionally induced at alkaline pH

NDD1 Transcriptional activator essential for nuclear division; localized to the
nucleus; essential component of the mechanism that activates the
expression of a set of late-S-phase-specific genes

IMP2' Transcriptional activator involved in maintenance of ion homeostasis
and protection against DNA damage caused by bleomycin and other
oxidants, contains a C-terminal leucine-rich repeat

LYS14 Transcriptional activator involved in regulation of genes of the lysine
biosynthesis pathway; requires 2-aminoadipate semialdehyde as co-
inducer

MSN1 Transcriptional activator involved in regulation of invertase and

glucoamylase expression, invasive growth and pseudohyphal
differentiation, iron uptake, chromium accumulation, and response to
osmotic stress; localizes to the nucleus

HAAL1 Transcriptional activator involved in the transcription of TPO2, YRO2,
and other genes putatively encoding membrane stress proteins;
involved in adaptation to weak acid stress

UGA3 Transcriptional activator necessary for gamma-aminobutyrate (GABA)-
dependent induction of GABA genes (such as UGA1, UGA2, UGA4);
zinc-finger transcription factor of the Zn(2)-Cys(6) binuclear cluster
domain type; localized to the nucleus

GCR1 Transcriptional activator of genes involved in glycolysis; DNA-binding
protein that interacts and functions with the transcriptional activator
Ger2p

GCR2 Transcriptional activator of genes involved in glycolysis; interacts and
functions with the DNA-binding protein Gerlp

GAT1 Transcriptional activator of genes involved in nitrogen catabolite

repression; contains a GATA-1-type zinc finger DNA-binding motif;
activity and localization regulated by nitrogen limitation and Ure2p

GLN3 Transcriptional activator of genes regulated by nitrogen catabolite
repression (NCR), localization and activity regulated by quality of
nitrogen source

PUT3 Transcriptional activator of proline utilization genes, constitutively binds
PUT1 and PUT2 promoter sequences and undergoes a conformational
change to form the active state; has a Zn(2)-Cys(6) binuclear cluster

domain

ARRI1 Transcriptional activator of the basic leucine zipper (bZIP) family,
required for transcription of genes involved in resistance to arsenic
compounds

PDR3 Transcriptional activator of the pleiotropic drug resistance network,

regulates expression of ATP-binding cassette (ABC) transporters
through binding to cis-acting sites known as PDREs (PDR responsive
elements)

MSN4 Transcriptional activator related to Msn2p; activated in stress
conditions, which results in translocation from the cytoplasm to the
nucleus; binds DNA at stress response elements of responsive genes,
inducing gene expression

MSN2 Transcriptional activator related to Msn4p; activated in stress
conditions, which results in translocation from the cytoplasm to the
nucleus; binds DNA at stress response elements of responsive genes,
inducing gene expression

PHD1 Transcriptional activator that enhances pseudohyphal growth;
regulates expression of FLO11, an adhesin required for pseudohyphal
filament formation; similar to StuA, an 4. ridulans developmental
regulator; potential Cde28p substrate
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Associated Gene(s)

Description(s)

FHL1

VHRI1

CDC20

CDH1

AFT2

MET4

CBS2

CBS1

CBP6

PET111

PET494

PET122

RRD1

YPR196W
POG1

MSA2

PET309

TEAI1

PIP2

CHA4

SFL1

RDS2

CAT8

AROB0

Transcriptional activator with similarity to DNA-binding domain of
Drosophila forkhead but unable to bind DNA in vitro; required for rRNA
processing; isolated as a suppressor of splicing factor prp4
Transcriptional activator, required for the vitamin H-responsive element
(VHRE) mediated induction of VHT1 (Vitamin H transporter) and BIOS
(biotin biosynthesis intermediate transporter) in response to low biotin
concentrations

Cell-cycle regulated activator of anaphase-promoting
complex/cyclosome (APC/C), which is required for
metaphase/anaphase transition; directs ubiquitination of mitotic cyclins,
Pdslp, and other anaphase inhibitors; potential Cdc28p substrate
Cell-cycle regulated activator of the anaphase-promoting
complex/cyclosome (APC/C), which directs ubiquitination of cyclins
resulting in mitotic exit; targets the APC/C to specific substrates
including Cde20p, Aselp, Cin&p and Finlp

Iron-regulated transcriptional activator; activates genes involved in
intracellular iron use and required for iron homeostasis and resistance
to oxidative stress; similar to Aftlp

Leucine-zipper transcriptional activator, responsible for the regulation
of the sulfur amino acid pathway, requires different combinations of the
auxiliary factors Cbflp, Met28p, Met31p and Met32p

Mitochondrial translational activator of the COB mRNA; interacts with
translating ribosomes, acts on the COB mRNA 5'-untranslated leader
Mitochondrial translational activator of the COB mRNA; membrane
protein that interacts with translating ribosomes, acts on the COB
mRNA 5'-untranslated leader

Mitochondrial translational activator of the COB mRNA;
phosphorylated

Mitochondrial translational activator specific for the COX2 mRNA;
located in the mitochondrial inner membrane

Mitochondrial translational activator specific for the COX3 mRNA, acts
together with Pet54p and Pet122p; located in the mitochondrial inner
membrane

Mitochondrial translational activator specific for the COX3 mRNA, acts
together with Pet54p and Pet494p; located in the mitochondrial inner
membrane

Peptidyl-prolyl cis/trans-isomerase, activator of the phosphotyrosyl
phosphatase activity of PP2A; involved in G1 phase progression,
microtubule dynamics, bud morphogenesis and DNA repair; subunit of
the Tap42p-Sitd4p-Rrd1p complex

Putative maltose activator

Putative transcriptional activator that promotes recovery from
pheromone induced arrest; inhibits both alpha-factor induced G1 arrest
and repression of CLN1 and CLN2 via SCB/MCB promoter elements;
potential Cdc28p substrate; SBF regulated

Putative transcriptional activator, that interacts with G1-specific
transcription factor, MBF and G1-specific promoters; ortholog of
Msa2p, an MBF and SBF activator that regulates G1-specific
transcription and cell cycle initiation

Specific translational activator for the COX1 mRNA, also influences
stability of intron-containing COX1 primary transcripts; localizes to the
mitochondrial inner membrane; contains seven pentatricopeptide
repeats (PPRs)

Ty1 enhancer activator required for full levels of Ty enhancer-mediated
transcription; C6 zinc cluster DNA-binding protein

Autoregulatory oleate-specific transcriptional activator of peroxisome
proliferation, contains Zn(2)-Cys(6) cluster domain, forms heterodimer
with Oaflp, binds oleate response elements (OREs), activates beta-
oxidation genes

DNA binding transcriptional activator, mediates serine/threonine
activation of the catabolic L-serine (L-threonine) deaminase (CHA1);
Zine-finger protein with Zn[2]-Cys[6] fungal-type binuclear cluster
domain

Transcriptional repressor and activator; involved in repression of
flocculation-related genes, and activation of stress responsive genes;
negatively regulated by cAMP-dependent protein kinase A subunit
Tpk2p

Zinc cluster transcriptional activator involved in conferring resistance to
ketoconazole

Zinc cluster transcriptional activator necessary for derepression of a
variety of genes under non-fermentative growth conditions, active after
diauxic shift, binds carbon source responsive elements

Zinc finger transcriptional activator of the Zn2Cys6 family; activates
transcription of aromatic amino acid catabolic genes in the presence of
aromatic amino acids
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Associated Gene(s)

Description(s)

SIP4

SPT10

MET28

GCN4

CAD1

INO2

THI2

SWI4

HAPS

HAP3

HAP2

HAP4

YMLO37C

TRAI1

YLLO54C

RTG2

YBRO12C

JEN1

MRP1

MRP17

C6 zinc cluster transcriptional activator that binds to the carbon source-
responsive element (CSRE) of gluconeogenic genes; involved in the
positive regulation of gluconeogenesis; regulated by Snflp protein
kinase; localized to the nucleus

Putative histone acetylase, sequence-specific activator of histone
genes, binds specifically and highly cooperatively to pairs of UAS
elements in core histone promoters, functions at or near the TATA box
Basic leucine zipper (bZIP) transcriptional activator in the Cbflp-
Metdp-Met28p complex, participates in the regulation of sulfur
metabolism

Basic leucine zipper (bZIP) transcriptional activator of amino acid
biosynthetic genes in response to amino acid starvation; expression is
tightly regulated at both the transcriptional and translational levels
AP-1-like basic leucine zipper (bZIP) transcriptional activator involved
in stress responses, iron metabolism, and pleiotropic drug resistance;
controls a set of genes involved in stabilizing proteins; binds
consensus sequence TTACTAA

Component of the heteromeric Ino2p/Ino4p basic helix-loop-helix
transcription activator that binds inositol/choline-responsive elements
(ICREs), required for derepression of phospholipid biosynthetic genes
in response to inositol depletion

Zinc finger protein of the Zn(I[)2Cys6 type, probable transcriptional
activator of thiamine biosynthetic genes

DNA binding component of the SBF complex (Swidp-Swibp), a
transcriptional activator that in concert with MBF (Mbpl-Swi6p)
regulates late G1-specific transcription of targets including cyclins and
genes required for DNA synthesis and repair

Subunit of the heme-activated, glucose-repressed Hap2/3/4/5 CCAAT-
binding complex, a transcriptional activator and global regulator of
respiratory gene expression; required for assembly and DNA binding
activity of the complex

Subunit of the heme-activated, glucose-repressed Hap2p/3p/4p/Sp
CCAAT-binding complex, a transcriptional activator and global
regulator of respiratory gene expression; contains sequences
contributing to both complex assembly and DNA binding

Subunit of the heme-activated, glucose-repressed Hap2p/3p/4p/Sp
CCAAT-binding complex, a transcriptional activator and global
regulator of respiratory gene expression; contains sequences sufficient
for both complex assembly and DNA binding

Subunit of the heme-activated, glucose-repressed Hap2p/3p/4p/Sp
CCAAT-binding complex, a transcriptional activator and global
regulator of respiratory gene expression; provides the principal
activation function of the complex

Putative protein of unknown function with some characteristics of a
transcriptional activator; may be a target of Dbf2p-Mobl1p kinase; GFP-
fusion protein co-localizes with clathrin-coated vesicles; YMLO037C is
not an essential gene

Subunit of SAGA and NuA4 histone acetyltransferase complexes;
interacts with acidic activators (e.g., Galdp) which leads to transcription
activation; similar to human TRRAP, which is a cofactor for c-Myc
mediated oncogenic transformation

Putative protein of unknown function with similarity to Pip2p, an oleate-
specific transcriptional activator of peroxisome proliferation; YLLO54C
is not an essential gene

Sensor of mitochondrial dysfunction; regulates the subcellular location
of Rtglp and Rtg3p, transcriptional activators of the retrograde (RTG)
and TOR pathways; Rtg2p is inhibited by the phosphorylated form of
Mks1p

Dubious open reading frame, unlikely to encode a functional protein;
expression induced by iron-regulated transcriptional activator Aft2p
Lactate transporter, required for uptake of lactate and pyruvate;
phosphorylated; expression is derepressed by transcriptional activator
Cat8p during respiratory growth, and repressed in the presence of
glucose, fructose, and mannose

Mitochondrial ribosomal protein of the small subunit; MRP1 exhibits
genetic interactions with PET122, encoding a COX3-specific
translational activator, and with PET123, encoding a small subunit
mitochondrial ribosomal protein

Mitochondrial ribosomal protein of the small subunit; MRP17 exhibits
genetic interactions with PET122, encoding a COX3-specific
translational activator
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Associated Gene(s)

Description(s)

TPI1

Triose phosphate isomerase, abundant glycolytic enzyme; mRNA half-

Jun. 21, 2012

life is regulated by iron availability; transcription is controlled by
activators Reblp, Gerlp, and Raplp through binding sites in the 5’

non-coding region
PKH3

Protein kinase with similarity to mammalian phosphoinositide-
dependent kinase 1 (PDK1) and yeast Pkhlp and Pkh2p, two

redundant upstream activators of Pkelp; identified as a multicopy

suppressor of a pkhl pkh2 double mutant
YGLO79W

Putative protein of unknown function; green fluorescent protein (GFP)-

fusion protein localizes to the endosome; identified as a transcriptional

activator in a high-throughput yeast one-hybrid assay

TFB1 Subunit of TFITH and nucleotide excision repair factor 3 complexes,
required for nucleotide excision repair, target for transcriptional

activators
PET123

Mitochondrial ribosomal protein of the small subunit; PET123 exhibits

genetic interactions with PET122, which encodes a COX3 mRNA-

specific translational activator
MHR1

Protein involved in homologous recombination in mitochondria and in

transcription regulation in nucleus; binds to activation domains of acidic
activators; required for recombination-dependent mtDNA partitioning

MCM1

Transcription factor involved in cell-type-specific transcription and

pheromone response; plays a central role in the formation of both

repressor and activator complexes
EGD1

Subunit betal of the nascent polypeptide-associated complex (NAC)

involved in protein targeting, associated with cytoplasmic ribosomes;
enhances DNA binding of the Gal4p activator; homolog of human

BTF3b

STES Pheromone-response scaffold protein; binds Stellp, Ste7p, and
Fus3p kinases, forming a MAPK cascade complex that interacts with
the plasma membrane and Stedp-Stel8p; allosteric activator of Fus3p

that facilitates Ste7p-mediated activation
RGT1

Glucose-responsive transcription factor that regulates expression of

several glucose transporter (HXT) genes in response to glucose; binds
to promoters and acts both as a transcriptional activator and repressor

TYE7

Serine-rich protein that contains a basic-helix-loop-helix (PbHLH) DNA

binding motif; binds E-boxes of glycolytic genes and contributes to their
activation; may function as a transcriptional activator in Tyl-mediated

gene expression
VMAL13

Subunit H of the eight-subunit V1 peripheral membrane domain of the

vacuolar H+-ATPase (V-ATPase), an electrogenic proton pump found
throughout the endomembrane system; serves as an activator or a

structural stabilizer of the V-ATPase
GAL11

Subunit of the RNA polymerase II mediator complex; associates with

core polymerase subunits to form the RNA polymerase II holoenzyme;
affects transcription by acting as target of activators and repressors

VAC14

Protein involved in regulated synthesis of Ptdlns(3,5)P(2), in control of

trafficking of some proteins to the vacuole lumen via the MVB, and in
maintenance of vacuole size and acidity; interacts with Figdp; activator

of Fablp

Example 7
Cloning of HEXA and HEXB genes

[0280] Aspergillus parasiticus (ATCC 24690) cultures
were grown in malt extract broth media (15 g/IL malt extract
broth, Difco) with shaking at 25° C. for 3 days. 4. parasiticus
pellets were transferred to a 1.5 mL tube to provide a volume
of pellets equal to approximately 500 ul.. The mycelia were
frozen in a dry ice ethanol bath, transferred to a mortar and
pestle, and ground into a fine powder. The powder was placed
ina 1.5 mL tube with approximately 500 ul. 0.7 mm Zirconia
beads, and total RNA was prepared using a Ribopure Plant
Kit (Ambion), according to manufacturer’s recommenda-
tions.

[0281] First strand synthesis of cDNA was performed with
gene-specific primers 0AA0031 (for HEXA) and 0AA0041

(for HEXB) in a reaction containing 0.2 ul. of gene-specific
primer (10 uM), 300 ng total RNA, 1.0 uLL dNTP (10 mM),
and sterile water to bring the volume to 13 ul. The total
RNA/primer mixtures were heated at 65° C. for 5 minutes
then cooled on ice for 5 minutes before the addition of 4 uLL 5x
First strand buffer, 1 ulL 0.1M DTT, 1 ulL H,O, and 1 ul.
Superscript III RT (Invitrogen). First strand synthesis reac-
tions were incubated at 55° C. for 1 hour, followed by inac-
tivation of the enzyme at 70° C. for 15 minutes and cooling of
the reactions to 4° C. The primers utilized for isolation of
HEXA and HEXB genes were configured to independently
amplify the HEXA and HEXB genes in fragments, having
fragment lengths in the range of between about 1.0 kilobases
(kb) to about 1.6 kb, with approximately 200 bp of overlap-
ping sequence between the fragments. The sequences are
shown in the tables below.
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Oligonucleotides for cloning of HEXA DNA fragments

SEQ ID HEXA PCR product
Oligos Sequence NO: sequence (bp)
OAR0022 ATGGTCATCCAAGGGAAGAGATTGGCCGCCTCCTCTATTCAGC 200 1-1149 1149
OAR0023 GTAGGCGTCACAGGARAGACTGCGTACCA 201
OAR0024 TATCACCAATGCTGGATGTAAAGAAGTCGCG 202 941-2270 1330
OAR0025 AATTGGGCTAGGAAACCGGGGATGC 203
OAR0026 CGGTCTAATGACGGCGCATGATATCATAGCCGAAACGGTCGAG 204 2067-3016 950
OAR0027 ACTTGGCTGGAGTCCATCCCTTCGGCA 205
OAR0028 CTGCCCGAGTTTGAAGTATCTCAACTTACCGCCGACGCCATG 206 2812-4181 1370
OAR0029 TGAGACGCGCTGCGCAGGGC 207
OAR0030 CGAGGTGATCGAGACGCAGATGC 208 3975-5016 1042
OAR0031 TTATGAAGCACCAGACATCAGCCCCAGC 209
OAROO46 gtactagtaaaaaaATGGTCATCCAAGGGAAGAGATTGGCCGCCT 210 1-5016 5041
CCTCTATTCAGC
OAR0047 gtcccgggctaTTATGAAGCACCAGACATCAGCCCCAGC 211
OAAQOO051 tacccgggctattagtgatggtggtgatggtgTGAAGCACCAGAC 212 1-5016 5062
ATCAGCCCCAGC
Oligonucleotides for cloning of HEXB DNA fragments
SEQ ID HEXB PCR product
Oligos Sequence NO: sequence (bp)
OAR0032 ATGGGTTCCGTTAGTAGGGAACATGAGTCAATC 213 1-1166 1166
OAR0033 GTTCCTTGTGTGAGCTCCTGAATAAGACTGCATG 214
OAR0034 CCATCAAAATCCCCCTCTATCACACGGGCACTGGGAGCAAC 215 962-2042 1081
OAR0035 CCCACGCCTTGCGCATCTATAATCAGG 216
OAR0036 TGTCCGAATATTCTCCTCGTTGTAGGTAGTGGATT 217 1837-3527 1691
OAR0037 GCAGTAGTCGATAGGTACACATCCTTGGGGGTTCCATGACTGC 218
OAR0038 AGAGGATCAAGGCATTATACATGAGTCTGTGGAACTTGGGCTTTCC 219 3323-44e61 1139
OAR0O039 TTCCCCGTCCTCCATGGCCTTATGC 220
OAR0040 GGCCTTTGCGCGATACGCTGGTCTCTCGGGTCCCAT 221 4256-5667 1412
OAR0041 TCACGCCATTTGTTGAAGCAGGGRATG 222
OARO048 gtactagtaaaaaaATGGGTTCCGTTAGTAGGGAACATGAGTCAA 223 1-5667 5694
TC
OARO049 gtgtttaaacctaTCACGCCATTTGTTGAAGCAGGGRAATG 224
OAAQ011l1l ggtttaaacctatcagtgatggtggtgatggtgCGCCATTTGTTG 225 1-5667 5714
AAGCAGGGAATGAA
[0282] HEXA and HEXB gene fragments were PCR ampli- vitrogen) and clones containing PCR inserts were sequenced

fied using the cDNA generated above by the addition of 5 ul.
10xPfu reaction buffer, 1.0 ul. ANTPs (10 mM), 1.0 ulL Sense
and Antisense Primer Mix (10 uM), 1.0 ulL Pfu Ultra Fusion
HS (Agilent), 2.0 uL cDNA, 40 uL sterile H,0. Thermocy-
cling parameters used to amplity the HEXA and HEXB genes
were 94° C. for 5 minutes, 40 cycles of 94° C. 30 seconds, 62°
C. 40 seconds, 72° C. 4 minutes, followed by 72° C. 10
minutes and a 4° C. hold. PCR products of the correct size
were gel purified and ligated into pCR-Blunt II-TOPO (Invit-
rogen), transformed into competent TOP10 E. coli cells (In-

to confirm correct DNA sequence.

[0283] DNA fragments of HEXA and HEXB were PCR
amplified using the sequence-confirmed fragments in pCR-
Bluntll as template in order to produce overlapping DNA
fragments covering the entire sequence of both HEXA and
HEXB. The overlapping DNA fragments for each gene were
combined in a 50 ulL overlap extension PCR reaction contain-
ing each DNA fragment at 0.2 nM, sense and antisense prim-
ers at 0.2 uM each, 1xPfu reaction buffer, 1.0 uLL Pfu Ultra
Fusion HS polymerase, and 0.2 mM dNTPs. Unique restric-
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tion sites were incorporated into the sense and antisense prim-
ers to allow for cloning the HEXA and HEXB genes into
p425GPD and p426GPD respectively. For HEX A the restric-
tion sites were Spel/Smal and for HEXB the restriction sites
were Spel/Pmel. Ligation of the HEXA and HEXB genes into
p425GPD and p426GPD resulted in plasmids pAA020 and
pAAO021 respectively. Variants of the HEXA and HEXB
genes that incorporated C-terminal 6xHis tags (SEQ ID NO:
13) were constructed by using an antisense primer encoding a
6xHis sequence (SEQ ID NO: 13). Ligation of the HEXA-
6xHis (‘6xHis’disclosed as SEQ ID NO: 13) and HEXB-6x
His (‘6xHis’ disclosed as SEQ ID NO: 13) genes into
p425GPD and p426GPD resulted in plasmids pAAO31 and
PAAO032, respectively. Vectors pAA020, pAAO21, pAAO31
and pAAO032 were used to demonstrate protein expression in
S. cerevisiae, as shown in FIGS. 11 and 12.

Example 8
Cloning of STCJ and STCK Genes

[0284] Total RNA was prepared from Aspergillus nidulans
(ATCC 38163), as described in Example 1. First strand syn-
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thesis of cDNA was performed with gene-specific primers
0AA0008 (for STCJ) and 0AA0021 (for STCK) in a reaction
containing 0.2 ul. of gene-specific primer (10 uM), 300 ng
total

[0285] RNA, 1.0 uL ANTP (10 mM), and sterile water to
bring the volume to 13 ul.. The total RNA/primer mixtures
were heated at 65° C. for 5 minutes then cooled on ice for 5
minutes before the addition of 4 ulL 5x First strand buffer, 1
ul 0.1IM DTT, 1 uL. H,0, and 1 uL Superscript III RT (Invit-
rogen). First strand synthesis reactions were incubated at 55°
C.for 1 hour, followed by inactivation of the enzyme at 70° C.
for 15 minutes and cooling of the reactions to 4° C. Primers
design strategies substantially similar to those described
herein were used to amplify the STCJ and STCK genes in
fragments in the range of between about 1.1 kb to about 1.6
kb, with approximately 200 bp of overlapping sequence
between the fragments. The primers used to amplify the STCJ
and STCK genes are shown in the tables below.

Oligonucleotides for cloning of STCJ DNA fragments

SEQ
1D STCJ PCR
Oligos Sequence NO: sequence product (bp)
OAR0001 ATGACCCAAAAGACTATACAGCAGGTCCCAAGA 226 1-1290 1290
OAR0002 TATGGTGCATCGAATGTTGTTTGCCTGG 227
OAR0009 AAAATGCGTGAGCACTTTGTCCAGCGC 228 1021-2506 1486
OAR0004 CGACGTAATTGACGTTGTCAACATGCCG 229
OARQQ005 CATCTCGGGTTCCCATCACTCCCTGAGTATGAC 230 2284-3424 1141
OAR0006 GACAAAGAAGCTGGACACCGCAGCCTTGGGATTCCACGAAC 231
OAR0007 GATCTGCCTTGTCGGTGGCTATGACGACCTTCAGCCTGAGGAGTCA 232 3234-4680 1447
OAR0008 TTAACGGATGATAGAGGCCAACGGCCAAAGACACCACTTGCGTACAC 233
OARAO0126 cacacaactagtaaaaaaATGACCCAAAAGACTATACAGCAGGTCC 234 1-4680 4710
CAAGA
OARO0127 tgtgtgcccgggTTAACGGATGATAGAGGCCAACGGCCAAAGACAC 235
CACTTGCGTACAC
OAA0154 tacccgggctattagtgatggtggtgatggtgACGGATGATAGAGG 236 1-4680 4730
CCAAC
Oligonucleotides for cloning of STCK DNA fragments
SEQ
1D STCK PCR
Oligos Sequence NO: sequence product (bp)
OAR00l2 ATGACTCCATCACCGTTTCTCGATGCTGT 237 1-1110 1110
OARO0013 CACATGGGTAGCATCGTTCATTGCCCAACACAAAGCGGGCCAGTTA 238
ACTC
OAR0014 GTCGAGCTAAGAGTGACTGATGCCATTGGC 239 901-2510 1610
OARO0Q01l5 CGTAATTCAGCTTCTGAACCTGAGCCCAGG 240
OARO0Q0l6 CTTTGCCCGGCCGTGGTTCGC 241 2301-3555 1255
OARO0Q017 CCCCCAAGCTCGACAACGGGC 242
©AA0018 TTCTCAAAATGCACCGGACTGATTACTTGGA 243 3350-4682 1333

OAAQ0OQ019 CCCATTCCTCTCTCCTGCGTGCCCTGGCCGGTAAAGACGTAT 244
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Oligonucleotides for cloning of STCK DNA fragments

Oligos Sequence

SEQ
iD STCK PCR
NO: sequence product (bp)

OAAQ0020 CCCTCCTTCGATGGACTTGTCCGGGCAAACGACCGGTTGCGAATGG

AGAT
OAA0021 CTACCTATTCTCTTCAACCCGCCGTAACAGC

OAA0128 cacacaactagtaaaaaaATGACTCCATCACCGTTTCTCGATGCTGT

0RARA0129 tgtgtgcccgggCTACCTATTCTCTTCAACCCGCCGTARCAGE

OAA0170 tgtgtgcccgggctatcagtgatggtggtgatggtgCCTATTCTCT

TCAAC

245 4477-5745 1268
246
247 1-5745 5775
248
249 1-5745 5796

[0286] STCJ and STCK fragments were amplified using
the cDNA prepared above in PCR reactions containing 5 ul,
10xPfu reaction buffer, 1.0 ul. ANTPs (10 mM), 1.0 ulL Sense
and Antisense Primer Mix (10 uM), 1.0 ulL Pfu Ultra Fusion
HS (Agilent), 2.0 uL cDNA, 40 uL sterile H,0. Thermocy-
cling parameters used were 94° C. for 5 minutes, 40 cycles of
94° C. 30 seconds, 62° C. 40 seconds, 72° C. 4 minutes,
followed by 72° C. 10 minutes and a 4° C. hold. PCR products
of the correct size were gel purified and ligated into pCR-
Blunt II-TOPO (Invitrogen), transformed into competent
TOP10 E. coli cells (Invitrogen). PCR inserts were sequenced
to confirm the correct DNA sequence. DNA fragments of
STCJ and STCK were PCR amplified using the sequence-
confirmed fragments in pCR-Bluntll as template in order to
produce overlapping DNA fragments covering the entire
sequence of both STCJ and STCK. The overlapping DNA
fragments for each gene were combined in a 50 ulL overlap
extension PCR reaction containing each DNA fragmentat 0.2
nM, sense and antisense primers at 0.2 uM each, 1xPfu reac-
tion bufter, 1.0 ul Pfu Ultra Fusion HS polymerase, and 0.2
mM dNTPs.

[0287] Sense and antisense primers were designed to incor-
porate unique restriction sites for cloning the STCJ and
STCK genes into p425GPD and p426GPD respectively. For
STCI the restriction sites were Spel/Xmal and for STCK the
restriction sites were Spel/Smal. Ligation of the STCJ and
STCK genes into p425GPD and p426GPD resulted in plas-
mids pAA040 and pAA042 respectively. Variants of the STCJ
and STCK genes that incorporated C-terminal 6xHis tags
(SEQ ID NO: 13) were constructed by using an antisense
primer encoding a 6xHis sequence (SEQ ID NO: 13).
[0288] Ligation of the STCJ-6xHis (‘6xHis’ disclosed as
SEQIDNO: 13) and STCK-6xHis (‘6xHis’ disclosed as SEQ
ID NO: 13) genes into p425GPD and p426GPD resulted in
plasmids pAAO41 and pAAO43. Vectors pAA040, pAAO421

pAAO042 and pAA043 were used to demonstrate protein
expression in S. cerevisiae, as shown in FIGS. 11 and 12.

Example 9

Design and Cloning of Hexa and Hexb Genes for C.
Tropicalis Alternate Genetic Code

[0289] The HEXA and HEXB genes contain multiple CTG
codons, which normally code for leucine. However, certain
organisms, Candida tropicalis for example, translate CTG as
serine. DNA sequences for HEXA and HEXB were prepared
that replaced all CTG codons with TTG codons, which is
translated as leucine in C. tropicalis. The TTG codon was
chosen due to it being the most frequently used leucine codon
in C. tropicalis. The alternate genetic code (AGC) HEXA and
HEXB genes were synthesized as equal size fragments with
200 bp overlaps and ligated into pUCS57 vector (Integrated
DNA Technologies). DNA fragments of AGC-HEXA and
AGC-HEXB were PCR amplified using the fragments in
pUC57 as template in order to produce overlapping DNA
fragments covering the entire sequence of both AGC-HEXA
and AGC-HEXB.

[0290] Theoverlapping DNA fragments for each gene were
combined in a 50 ulL overlap extension PCR reaction contain-
ing each DNA fragment at 0.2 nM, sense and antisense prim-
ers at 0.2 uM each, 1xPfu reaction buffer, 1.0 uLL Pfu Ultra
Fusion HS polymerase, and 0.2 mM dNTPs. Sense and anti-
sense primers incorporated unique Sapl restriction sites for
cloning the AGC-HEXA and AGC-HEXB genes into
PAAI10S resulting in plasmids pAA127 and pAA129 respec-
tively. Gene variants of AGC-HEXA and AGC-HEXB that
contained C-terminal 6xHis tags (SEQ ID NO: 13) were
ligated into pAA105S resulting in plasmids pAA128 and
PAA130 respectively. The alternate genetic code primers
used to alter leucine codons for C. tropicalis expression of
HEXA and HEXB are shown in the tables below.

Oligonucleotides for cloning of AGC-HEXA DNA fragments

AGC- PCR

SEQ ID HEXA product
Oligos Sequence NO: sequence (bp)
OAA0383 cacacagctcttctagaATGGTCATCCAAGGGAAGAG 250 1-1404 1421

OAAQO055 AGTATCGACGTCGGCTGACTTGAGACCA 251
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Oligonucleotides for cloning of AGC-HEXA DNA fragments

AGC- PCR
SEQ ID HEXA product
Oligos Sequence NO: sequence (bp)
OAAQ056 CCATCACATCCACAGTGGCGG 252 1205-2609 1405
OAAQ0057 AACCAGGCAAGTTCGACATAACCGGC 253
OAAQ0058 GTAGGCTATCCCCGTCTCCCCGATTATG 254 2410-3814 1405
OAAQO059 TGATTGAGGTCAAGGATGATTTGTCCGAGA 255
OAAQ060 TCTTCCTATCTATGCGGTCATTGCCAGCT 256 3615-5016 1419
OAA0384 cacacagctcttcctttTTATGAAGCACCAGACATCAAC 257
OAA0385 cacacagctcttcctttttagtgatggtggtgatggtgTGAAGCAC 258 1-5016 5071
CAGACATCAACCCCAACG
Oligonucleotides for cloning of AGC-HEXB DNA fragments
AGC- PCR
SEQ ID HEXB product
Oligos Sequence NO: sequence (bp)
OAA0386 cacacagctcttctagaATGGGTTCCGTTAGTAGGGA 259 1-1566 1583
OAAQ0064 CAAATCCTTGATGACAGAGATCTGCCAGGA 260
OAAQ0065 GCTGGGACTTTGTCGCTGCCGTTGCTCAAGCTGGAT 261 1367-2933 1567
OAAQ066 ACTGCTCCTACTTTCTCGAACTTATAGAGCCCTTG 262
OAAQ067 ATATCCGACGATGAGTCTGT 263 2734-4299 1566
OAAQ068 ATGGACAATGGGACCCGAGA 264
OAAQ0069 GGACTTCTTGCACCGCTACG 265 4101-5667 1584
OAA0387 cacacagctcttcctttTCACGCCATTTGTTGAAGCAAAG 266
OAA0388 cacacagctcttccttttcagtgatggtggtgatggtgCGCCATTT 267 1-5667 5692
GTTGAAGCA
Example 10 bated at 30° C., with shaking at about 200 rpm until an
. - OD of 1.0-2.0 was reached. Cells were pelleted by cen-
Transformation of S. Cerevisiae Procedure ., 500nm . e p y
trifugation at 1,000xg, 4° C. for 10 minutes. Cells were
[0291] Competent cells of S. cerevisiae strain BY4742 washed by resuspending in 10 mL sterile water, pelleted,

were prepared using the Frozen-EZ Yeast Transformation 11
Kit (Zymo Research) following manufacturer’s instructions.
50 uL. aliquots of competent cells were stored at —80° C. until
use. Competent cells were transformed by the addition of
0.5-1.0ug of intact plasmid DNA as instructed by the Frozen-
EZ Yeast Transformation II Kit (Zymo Research). Selection
for transformants was performed by plating on selective
media; SC-URA (for p426-based vectors) or SC-LEU (for
p425-based vectors).

Example 11
Transformation of C. Tropicalis Procedure

[0292] 5 mL YPD start cultures were inoculated with a
single colony of C. tropicalis and incubated overnight at 30°
C., with shaking at about 200 rpm. The following day, fresh
25 mL YPD cultures, containing 0.05% Antifoam B, were
inoculated to an initial ODyyy),,,,, 0f 0.4 and the culture incu-

resuspended in 1 mL sterile water and transferred toa 1.5 mL
microcentrifuge tube. The cells were then washed in 1 mL
sterile TE/LiOAC solution, pH 7.5, pelleted, resuspended in
0.25 mL TE/LiOAC solution and incubated with shaking at
30° C. for 30 minutes.

[0293] The cell solution was divided into 50 ul aliquots in
1.5 mL tubes to which was added 5-8 ug of linearized DNA
and 5 uL of carrier DNA (boiled and cooled salmon sperm
DNA, 10 mg/mL). 300 uL. of sterile PEG solution (40% PEG
3500, 1xTE, 1xLiOAC) was added, mixed thoroughly and
incubated at 30° C. for 60 minutes with gentle mixing every
15 minutes. 40 ul. of DMSO was added, mixed thoroughly
and the cell solution was incubated at 42° C. for 15 minutes.
Cells were then pelleted by centrifugation at 1,000xg 30
seconds, resuspended in 500 ulL of YPD media and incubated
at 30° C. with shaking at about 200 rpm for 2 hours. Cells
were then pelleted by centrifugation and resuspended in 1 mL
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1xTE, cells were pelleted again, resuspended in 0.2 mL 1xTE
and plated on selective media. Plates were incubated at 30° C.
for growth of transformants.

Example 12
HEXA and HEXB Expression in S. Cerevisiae

[0294] Plasmids pAAO31 and pAAO32 were transformed
into competent BY4742 S. cerevisiae cells independently and
in combination. Selection for transformants containing
pAAO031 was performed on SC-LEU plates. Selection for
transformants containing pAA032 was performed on SC-
URA plates. Selection for transformants containing both
pAAO031 and pAA032 was performed on SC-URA-LEU
plates. Single colonies were used to inoculate 5 ml. of SC
drop out media and grown overnight at 30° C., with shaking
as described herein. Cells from 3 mL of overnight culture
were harvested by centrifugation at 12,000 rpm for 2 minutes.
Cell pellets were incubated at —80° C. until frozen.

[0295] Approximately 500 ul. of cold 0.7 mm zirconia
beads (Ambion) were added on top of the frozen cell pellets.
Yeast lysis buffer (50 mM Tris pH 8.0, 0.1% Triton X100, 0.5
mM EDTA, 1x ProCEASE protease inhibitors [G Bio-
sciences|) was added to fill the tube leaving as little air in the
tube as possible, the tubes were placed on ice during manipu-
lations. Cells were broken using three, 2 minute cycles in a
Bead Beater (BioSpec) with 1 minute rests on ice between
cycles. 200 uL. of whole cell extract (WCE) was removed to a
new tube and the remainder of the whole cell extract was
centrifuged at 16,000xg, 4° C. for 15 minutes to pellet
insoluble debris. The supernatant was removed to a new tube
as the soluble cell extract (SCE). The protein content in the
soluble cell extract was determined by Bradford assay
(Pierce). A volume of SCE containing 50 ug of protein (and
the same volume WCE) was precipitated by the addition of 4
volumes of cold 100% acetone. After centrifugation at
16,000xg, and 4° C. for 15 minutes, the supernatant was
carefully removed and the pellet washed with 200 uLL of cold
80% acetone and centrifuged again. The supernatant again
was carefully removed and the cell pellets air dried for 5
minutes.

[0296] Protein pellets were then resuspended in 1xLDS
sample buffer containing 50 mM DTT (Invitrogen) by incu-
bating at 70° C., with shaking at about 1200 rpm. After brief
centrifugation and cooling to room temperature, samples (20
ug) were separated by SDS PAGE and transferred to nitrocel-
lulose for immunodetection with mouse anti-6xHis antibod-
ies (‘6xHis’ disclosed as SEQ ID NO: 13) (Abcam). Incuba-
tion in 1:5,000 primary antibody was performed overnight at
room temperature, incubation in 1:5,000 donkey anti-mouse
HRP conjugate secondary antibody was performed for 3
hours at room temperature, and detection was performed with
SuperSignal West Pico chemiluminescent substrate (Pierce).
Multiple clones displayed soluble expression of both HEXA
and HEXB subunits of hexanoate synthase. As shown in FIG.
11, a substantial portion of the expressed protein fractionated
with the insoluble pellet. Strains sAA061, sAA140,sAA141,
sAA142 contained 6xHis-tagged HEXA and HEXB proteins
(“6xHis’ disclosed as SEQ ID NO: 13). Strain sAA048 con-
tained only vectors p425GPD and p426GPD.

Example 13

STCJ and STCK Expression in S. Cerevisiae

[0297] Plasmids pAAO41 and pAA043 were cotrans-
formed into competent BY4742 S. cerevisiae. Selection for
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transformants containing both pAA0O41 and pAA043 was
performed on SC-URA-LEU plates. Culture growth, cell
extract preparation, SDS PAGE, and immunodetection were
performed as described herein. One clone displayed soluble
expression of both STCJ and STCK subunits. As shown in
FIG. 11, a substantial portion of the expressed protein frac-
tionated with the insoluble pellet. Strain sAA144 contained
6xHis-tagged STCJ and STCK proteins (‘6xHis’ disclosed as
SEQ ID NO: 13). Strain sAA048 contained only vectors
p425GPD and p426GPD.

Example 14
HEXA and HEXB Expression in C. Tropicalis

[0298] Plasmids pAA128 and pAA130 were linearized
using Clal, and cotransformed into competent sAA103 cells
(ura3/ura3, pox4::ura3/pox4::ura3, pox5:ura3/poxS::ura3).
The Clal recognition sites in the HEXA and HEXB ORF’s are
blocked due to overlapping dam methylation. Selection for
transformants containing integrated vector DNA was per-
formed on SC-URA plates. Confirmation of vector integra-
tion was performed by PCR using HEXA and HEXB specific
primers. Transformants that were PCR positive for both
HEXA and HEXB were selected for analysis of target protein
expression. Overnight culture growth was performed as
described herein. Fresh 5 mL YPD cultures were inoculated
from the overnight cultures to an initial ODyyy,,,,, of 0.4 and
incubated until the ODy,,,,,, reached ~5-8, at which point the
culture was harvested. Cell extract preparation, SDS PAGE,
and immunodetection were performed as described herein.
Strains sAA269 and sAA270 contained plasmids pAA128
and pAA130 integrated into the genome for expression of
6xHis-tagged HEXA and HEXB proteins (‘6xHis’ disclosed
as SEQID NO: 13). Both strains displayed soluble expression
of 6xHis-tagged HEXA and HEXB subunits (‘6xHis> dis-
closed as SEQ ID NO: 13) as shown in FIG. 12. 6xHis tagged
HEXA and HEXB (‘6xHis’ disclosed as SEQ ID NO: 13)
expressed in strains sAA269 and sAA270 are indicated with
arrows. 6xHis tagged STCJ and STCK (‘6xHis” disclosed as
SEQ ID NO: 13) from strain sAA144 were included as a
positive control. Strain sAA103 is the parent strain for
sAA269 and sAA270 and does not contain integrated vectors
for the expression of 6xHis-tagged HEXA and HEXB (‘6%
His’ disclosed as SEQ ID NO: 13).

Example 15
Procedure for Recycling of the URA3 Marker

[0299] C. tropicalis has a limited number of selectable
marker, as compared to S. cerevisiae, therefore, the URA3
marker is “recycled” to allow multiple rounds of selection
using URA3. To reutilize the URA3 marker for subsequent
engineering of C. tropicalis, a single colony having the Ura*
phenotype was inoculated into 3 mIL YPD and grown over-
night at 30° C. with shaking. The overnight culture was then
harvested by centrifugation and resuspended in 1 mI[. YNB+
YE (6.7 g/LL Yeast Nitrogen Broth, 3 g/I. Yeast Extract). The
resuspended cells were then serially diluted in YNB+YE and
100uL aliquots plated on YPD plates (incubation overnight at
30° C.) to determine titer of the original suspension. Addi-
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tionally, triplicate 100 uL. aliquots of the undiluted suspension
were plated on SC Dextrose (Bacto Agar 20 g/L, Uracil 0.3
g/L, Dextrose 20 g/I, Yeast Nitrogen Broth 6.7 g/, Amino
Acid propout Mix 2.14 g/L.) and 5-FOA. at 3 different con-
centrations (0.5, 0.75, 1 mg/mL).

[0300] Plates were incubated for at least 5 days at 30° C.
Colonies arising on the SC Dextrose+5-FOA plates were
resuspended in 50 uL sterile, distilled water and 5 uL utilized
to streak on to YPD and SC-URA (SC Dextrose medium
without Uracil) plates. Colonies growing only on YPD and
not on SC-URA plates were then inoculated into 3 mL YPD
and grown overnight at 30° C. with shaking. Overnight cul-
tures were harvested by centrifugation and resuspendedin 1.5
mL YNB (6.7 g/L Yeast Nitrogen Broth). The resuspended
cells were serially diluted in YNB and 100 uL. aliquots plated
on YPD plates and incubation overnight at 30° C. to deter-
mine initial titer. 1 mL of each undiluted cell suspension also
was plated on SC-URA and incubated for up to 7 days at 30°
C. Colonies on the SC-URA plates are revertants and the
isolate with the lowest reversion frequency (<10~7) was used
for subsequent strain engineering.

Example 16

Omega Oxidation of Hexane and Hexanoic Acid to
Adipic Acid

[0301] Starter cultures of strain sSAA003 were grown in
YPD, , (1% yeast extract, 2% peptone, 2% dextrose) over-
night as described. Starter cultures were used to inoculate 100
mL of freshYPD, , to aninitial OD,,,,, 0f 0.4 and incubated
overnight at 30° C., with shaking at about 200 rpm. The 100
mlL culture was pelleted by centrifugation at 4,000xg, 23° C.
for 10 minutes and resuspended in 100 mL fresh YPD, ,
media (1% yeast extract, 1% peptone, 0.1% dextrose). The
culture was divided into 4x25 mL cultures to which were
added either 1% hexane, 0.05% hexanoic acid, 1.0% hex-
anoic acid, or no other carbon source. Strain sAA003 is com-
pletely blocked in -oxidation, therefore fermentation tested
the ability of the -oxidation pathway to oxidize C6 sub-
strates. Samples were taken at 24, 48, and 72 hours and
analyzed by LC-MS (Scripps Center for Mass Spectrometry)
using published methods for the detection of adipic acid
(Cheng et al., 2000). The data for the 72 hour time-point,
shown in the table below demonstrates that strain sAA003
was able to oxidize both hexanoic acid and hexane to adipic
acid. The results also indicate that the 1% hexanoic acid level
was toxic to the cells leading to no production of adipic acid
over background levels.

Oxidation of hexane and hexanoic acid to adipic acid

Time (h) MEDIA Adipic acid (mg/L)
0 YPDy 0.000
72 YPDy 0.005
72 YPD,, + 0.05% Hexanoic Acid 0.406
72 YPDy + 1% Hexanoic Acid 0.003
72 YPDy ; + 1% Hexane 0.091
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Example 17

Identification of P450 Alleles Induced by Exposure
to Hexane or Hexanoic Acid

[0302] 350 mL cultures grown overnight in YNB-Salts+2.
0% Glucose (6.7 g/LL Yeast Nitrogen Broth, 3.0 g/l Yeast
Extract, 3.0 g/[. ammonium sulfate, 3.0 g/[. monopotassium
phosphate, 0.5 g/I. sodium chloride, and 20 g/I. dextrose)
were inoculated from a 3 mL overnight culture of YPD (1%
Yeast Extract, 2% Peptone, 2% Dextrose), and used for RNA
preparation. Cultures were harvested by centrifugation. Each
pellet was resuspended in 100 mL of YNB-Salts medium with
no glucose. A 1 mL aliquot was taken for RNA isolation as a
time=0 control. To each 100 mL suspension, a different
inducer was added, 1% glucose, 1% hexane or 0.05% hex-
anoic acid and aliquoted as two 50 mL portions into 250 mL
baffled flasks and incubated for 2 or 4 hours at 30° C. with
shaking. At 2 hours and 4 hours, one flask for each inducer
was harvested by centrifugation and resuspended in its own
spent media in order to collapse culture foam. 1 mL samples
were isolated by centrifugation of 1 mL of each culture and
RNA prepared using the RiboPure-Yeast Kit, according to the
manufacturer’s directions, with an additional extraction of the
initial RNA preparations with 1 volume of Chloroform:1-
soamyl Alcohol (24:1) to the aqueous phase after lysis and
extraction with Phenol:Chloroform:lsoamyl Alcohol (25:24:
D).

[0303] Each RNA preparation was further purified by pre-
cipitation with ethanol and treatment with DNase I, again
according to manufacturers’ recommendations. All RNA
preparations were shown to be free of contaminating genomic
DNA by electrophoresis and by failure to prime a PCR prod-
uct of the URA3 gene. First strand synthesis reactions were
completed for each RNA preparation using Superscript 111
Reverse Transcriptase (Invitrogen), as described herein.
Reactions for each sample consisted of 1 ul. oAA0542 (polyT
10 uM), 1 ul. NTP mix (10 mM each), 1 ug RNA in 13 ulL
sterile, distilled water. The RNA/primer mix was heated to
65° C. for 5 minutes, and on ice for 1 minute. Primers were
generated that amplified a substantially unique area of each
cytochrome P450 and are shown in the table below.

[0304] PCR reactions were performed on the 2 hour
induced cDNA samples and compared to the Time=0 and
genomic DNA controls. PCR reactions for each cDNA and
primer pair combination consisted of 0.5 ulL template, sense
and antisense primers at 0.4 uM each, 1xTaq DNA poly-
merase Buffer (New England Biolabs), 0.1 ul. Taq DNA
polymerase, and 0.2 mM dNTPs and sterile, distilled water to
25 ul.. Cycling parameters used were 95° C. for 5 minutes, 30
cycles of 95° C. 30 seconds, 50° C. 40 seconds, 72° C. 2
minutes, followed by 72° C. 5 minutes and a 4° C. hold. PCR
reactions were electrophoresed on 1.2% agarose gels to iden-
tify differential expression due to the inducer used. Several
P450s displayed increased induction in the presence of hex-
ane or hexanoic acid, however the results were not quantita-
tive. Two Cytochrome P450’s, CYP52A15 and CYP52A16,
showed induction only in the presence of hexane and hex-
anoic acid and not in the presence of glucose, as shown in
FIG. 13. The primers used for PCR analysis of induced
expression are shown in the table below.
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Oligonucleotides for identification of P450 DNA fragments

PCR
SEQ ID P450 product
Oligos Sequence NO: P450 sequence (bp)
OAA0082 gattactgcagcagtattagtcttc 268 CYP52Al12 60-249 190
OAA0083 gtcgaaaacttcatcggcaaag 269
OAAQ0084 cacgatattatcgccacatacttce 270 CYP52A13 10-256 247
OAA0085 cgggacgatcgagatcgtggatacyg 271
OAAQ0086 caggatattatcgccacatacatc 272 CYP52A14 10-256 247
OAA0087 ctggacgattgagcgcttggatacy 273
OAA0088 cgtcttctccatcgtttgecccaagag 274 CYP52A15 5-199 195
OAA0089 ggtccctgacaaagttaccgagty 275
OAAO0090 cgtcttctccatcgtttgctcaggag 276 CYP52Al16 5-199 195
OAAQ0091 gatccaacacgacgttaccgagcyg 277
OAA0092 ggtatgtcgttgtgccagtgttg 278 CYP52A17 26-248 223
OAA0093 cccacgcttgggttettggagtggte 279
OAA0094 ggtatattgttgtgcctgtgttg 280 CYP52A18 26-248 223
OAAQ0095 ccgacgcttgggttettggagetgte 281
OAA0096 ggaaggatgaggtggtgcagtac 282 CYP52A19 1217-1458 242
OAAQ0097 gtcttgtgacaagtttggaaactc 283
OAA0098 gaaagaatgaggtggtgcaatac 284 CYP52A20 1217-1458 242
OAA0099 gtcctgtgacaagctagggaattce 285
OoAA0104 ctatcgtgggatgtgatctgtgtcg 286 CYP52D2 19-231 213
OAAQ0105 ctcgaatctcttgacactgaactcyg 287
Example 18
. . .. -continued
Cloning and Analysis of C. Tropicalis Fatty Alcohol
()x1dase(FA«))fXHeles Oligonucleotides for cloning FAO alleles
[0305] Isolation of Fatty Alcohol Oxidase Genes from C. SEO
Thyﬁcaﬁs Oligo Sequence ID NO:
[0306] C. tropicalis (ATCC20336) fatty alcohol oxidase
genes were isolated by PCR amplification using primers gen- 0BA0421 CACACAGCTCTTCTAGAATGGCTCCATTTTTGCCC 293
erated to amplify the sequence region covering promoter, GACCAGGTCGAC
fatty alcohol oxidase gene (FAO) and terminator of the FAO1
sequence (GenBank accession number of FAO1 AY538780) OAAQ0422 CACACAGCTCTTCCTTTCTACAACTTGGCTTTGGTC 294
. . . TTCAAGGAGTCTGC

The primers used to amplify the fatty alcohol oxidase nucle-
otide sequences from C. tropicalis strain ATCC20336, are OAR0429 GTCTACTGATTCCCCTTTGTC 295
showing in the table below.

OAA0281 TTCTCGTTGTACCCGTCGCA 296

[0307] PCR reactions contained 25 ul, 2x master mix, 1.5

Oligonucleotides for cloning FAO alleles

SEQ

Oligo Sequence ID NO:

OAAQ0144 AACGACAAGATTAGATTGGTTGAGA 288

OAAQ0145 GTCGAGTTTGAAGTGTGTGTCTAAG 289

OAA0268 AGATCTCATATGGCTCCATTTTTGCCCGACCAGGT 290
CGACTACAAACACGTC

OAA0269 ATCTGGATCCTCATTACTACAACTTGGCTTTGGTC 291
TTCAAGGAGTCTGCCAAACCTAAC

OAA0282 ACATCTGGATCCTCATTACTACAACTTGGCCTTGG 292

TCT

ul. of 0AA0144 and 0AA0145 (10 uM), 3.0 ulL genomic
DNA, and 19 uL. sterile H,O. Thermocycling parameters used
were 98° C. for 2 minutes, 35 cycles 0£98° C. 20 seconds, 52°
C. 20 seconds, 72° C. 1 minute, followed by 72° C. 5 minutes
and a 4° C. hold. PCR products of the correct size were gel
purified, ligated into pCR-Blunt II-TOPO (Invitrogen) and
transformed into competent TOP10 E. coli cells (Invitrogen).
Clones containing PCR inserts were sequenced to confirm
correct DNA sequence. Four FAO alleles were identified from
sequence analysis and designated as FAO-13, FAO-17, FAO-
18 and FAO-20. The sequence of the clone designated FAO-
18 had a sequence that was substantially identical to the
sequence of FAO1 from Gen Bank. The resulting plasmids of
the four alleles were designated pAAO83, pAAO84, pAAOS9
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and pAAO8S, respectively. Sequence identity comparisons of
FAO genes isolated as described herein are shown in the
tables below.

DNA sequence identity

FAO-
FAO1 18 FAO-17 FAO-13 FAO-20 FAO2a FAO2b
FAO1 100 100 98 96 95 83 82
FAO-18 100 98 96 95 83 82
FAO-17 100 98 98 83 82
FAO-13 100 99 83 83
FAO-20 100 83 83
FAO2a 100 96
FAO2b 100

Protein sequence identity

FAO-

FAOl 18 FAO-17 FAO-13 FAO-20 FAO2a FAO2b
FAO1 100 100 99 98 08 81 80
FAO-18 100 99 98 08 81 80
FAO-17 100 99 99 82 81
FAO-13 100 99 82 81
FAO-20 100 82 81
FAO2a 100 97
FAO2b 100

Amino acid differences in FAO alleles

FAO1L EMG L Y T R H S P
FAO-I3 Q@ T A L Y A K Q A A
FAO20 Q T A M D A K Q A A
[0308] Expression of FAO Alleles in E. Coli

[0309] To determinethe levels of FAO enzyme activity with

respect to various carbon sources, the four isolated FAO alle-
les were further cloned and over-expressed in E. coli. The
FAOs were amplified using the plasmids mentioned above as
DNA template by PCR with primers 0 AA0268 and 0AA0269
for FAO-13 and FAO-20 and 0cAA0268 and 0AA0282 for
FAO-17 and FAO-18, using conditions as described herein.
PCR products of the correct size were gel purified and ligated
into pET11a vector between Ndel and BamHI sites and trans-
formed into BL.21 (DE3) E. coli cells. The colonies contain-
ing corresponding FAOs were confirmed by DNA sequenc-
ing. Unmodified pET11a vector also was transformed into
BL21 (DE3) cells, as a control. The resulting strains and
plasmids were designated sAA153 (pET1la), sAA154
(pAAO079 containing FAO-13), sAA155 (pAAO80 containing
FAO-17), sAA156 (pAAO81 containing FAO-18) and
sAA157 (pAAOS2 containing FAO-20), respectively. The
strains and plasmids were used for FAO over-expression in £.
coli. One colony of each strain was transferred into 5 mL of
LB medium containing 100 pg/ml., ampicillin and grown
overnight at 37° C., 200 rpm. The overnight culture was used
to inoculate a new culture to ODg,,.,, 0.2 in 25 ml LB con-
taining 100 pg/mlampicillin. Cells were induced at ODg,,.,,
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0.8 with 0.3 mM IPTG for 3 hours and harvested by centrifu-
gation at 4° C. 1,050xg for 10 minutes. The cell pellet was
stored at —20° C.

[0310] Expression of FAOs in C. Tropicalis

[0311] Two alleles, FAO-13 and FAO-20, were chosen for
amplification in C. tropicalis based on their substrate speci-
ficity profile, as determined from enzyme assays of soluble
cell extracts of E. coli with over expressed FAOs. DNA frag-
ments containing FAO-13 and FAO-20 were amplified using
plasmids pAAO079 and pAAO82 as DNA templates, respec-
tively, by PCR with primers 0AA0421 and 0AA0422. PCR
products of the correct sizes were gel purified and ligated into
pCR-Blunt II-TOPO (Invitrogen), transformed into compe-
tent TOP10 E. coli cells (Invitrogen) and clones containing
FAO inserts were sequenced to confirm correct DNA
sequence. Plasmids containing FAO-13 and FAO-20 were
digested with Sapl and ligated into vector pAA105, which
includes the C. tropicalis PGK promoter and terminator. The
resulting plasmids were confirmed by restriction digestion
and DNA sequencing and designated as pAA115 (FAO-13)
and pAA116 (FAO-20), respectively. Plasmids pAA115 and
pAA116 were linearized with Spel, transformed into compe-
tent C. tropicalis Ura™ strains sAA002 (SU-2, ATCC20913)
and sAA103. The integration of FAO-13 and FAO-20 was
confirmed by colony PCR using primers 0AA0429 and
0AAO0281. The resulting strains were designated as SAA278
(pAA11S integrated in strain sAA002), sAA280 (pAA116
integrated in sAA002), sAA282 (pAAllS integrated in
sAA103), and sAA284 (pAA116 integrated in sAA103), and
were used for fatty alcohol oxidase over-expression in C.
tropicalis.

[0312] One colony of each strain was inoculated into 5 ml
YPD and grown overnight as described herein. The overnight
culture was used to inoculate a new 25 mL YPD culture to
about ODgq,,,, 0.5. FAO over-expression was regulated by
the PGK promoter/terminator, induced with glucose in the
medium and expressed constitutively. Strains sAA002 and
sAA103 (e.g., untransformed starting strains) were included
as negative controls for FAO over-expression. Cells were
harvested at early log phase (ODyyy,,,,=in the range of
between about 3 to about 5) by centrifugation at 4° C. for 10
minutes at 1,050xg. Cell pellets were stored at -20° C.

[0313]

[0314] Cell pellets from 25 mL of FAO expressing E. coli
cultures were resuspended in 10 ml. phosphate-glycerol
buffer containing 50 mM potassium phosphate bufter (pH7.
6), 20% glycerol, 1 mM Phenylmethylsulfonyl fluoride
(PMSF), 2 ul. Benzonase 25 U/ul,, 20 ulL 10 mg/ml
lysozyme. The cells were then lysed by incubation at room
temperature for 50 minutes on a rotating shaker, and the cell
suspension centrifuged for 30 minutes at 4° C. using
15,000xg for. The supernatant was aliquoted in 1.5 ml micro-
centrifuge tubes and stored at —20° C. for FAO enzyme activ-
ity assays.

[0315]

[0316] Frozen C. tropicalis cell pellets were resuspended in
1.2 ml of phosphate-glycerol buffer containing 50 mM potas-
sium phosphate buffer (pH7.6), 20% glycerol, 1 mM Phenyl-
methylsulfonyl fluoride (PMSF). Resuspended cells were
transferred to 1.5 mL screw-cap tubes containing about 500

Cell Extract Preparation from . Coli

Cell Extract Preparation from C. Tropicalis
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ul. of zirconia beads on ice. The cells were lysed with a Bead
Beater (Biospec) using 2 minute pulses and 1 minute rest
intervals on ice. The process was repeated 3 times. The whole
cell extract was then transferred to a new 1.5 ml tube and
centrifuged at 16,000xg for 15 minutes at 4° C. The superna-
tant was transferred into a new tube and used for FAO enzyme
activity assays.

[0317] Protein Concentration Determination

[0318] Protein concentration of the cell extracts was deter-
mined using the Bradford Reagent following manufacturers’
recommendations (Cat#23238, Thermo scientific).

[0319] FAO Enzyme Activity Assay

[0320] FAO enzyme activity assays were performed using a
modification of Eirich et al., 2004). The assay utilizes a two-
enzyme coupled reaction (e.g., FAO and horse radish peroxi-
dase (HRP)) and can be monitored by spectrophotometry.
1-Dodecanol was used as a standard substrate for fatty alco-
hol oxidase enzymatic activity assays. FAO oxidizes the
dodecanol to dodecanal while reducing molecular oxygen to
hydrogen peroxide simultaneously. HRP reduces (2,2'-azino-
bis 3-ethylbenzthiazoline-6-sulfonic acid; ABTS) in the two-
enzyme coupled reaction, where the electron obtained from
oxidizing hydrogen peroxide to ABTS, which can be mea-
sured by spectrometry at 405 nm. The assay was modified
using aminotriazole (AT) to prevent the destruction of H,O,
by endogenous catalase, thus eliminating the need for
microsomal fractionation. The final reaction mixture (1.0
ml) for FAO enzyme assay consisted of 5004 of 200 mM
HEPES buffer, pH 7.6; 50 plL of a 10 mg/mL ABTS solution
in deionized water; 104 of 5 mM solution of dodecanol in
acetone; 40 ulL of 1M AT and 5 pL. of a 2 mg/ml. horseradish
peroxidase solution in 50 mM potassium phosphate buffer,
pH 7.6. Reaction activity was measured by measuring light
absorbance at 405 nm for 10 minutes at room temperature
after adding the extract. The amount of extract added to the
reaction mixture was varied so that the activity fell within the
range of 0.2 to 1.0 AA,,,,/min. The actual amounts of
extract used were about 1.69 U/mg for E. coli expressed
FAO-13, 0.018 U/mg for E. coli expressed FAO-17, 0.35
U/mg for E. coli expressed FAO-18 (e.g., FAO1), 0.47 U/mg
E. coli expressed FAO-20, 0.036 U/mg C. tropicalis (strain
sAA278) expressed FAO-13,0.016 U/mg C. tropicalis (strain
sAA282) expressed FAO-13,0.032 U/mg C. tropicalis (strain
sAA280) expressed FAO-20 and 0.029 U/mg C. tropicalis
(strain sAA284) expressed FAO-20. FAO activity was
reported as activity units/mg of total protein (1 unit=1 pmole
substrate oxidized/min). An extinction coefficient at 405 nm
of 18.4 was used for ABTS and was equivalent to 0.5 mM
oxidized substrate. The results of the activity assays are
shown in the tables below.
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FAO activity (units/mg total protein) on omega hydroxy fatty acids
1- 12-OH-  16-OH-
Dodecanol 6-OH-HA 10-OH-DA DDA HDA
FAO-13 100 4.18 4.14 6.87 8.57
FAO-17 100 1.18 0.00 0.59 0.94
FAO-18 100 0.00 0.00 4.87 2.94
FAO-20 100 0.03 0.04 2.25 7.46
Example 19
Construction of C. Tropicalis Shuttle Vector pAA061
[0321] Vector pAAO61 was constructed from a pUC19

backbone to harbor the selectable marker URA3 from C.
tropicalis strain ATCC20336 as well as modifications to
allow insertion of C. tropicalis promoters and terminators. A
1,507 bp DNA fragment containing the promoter, ORF, and
terminator of URA3 from C. #ropicalis ATCC20336 was
amplified using primers 0AA0124 and 0AA0125, shown in
the table below. The URA3 PCR product was digested with
Ndel/Mlul and ligated into the 2,505 bp fragment of pUC19
digested with Ndel/BsmBI (an Mlul compatible overhang
was produced by BsmBI). In order to replace the lac promoter
with a short 21 bp linker sequence, the resulting plasmid was
digested with Sphl/Sapl and filled in with a linker produced
by annealing oligos 0AA0173 and 0AA0174. The resulting
plasmid was named pAAQ061, and is shown in FIG. 30.

Oligonucleotides for construction of pAAQ6L

SEQ PCR
iD product
Oligos Sequence NO: (bp)
OARO0124 cacacacatatgCGACGGGTACAACG 297 1507
AGAATT
OAAQ0125 cacacaacgcgtAGACGAAGCCGTTC 298
TTCAAG
OAAQ0173 ATGATCTGCCATGCCGAACTC 299 21 (linker)
OAA0174 AGCGAGTTCGGCATGGCAGATCAT 300

CATG

Example 20
Cloning of C. Tropicalis PGK Promoter and Termi-
nator
[0322] Vector pAA105 was constructed from base vector
pAAO061 to include the phosphoglycerate kinase (PGK) pro-

FAO activity (units/mg total protein) on primary alcohols

1- 1- 1- 1- 1- 1-

1-

Butanol Pentanol Hexanol Octanol Decanol Dodecanol Tetradecanol Hexadecanol
FAO-13 0.01 0.09 1.17 82.67 70.94 100 79.35 58.88
FAO-17 0.72 0.26 1.06 66.23 22.00 100 47.86 60.98
FAO-18 0.07 0.11 0.26 60.56 54.56 100 114.47 50.65
FAO-20 0.07 0.11 0.91 55.96 74.57 100 89.52 42.59
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moter and terminator regions from C. tropicalis ATCC20336
with an intervening multiple cloning site (MCS) for insertion
of open reading frames (ORF’s). The PGK promoter region
was amplified by PCR using primers 0AA0347 and
0AA0348, shown in the table below. The 1,029 bp DNA
fragment containing the PGK promoter was digested with
restriction enzymes Pstl/Xmal. The PGK terminator region
was amplified by PCR using primers 0AAO0351 and
0AA0352, also shown in the table below. The 396 bp DNA
fragment containing the PGK terminator was digested with
restriction enzymes Xmal/EcoRI. The 3,728 bp Pstl/EcoRI
DNA fragment from pAA061 was used in a three piece liga-
tion reaction with the PGK promoter and terminator regions
to produce pAA105. The sequence between the PGK pro-
moter and terminator contains restriction sites for incorporat-
ing ORF’s to be controlled by the functionally linked consti-
tutive PGK promoter.

Oligonucleotides for cloning C. tropicalis
PGK promoter and terminator

SEQ PCR
ID product
Oligos Sequence NO: (bp)

OAA0347 CACACACTGCAGTTGTCCAATGTAATAATT 301 1028
TT

OAA0348 CACACATCTAGACCCGGGCTCTTCTTCTG 302
AATAGGCAATTGATAAACTTACTTATC

OAA0351 GAGCCCGGGTCTAGATGTGTGCTCTTCCA 303 396
AAGTACGGTGTTGTTGACA

OAAQ0352 CACACACATATGAATTCTGTACTGGTAGAG 304
CTAAATT

Example 21
Cloning of the POX4 Locus

[0323] Primers 0AA0138 and 0AA0141 (shown in the
table below) were generated to amplify the entire sequence of
NCBI accession number M12160 for the YSAPOX4 locus
from genomic DNA prepared from C. tropicalis strain
ATCC20336. The 2,845 bp PCR product was cloned into the
vector, pCR-Bluntll-TOPO (Invitrogen), sequenced and des-
ignated pAA052, and is shown in FIG. 29.

Oligonucleotideg for cloning of POX4

PCR

SEQ product
Oligos Sequence ID NO: (bp)
OARO138 GAGCTCCAATTGTAATATTTCGGE 305 2845
OARO141 GTCGACCTAAATTCGCAACTATCAA 306

Example 22
Cloning of the POXS5 Locus

[0324] Primers 0AA0179 and 0AA0182 (shown in the

table below) were generated to amplify the entire sequence of
NCBI accession number M12161 for the YSAPOXS locus
from genomic DNA prepared from C. tropicalis strain
ATCC20336. The 2,624 bp PCR product was cloned into the
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vector, pCR-Bluntll-TOPO (Invitrogen), sequenced and des-
ignated pAA049, and is shown in FIG. 28.

Oligonucleotides for cloning of POX5

SEQ PCR
ID product
Oligos Sequence NO: (bp)

OAAQ0179 GAATTCACATGGCTAATTTGGCCTCGGTT 307 2624
CCACAACGCACTCAGCATTAAAAR

OAA0182 GAGCTCCCCTGCAAACAGGGAAACACTT 308
GTCATCTGATTT

Example 23
Construction of Strain sAA 105 and sAA 106

[0325] Functional POX4 alleles were restored in C. tropi-
calis strain sAA003 (ATCC20962; ura3/ura3, pox4::ura3/
pox4::ura3, pox5::ura3/pox5::URA3) by transformation of
sAA003 with POX4 linear DNA to replace the ura3-disrupted
loci with functional alleles. A 2,845 bp DNA fragment was
amplified by PCR using primers 0AA0138 and 0AA0141
(described in Example 21) that contained the POX4 ORF as
well as 531 bp upstream and 184 bp downstream of the ORF,
using plasmid pAAO052 as template. The purified PCR prod-
uct was used to transform competent sAA003 cells which
were plated on YNB-agar plates supplemented with hexade-
cane vapor as the carbon source (e.g., by placing a filter paper
soaked with hexadecane in the lid of the inverted petri dish)
and incubated at 30° C. for 4-5 days. Colonies growing on
hexadecane as the sole carbon source were restreaked onto
YPD-agar and incubated at 30° C. Single colonies were
grown in YPD cultures and used for the preparation of
genomic DNA.

[0326] PCR analysis of the genomic DNA prepared from
the transformants was performed with oligos 0AA0138 and
0AA0141. An URA3-disrupted POX4 would produce a PCR
product of 5,045 bp, while a functional POX4 would produce
a PCR product of 2,845 bp. In strain sAA105 only one PCR
product was amplified with a size of 2,845 bp indicating that
both POX4 alleles had been functionally restored. In strain
sAA106 PCR products of both 2,845 bp and 5,045 bp were
amplified indicating that one POX4 allele had been function-
ally restored while the other POX4 allele remained disrupted
by URA3. The resultant strain genotypes were: sAA105
(ura3/ura3, POX4/POX4, poxS:ura3/pox5::URA3) and
SAA106 (ura3/ura3, POX4/pox4::ura3, pox5::ura3/pox5::
URA3).

Example 24
Construction of Strain sAA 152

[0327] Functional POXS alleles were restored in C. tropi-
calis strain sAA103 (ura3/ura3, pox4d:ura3/pox4::ura3,
pox5::ura3/poxS::ura3) by transformation of sAA103 with
Pmll-linearized plasmid pAA086 (containing the POXS5 pro-
moter, gene, terminator and a URA3 marker). Selection of
transformants was performed by plating on SC-URA agar
plates. Verification of plasmid integration was performed by
PCR with primers 0AA179 and 0AA182 (described in
Example 22). Integration of the plasmid was shown by a PCR
product of 2,584 bp indicating the presence of a functional
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POXS allele. Other POXS alleles in sAA152 were disrupted
with an ura3 gene increasing the PCR product size for non-
functional alleles to 4,734 bp. Genotype for strain sSAA152 is
ura3/ura3, pox4::ura3/pox4:ura3, poxS::ura3/poxS::ura3,
ura3::POX5,URA3).

Example 25
Construction of Strain sSAA232

[0328] Functional POXS alleles were restored in C. tropi-
calis strain sAA003 bp transformation of sAA003 with POX5
linear DNA to replace the URA3-disrupted loci with a func-
tional allele. A 2,584 bp DNA fragment was amplified by
PCR using primers 0AA0179 and 0AA0182 (described in
Example 22) that contained the POX5 ORF as well as 456 bp
upstream and 179 bp downstream of the ORF using plasmid
PAAO049 as template. The purified PCR product was used to
transform competent sAA003 cells which were plated on
SC+URA+5FOA plates and incubated at 30° C. for 3-4 days.
Colonies were restreaked onto YPD-agar and incubated at 30°
C. Single colonies were grown in YPD cultures and used for
the preparation of genomic DNA. PCR analysis of the
genomic DNA prepared from the transformants was per-
formed with oligos 0AA0179 and 0AA0182. An ura3-dis-
rupted POXS5 would produce a PCR product of 4,784 bp while
a functional POX5 would produce a PCR product 02,584 bp.
InstrainsAA232 PCR products ofboth 2,584 bp and 4,784 bp
were amplified indicating that one POXS allele had been
functionally restored while the other POXS allele remained
disrupted by ura3. The resultant genotype of strain sAA232 is
ura3/ura3, pox4::ura3/pox4::ura3, pox5::ura3/POXS. 5-FOA
selection restored the POXS5 allele that had been disrupted
with the functional URA3 leaving the sAA232 strain Ura™.

Example 26
Construction of Strain sSAA235

[0329] Functional POXS alleles were restored in C. tropi-
calis strain sAA003 bp transformation of sAA003 with POX5
linear DNA to replace the URA3-disrupted loci with a func-
tional allele. A 2,584 bp DNA fragment was amplified by
PCR using primers 0AA0179 and 0AA0182 (described in
Example 22) that contained the POX5 ORF as well as 456 bp
upstream and 179 bp downstream of the ORF using plasmid
PAAO049 as template. The purified PCR product was used to
transform competent sAA003 cells which were plated on
YNB-agar plates supplemented with dodecane vapor as the
carbon source (e.g., by placing a filter paper soaked with
dodecane in the lid of the inverted petri dish) and incubated at
30°C. for 4-5 days. Colonies growing on dodecane as the sole
carbon source were restreaked onto YPD-agar and incubated
at 30° C. Single colonies were grown in YPD cultures and
used for the preparation of genomic DNA. PCR analysis of
the genomic DNA prepared from the transformants was per-
formed with oligos 0AA0179 and 0AA0182. An ura3-dis-
rupted POXS5 would produce a PCR product of 4,784 bp while
a functional POX5 would produce a PCR product 02,584 bp.
In strain sAA235a PCR product of 2,584 bp was amplified
indicating that both POXS alleles had been functionally
restored. An unintended consequence of the selection strategy
(YNB-agar with dodecane) was that the cells reverted back to
an Ura phenotype. Without being limited by any theory, it is
believed the absence of uracil in the solid media and the
replacement of the only functional URA3 forced the cells to
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mutate one of the other ura3 loci back to a functional allele.
Therefore the genotype of the strain sAA235 is believed to be
URA3/ura3, pox4::ura3/pox4::ura3, POX5/POXS. Verifica-
tion of which of the loci is the functional URA3 is underway.

Example 27

Construction of Strains with Amplified CPR and
CYP52 Genes

[0330] Strains having an increased number of copies of
cytochrome P450 reductase (CPR) and/or for cytochrome
P450 monooxygenase (CYP52) genes were constructed to
determine how over expression of CPR and CYP52 affected
diacid production.

[0331] Cloning and Integration of the CPR Gene.

[0332] A 3,019 bp DNA fragment encoding the CPR pro-
moter, ORF, and terminator from C. tropicalis ATCC750 was
amplified by PCR using primers 0AA0171 and 0AA0172
(see table below) incorporating unique Sapl and Sph I sites.
The amplified DNA fragment was cut with the indicated
restriction enzymes and ligated into plasmid pAA061, shown
in FIG. 30, to produce plasmid pAA067, shown in FIG. 32.
Plasmid pAAO067 was linearized with Clal and transformed
into C. tropicalis Ura strain sAA103 (ura3/ura3, pox4::ura3/
pox4::ura3, pox5:ura3/pox5S::ura3). Transformations were
performed with plasmid pAA067 alone and in combination
with plasmids harboring the CYP52A15 or CYP52A16
genes, described below.

[0333] Cloning and Integration of CYP52A15 Gene.
[0334] A 2,842 bp DNA fragment encodingthe CYP52A15
promoter, ORF, and terminator from C. tropicalis

ATCC20336 was amplified by PCR using primers 0AA0175
and 0AA0178 (see table below) and cloned into pCR-Bluntll-
TOPO for DNA sequence verification. The cloned
CYP52A15 DNA fragment was isolated by restriction digest
with Xbal/BamHI (2,742 bp) and ligated into plasmid
pAAO061, shown in FIG. 30, to produce plasmid pAAO77,
shown in FIG. 33. Plasmid pAAOQ77 was linearized with Pmll
and transformed into C. tropicalis Ura strain sAA103 (ura3/
ura3, poxd:ura3d/poxd:ura3,  poxS:ura3/pox5::ura3).
pAAO077 was cotransformed with plasmid pA A067 harboring
the CPR gene.

[0335] Cloning and Integration of CYP52A16 Gene.
[0336] A 2,728 bp DNA fragment encodingthe CYP52A16
promoter, ORF, and terminator from C. tropicalis

ATCC20336 was amplified by PCR using primers 0AA0177
and 0AA0178 (see table below) and cloned into pCR-Bluntll-
TOPO for DNA sequence verification. The cloned
CYP52A16 DNA fragment was amplified with primers
0AA0260 and 0AA0261(see table below) which incorpo-
rated unique Sacl/Xbal restriction sites. The amplified DNA
fragment was digested with Sacl and Xbal restriction
enzymes and ligated into plasmid pAAO061 to produce plas-
mid pAA078, shown in FIG. 34. Plasmid pAAO78 was lin-
earized with Clal and transformed into C. tropicalis Ura™
strain sAA103 (ura3/ura3, pox4:ura3/pox4::ura3, pox5::
ura3/pox5::ura3). pAA078 was cotransformed with plasmid
PAAO067 harboring the CPR gene.
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Oligonucleotides for cloning of CPR,
CYP52A15 and CYP52A16

SEQ PCR
ID product

Oligos Sequence NO: (bp)

OARO0171 cacctcgctcttccAGCTGTCATGTCTATTC 309 3019
AATGCTTCGA

OAAQ0172 cacacagcatgcTAATGTTTATATCGTTGAC 310
GGTGAAA

OAAQ0175 cacaaagcggaagagcAAATTTTGTATTCTC 311 2842
AGTAGGATTTCATC

OAR0178 cacacagcatgCAAACTTAAGGGTGTTGTA 312
GATATCCC

OAA0177 cacacacccgggATCGACAGTCGATTACG 313 2772
TAATCCATATTATTT

OAR0178 cacacagcatgCAAACTTAAGGGTGTTGTA 314
GATATCCC

OAR0260 cacacagagctcACAGTCGATTACGTAATC 315 2772
CAT

OARO261 cacatctagaGCATGCAAACTTAAGGGTGT 316
TGTA

[0337] Preparation of Genomic DNA.

[0338] Genomic DNA was prepared from transformants

for PCR verification and for Southern blot analysis. Isolated
colonies were inoculated into 3 mL. YPD and grown overnight
at 30° C. with shaking. Cells were pelleted by centrifugation.
To each pellet, 200 ulL Breaking Buffer (2% Triton X-100, 1%
SDS, 100 mM NaCl, 10 mM Tris pH 8 and, 1 mM EDTA) was
added, and the pellet resuspended and transferred to a fresh
tube containing 200ul. 0.5 mm Zirconia/Silica Beads. 200 ul,
Phenol:Chloroform:1soamyl Alcohol (25:24:1) was added to
each tube, followed by vortexing for 1 minute. Sterile dis-
tilled water was added (200 ul) to each tube and the tubes
were centrifuged at 13000 rpm for 10 minutes. The aqueous
layer was ethanol precipitated and washed with 70% ethanol.
The pellet was resuspended in 100-200 ul 10 mM Tris, after
drying. Genomic DNA preparation for southern blot analysis
was performed using the same procedure on 25 mL cultures
for each colony tested.

64

Jun. 21, 2012

[0339] Characterization of Strains with Amplified CPR and
CYP52 Genes.
[0340] Verification of integrants was performed by PCR

using primers 0AA0252 and 0AA0256 (CPR), 0AA0231 and
0AA0281 (CYP52A15), and 0AA242 and 0AA0257
(CYP52A16). The primers used for verification are shown in
the table below.

Oligonucleotides for PCR verification of

CPR, CYP52Al5 and CYP52Al6
PCR
SEQ ID product
Oligos Sequence NO: (bp)
OAR0252 TTAATGCCTTCTCAAGACAA 317 743
OAR0256 GGTTTTCCCAGTCACGACGT 318
OAR0231 CCTTGCTAATTTTCTTCTGTATAGC 319 584
OAR0281 TTCTCGTTGTACCCGTCGCA 320
OAR0242 CACACAACTTCAGAGTTGCC 321 974
OAR0257 TCGCCACCTCTGACTTGAGE 322
[0341] Southern blot analysis was used to determine the

copy number of the CPR, CYP52A15 and CYP52A15 genes.
Biotinylated DNA probes were prepared with gene specific
oligonucleotides using the NEBIot Phototope Kit from New
England BioLabs (Catalog #N7550S) on PCR products gen-
erated from each gene target as specified in the table below.
Southern Hybridizations were performed using standard
methods (e.g., Sambrook, J. and Russell, D. W. (2001)
Molecular Cloning: A Laboratory Manual, (3" ed.), pp. 6.33-
6.64. Cold Spring Harbor Laboratory Press). Detection of
hybridized probe was performed using the Phototope-Star
Detection Kit from New England Biol.abs (Catalog
#N70208S). Copy number was determined by densitometry of
the resulting bands.

Oligonucleotides for Probe Template PCR of

CPR, CYP52A15 and CYP52Al6

SEQ ID PCR product
Oligos Sequence NO: Gene Template (bp)
OAA0250 AATTGAACATCAGAAGAGGA 323 CPR PARAOET 1313
OAA0254 CCTGAAATTTCCAAATGGTGTCTAA 324
OAA0227 TTTTTTGTGCGCAAGTACAC 325 CYP52A15pAA0T7 905
OAA0235 CAACTTGACGTGAGAAACCT 326
OAA0239 AGATGCTCGTTTTACACCCT 327 CYP52A16 pAAOT78 672
OAA0247 ACACAGCTTTGATGTTCTCT 328
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Example 28

Strain Evaluation of Partially -Oxidation Blocked
Strains

[0342] Fermentation of Methyl Laurate Feedstock.

[0343] 5 mL starter cultures, in SP92 media (6.7 g/L Difco
yeast nitrogen base, 3.0 g/ Difco yeast extract, 3.0 g/LL
ammonium sulfate, 1.0 g/L. potassium phosphate monobasic,
1.0 g/L. potassium phosphate dibasic, 75 g/L. dextrose) were
incubated overnight at 30° C., with shaking and used to inocu-
late flasks containing 25 mL of SP92 media to an initial
ODy00,m ©f about 0.4. Cultures were incubated approxi-
mately 18 hours at 30° C., with shaking at about 200 rpm.
Cells were pelleted by centrifugation at 4° C. for 10 minutes
at4,000xg, then resuspended in SP92-D media (6.7 g/L. Difco
yeast nitrogen base, 3.0 g/ Difco yeast extract, 3.0 g/LL
ammonium sulfate, 1.0 g/L. potassium phosphate monobasic,
1.0 g/L. potassium phosphate dibasic) supplemented with
0.1% dextrose and 2% methyl laurate. Incubation of the cul-
tures continued at 30° C., with shaking and samples were
taken for analysis of fatty acids and diacids by gas chroma-
tography (GC).

[0344] Sample for GC were prepared by adding 0.8 mL of
6.0M HCl to 1 mL of whole culture samples and the samples
were stored at 4° C. to await processing. Samples were pro-
cessed by incubating in a 60° C. water bath for 5 minutes,
after which 4.0 mL. of MTBE was added to the 1.8 mL
acidified whole culture samples and vortexed for 20 seconds.
The phases were allowed to separate for 10 min at room
temperature. 1 mL of the MTBE phase was drawn and dried
with sodium sulfate. Aliquots of the MTBE phase were
derivatized with BSTFA reagent (Regis Technologies Inc.)
and analyzed by GC equipped with a Flame lonization Detec-
tor. The results of the gas chromatography are shown in the
table below.

Fatty acid and Diacid profile (g/L) in Methyl Laurate fermentation

Time C10 C8 C6
Strain (h) C12 Acid C12 Diacid Diacid Diacid Diacid
SAA105 0 0.00 0.00 0.00 000  0.00
24 0.05 0.00 0.00 007 042
48 0.00 0.00 0.00 000  0.00
SAA106 0 0.00 0.00 0.00 000  0.00
24 2.92 1.29 015 0358 037
48 0.04 0.02 0.00 000 001
SAA1S2 0 0.02 0.00 0.00 000  0.00
24 0.58 0.55 0.07 043 003
48 0.00 0.03 0.00 005 058
SAA003 0 0.00 0.00 0.00 000  0.00
24 1.96 0.41 0.00 000  0.00
48 143 0.47 0.00 000  0.00
[0345] Fermentation of Methyl Myristate and Oleic Acid
Feedstocks.

[0346] Fermentations were performed essentially as
described for methyl laurate feedstock except that 2% methyl
myristate or 2% oleic acid was substituted for the 2% methyl
laurate. The results of the gas chromatography are shown in
the tables below.
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Fatty acid and Diacid profile (g/L) in Methyl Myristate fermentation
Time Cl14 Cl4 C12 C10 C8

Strain (h) Acid Diacid Diacid Diacid Diacid C6 Diacid
SAA105 0 0.02 0.00 0.00 0.00 0.00 0.00
24 0.02 0.00 0.00 0.00 0.00 0.29
48  0.01 0.00 0.00 0.00 0.00 0.03
sAA106 0 001 0.00 0.00 0.00 0.00 0.00
24 0.02 0.00 0.00 0.00 0.08 1.71
48  0.01 0.00 0.00 0.00 0.00 0.04
SAA232 0 001 0.00 0.00 0.00 0.00 0.00
24 0.01 0.00 0.00 0.00 0.59 0.26
48  0.01 0.00 0.00 0.00 0.35 0.47
SAA235 0 001 0.00 0.00 0.00 0.00 0.00
24 0.02 0.00 0.00 0.00 0.25 0.38
48  0.01 0.00 0.00 0.00 0.04 0.66
SAA003 0 0.02 0.01 0.01 0.00 0.00 0.00
24 055 0.25 0.00 0.00 0.00 0.00
48  0.49 0.38 0.00 0.00 0.00 0.00

Diacid profile (g/L) in Oleic acid fermentation
Time Cl4 C12

Strain (h) Diacid Diacid C10 Diacid C8 Diacid C6 Diacid
SAA105 0 0.00 0.00 0.00 0.00 0.00
24 0.00 0.00 0.00 0.00 0.03
48 0.00 0.00 0.00 0.00 0.01
sAA106 0 0.00 0.00 0.00 0.00 0.00
24 0.00 0.00 0.00 0.00 1.48
48 0.00 0.00 0.00 0.00 0.42
SAA232 0 0.00 0.00 0.00 0.00 0.00
24 0.00 0.00 0.00 0.00 0.09
48 0.00 0.00 0.00 0.00 0.10
SAA235 0 0.00 0.00 0.00 0.00 0.00
24 0.00 0.00 0.00 0.00 0.10
48 0.00 0.00 0.00 0.00 0.11

[0347] Fermentations also were performed using coconut
oil as a feed stock. Coconut oil contains a mixture of fatty
acids of different carbon chain lengths. The percent compo-
sition of fatty acids, by weight, is about 6% capric acid (C10:
0, where O refers to the number of double or unsaturated
bonds), about 47% lauric acid (C12:0), about 18% myristic
acid (C14:0), about 9% palmitic acid (C16:0). About 3%
stearic acid (C18:0), about 6% oleic acid (C18:1, where 1
refers to the number of double bonds), and about 2% linoleic
acid (omega-6 fatty acid, C18:2). In some embodiments,
palm kernel oil can be substituted for coconut oil. Palm kernel
oil has a distribution of fatty acids similar to that of coconut
oil. Fermentations and GC were carried out essentially as
described herein with the exception of feedstock used. The
result of fermentations performed using coconut oil as a feed-
stock are presented below.

Diacid profile (g/L) in Coconut Oil fermentation

Time Cl4 C12
Strain (h) Diacid Diacid C10 Diacid C8 Diacid C6 Diacid
sAA105 0 0.00 0.00 0.00 0.00 0.00
24 0.00 0.00 0.00 0.00 0.00
48 0.00 0.00 0.00 0.00 0.00
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stock used. The result of fermentations performed using
-continued coconut oil as a feedstock are presented below.

Diacid profile (g/L) in Coconut Qil fermentation

Time Cl4 C12

Stain (h) Diacid Diacid C10 Diacid C8 Diacid C6 Diacid C14 Diacid production in strains with amplified

CPR, CYP52A15, and/or CYP52A16

SAAIO6 0 0.00 0.00 0.00 0.00 0.00 ) o
24 000 0.00 0.00 0.00 001 Strain  C14 diacid, 72 h (g/L) CPR Al5 Al6
48 0.00 0.00 0.00 0.00 0.00
SAAIS2 0 0.00 0.00 0.00 0.00 0.00 SAA003 0.08 2 L L
SAA318 1.19 3 1 1
24 0.00 0.00 0.00 0.00 0.43
sAA239 2.75 3 1 3
48 0.00 0.00 0.00 0.00 0.45 CAA31O 137 7 ) .
sAA232 0 0.00 0.00 0.00 0.00 0.00 CAA23R Lo3 7 5 .
24 0.00 0.00 0.00 0.00 0.41 :
48 0.00 0.00 0.00 0.00 0.58
sAA235 0 0.00 0.00 0.00 0.00 0.00
24 0.00 0.00 0.00 0.00 0.43 )
48 000 000 0.00 0.00 0.76 Example 30
Nucleic Acid and Amino Acid Sequences of Novel
Fatty Alcohol Oxidase Genes
Example 29

[0349] As noted above, novel fatty alcohol oxidase genes

Strain Evaluation of Completely -Oxidation were identified and cloned. The nucleotide and amino acid

Blocked Strains sequences of the novel sequences are presented herein.
[0348] Fermentations also were performed using methyl Nucleotide and amino acid sequence identity comparison are
myristate as a feed stock. Fermentations and GC were carried shown in Example 18.
out essentially as described herein with the exception of feed- [0350] Nucleotide Sequences
FRAO-13

(SEQ ID NO: 1)
atggctcecatttttgeccgaccaggtcgactacaaacacgtcgacaccecttatgttattatgtgacgggatcatccacga

aaccaccgtcgaccaaatcaaagacgttattgetectgacttecctgetgacaagtacgaagagtacgtcaggacattea
ccaaaccctecgaaaccecagggttcagggaaacegtetacaacacagtcaacgcaaacaccacggacgcaatecaccag
ttcattatcttgaccaatgttttggecateccagggtettggetecagetttgaccaactegttgacgectatcaaggacat
gagcttggaagaccgtgaaaaattgttggectegtggegegactecccaategetgecaaaaggaagttgttecaggttygyg
tttctacgcttaccttggtcacgttcacgagattggecaatgagttgeatttgaaagecattcattatecaggaagagaa
gaccgtgaaaaggcttatgaaacccaggagattgacecttttaagtaccagtttttggaaaaaccgaagttttacggege
tgagttgtacttgeccagatattgatgtgatcattattggatetggtgecggtgetggtgttgtggeccacactttggeca
acgatggcttcaagagtttggttttggaaaagggcaaatactttagcaactcecgagttgaactttgatgacaaggacgge
gttcaagaattataccaaagtggaggtactttgactacagtcaaccaacagttgtttgttettgetggttecacttttygyg
tggcggtaccactgtcaattggtcagectgtettaagacgecattcaaggtgegtaaggaatggtatgatgagtttggty
ttgactttgctgctgatgaagcatacgataaagegecaggattatgtttggcagcaaatgggagettetacegaaggeate
acccactetttggetaacgagattattattgaaggtggtaagaaattaggttacaaggccaaggtattagaccaaaacag
cggtggteatcectecagecacagatgeggtttetgttatttgggetgtaagecacggtatcaagecagggttetgttaataact
ggtttagagacgcagctgcccacggtteccagttcatgecaacaggttagagttttgcaaatacttaacaagaaggggate
gcttacggtatettgtgtgaggatgttgtaaccggegecaagttecaccattactggecccaaaaagtttgttgttgetge
cggtgetttgaacactecatetgtgttggtcaacteeggettcaagaacaagaacateggtaagaacttaactttgeace
cagtttctgtegtgtttggtgattttggcaaagacgttcaagecagaccacttcecacaactcecatcatgactgeecctttgt
tcagaagccgctgatttagacggcaagggecatggatgecagaattgaaaccatettgaacgetecattecatecaggette
attcttaccatggagaggtagtaacgaggctagacgagacttgttgegttacaacaacatggtggegatgttgetectta
gtcgtgacaccaccagtggttecegtttetgetcatecaaccaaacctgaagetttggttgtegagtacgacgtgaacaag

tttgacagaaactcgatcttgeaggeattgttggtcactgetgacttgttgtatatccaaggtgecaagagaatecttag
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tccacaggcatgggtgccaatttttgaatccgacaagccaaaggataagagatcaatcaaggacgaggactatgtcegaat
ggagagccaaggttgecaagattectttegacacctacggctcaccttatggtteggcacatcaaatgtettettgeegt
atgtcaggtaagggtcctaaatacggtgctgttgacaccgatggtagattgtttgaatgttcgaatgtttatgttgecga
tgcaagtcttttgeccaactgcaagecggtgecaaccectatggtcaccaccatgactettgecagacatgttgegttaggtt
tggcagactccttgaagaccaaagccaagttgtag
FAO-17

(SEQ ID NO: 2
atggctccatttttgeccgaccaggtegactacaaacacgtegacaccecttatgttattatgtgacgggatcatecacga

aaccaccgtggacgaaatcaaagacgtcattgecectgactteccecgecgacaaatacgaggagtacgtcaggacattea

ccaaaccctecgaaaccecagggttcagggaaacegtctacaacacegtcaacgcaaacaccatggatgcaatecaccag

ttcattatcttgaccaatgttttgggatcaagggtettggecaccagetttgaccaactegttgactectatcaaggacat

gagcttggaagaccgtgaaaagttgttagectegtggegtgactecectattgetgetaaaaggaagttgttecaggttgg

tttctacgcttaccttggtcacgtteacgagattggecaatgagttgeatttgaaagecattcattatecaggaagagaa

gaccgtgaaaaggcttatgaaacccaggagattgacecttttaagtaccagtttttggaaaaacegaagttttacggege

tgagttgtacttgccagatattgatgtgatcattattggatetggtgecggtgetggtgttgtggeccacactttggeca

acgatggcttcaagagtttggttttggaaaagggcaaatactttagcaactcecgagttgaactttgatgacaaggacgge

gttcaagaattataccaaagtggaggtactttgactacagtcaaccaacagttgtttgttettgetggttecacttttgg

tggcggtaccactgtcaattggteagectgtettaagacgecattcaaggtgegtaaggaatggtatgatgagtttggty

ttgactttgctgctgatgaagcatacgataaagegecaggattatgtttggecagcaaatgggagettcectacegaaggecate

acccactetttggctaacgagattattattgaaggtggtaagaaattaggttacaaggccaaggtattagaccaaaacag

cggtggteatcectecagecacagatgeggtttetgttatttgggttgtaagecacggtatcaagecagggetetgttaataact

ggtttagagacgcagctgcccacggttetecagttcatgecaacaggttagagttttgcaaatecttaacaagaagggeate

gettatggtatcettgtgtgaggatgttgtaaccggtgecaagttecaccattactggecccaaaaagtttgttgttgecge

cggegecttaaacactecatetgtgttggtcaactecggattcaagaacaagaacateggtaagaacttaactttgeate

cagtttctgtegtgtttggtgattttggecaaagacgttcaagecagaccacttecacaactecatcatgactgeecctttgt

tcagaagccgctgatttagacggeaagggecatggatgecagaattgaaaccatcettgaacgetecattecatecaggette

attcttaccatggagaggtagtaacgaggctagacgagacttgttgegttacaacaacatggtggegatgttgetectta

gtegtgacaccaccagtggttecgtttetgetcatecaaccaaacctgaagetttggttgtegagtacgacgtgaacaag

tttgacagaaactcgatcttgeaggeattgttggtcactgetgacttgttgtatatccaaggtgcecaagagaatecttag

tccacaggcatgggtgecaatttttgaatecgacaagecaaaggataagagatcaatcaaggacgaggactatgtegaat

ggagagccaaggttgecaagattectttegacacctacggetecaccttatggtteggecacatcaaatgtettettgeegt

atgtcaggtaagggtcctaaatacggtgetgttgacacegatggtagattgtttgaatgttegaatgtttatgttgecga

tgcaagtcttttgecaactgcaageggtgecaacectatggtecaccaccatgactettgecaagacatgttgegttaggtt

tggcagactccttgaagaccaaggccaagttgtag

FAO-20

(SEQ ID NO: 3
atggctccatttttgeccgaccaggtegactacaaacacgtegacaccecttatgttattatgtgacgggatcatecacga

aaccaccgtcgaccaaatcaaagacgttattgetectgacttecctgetgacaagtacgaagagtacgtcaggacattea
ccaaaccctecgaaaccecagggttcagggaaacegtctacaacacagtcaacgcaaacaccacggacgcaatcecaccag

ttcattatcttgaccaatgttttggecatecagggtettggetecagetttgaccaactegttgacgectatcaaggacat
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gagcttggaagaccgtgaaaaattgttggectegtggegegactecccaategetgccaaaaggaaattgttecaggttgg

tttccacgcttaccttggttactttecacgagattggecaatgagttgeatttgaaagecattcactatecaggaagagaa
gaccgtgaaaaggcttatgaaacccaggagattgacecttteaagtaccagtttatggaaaagecaaagtttgacggege
tgagttgtacttgccagatattgatgttatcattattggatetggtgecggtgetggtgttgtggeccacactttggeca
acgatggcttcaagagtttggttttggaaaagggcaaatactttagcaactcecgagttgaactttgatgacaaggacgge
gttcaagaattataccaaagtggaggtactttgactacagtcaaccaacagttgtttgttettgetggttecacttttgg
tggcggtaccactgtcaattggteagectgtettaagacgecattcaaggtgegtaaggaatggtatgatgagtttggty
ttgactttgctgctgatgaagcatacgataaagegecaggattatgtttggecagcaaatgggagettcectacegaaggecate
acccactetttggctaacgagattattattgaaggtggtaagaaattaggttacaaggccaaggtattagaccaaaacag
cggtggteatcectecagecacagatgeggtttetgttatttgggetgtaagecacggtatcaagecagggttetgttaataact
ggtttagagacgcagctgcccacggtteccagttcatgcaacaggttagagttttgecaaatacttaacaagaaggggate
gettacggtatettgtgtgaggatgttgtaaccggegecaagttecaccattactggecccaaaaagtttgttgttgetge
cggtgetttgaacactecatetgtgttggtcaactecggettcaagaacaagaacateggtaagaacttaactttgecace
cagtttctgtegtgtttggtgattttggecaaagacgttcaagecagaccacttecacaactecatcatgactgeecctttgt
tcagaagccgctgatttagacggeaagggecatggatgecagaattgaaaccatcettgaacgetecattecatecaggette
attcttaccatggagaggtagtaacgaggctagacgagacttgttgegttacaacaacatggtggegatgttgetectta
gtegtgacaccaccagtggttecgtttetgetcatecaaccaaacctgaagetttggttgtegagtacgacgtgaacaag
tttgacagaaactcgatcttgeaggeattgttggtcactgetgacttgttgtatatccaaggtgcecaagagaatecttag
tccacaggcatgggtgecaatttttgaatecgacaagecaaaggataagagatcaatcaaggacgaggactatgtegaat
ggagagccaaggttgecaagattectttegacacctacggetecaccttatggtteggecacatcaaatgtettettgeegt
atgtcaggtaagggtcctaaatacggtgetgttgacacegatggtagattgtttgaatgttegaatgtttatgttgecga
tgcaagtcttttgecaactgcaageggtgecaacectatggtecaccaccatgactettgecagacatgttgegttaggtt
tggcagactccttgaagaccaaagccaagttgtag

FAO2a

(SEQ ID NO: 4
atgaataccttettgecagacgtgetegaatacaaacacgtegacaccecttttgttattgtgtgacgggatcatecacga

aaccacagtcgatcagatcaaggacgecattgetecegacttecctgaggaccagtacgaggagtatetcaagaccttea

ccaagccatctgagaccectgggttcagagaageegtetacgacacgatcaacgecacccecaaccgatgecgtgecacaty

tgtattgtcttgaccaccgecattggactecagaatettggeccccacgttgaccaactegttgacgectatcaaggatat

gaccttgaaggagcegtgaacaattgttggectettggegtgatteccegattgeggcaaagagaagattgttcagattga

tttectegettaccttgacgacgtttacgagattggecagegaattgeacttgaaagecatecactacectggecagagac

ttgcgtgaaaaggcegtatgaaacccaggtggttgacectttecaggtacetgtttatggagaaaccaaagtttgacggege

cgaattgtacttgccagatatcegacgtcatcatcattggatcaggegecggtgetggtgtcatggeccacactetegeca

acgacgggttcaagaccttggttttggaaaagggaaagtatttcagcaactecgagttgaactttaatgacgetgatgge

gtgaaagagttgtaccaaggtaaaggtgctttggecaccaccaatcagecagatgtttattettgecggttecactttggg

cggtggtaccactgtcaactggtetgettgecttaaaacaccatttaaagtgegtaaggagtggtacgacgagtttggte

ttgaatttgctgccgatgaagectacgacaaagegecaggattatgtttggaaacaaatgggtgettcaacagatggaate

actcactecttggecaacgaagttgtggttgaaggaggtaagaagttgggcetacaagagcaaggaaattgagcagaacaa

cggtggecaccctgaccacecatgtggtttetgttacttgggetgtaagtacggtattaaacagggttetgtgaataact

ggtttagagacgcagctgcccacgggtcecaagttcatgcaacaagtcagagttgtgecaaatectcaacaagaatggegte
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gcttatggtatettgtgtgaggatgtcgaaaccggagtcaggttcactattagtggcecccaaaaagtttgttgtttetge
tggttctttgaacacgccaactgtgttgaccaacteccggattcaagaacaagcacattggtaagaacttgacgttgecace
cagtttccaccgtgtttggtgactttggcagagacgtgcaagcecgaccattteccacaaatctattatgacttegetttgt
tacgaggttgctgacttggacggcaagggccacggatgcagaatcgaaaccatcttgaacgectceccattcatccaagette
tttgttgccatggagaggaagtgacgaggtcagaagagacttgttgcegttacaacaacatggtggccatgttgettatca
cgcgtgataccaccagtggttcagtttetgctgacccaaagaageccgacgctttgattgtegactatgagattaacaag
tttgacaagaatgccatcttgcaagctttcecttgatcacttecgacatgttgtacattgaaggtgceccaagagaatcectecag
tccacagccatgggtgccaatctttgagtcgaacaagccaaaggagcaaagaacgatcaaggacaaggactatgttgagt
ggagagccaaggctgctaagatacctttegacacctacggttectgecatatgggtecgecacatcaaatgtecacctgtegt
atgtccggaaagggtectaaatacggtgectgttgatactgatggtagattgtttgaatgttecgaatgtcectatgttgetga
tgctagtgttttgcctactgeccageggtgccaacccaatgatatecaccatgacctttgectagacagattgegttaggtt
tggctgactccttgaagaccaaacccaagttgtag
FAO2b

(SEQ ID NO: 5)
atgaataccttcttgccagacgtgctcgaatacaaacacgtcgatacecttttgttattatgtgacgggatcatccacga
aaccacagtcgaccagatcagggacgccattgectcececgacttecctgaagaccagtacgaggagtatctcaagaccttea
ccaagccatctgagacccectgggttcagagaagecgtctacgacacgatcaacagcaccceccaaccgaggctgtgcacaty
tgtattgtattgaccaccgcattggactcgagaatcecttggeccceccacgttgaccaactegttgacgectatcaaggatat
gaccttgaaagagcgtgaacaattgttggectgectggegtgattecccgategeggccaagagaagattgttcagattga
tttcctecacttaccttgacgacctttacgagattggecagegacttgcacttgagageccatecactacectggcagagac
ttgcgtgaaaaggcatatgaaacccaggtggttgaccctttcaggtacctgtttatggaaaaaccaaagtttgacggcac
cgagttgtacttgccagatatcgacgtcatcatcattggatceggtgecggtgetggtgtecatggeccacactttageca
acgacgggtacaagaccttggttttggaaaagggaaagtatttcagcaactccgagttgaactttaatgatgecgatggt
atgaaagagttgtaccaaggtaaatgtgcgttgaccaccacgaaccagcagatgtttattettgecggttccactttggyg
cggtggtaccactgttaactggtcetgcttgtecttaaaacaccatttaaagtgcgtaaggagtggtacgacgagtttggte
ttgaatttgctgccgacgaagcectacgacaaagcacaagactatgtttggaaacaaatgggcgcettctaccgaaggaatce
actcactctttggcgaacgeggttgtggttgaaggaggtaagaagttgggttacaagagcaaggaaatcgagcagaacaa
tggtggccatcctgaccaccectgtggtttectgttacttgggctgtaagtacggtattaagcagggttectgtgaataact
ggtttagagacgcagctgcccacgggtccaagttcatgcaacaagtcagagttgtgcaaatectceccacaataaaggegte
gcttatggcatcettgtgtgaggatgtecgagaccggagtcaaattcactatcagtggcecccaaaaagtttgttgtttetge
aggttctttgaacacgccaacggtgttgaccaactceccggattcaagaacaaacacatcggtaagaacttgacgttgecace
cagtttcgaccgtgtttggtgactttggcagagacgtgcaagecgaccattteccacaaatctattatgacttegetetgt
tacgaagtcgctgacttggacggcaagggccacggatgcagaatcgagaccatecttgaacgeteccattcatccaagette
tttgttgccatggagaggaagcgacgaggtcagaagagacttgttgcegttacaacaacatggtggccatgttgettatca
ccegtgacaccaccagtggttcagtttetgcectgacccaaagaageccgacgctttgattgtegactatgacatcaacaag
tttgacaagaatgccatcttgcaagctttcecttgatcacctecgacatgttgtacatcgaaggtgceccaagagaatecteag
tccacaggcatgggtgccaatctttgagtcgaacaagccaaaggagcaaagaacaatcaaggacaaggactatgtcgaat
ggagagccaaggctgccaagatacctttegacacctacggttetgectatgggtecgecacatcaaatgtecacctgtegt

atgtccggaaagggtectaaatacggegecgttgatacegatggtagattgtttgaatgttegaatgtetatgttgetga
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tgctagtgttttgectactgccageggtgecaacccaatgatcetccaccatgacgtttgetagacagattgegttaggtt

tggctgactetttgaagaccaaacccaagttgtag

[0351] In addition to the novel FAO genes isolated, a primer design, described above, also was isolated. The nucle-
sequence substantially identical to the sequence used for otide sequence of the gene is presented below.
FRAO-18

(SEQ ID NO: 6)
atggctcecatttttgeccgaccaggtcgactacaaacacgtcgacaccecttatgttattatgtgacgggatcatccacga

aaccaccgtggacgaaatcaaagacgtcattgecectgactteccegecgacaaatacgaggagtacgtcaggacattea
ccaaaccctecgaaaccecagggttcagggaaacegtetacaacacegtcaacgcaaacaccatggatgcaatecaccag
ttcattatcttgaccaatgttttgggatcaagggtettggcaccagetttgaccaactegttgactectatcaaggacat
gagcttggaagaccgtgaaaagttgttagectegtggegtgactecectattgetgetaaaaggaagttgttecaggttygyg
tttctacgcttaccttggtcacgttcacgagattggecaatgagttgeatttgaaagecattcattatecaggaagagaa
gaccgtgaaaaggcttatgaaacccaggagattgacecttttaagtaccagtttttggaaaaaccgaagttttacggege
tgagttgtacttgeccagatattgatgtgatcattattggatetggggecggtgetggtgtegtggeccacactttgacca
acgacggcttcaagagtttggttttggaaaagggcagatactttagcaactecgagttgaactttgatgacaaggacggy
gttcaagaattataccaaagtggaggtactttgaccaccgtcaaccagecagttgtttgttettgetggttecacttttygyg
tggtggtaccactgtcaattggteggectgtettaaaacgecattcaaggtgegtaaggaatggtatgatgagtttggeg
ttgactttgctgecgatgaagectacgacaaagecacaggattatgtttggcagcaaatgggagettetaccgaaggeate
acccactetttggetaacgagattattattgaaggtggcaagaaattaggttacaaggccaaggtattagaccaaaacag
cggtggteatcecteatcacagatgeggtttetgttatttgggttgtaagecacggtatcaagecagggetetgttaataact
ggtttagagacgcagctgceccacggttetecagttcatgecaacaggttagagttttgcaaatecttaacaagaagggeate
gcttatggtatettgtgtgaggatgttgtaaccggtgecaagttecaccattactggecccaaaaagtttgttgttgeege
cggegecttaaacactecatetgtgttggtcaacteeggattcaagaacaagaacateggtaagaacttaactttgeate
cagtttctgtegtgtttggtgattttggcaaagacgttcaagecagatcacttccacaactcecatcatgactgetetttgt
tcagaagccgctgatttagacggcaagggtcatggatgecagaattgaaaccatettgaacgetecattecatecaggette
attcttaccatggagaggtagtaacgaggctagacgagacttgttgegttacaacaacatggtggecatgttacttetta
gtcgtgataccaccagtggttecgtttegteccatecaactaaacctgaageattagttgtegagtacgacgtgaacaag
tttgacagaaactccatcttgeaggeattgttggtcactgetgacttgttgtacattcaaggtgecaagagaatecttag
tccccaaccatgggtgecaatttttgaatecgacaagecaaaggataagagatcaatcaaggacgaggactatgtegaat
ggagagccaaggttgccaagattecttttgacacctacggetegecttatggtteggegeatcaaatgtettettgtegt
atgtcaggtaagggtcctaaatacggtgetgttgataccgatggtagattgtttgaatgttegaatgtttatgttgetga
cgctagtettttgecaactgetageggtgetaatectatggtecaccaccatgactettgecaagacatgttgegttaggtt

tggcagactccttgaagaccaaggccaagttgtag

[0352] Clustal Nucleotide Sequence Alignments
[0353] CLUSTAL 2.0.12 Multiple Sequence Alignment

FAO-13 ATGGCTCCATTTTTGCCCGACCAGGTCGACTACAAACACGTCGACACCCTTATGTTATTA 60
FAO-20 ATGGCTCCATTTTTGCCCGACCAGGTCGACTACAAACACGTCGACACCCTTATGTTATTA 60
FAO-17 ATGGCTCCATTTTTGCCCGACCAGGTCGACTACAAACACGTCGACACCCTTATGTTATTA 60
FAO-18 ATGGCTCCATTTTTGCCCGACCAGGTCGACTACAAACACGTCGACACCCTTATGTTATTA 60
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FAO2a ATGAATACCTTCTTGCCAGACGTGCTCGAATACAAACACGTCGACACCCTTTTGTTATTG 60

FAO2b ATGAATACCTTCTTGCCAGACGTGCTCGAATACAAACACGTCGATACCCTTTTGTTATTA 60
Khk ok ok kk kkkkh Khkk ok KKKk KKKKAKKAKKRKKAK KAAAKF AAAAR KK

FAO-13 TGTGACGGGATCATCCACGAAACCACCGTCGACCAAATCAAAGACGTTATTGCTCCTGAC 120
FAO-20 TGTGACGGGATCATCCACGAAACCACCGTCGACCAAATCAAAGACGTTATTGCTCCTGAC 120
FAO-17 TGTGACGGGATCATCCACGAAACCACCGTGGACGAAATCAAAGACGTCATTGCCCCTGAC 120
FAO-18 TGTGACGGGATCATCCACGAAACCACCGTGGACGAAATCAAAGACGTCATTGCCCCTGAC 120
FAO2a TGTGACGGGATCATCCACGAAACCACAGTCGATCAGATCAAGGACGCCATTGCTCCCGAC 120

FAO2b TGTGACGGGATCATCCACGAAACCACAGTCGACCAGATCAGGGACGCCATTGCTCCCGAC 120
R R A A T A T A I L T T R T T A T S A T T

FAO-13 TTCCCTGCTGACAAGTACGAAGAGTACGTCAGGACATTCACCAAACCCTCCGAAACCCCA 180
FAO-20 TTCCCTGCTGACAAGTACGAAGAGTACGTCAGGACATTCACCAAACCCTCCGAAACCCCA 180
FAO-17 TTCCCCGCCGACAAATACGAGGAGTACGTCAGGACATTCACCAAACCCTCCGAAACCCCA 180
FAO-18 TTCCCCGCCGACAAATACGAGGAGTACGTCAGGACATTCACCAAACCCTCCGAAACCCCA 180
FAO2a TTCCCTGAGGACCAGTACGAGGAGTATCTCAAGACCTTCACCAAGCCATCTGAGACCCCT 180

FAO2b TTCCCTGAAGACCAGTACGAGGAGTATCTCAAGACCTTCACCAAGCCATCTGAGACCCCT 180
Fhkhkk ok KKk ok Khkkk Kkkkk  khk hhk KAKRKKKK kK kk Kk KAkKAK

FAO-13 GGGTTCAGGGAAACCGTCTACAACACAGTCAACGCAAACACCACGGACGCAATCCACCAG 240
FAO-20 GGGTTCAGGGAAACCGTCTACAACACAGTCAACGCAAACACCACGGACGCAATCCACCAG 240
FAO-17 GGGTTCAGGGAAACCGTCTACAACACCGTCAACGCAAACACCATGGATGCAATCCACCAG 240
FAO-18 GGGTTCAGGGAAACCGTCTACAACACCGTCAACGCAAACACCATGGATGCAATCCACCAG 240
FAO2a GGGTTCAGAGAAGCCGTCTACGACACGATCAACGCCACCCCAACCGATGCCGTGCACATG 240

FAO2b GGGTTCAGAGAAGCCGTCTACGACACGATCAACAGCACCCCAACCGAGGCTGTGCACATG 240
KRRk KK KKK KKK KKKAKKKK Khkkd kR kK * ok ok K kK kk K KKk K

FAO-13 TTCATTATCTTGACCAATGTTTTGGCATCCAGGGTCTTGGCTCCAGCTTTGACCAACTCG 300
FAO-20 TTCATTATCTTGACCAATGTTTTGGCATCCAGGGTCTTGGCTCCAGCTTTGACCAACTCG 300
FAO-17 TTCATTATCTTGACCAATGTTTTGGGATCAAGGGTCTTGGCACCAGCTTTGACCAACTCG 300
FAO-18 TTCATTATCTTGACCAATGTTTTGGGATCAAGGGTCTTGGCACCAGCTTTGACCAACTCG 300
FAO2a TGTATTGTCTTGACCACCGCATTGGACTCCAGAATCTTGGCCCCCACGTTGACCAACTCG 300

FAO2b TGTATTGTATTGACCACCGCATTGGACTCGAGAATCTTGGCCCCCACGTTGACCAACTCG 300
d o kkk ok kkkkkkk ok KKkkk  kk Kk KKKAKKK KKk Kk KKAKKAKKKR KKK

FAO-13 TTGACGCCTATCAAGGACATGAGCTTGGAAGACCGTGAAAAATTGTTGGCCTCGTGGCGC 360
FAO-20 TTGACGCCTATCAAGGACATGAGCTTGGAAGACCGTGAAAAATTGTTGGCCTCGTGGCGC 360
FAO-17 TTGACTCCTATCAAGGACATGAGCTTGGAAGACCGTGAAAAGTTGTTAGCCTCGTGGCGT 360
FAO-18 TTGACTCCTATCAAGGACATGAGCTTGGAAGACCGTGAAAAGTTGTTAGCCTCGTGGCGT 360
FAO2a TTGACGCCTATCAAGGATATGACCTTGAAGGAGCGTGAACAATTGTTGGCCTCTTGGCGT 360

FAO2b TTGACGCCTATCAAGGATATGACCTTGAAAGAGCGTGAACAATTGTTGGCTGCCTGGCGT 360
Fhhkhkk KKK KKKKKKKHF KhhKk Khkhk % Kk KAKAAK Kk KhkkkKk k* Kk KkK KK

FAO-13 GACTCCCCAATCGCTGCCAAAAGGAAGTTGTTCAGGTTGGTTTCTACGCTTACCTTGGTC 420
FAO-20 GACTCCCCAATCGCTGCCAAAAGGAAATTGTTCAGGTTGGTTTCCACGCTTACCTTGGTT 420
FAO-17 GACTCCCCTATTGCTGCTAAAAGGAAGTTGTTCAGGTTGGTTTCTACGCTTACCTTGGTC 420
FAO-18 GACTCCCCTATTGCTGCTAAAAGGAAGTTGTTCAGGTTGGTTTCTACGCTTACCTTGGTC 420
FAO2a GATTCCCCGATTGCGGCAAAGAGAAGATTGTTCAGATTGATTTCCTCGCTTACCTTGACG 420

FAO2b GATTCCCCGATCGCGGCCAAGAGAAGATTGTTCAGATTGATTTCCTCACTTACCTTGACG 420
Kk kkkkk kK kk Kk Kk Kk ok KhKAKKAK kkk Kkkk Kk AAkAKKKKAK

FAO-13 ACGTTCACGAGATTGGCCAATGAGTTGCATTTGAAAGCCATTCATTATCCAGGAAGAGAA 480
FAO-20 ACTTTCACGAGATTGGCCAATGAGTTGCATTTGAAAGCCATTCACTATCCAGGAAGAGAA 480
FAO-17 ACGTTCACGAGATTGGCCAATGAGTTGCATTTGAAAGCCATTCATTATCCAGGAAGAGAA 480
FAO-18 ACGTTCACGAGATTGGCCAATGAGTTGCATTTGAAAGCCATTCATTATCCAGGAAGAGAA 480
FAO2a ACGTTTACGAGATTGGCCAGCGAATTGCACTTGAAAGCCATCCACTACCCTGGCAGAGAC 480

FAO2b ACCTTTACGAGATTGGCCAGCGACTTGCACTTGAGAGCCATCCACTACCCTGGCAGAGAC 480
Kk kk KKK KKKKKKKKKK Kk kkKkkh Kkhh KAAKRK Kk kK kk Kk KKK AK

FAO-13 GACCGTGAAAAGGCTTATGAAACCCAGGAGATTGACCCTTTTAAGTACCAGTTTTTGGAA 540
FAO-20 GACCGTGAAAAGGCTTATGAAACCCAGGAGATTGACCCTTTCAAGTACCAGTTTATGGAA 540
FAO-17 GACCGTGAAAAGGCTTATGAAACCCAGGAGATTGACCCTTTTAAGTACCAGTTTTTGGAA 540
FAO-18 GACCGTGAAAAGGCTTATGAAACCCAGGAGATTGACCCTTTTAAGTACCAGTTTTTGGAA 540
FAO2a TTGCGTGAAAAGGCGTATGAAACCCAGGTGGTTGACCCTTTCAGGTACCTGTTTATGGAG 540
FAO2b TTGCGTGAAAAGGCATATGAAACCCAGGTGGTTGACCCTTTCAGGTACCTGTTTATGGAA 540
FRKKKKKK KRR hhA KK IK AR AARK % Kk hh kA A hh* § khhhkk *hkhh Ahhk

FAO-13 AAACCGAAGTTTTACGGCGCTGAGTTGTACTTGCCAGATATTGATGTGATCATTATTGGA 600

FAO-20 AAGCCAAAGTTTGACGGCGCTGAGTTGTACTTGCCAGATATTGATGTTATCATTATTGGA 600

FAO-17 ARAACCGAAGTTTTACGGCGCTGAGTTGTACTTGCCAGATATTGATGTGATCATTATTGGA 600

FAO-18 AAACCGAAGTTTTACGGCGCTGAGTTGTACTTGCCAGATATTGATGTGATCATTATTGGA 600

FAO2a AAACCAAAGTTTGACGGCGCCGAATTGTACTTGCCAGATATCGACGTCATCATCATTGGA 600

FAO2b AAACCAAAGTTTGACGGCACCGAGTTGTACTTGCCAGATATCGACGTCATCATCATTGGA 600
Kk kk KKK KKK KKKKK Kk KKk KKKKKRAKKKAKAAKKK hk hh Kk hAK KA R A K

FAO-13 TCTGGTGCCGGTGCTGGTGTTGTGGCCCACACTTTGGCCAACGATGGCTTCAAGAGTTTG 660
FAO-20 TCTGGTGCCGGTGCTGGTGTTGTGGCCCACACTTTGGCCAACGATGGCTTCAAGAGTTTG 660
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FAO-17 TCTGGTGCCGGTGCTGGTGTTGTGGCCCACACTTTGGCCAACGATGGCTTCARGAGTTTG 660

FAO-18 TCTGGGGCCGGTGCTGGTGTCGTGGCCCACACTTTGACCAACGACGGCTTCAAGAGTTTG 660
FAO2a TCAGGCGCCGGTGCTGGTGTCATGGCCCACACTCTCGCCAACGACGGGTTCAAGACCTTG 660

FAO2b TCCGGTGCCGGTGCTGGTGTCATGGCCCACACTTTAGCCAACGACGGGTACAAGACCTTG 660
Kk kk KKK KKKKKKKKKKK  KRRAKRI IR Ak* Kk KKKk hK KK kh ok KAKAK KKK

FAO-13 GTTTTGGAAAAGGGCAAATACTTTAGCAACTCCGAGTTGAACTTTGATGACAAGGACGGC 720
FAO-20 GTTTTGGAAAAGGGCAAATACTTTAGCAACTCCGAGTTGAACTTTGATGACAAGGACGGC 720
FAO-17 GTTTTGGAAAAGGGCAAATACTTTAGCAACTCCGAGTTGAACTTTGATGACAAGGACGGC 720
FAO-18 GTTTTGGAAAAGGGCAGATACTTTAGCAACTCCGAGTTGAACTTTGATGACAAGGACGGG 720
FAO2a GTTTTGGAAAAGGGAAAGTATTTCAGCAACTCCGAGTTGAACTTTAATGACGCTGATGGC 720
FAO2b GTTTTGGAAAAGGGAAAGTATTTCAGCAACTCCGAGTTGAACTTTAATGATGCCGATGGT 720
FRKKKKKKK KKK F K hk Kk KRR KK IR AAAA AR AARRF AR K *k kK *k kK

FAO-13 GTTCAAGAATTATACCAAAGTGGAGGTACTTTGACTACAGTCAACCAACAGTTGTTTGTT 780

FAO-20 GTTCAAGAATTATACCAAAGTGGAGGTACTTTGACTACAGTCAACCAACAGTTGTTTGTT 780

FAO-17 GTTCAAGAATTATACCAAAGTGGAGGTACTTTGACTACAGTCAACCAACAGTTGTTTGTT 780

FAO-18 GTTCAAGAATTATACCAAAGTGGAGGTACTTTGACCACCGTCAACCAGCAGTTGTTTGTT 780

FAO2a GTGAAAGAGTTGTACCAAGGTAAAGGTGCTTTGGCCACCACCAATCAGCAGATGTTTATT 780

FAO2b ATGAAAGAGTTGTACCAAGGTAAATGTGCGTTGACCACCACGAACCAGCAGATGTTTATT 780
* kkkk kk kkkkkk Kk K kk K KAk Kk Kk Kk kk kkk Kkkhk kK

FAO-13 CTTGCTGGTTCCACTTTTGGTGGCGGTACCACTGTCAATTGGTCAGCCTGTCTTAAGACG 840

FAO-20 CTTGCTGGTTCCACTTTTGGTGGCGGTACCACTGTCAATTGGTCAGCCTGTCTTAAGACG 840

FAO-17 CTTGCTGGTTCCACTTTTGGTGGCGGTACCACTGTCAATTGGTCAGCCTGTCTTAAGACG 840

FAO-18 CTTGCTGGTTCCACTTTTGGTGGTGGTACCACTGTCAATTGGTCGGCCTGTCTTAAAACG 840

FAO2a CTTGCCGGTTCCACTTTGGGCGGTGGTACCACTGTCAACTGGTCTGCTTGCCTTAAAACA 840

FAO2b CTTGCCGGTTCCACTTTGGGCGGTGGTACCACTGTTAACTGGTCTGCTTGTCTTAAAACA 840
Fhhkhkh KKK KKKKKKKHF hhk Kk KAk Rkhhhhhhk Kk hhkhkk *Kk kk KAAKK KK

FAO-13 CCATTCAAGGTGCGTAAGGAATGGTATGATGAGTTTGGTGTTGACTTTGCTGCTGATGAA 900

FAO-20 CCATTCAAGGTGCGTAAGGAATGGTATGATGAGTTTGGTGTTGACTTTGCTGCTGATGAA 900

FAO-17 CCATTCAAGGTGCGTAAGGAATGGTATGATGAGTTTGGTGTTGACTTTGCTGCTGATGAA 900

FAO-18 CCATTCAAGGTGCGTAAGGAATGGTATGATGAGTTTGGCGTTGACTTTGCTGCCGATGAA 900

FAO2a CCATTTAAAGTGCGTAAGGAGTGGTACGACGAGTTTGGTCTTGAATTTGCTGCCGATGAA 900

FAO2b CCATTTAAAGTGCGTAAGGAGTGGTACGACGAGTTTGGTCTTGAATTTGCTGCCGACGAA 900
HhhkhkKh kk KKKKKKKKKKK KAk hkd kh AAAhAAA*  kkkk hAAKKIAK Kk KKK

FAO-13 GCATACGATAAAGCGCAGGATTATGTTTGGCAGCAAATGGGAGCTTCTACCGAAGGCATC 960
FAO-20 GCATACGATAAAGCGCAGGATTATGTTTGGCAGCAAATGGGAGCTTCTACCGAAGGCATC 960
FAO-17 GCATACGATAAAGCGCAGGATTATGTTTGGCAGCAAATGGGAGCTTCTACCGAAGGCATC 960
FAO-18 GCCTACGACAAAGCACAGGATTATGTTTGGCAGCAAATGGGAGCTTCTACCGAAGGCATC 960
FAO2a GCCTACGACAAAGCGCAGGATTATGTTTGGAAACAAATGGGTGCTTCAACAGATGGAATC 960

FAO2b GCCTACGACAAAGCACAAGACTATGTTTGGAAACAAATGGGCGCTTCTACCGAAGGAATC 960
Kk kkKkk KKKKKk Kk kk KKKKKKKKHF ok KAKKAKKRK KhhkkKk Kk Kk Kk KAk

FAO-13 ACCCACTCTTTGGCTAACGAGATTATTATTGAAGGTGGTAAGAAATTAGGTTACAAGGCC 1020
FAO-20 ACCCACTCTTTGGCTAACGAGATTATTATTGAAGGTGGTAAGAAATTAGGTTACAAGGCC 1020
FAO-17 ACCCACTCTTTGGCTAACGAGATTATTATTGAAGGTGGTAAGAAATTAGGTTACAAGGCC 1020
FAO-18 ACCCACTCTTTGGCTAACGAGATTATTATTGAAGGTGGCAAGAAATTAGGTTACAAGGCC 1020
FAO2a ACTCACTCCTTGGCCAACGAAGTTGTGGTTGAAGGAGGTAAGAAGTTGGGCTACAAGAGC 1020

FAO2b ACTCACTCTTTGGCGAACGCGGTTGTGGT TGAAGGAGGTAAGAAGTTGGGTTACAAGAGC 1020
Kk kkkkk KKKKK KhKK Kk ok kkkkkkh Kk KKKKK Kk Kk KkKkkkk K

FAO-13 AAGGTATTAGACCAAAACAGCGGTGGTCATCCTCAGCACAGATGCGGTTTCTGTTATTTG 1080
FAO-20 AAGGTATTAGACCAAAACAGCGGTGGTCATCCTCAGCACAGATGCGGTTTCTGTTATTTG 1080
FAO-17 AAGGTATTAGACCAAAACAGCGGTGGTCATCCTCAGCACAGATGCGGTTTCTGTTATTTG 1080
FAO-18 AAGGTATTAGACCAAAACAGCGGTGGTCATCCTCATCACAGATGCGGTTTCTGTTATTTG 1080
FAO2a AAGGAAATTGAGCAGAACAACGGTGGCCACCCTGACCACCCATGTGGTTTCTGTTACTTG 1080

FAO2b AAGGAAATCGAGCAGAACAATGGTGGCCATCCTGACCACCCCTGTGGTTTCTGTTACTTG 1080
Kkkk ok k kk kk KAk KKKk Kk KKk K khk Kk kkKKKKKKKK K KA K

FAO-13 GGCTGTAAGCACGGTATCAAGCAGGGTTCTGTTAATAACTGGTTTAGAGACGCAGCTGCC 1140
FAO-20 GGCTGTAAGCACGGTATCAAGCAGGGTTCTGTTAATAACTGGTTTAGAGACGCAGCTGCC 1140
FAO-17 GGTTGTAAGCACGGTATCAAGCAGGGCTCTGTTAATAACTGGTTTAGAGACGCAGCTGCC 1140
FAO-18 GGTTGTAAGCACGGTATCAAGCAGGGCTCTGTTAATAACTGGTTTAGAGACGCAGCTGCC 1140
FAO2a GGCTGTAAGTACGGTATTAAACAGGGTTCTGTGAATAACTGGTTTAGAGACGCAGCTGCC 1140

FAO2b GGCTGTAAGTACGGTATTAAGCAGGGTTCTGTGAATAACTGGTTTAGAGACGCAGCTGCC 1140
Kk kK KKKk KKKKKKK hk KKK KK* Kk kK hAAAAKRRA AR R I AR AR I AR A A Ak A Kk

FAO-13 CACGGTTCCCAGTTCATGCAACAGGTTAGAGTTTTGCAAATACTTAACAAGAAGGGGATC 1200
FAO-20 CACGGTTCCCAGTTCATGCAACAGGTTAGAGTTTTGCAAATACTTAACAAGAAGGGGATC 1200
FAO-17 CACGGTTCTCAGTTCATGCAACAGGTTAGAGTTTTGCAAATCCTTAACAAGAAGGGCATC 1200
FAO-18 CACGGTTCTCAGTTCATGCAACAGGTTAGAGTTTTGCAAATCCTTAACAAGAAGGGCATC 1200
FAO2a CACGGGTCCAAGTTCATGCAACAAGTCAGAGTTGTGCAAATCCTCAACAAGAATGGCGTC 1200

FAO2b CACGGGTCCAAGTTCATGCAACAAGTCAGAGTTGTGCAAATCCTCCACAATAAAGGCGTC 1200
Fhhkhkk kk KKKKKKKKKKRAKK kK Kk hhkh KKK AKRK Kk khkKk* Kk Kk KK
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FAO-13 GCTTACGGTATCTTGTGTGAGGATGTTGTAACCGGCGCCAAGTTCACCATTACTGGCCCC 1260
FAO-20 GCTTACGGTATCTTGTGTGAGGATGTTGTAACCGGCGCCAAGTTCACCATTACTGGCCCC 1260
FAO-17 GCTTATGGTATCTTGTGTGAGGATGTTGTAACCGGTGCCAAGTTCACCATTACTGGCCCC 1260
FAO-18 GCTTATGGTATCTTGTGTGAGGATGTTGTAACCGGTGCCAAGTTCACCATTACTGGCCCC 1260
FAO2a GCTTATGGTATCTTGTGTGAGGATGTCGAAACCGGAGTCAGGTTCACTATTAGTGGCCCC 1260

FAO2b GCTTATGGCATCTTGTGTGAGGATGTCGAGACCGGAGTCAAATTCACTATCAGTGGCCCC 1260
Hhhkhkh kk KKKKKKKKKKKRAKKRKH® Kk KKk hk Kk Kk KkkkKk Kk ok KKKKR KKK

FAO-13 AAAAAGTTTGTTGTTGCTGCCGGTGCTTTGAACACTCCATCTGTGTTGGTCAACTCCGGC 1320
FAO-20 AAAAAGTTTGTTGTTGCTGCCGGTGCTTTGAACACTCCATCTGTGTTGGTCAACTCCGGC 1320
FAO-17 ARAAAGTTTGTTGTTGCCGCCGGCGCCTTAAACACTCCATCTGTGTTGGTCAACTCCGGA 1320
FAO-18 AAAAAGTTTGTTGTTGCCGCCGGCGCCTTAAACACTCCATCTGTGTTGGTCAACTCCGGA 1320
FAO2a AAAAAGTTTGTTGTTTCTGCTGGTTCTTTGAACACGCCAACTGTGTTGACCAACTCCGGA 1320

FAO2b AAAAAGTTTGTTGTTTCTGCAGGTTCTTTGAACACGCCAACGGTGTTGACCAACTCCGGA 1320
FRKKKKKKKKKKIIK * kk kk Kk kk KKk hk KAk ok KKKKKK kKA AK KA KK

FAO-13 TTCAAGAACAAGAACATCGGTAAGAACTTAACTTTGCACCCAGTTTCTGTCGTGTTTGGT 1380
FAO-20 TTCAAGAACAAGAACATCGGTAAGAACTTAACTTTGCACCCAGTTTCTGTCGTGTTTGGT 1380
FAO-17 TTCAAGAACAAGAACATCGGTAAGAACTTAACTTTGCATCCAGTTTCTGTCGTGTTTGGT 1380
FAO-18 TTCAAGAACAAGAACATCGGTAAGAACTTAACTTTGCATCCAGTTTCTGTCGTGTTTGGT 1380
FAO2a TTCAAGAACAAGCACATTGGTAAGAACTTGACGTTGCACCCAGTTTCCACCGTGTTTGGT 1380

FAO2b TTCAAGAACAAACACATCGGTAAGAACTTGACGTTGCACCCAGTTTCGACCGTGTTTGGT 1380
HRKKKKKKIRK KKK K KRKRKARRIAKF hk Ak hhkk Ahhhkkh* Fkk KKKk KKK

FAO-13 GATTTTGGCAAAGACGTTCAAGCAGACCACTTCCACAACTCCATCATGACTGCCCTTTGT 1440
FAO-20 GATTTTGGCAAAGACGTTCAAGCAGACCACTTCCACAACTCCATCATGACTGCCCTTTGT 1440
FAO-17 GATTTTGGCAAAGACGTTCAAGCAGACCACTTCCACAACTCCATCATGACTGCCCTTTGT 1440
FAO-18 GATTTTGGCAAAGACGTTCAAGCAGATCACTTCCACAACTCCATCATGACTGCTCTTTGT 1440
FAO2a GACTTTGGCAGAGACGTGCAAGCCGACCATTTCCACAAATCTATTATGACTTCGCTTTGT 1440

FAO2b GACTTTGGCAGAGACGTGCAAGCCGACCATTTCCACAAATCTATTATGACTTCGCTCTGT 1440
Kk kkkkkhh KhkKAK KhkAKK kk kk KKK KAKKK kk Kk kkkAkkk Kk Kk KAk

FAO-13 TCAGAAGCCGCTGATTTAGACGGCAAGGGCCATGGATGCAGAATTGAAACCATCTTGAAC 1500

FAO-20 TCAGAAGCCGCTGATTTAGACGGCAAGGGCCATGGATGCAGAATTGAAACCATCTTGAAC 1500

FAO-17 TCAGAAGCCGCTGATTTAGACGGCAAGGGCCATGGATGCAGAATTGAAACCATCTTGAAC 1500

FAO-18 TCAGAAGCCGCTGATTTAGACGGCAAGGGTCATGGATGCAGAATTGAAACCATCTTGAAC 1500

FAO2a TACGAGGTTGCTGACTTGGACGGCAAGGGCCACGGATGCAGAATCGAAACCATCTTGAAC 1500

FAO2b TACGAAGTCGCTGACTTGGACGGCAAGGGCCACGGATGCAGAATCGAGACCATCTTGAAC 1500
F o kk ok kKkKkhk Kk KKKKKKRKKKKF KKk KAKKAKKRKRKAK hh KR RAAAK AR A K

FAO-13 GCTCCATTCATCCAGGCTTCATTCTTACCATGGAGAGGTAGTAACGAGGCTAGACGAGAC 1560
FAO-20 GCTCCATTCATCCAGGCTTCATTCTTACCATGGAGAGGTAGTAACGAGGCTAGACGAGAC 1560
FAO-17 GCTCCATTCATCCAGGCTTCATTCTTACCATGGAGAGGTAGTAACGAGGCTAGACGAGAC 1560
FAO-18 GCTCCATTCATCCAGGCTTCATTCTTACCATGGAGAGGTAGTAACGAGGCTAGACGAGAC 1560
FAO2a GCTCCATTCATCCAAGCTTCTTTGTTGCCATGGAGAGGAAGTGACGAGGTCAGAAGAGAC 1560
FAO2b GCTCCATTCATCCAAGCTTCTTTGTTGCCATGGAGAGGAAGCGACGAGGTCAGAAGAGAC 1560
HRKKKKKKK KK Khh KAk kh hk kk KhhA kA hh kA d kk  KKk*hAK KK * ARk AAK

FAO-13 TTGTTGCGTTACAACAACATGGTGGCGATGTTGCTCCTTAGTCGTGACACCACCAGTGGT 1620
FAO-20 TTGTTGCGTTACAACAACATGGTGGCGATGTTGCTCCTTAGTCGTGACACCACCAGTGGT 1620
FAO-17 TTGTTGCGTTACAACAACATGGTGGCGATGTTGCTCCTTAGTCGTGACACCACCAGTGGT 1620
FAO-18 TTGTTGCGTTACAACAACATGGTGGCCATGTTACTTCTTAGTCGTGATACCACCAGTGGT 1620
FAO2a TTGTTGCGTTACAACAACATGGTGGCCATGTTGCTTATCACGCGTGATACCACCAGTGGT 1620
FAO2b TTGTTGCGTTACAACAACATGGTGGCCATGTTGCTTATCACCCGTGACACCACCAGTGGT 1620
R R L AT T T L I A I AR TR T R R T

FAO-13 TCCGTTTCTGCTCATCCAACCAAACCTGAAGCTTTGGTTGTCGAGTACGACGTGAACAAG 1680

FAO-20 TCCGTTTCTGCTCATCCAACCAAACCTGAAGCTTTGGTTGTCGAGTACGACGTGAACAAG 1680

FAO-17 TCCGTTTCTGCTCATCCAACCAAACCTGAAGCTTTGGTTGTCGAGTACGACGTGAACAAG 1680

FAO-18 TCCGTTTCGTCCCATCCAACTAAACCTGAAGCATTAGTTGTCGAGTACGACGTGAACAAG 1680

FAO2a TCAGTTTCTGCTGACCCAAAGAAGCCCGACGCTTTGATTGTCGACTATGAGATTAACAAG 1680

FAO2b TCAGTTTCTGCTGACCCAAAGAAGCCCGACGCTTTGATTGTCGACTATGACATCAACAAG 1680
Kk kkkkk ok ok khkk Kk kK kk Kk kk  KKKkKkKKK kHk Kk Kk KkKkhKK

FAO-13 TTTGACAGAAACTCGATCTTGCAGGCATTGTTGGTCACTGCTGACTTGTTGTATATCCAA 1740
FAO-20 TTTGACAGAAACTCGATCTTGCAGGCATTGTTGGTCACTGCTGACTTGTTGTATATCCAA 1740
FAO-17 TTTGACAGAAACTCGATCTTGCAGGCATTGTTGGTCACTGCTGACTTGTTGTATATCCAA 1740
FAO-18 TTTGACAGAAACTCCATCTTGCAGGCATTGTTGGTCACTGCTGACTTGTTGTACATTCAA 1740
FAO2a TTTGACAAGAATGCCATCTTGCAAGCTTTCTTGATCACTTCCGACATGTTGTACATTGAA 1740

FAO2b TTTGACAAGAATGCCATCTTGCAAGCTTTCTTGATCACCTCCGACATGTTGTACATCGAA 1740
KRKkhkK KKk kk ok KhKKKkAKK kk kk KKk Kkkk ok Kkk KAKKRAK Kk KK

FAO-13 GGTGCCAAGAGAATCCTTAGTCCACAGGCATGGGTGCCAATTTTTGAATCCGACAAGCCA 1800
FAO-20 GGTGCCAAGAGAATCCTTAGTCCACAGGCATGGGTGCCAATTTTTGAATCCGACAAGCCA 1800
FAO-17 GGTGCCAAGAGAATCCTTAGTCCACAGGCATGGGTGCCAATTTTTGAATCCGACAAGCCA 1800
FAO-18 GGTGCCAAGAGAATCCTTAGTCCCCAACCATGGGTGCCAATTTTTGAATCCGACAAGCCA 1800
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FAO2a GGTGCCAAGAGAATCCTCAGTCCACAGCCATGGGTGCCAATCTTTGAGTCGAACAAGCCA 1800

FAO2b GGTGCCAAGAGAATCCTCAGTCCACAGGCATGGGTGCCAATCTTTGAGTCGAACAAGCCA 1800
B A I A Y 2 R Rt

FAO-13 AAGGATAAGAGATCAATCAAGGACGAGGACTATGTCGAATGGAGAGCCAAGGTTGCCAAG 1860
FAO-20 AAGGATAAGAGATCAATCAAGGACGAGGACTATGTCGAATGGAGAGCCAAGGTTGCCAAG 1860
FAO-17 AAGGATAAGAGATCAATCAAGGACGAGGACTATGTCGAATGGAGAGCCAAGGTTGCCAAG 1860
FAO-18 AAGGATAAGAGATCAATCAAGGACGAGGACTATGTCGAATGGAGAGCCAAGGTTGCCAAG 1860
FAO2a AAGGAGCAAAGAACGATCAAGGACAAGGACTATGTTGAGTGGAGAGCCAAGGCTGCTAAG 1860

FAO2b AAGGAGCAAAGAACAATCAAGGACAAGGACTATGTCGAATGGAGAGCCAAGGCTGCCAAG 1860
Hhhkhkk ok KKKk ok KAKKKAKKK KKKKIAKKKA Kk RRkKARKRKAAKIIA Ak k KKK

FAO-13 ATTCCTTTCGACACCTACGGCTCACCTTATGGTTCGGCACATCAAATGTCTTCTTGCCGT 1920
FAO-20 ATTCCTTTCGACACCTACGGCTCACCTTATGGTTCGGCACATCAAATGTCTTCTTGCCGT 1920
FAO-17 ATTCCTTTCGACACCTACGGCTCACCTTATGGTTCGGCACATCAAATGTCTTCTTGCCGT 1920
FAO-18 ATTCCTTTTGACACCTACGGCTCGCCTTATGGTTCGGCGCATCAAATGTCTTCTTGTCGT 1920
FAO2a ATACCTTTCGACACCTACGGTTCTGCATATGGGTCCGCACATCAAATGTCCACCTGTCGT 1920

FAO2b ATACCTTTCGACACCTACGGTTCTGCCTATGGGTCCGCACATCAAATGTCCACCTGTCGT 1920
Kk kkKkk KKKKKKKKKKK KKk Kk kkhkk hk Kk RkKKRKRKRAKF Kk Kk KKK

FAO-13 ATGTCAGGTAAGGGTCCTAAATACGGTGCTGTTGACACCGATGGTAGATTGTTTGAATGT 1980
FAO-20 ATGTCAGGTAAGGGTCCTAAATACGGTGCTGTTGACACCGATGGTAGATTGTTTGAATGT 1980
FAO-17 ATGTCAGGTAAGGGTCCTAAATACGGTGCTGTTGACACCGATGGTAGATTGTTTGAATGT 1980
FAO-18 ATGTCAGGTAAGGGTCCTAAATACGGTGCTGTTGATACCGATGGTAGATTGTTTGAATGT 1980
FAO2a ATGTCCGGAAAGGGTCCTAAATACGGTGCTGTTGATACTGATGGTAGATTGTTTGAATGT 1980

FAO2b ATGTCCGGAAAGGGTCCTAAATACGGCGCCGTTGATACCGATGGTAGATTGTTTGAATGT 1980
HRKKK KKk KKKKAKK KK KR KKK R KK, kh AAkhhk *h AhkA AR RI AR RI AR A A AR Ak K

FAO-13 TCGAATGTTTATGTTGCCGATGCAAGTCTTTTGCCAACTGCAAGCGGTGCCAACCCTATG 2040
FAO-20 TCGAATGTTTATGTTGCCGATGCAAGTCTTTTGCCAACTGCAAGCGGTGCCAACCCTATG 2040
FAO-17 TCGAATGTTTATGTTGCCGATGCAAGTCTTTTGCCAACTGCAAGCGGTGCCAACCCTATG 2040
FAO-18 TCGAATGTTTATGTTGCTGACGCTAGTCTTTTGCCAACTGCTAGCGGTGCTAATCCTATG 2040
FAO2a TCGAATGTCTATGTTGCTGATGCTAGTGTTTTGCCTACTGCCAGCGGTGCCAACCCAATG 2040

FAO2b TCGAATGTCTATGTTGCTGATGCTAGTGTTTTGCCTACTGCCAGCGGTGCCAACCCAATG 2040
HRKKKKKK KKKKKKKHF hh Kk kkk hhA kA Ak KAKRK KRKIAAKF k* Kk KKK

FAO-13 GTCACCACCATGACTCTTGCCAGACATGTTGCGTTAGGTTTGGCAGACTCCTTGAAGACC 2100
FAO-20 GTCACCACCATGACTCTTGCCAGACATGTTGCGTTAGGTTTGGCAGACTCCTTGAAGACC 2100
FAO-17 GTCACCACCATGACTCTTGCAAGACATGTTGCGTTAGGTTTGGCAGACTCCTTGAAGACC 2100
FAO-18 GTCACCACCATGACTCTTGCAAGACATGTTGCGTTAGGTTTGGCAGACTCCTTGAAGACC 2100
FAO2a ATATCCACCATGACCTTTGCTAGACAGATTGCGTTAGGTTTGGCTGACTCCTTGAAGACC 2100

FAO2b ATCTCCACCATGACGTTTGCTAGACAGATTGCGTTAGGTTTGGCTGACTCTTTGAAGACC 2100
d o kkkKkkhhkh Kk hk KAKKK KKK KKKKRAKRKKA AN RhK Ak Ak AR hA kA K

FAO-13 ARAGCCAAGTTGTAG 2115 (SEQ ID NO: 1)
FAO-20 ARAGCCAAGTTGTAG 2115 (SEQ ID NO: 3)
FAO-17 AAGGCCAAGTTGTAG 2115 (SEQ ID NO: 2)
FAO-18 AAGGCCAAGTTGTAG 2115 (SEQ ID NO: 6)
FAO2a ARACCCAAGTTGTAG 2115 (SEQ ID NO: 4)
FAO2b ARACCCAAGTTGTAG 2115 (SEQ ID NO: 5)
* K KhkKk Kk kk ok k kK

[0354] Amino Acid Sequences

-continued

TLHPVSVVFGDFGKDVQADHFHNSIMTALCSEAADLDGKGHGCRIETILN

FAO-1
SEQ ID NO: 7 APFIQASFLPWRGSNEARRDLLRYNNMVAMLLLSRDTTSGSVSSHPTKPE

MAPFLPDQVDYKHVDTLMLLCDGIIHETTVDEIKDVIAPDFPADKYEEYV
ALVVEYDVNKFDRNSILQALLVTADLLYIQGAKRILSPQPWVPIFESDKP

RTFTKPSETPGFRETVYNTVNANTMDATIHQFIILTNVLGSRVLAPALTNS

KDKRSIKDEDYVEWRAKVAKIPFDTYGSPYGSAHQMSSCRMSGKGPKYGA
LTPIKDMSLEDREKLLASWRDSPIAAKRKLFRLVSTLTLVTFTRLANELH

VDTDGRLFECSNVYVADASLLPTASGANPMVTTMTLARHVALGLADSLKT

LKAIHYPGREDREKAYETQEIDPFKYQFLEKPKFYGAELYLPDIDVIIIG
KAKL

SGAGAGVVAHTLTNDGFKSLVLEKGRYFSNSELNFDDKDGVQELYQSGGT

FAO-13
LTTVNQQLFVLAGS TFGGGTTVNWSACLKTPFKVRKEWYDEFGVDFAADE SEQ ID NO:

MAPFLPDQVDYKHVDTLMLLCDGIIHETTVDQIKDVIAPDFPADKYEEYV
AYDKAQDYVWQQOMGASTEGITHSLANEIIIEGGKKLGYKAKVLDONSGGH

RTFTKPSETPGFRETVYNTVNANTTDATIHQFIILTNVLASRVLAPALTNS
PHHRCGFCYLGCKHGIKQGSVNNWFRDAAAHGSQFMQQVRVLQILNKKGI

LTPIKDMSLEDREKLLASWRDSPIAAKRKLFRLVSTLTLVTFTRLANELH
AYGILCEDVVTGAKFTITGPKKFVVAAGALNTPSVLVNSGFKNKNIGKNL

LKAIHYPGREDREKAYETQEIDPFKYQFLEKPKFYGAELYLPDIDVIIIG
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APFIQASFLPWRGSNEARRDLLRYNNMVAMLLLSRDTTSGSVSAHPTKPE
SCGAGAGVVAHTLANDGFKSLVLEKGKYFSNSELNFDDKDGVQELYQSGGT

ALVVEYDVNKFDRNS ILQALLVTADLLY IQGAKRILSPQAWVPIFESDKP
LTTVNQQLFVLAGS TFGGGTTVNWS ACLKTPFKVRKEWYDEFGVDFAADE

KDKRSIKDEDYVEWRAKVAKIPFDTYGSPYGSAHOMS SCRMSGKGPKYGA
AYDKAQDYVWQOMGASTEGITHSLANET I EGGKKLGYKAKVLDQNSGGH

VDTDGRLFECSNVYVADASLLPTASGANPMVTTMTLARHVALGLADSLKT
PQHRCGFCYLGCKHGTKQGSVNNWFRDAAAHGSQFMOQVRVLQILNKKGT

KAK1
AYGILCEDVVTGAKFTITGPKKFVVAAGALNTPSVLVNSGFKNKN IGKNL

FAO-2a
TLHPVSVVFGDFGKDVQADHFHNS I MTALCSEAADLDGKGHGCRIETILN SEQ ID NO: 11

MNTFLPDVLEYKHVDTLLLLCDGIIHET TVDQIKDAIAPDFPEDQYEEYL
APFIQASFLPWRGSNEARRDLLRYNNMVAMLLLSRDTTSGSVSAHPTKPE

KTFTKPSETPGFREAVYDTINATPTDAVHMCIVLTTALDSRILAPTLTNS
ALVVEYDVNKFDRNSILQALLVTADLLYIQGAKRILSPQAWVPIFESDKP
KDKRSTKDEDYVEWRAKVAKI PEDTYGSPYGS AHOMSSCRMEGKGPKYGA LTPIKDMTLKEREQLLASWRDSPIAAKRRLFRLI SSLTLTTFTRLASELH
VDTDGRLFECSNVYVADAS LLPTASGANPMVTTMTLARKY ALGLADS LKT LKATHYPGRDLREKAYETQVVDPFRYSFMEKPKFDGAELYLPDIDVIIIG
KAKL SGAGAGVMAHTLANDGFKTLVLEKGKYFSNSELNFNDADGVKELYQGKGA
FAO-20 LATTNQQOMFILAGSTLGGGTTVNWSACLKT PFKVRKEWYDEFGLEFAADE

SEQ ID NO: 9
MAPFLPDQVDYKHVDTLMLLCDGI IHETTVDQIKDV IAPDFPADKYEEYV AYDKAQDYVWKQMGASTDG I THS LANEVVVEGGKKLGYKSKET EQNNGGH
RTFTKPSETPGFRETVYNTVNANTTDAIHQFIILTNVLASRVLAPALTNS PDHPCGFCYLGCKYGIKQGSVNNWFRDAAAHGSKFMQQVRVVQILNKNGV
LTPIKDMSLEDREKLLASWRDSP IAAKRKLFRLVSTLTLVTFTRLANELH AYGTLCEDVETGVRFTI SCPKKFVVSAGSLNTPTVL TNSGFKNKHIGKNL
LKATHYPGREDREKAYETQEIDPFKYQFMEKPKFDGAELYLPDIDVIIIG TLHPVS TVFGDFGRDVOADHFHKS IMTS LCYEVADLDGKGHGCRI ETILN
SCGAGAGVVAHTLANDGFKSLVLEKGKYFSNSELNFDDKDGVQELYQSGGT
QELYQ APFIQASLLPWRGSDEVRRDLLRYNNMVAMLLITRDTTSGSVSADPKKPD

LTTVNQQLFVLAGS TFGGGTTVNWS ACLKTPFKVRKEWYDEFGVDFAADE

ALIVDYEINKFDKNAILQAFLITSDMLYIEGAKRILSPQPWVPIFESNKP
AYDKAQDYVWQOMGASTEGITHSLANET I EGGKKLGYKAKVLDQNSGGH

KEQRTIKDKDYVEWRAKAAKI PFDTYGSAYGSAHOMS TCRMSGKGPKYGA
PQHRCGFCYLGCKHGTKQGSVNNWFRDAAAHGSQFMOQVRVLQILNKKGT

VDTDGRLFECSNVYVADASVLPTASGANPMI STMTFARQIALGLADSLKT
AYGILCEDVVTGAKFTITGPKKFVVAAGALNTPSVLVNSGFKNKN IGKNL

KPKL
TLHPVSVVFGDFGKDVQADHFHNS I MTALCSEAADLDGKGHGCRIETILN

FAO-2b
APFIQASFLPWRGSNEARRDLLRYNNMVAMLLLSRDTTSGSVSAHPTKPE SEQ ID NO: 12

MNTFLPDVLEYKHVDTLLLLCDGIIHET TVDQIRDAIAPDFPEDQYEEYL
ALVVEYDVNKFDRNSILQALLVTADLLYIQGAKRILSPQAWVPIFESDKP

KTFTKPSETPGFREAVYDTINSTPTEAVHMCIVLTTALDSRILAPTLTNS
KDKRSIKDEDYVEWRAKVAKIPFDTYGSPYGSAHOMS S CRMSGKGPKYGA
VDTDGRLFECSNVYVADASLLPTASGANPMVTTMTLARHVALGLADSLKT LTPIKDMTLREREQLLARWRDSPIAAKRRLFRLISSLTLTTFTRLASDLH
KAKL LRATHYPGRDLREKAYETQVVDPFRYSFMEKPKFDGTELYLPDIDVIIIG
FAO-17 SGAGAGVMAHTLANDGYKTLVLEKGKYFSNSELNFNDADGMKELYQGKCA

SEQ ID NO: 10

MAPFLPDQVDYKHVDTLMLLCDGI IHETTVDEIKDV IAPDFPADKYEEYV LTTTNQQMFILAGSTLGGGTTVNWSACLKTPFKVRKEWYDEFGLEFAADE
RTFTKPSETPGFRETVYNTVNANTMDATHQF I ILTNVLGSRVLAPALTNS AYDKAQDYVWKQMGASTEG I THS LANAVVVEGGKKLGYKSKET EQNNGGH
LTPIKDMSLEDREKLLASWRDSP IAAKRKLFRLVSTLTLVTFTRLANELH PDHPCGFCYLGCKYGIKQGSVNNWFRDAAAHGSKFMOQOVRVVQI LHNKGY
LKATHYPGREDREKAYETQEIDPFKYQFLEKPKFYGAELYLPDIDVIIIG AYGTLCEDVETGVKETI SGPKKFVVSAGSLNTPTVL TNSGFKNKHIGKNL

SGAGAGVVAHTLANDGFKSLVLEKGKYFSNSELNFDDKDGVQELYQSGGT TLHPVS TVFGDFGRDVOADHFHKS IMTS LCYEVADLDGKGHGCRI ETILN

LTTVHQOLFVLAGSTFGEGTTVNWSACLRTPFKVRKEWYDEFGVDF. E APFIQASLLPWRGSDEVRRDLLRYNNMVAMLLITRDTTSGSVSADPKKPD

AYDKAQDYVWQQOMGASTEGITHSLANEIIIEGGKKLGYKAKVLDONSGGH
ALIVDYDINKFDKNAILQAFLITSDMLYIEGAKRILSPQAWVPIFESNKP

PQHRCGFCYLGCKHGIKQGSVNNWFRDAAAHGSQFMQQVRVLQILNKKGI

KEQRTIKDKDYVEWRAKAAKIPFDTYGSAYGSAHQMSTCRMSGKGPKYGA
AYGILCEDVVTGAKFTITGPKKFVVAAGALNTPSVLVNSGFKNKNIGKNL

VDTDGRLFECSNVYVADASVLPTASGANPMISTMTFARQIALGLADSLKT
TLHPVSVVFGDFGKDVQADHFHNSIMTALCSEAADLDGKGHGCRIETILN

KPKL
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[0355]
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FAO-20
FAO-1

FAO-13
FAO-20
FAO-1

FAO-13
FAO-20
FAO-1

FAO-13
FAO-20
FAO-1

FAO-13
FAO-20
FAO-1

FAO-13
FAO-20
FAO-1

FAO-13
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FAO-13
FAO-20
FAO-1

FAO-13
FAO-20
FAO-1

FAO-13
FAO-20
FAO-1

76

Clustal Amino Acid Sequence Alignments

MAPFLPDQVDYKHVDTLMLLCDGIIHETTVDQIKDVIAPDFPADKYEEYVRTFTKPSETP
MAPFLPDQVDYKHVDTLMLLCDGIIHETTVDQIKDVIAPDFPADKYEEYVRTFTKPSETP
MAPFLPDQVDYKHVDTLMLLCDGIIHETTVDEIKDVIAPDFPADKYEEYVRTFTKPSETP

KKKKKKKKKKKKKKKKKKKK KK KK KK KKK KK kR Rk hhhhhhhhhkhhhkkhhhhhh kK

GFRETVYNTVNANTTDAIHQFIILTNVLASRVLAPALTNSLTPIKDMSLEDREKLLASWR
GFRETVYNTVNANTTDAIHQFIILTNVLASRVLAPALTNSLTPIKDMSLEDREKLLASWR
GFRETVYNTVNANTMDAIHQFIILTNVLGSRVLAPALTNSLTPIKDMSLEDREKLLASWR

KKKKKKKKKKKKKK KKK KKKK KK KRRk Kk hhhhhhhhhhhhhhhkhhhkkhhhhkh kK

DSPIAAKRKLFRLVSTLTLVTFTRLANELHLKATIHYPGREDREKAYETQEIDPFKYQFLE
DSPIAAKRKLFRLVSTLTLVTFTRLANELHLKATIHYPGREDREKAYETQEIDPFKYQFME
DSPIAAKRKLFRLVSTLTLVTFTRLANELHLKATIHYPGREDREKAYETQEIDPFKYQFLE

KKKKKKKKKKKKKKKKKKKK KK KKK KKK KR KRRk Rk hhhhhhhhhhhhhhh kK ok

KPKFYGAELYLPDIDVIIIGSGAGAGVVAHTLANDGFKSLVLEKGKYFSNSELNFDDKDG
KPKFDGAELYLPDIDVIIIGSGAGAGVVAHTLANDGFKSLVLEKGKYFSNSELNFDDKDG
KPKFYGAELYLPDIDVIIIGSGAGAGVVAHTLTNDGFKSLVLEKGRYFSNSELNFDDKDG

KKKK KKKKKKKKKKKKKKKR KK KK KKK KK ARk hhhhhhhhhhk ok khhhkkhhhhhh kK

VQELYQSGGTLTTVNQQLFVLAGS TFGGGTTVNWSACLKTPFKVRKEWNYDEFGVDFAADE
VQELYQSGGTLTTVNQQLFVLAGS TFGGGTTVNWSACLKTPFKVRKEWNYDEFGVDFAADE

VQELYQSGGTLTTVNQQLFVLAGS TFGGGTTVNWSACLKTPFKVRKEWNYDEFGVDFAADE
B R R R e T T

AYDKAQDYVWQOMGASTEGI THSLANEII IEGGKKLGYKAKVLDONSGGHPQHRCGFCYL
AYDKAQDYVWQOMGASTEGI THSLANEII IEGGKKLGYKAKVLDONSGGHPQHRCGFCYL
AYDKAQDYVWQOMGASTEGI THSLANEII IEGGKKLGYKAKVLDQNSGGHPHHRCGFCYL

KKKKKKKKKKKKKKKKKKKK KK KKK KRR AR R R Rk hhhhhhhhhkhhh ok hhhhkhhk

GCKHGIKQGSVNNWFRDAAAHGSQFMQOVRVLQILNKKGIAYGILCEDVVTGAKFTITGP
GCKHGIKQGSVNNWFRDAAAHGSQFMQOVRVLQILNKKGIAYGILCEDVVTGAKFTITGP

GCKHGIKQGSVNNWFRDAAAHGSQFMQOVRVLQILNKKGIAYGILCEDVVTGAKFTITGP
B R R R e T T

KKFVVAAGALNTPSVLVNSGFKNKNIGKNLTLHPVSVVFGDFGKDVQADHFHNSIMTALC
KKFVVAAGALNTPSVLVNSGFKNKNIGKNLTLHPVSVVFGDFGKDVQADHFHNSIMTALC

KKFVVAAGALNTPSVLVNSGFKNKNIGKNLTLHPVSVVFGDFGKDVQADHFHNSIMTALC
B R R R e T T

SEAADLDGKGHGCRIETILNAPFIQASFLPWRGSNEARRDLLRYNNMVAMLLLSRDTTSG
SEAADLDGKGHGCRIETILNAPFIQASFLPWRGSNEARRDLLRYNNMVAMLLLSRDTTSG

SEAADLDGKGHGCRIETILNAPFIQASFLPWRGSNEARRDLLRYNNMVAMLLLSRDTTSG
B R R R e T T

SVSAHPTKPEALVVEYDVNKFDRNSILOALLVTADLLYIQGAKRILSPQAWVPIFESDKP
SVSAHPTKPEALVVEYDVNKFDRNSILOALLVTADLLYIQGAKRILSPQAWVPIFESDKP
SVSSHPTKPEALVVEYDVNKFDRNSILOQALLVTADLLYIQGAKRILSPQPWVPIFESDKP

KKK KKK KKKKKKKKKKKKK KK KKK KKK AR kR Rk hhhhhhhhhhkh  kkkhhhkhhk

KDKRSIKDEDYVEWRAKVAKIPFDTYGSPYGSAHQMS SCRMSGKGPKYGAVDTDGRLFEC
KDKRSIKDEDYVEWRAKVAKIPFDTYGSPYGSAHQMS SCRMSGKGPKYGAVDTDGRLFEC

KDKRSIKDEDYVEWRAKVAKIPFDTYGSPYGSAHQMS SCRMSGKGPKYGAVDTDGRLFEC
B R R R e T T

SNVYVADASLLPTASGANPMVT TMTLARHVALGLADSLKTKAKL
SNVYVADASLLPTASGANPMVT TMTLARHVALGLADSLKTKAKL

SNVYVADASLLPTASGANPMVT TMTLARHVALGLADSLKTKAKL
R R T T Y
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60
60
60

120
120
120

180
180
180

240
240
240

300
300
300

360
360
360

420
420
420

480
480
480

540
540
540

600
600
600

660
660
660

704 (SEQ ID NO: 8)
704 (SEQ ID NO: 9)
704 (SEQ ID NO: 7)

Example 31
Examples of Embodiments

[0356] Provided Hereafter are Non-Limiting Examples of
Certain Embodiments.

[0357] Al. An engineered microorganism capable of pro-
ducing adipic acid, which microorganism comprises one or
more altered activities selected from the group consisting of
6-oxohexanoic acid dehydrogenase activity, omega oxo fatty
acid dehydrogenase activity, 6-hydroxyhexanoic acid dehy-
drogenase activity, omega hydroxyl fatty acid dehydrogenase
activity, hexanoate synthase activity, monooxygenase activ-

ity, monooxygenase reductase activity, fatty alcohol oxidase
activity, acyl-CoA ligase activity, acyl-CoA oxidase activity,
enoyl-CoA hydratase activity, 3-L-hydroxyacyl-CoA dehy-
drogenase activity and acetyl-CoA C-acyltransferase activity.
[0358] Al.1. The engineered microorganism of embodi-
ment Al, which comprises a genetic modification that adds or
increases the 6-oxohexanoic acid dehydrogenase activity,
omega oxo fatty acid dehydrogenase activity, 6-hydroxyhex-
anoic acid dehydrogenase activity, omega hydroxyl fatty acid
dehydrogenase activity, hexanoate synthase activity,
monooxygenase activity, monooxygenase reductase activity,
fatty alcohol oxidase activity, acyl-CoA ligase activity, acyl-
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CoA oxidase activity, enoyl-CoA hydratase activity, 3-L-hy-
droxyacyl-CoA dehydrogenase activity and/or acetyl-CoA
C-acyltransferase activity.

[0359] Al.2. The engineered microorganism of embodi-
ment Al, which comprises a genetic modification that reduces
the acyl-CoA oxidase activity.

[0360] A1.3. The engineered microorganism of embodi-
ment Al.l, wherein the genetic modification comprises
increased copies of a polynucleotide that encodes a polypep-
tide having 6-oxohexanoic acid dehydrogenase activity,
omega oxo fatty acid dehydrogenase activity, 6-hydroxyhex-
anoic acid dehydrogenase activity, omega hydroxyl fatty acid
dehydrogenase activity, hexanoate synthase activity,
monooxygenase activity, monooxygenase reductase activity,
fatty alcohol oxidase activity, acyl-CoA ligase activity, acyl-
CoA oxidase activity, enoyl-CoA hydratase activity, 3-L-hy-
droxyacyl-CoA dehydrogenase activity or acetyl-CoA
C-acyltransferase activity.

[0361] Al.4. The engineered microorganism of embodi-
ment Al.1, wherein the genetic modification comprises inser-
tion of a heterologous promoter and/or 5' UTR, into genomic
DNA of the microorganism in functional connection with a
polynucleotide that encodes a polypeptide having 6-oxohex-
anoic acid dehydrogenase activity, 6-hydroxyhexanoic acid
dehydrogenase activity, hexanoate synthase activity,
monooxygenase activity, monooxygenase reductase activity,
fatty alcohol oxidase activity, acyl-CoA ligase activity, acyl-
CoA oxidase activity, enoyl-CoA hydratase activity, 3-L-hy-
droxyacyl-CoA dehydrogenase activity or acetyl-CoA
C-acyltransferase activity.

[0362] A2. The engineered microorganism of any one of
embodiments Al to Al.4, which comprises an altered
thioesterase activity.

[0363] A2.1. The engineered microorganism of embodi-
ment A2, which comprises a genetic alteration that adds or
increases a thioesterase activity.

[0364] A2.2. The engineered microorganism of embodi-
ment A2.1, which comprises a heterologous polynucleotide
encoding a polypeptide having thioesterase activity.

[0365] A3. The engineered microorganism of any one of
embodiments Al to A2.2, which comprises a heterologous
polynucleotide encoding a polypeptide having 6-oxohex-
anoic acid dehydrogenase activity.

[0366] A3.1 The engineered microorganism of any one of
embodiments Al to A3, which comprises a heterologous
polynucleotide encoding a polypeptide having omega oxo
fatty acid dehydrogenase activity.

[0367] A4. The engineered microorganism of embodiment
A3 and A3.1, wherein the heterologous polynucleotide is
from a bacterium.

[0368] AS. The engineered microorganism of embodiment
A4, wherein the bacterium is an Acinetobacter, Nocardia,
Pseudomonas or Xanthobacter bacterium.

[0369] A6. The engineered microorganism of embodiment
Al or A2, which comprises a heterologous polynucleotide
encoding a polypeptide having 6-hydroxyhexanoic acid
dehydrogenase activity.

[0370] A6.1 The engineered microorganism of embodi-
ment Al or A2, which comprises a heterologous polynucle-
otide encoding a polypeptide having omega hydroxyl fatty
acid dehydrogenase activity

[0371] A7. The engineered microorganism of embodiment
A6 or A6.1, wherein the heterologous polynucleotide is from
a bacterium.
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[0372] AS8. The engineered microorganism of embodiment
A7, wherein the bacterium is an Acinetobacter, Nocardia,
Pseudomonas or Xanthobacter bacterium.

[0373] A9. The engineered microorganism of embodiment
Al or A2, which comprises a heterologous polynucleotide
encoding a polypeptide having hexanoate synthase subunit A
activity.

[0374] A10. The engineered microorganism of embodi-
ment Al or A2, which comprises a heterologous polynucle-
otide encoding a polypeptide having hexanoate synthase sub-
unit B activity.

[0375] All. The engineered microorganism of embodi-
ment A9 or A10, wherein the heterologous polynucleotide
independently is selected from a bacterium.

[0376] A12. The engineered microorganism of embodi-
ment All, wherein the bacterium is a Bacillus bacterium.
[0377] A13. The engineered microorganism of embodi-
ment A12, wherein the Bacillus bacterium is B. megaterium.
[0378] Al4. The engineered microorganism of embodi-
ment Al or A2, which comprises a heterologous polynucle-
otide encoding a polypeptide having monooxygenase activ-

ity.

[0379] AlS. The engineered microorganism of embodi-
ment A14, wherein the heterologous polynucleotide is from a
fungus.

[0380] A16. The engineered microorganism of embodi-

ment A15, wherein the fungus is an Aspergillus fungus.
[0381] A17. The engineered microorganism of embodi-
ment A16, wherein the Aspergillus fungus is A. parasiticus.
[0382] A18. The engineered microorganism of embodi-
ment Al or A2, which comprises a genetic modification that
results in primary hexanoate usage by monooxygenase activ-
ity.

[0383] A19. The engineered microorganism of embodi-
ment A18, wherein the genetic modification reduces a
polyketide synthase activity.

[0384] A20. The engineered microorganism of any one of
embodiments A1-A19, which is a eukaryote.

[0385] A21. The engineered microorganism of embodi-
ment A20, which is a yeast.

[0386] A22. The engineered microorganism of embodi-
ment A21, wherein the yeast is a Candida yeast.

[0387] A23. The engineered microorganism of embodi-
ment A22, wherein the Candida yeast is a C. tropicalis strain.
[0388] A24. The engineered microorganism of embodi-
ment A20, which is a fungus.

[0389] A25. The engineered microorganism of embodi-
ment A24, wherein the fungus is a Yarrowia fungus.

[0390] A26. The engineered microorganism of embodi-
ment A25, wherein the Yarrowia fungus is Y. lipolytica.
[0391] A27. The engineered microorganism of embodi-
ment A24, wherein the fungus is an Aspergillus fungus.
[0392] A28. The engineered microorganism of embodi-
ment A27, wherein the Aspergillus fungus is a A. parasiticus
strain or a 4. nidulans strain.

[0393] A29. The engineered microorganism of any one of
embodiments A1-A28, which comprises a genetic modifica-
tion that reduces 6-hydroxyhexanoic acid conversion.
[0394] A30. The engineered microorganism of embodi-
ment A29, wherein the genetic modification reduces 6-hy-
droxyhexanoic acid dehydrogenase activity.

[0395] A31. The engineered microorganism of any one of
embodiments A1-A30, which comprises a genetic modifica-
tion that reduces beta-oxidation activity.
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[0396] A32. The engineered microorganism of embodi-
ment A31, wherein the genetic modification renders beta-
oxidation activity undetectable.

[0397] A33. The engineered microorganism of embodi-
ment A31, wherein the genetic modification partially reduces
beta-oxidation activity.

[0398] A34. The engineered microorganism of any one of
embodiments A31 to A33, wherein the genetic modification
comprises disrupting a polynucleotide that encodes a
polypeptide having an acyl-CoA oxidase activity.

[0399] A35. The engineered microorganism of any one of
embodiments A31 to A33, wherein the genetic modification
comprises disrupting a promoter in functional connection
with a polynucleotide that encodes a polypeptide having the
acyl-CoA oxidase activity.

[0400] A36. The engineered microorganism of embodi-
ment A34 or A35, wherein the polypeptide having the acyl-
CoA oxidase activity is a POX polypeptide.

[0401] A37. The engineered microorganism of embodi-
ment A36, wherein the POX polypeptide is a POX4 polypep-
tide, POXS polypeptide or POX4 polypeptide and POX5
polypeptide.

[0402] A38. The engineered microorganism of any one of
embodiments A1 to A37, which is in contact with a feedstock.
[0403] A39. The engineered microorganism of embodi-
ment A38, wherein the feedstock comprises a saccharide.
[0404] AA40. The engineered microorganism of embodi-
ment A39, wherein the saccharide is a monosaccharide,
polysaccharide or a mixture or a monosaccharide and
polysaccharide.

[0405] A41. The engineered microorganism of embodi-
ment A38, wherein the feedstock comprises a paraffin.
[0406] A42. The engineered microorganism of embodi-
ment A41, wherein the paraffin is a saturated paraffin, unsat-
urated paraffin, substituted paraffin, branched paraffin, linear
paraffin or combination thereof.

[0407] A43. The engineered microorganism of embodi-
ment A4l or A42, wherein the paraffin includes about 1 to
about 60 carbon atoms.

[0408] Ad44. The engineered microorganism of embodi-
ments A4l to A43, wherein the paraffin is in a mixture of
paratfins.

[0409] AA45. The engineered microorganism of embodi-
ment A44, wherein the paraffins in the mixture of paraffins
have a mean number of carbon atoms of about 8 to about 18
carbon atoms.

[0410] A46. The engineered microorganism of embodi-
ment A45, wherein the mean number of carbon atoms is about
10 to about 16 carbon atoms.

[0411] A46.1. The engineered microorganism of embodi-
ment A46, wherein the mean number of carbon atoms is about
12 atoms.

[0412] A47. The engineered microorganism of any one of
embodiments A41 to A46.1, wherein the paraffin is in a wax.
[0413] AA48. The engineered microorganism of any one of
embodiments A41 to A46.1, wherein the paraffin is in an oil.
[0414] AA49. The engineered microorganism of any one of
embodiments A41 to A48, wherein the paraftin is from a
petroleum product.

[0415] ASO. The engineered microorganism of embodi-
ment A49, wherein the petroleum product is a petroleum
distillate.
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[0416] AS1. The engineered microorganism of any one of
embodiments A41 to A48, wherein the paraffin is from a plant
or plant product.

[0417] BI1. An engineered microorganism that produces
adipic acid, which microorganism comprises an altered
monooxygenase activity.

[0418] B1.1. The engineered microorganism of embodi-
ment B1, which comprises a genetic modification that alters
the monooxygenase activity.

[0419] B1.2. The engineered microorganism of embodi-
ment B1 or B1.1, which comprises a genetic modification that
alters a monooxygenase activity selected from the group con-
sisting of.

[0420] B2. The engineered microorganism of embodiment
B1.1, which comprises a heterologous polynucleotide encod-
ing a polypeptide having monooxygenase activity.

[0421] B3. The engineered microorganism of embodiment
B2, wherein the heterologous polynucleotide is from a fun-
gus.

[0422] B4. The engineered microorganism of embodiment
B3, wherein the fungus is an Aspergillus fungus.

[0423] BS. The engineered microorganism of embodiment
B4, wherein the Aspergillus fongus is 4. parasiticus.

[0424] B6. The engineered microorganism of any one of
embodiments B1-B5, which comprises a genetic modifica-
tion that results in substantial hexanoate usage by the
monooxygenase activity.

[0425] B7. The engineered microorganism of embodiment
B6, wherein the genetic modification reduces a polyketide
synthase activity.

[0426] B8. The engineered microorganism of any one of
embodiments B1-B5, which comprises an altered hexanoate
synthase activity.

[0427] B9Y. The engineered microorganism of embodiment
B8, wherein the altered hexanoate synthase activity is an
altered hexanoate synthase subunit A activity, altered hex-
anoate synthase subunit B activity, or altered hexanoate syn-
thase subunit A activity and altered hexanoate synthase sub-
unit B activity.

[0428] B9.1. The engineered microorganism of embodi-
ment B9, which comprises a genetic alteration that adds or
increases hexanoate synthase activity.

[0429] B10. The engineered microorganism of any one of
embodiments B8, B9 or B9.1, which comprises a heterolo-
gous polynucleotide encoding a polypeptide having hex-
anoate synthase activity.

[0430] B11. The engineered microorganism of embodi-
ment B10, wherein the heterologous polynucleotide is from a
fungus.

[0431] B12. The engineered microorganism of embodi-
ment B11, wherein the fungus is an Aspergillus fungus.
[0432] B13. The engineered microorganism of embodi-
ment B11, wherein the Aspergillus fungus is A. parasiticus.
[0433] B14. The engineered microorganism of any one of
embodiments B1-B13, which comprises an altered
thioesterase activity.

[0434] B14.1. The engineered microorganism of embodi-
ment B14, which comprises a genetic modification that adds
or increases the thioesterase activity.

[0435] B14.2. The engineered microorganism of embodi-
ment B14 or B14.1, which comprises a heterologous poly-
nucleotide encoding a polypeptide having thioesterase activ-

ity.



US 2012/0156761 Al

[0436] B15. The engineered microorganism of any one of
embodiments B1-B14.2, which comprises an altered 6-oxo-
hexanoic acid dehydrogenase activity.

[0437] B15.1. The engineered microorganism of embodi-
ment B15, which comprises a genetic modification that adds
or increases the 6-oxohexanoic acid dehydrogenase activity.
[0438] B15.2 The engineered microorganism of any one of
embodiments B1 to B15.1, which comprises an altered
omega oxo fatty acid dehydrogenase activity.

[0439] B15.3 The engineered microorganism of embodi-
ment B15.2, which comprises a genetic modification that
adds or increases the omega oxo fatty acid dehydrogenase
activity

[0440] B16. The engineered microorganism of any one of
embodiments B15 to B15.3, which comprises a heterologous
polynucleotide encoding a polypeptide having 6-oxohex-
anoic acid dehydrogenase activity.

[0441] B16.1 The engineered microorganism of any one of
embodiments B15 to B16, which comprises a heterologous
polynucleotide encoding a polypeptide having omega oxo
fatty acid dehydrogenase activity.

[0442] B17. The engineered microorganism of embodi-
ment B16 or B16.1, wherein the heterologous polynucleotide
is from a bacterium.

[0443] B18. The engineered microorganism of embodi-
ment B17, wherein the bacterium is a Acinetobacter, Nocar-
dia, Pseudomonas or Xanthobacter bacterium.

[0444] B19. The engineered microorganism of any one of
embodiments B1-B18, which comprises an altered 6-hy-
droxyhexanoic acid dehydrogenase activity.

[0445] B19.1. The engineered microorganism of embodi-
ment B19, which comprises a genetic modification that adds
or increases the 6-hydroxyhexanoic acid dehydrogenase
activity.

[0446] B19.2 The engineered microorganism of any one of
embodiments B1-B19.1, which comprises an altered omega
hydroxyl fatty acid dehydrogenase activity.

[0447] B19.3 The engineered microorganism of embodi-
ment B19.2, which comprises a genetic modification that
adds or increases the omega hydroxyl fatty acid dehydroge-
nase activity.

[0448] B20. The engineered microorganism of any one of
embodiments B19 to B19.3, which comprises a heterologous
polynucleotide encoding a polypeptide having 6-hydroxy-
hexanoic acid dehydrogenase activity.

[0449] B20.1 The engineered microorganism of any one of
embodiments B19 to B20, which comprises a heterologous
polynucleotide encoding a polypeptide having omega
hydroxyl fatty acid dehydrogenase activity.

[0450] B21. The engineered microorganism of embodi-
ment B20 or B20.1, wherein the heterologous polynucleotide
is from a bacterium.

[0451] B22. The engineered microorganism of embodi-
ment B21, wherein the bacterium is a Acinetobacter, Nocar-
dia, Pseudomonas or Xanthobacter bacterium.

[0452] B23. The engineered microorganism of any one of
embodiments B1-B22, which is a eukaryote.

[0453] B24. The engineered microorganism of embodi-
ment B23, which is a yeast.

[0454] B2S5. The engineered microorganism of embodi-
ment B24, wherein the yeast is a Candida yeast.

[0455] B26. The engineered microorganism of embodi-
ment B25, wherein the Candida yeast is C. tropicalis.
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[0456] B27. The engineered microorganism of embodi-
ment B23, which is a fungus.

[0457] B28. The engineered microorganism of embodi-
ment B27, wherein the fungus is a Yarrowia fungus.

[0458] B29. The engineered microorganism of embodi-
ment B28, wherein the Yarrowia fungus is Y. lipolytica.
[0459] B30. The engineered microorganism of embodi-
ment B27, wherein the fungus is Aspergillus.

[0460] B31. The engineered microorganism of embodi-
ment B30, wherein the Aspergillus fungus is A. parasiticus or
A. nidulans.

[0461] B32. The engineered microorganism of any one of
embodiments B1-B31, which comprises a genetic modifica-
tion that reduces 6-hydroxyhexanoic acid conversion.
[0462] B33. The engineered microorganism of embodi-
ment B32, wherein the genetic modification reduces 6-hy-
droxyhexanoic acid dehydrogenase activity.

[0463] B34. The engineered microorganism of any one of
embodiments B1-B33, which comprises a genetic modifica-
tion that reduces beta-oxidation activity.

[0464] B35. The engineered microorganism of embodi-
ment B34, wherein the genetic modification renders beta-
oxidation activity undetectable.

[0465] C1. A method for manufacturing adipic acid, which
comprises culturing an engineered microorganism of any one
of embodiments A1-B35 under culture conditions in which
the cultured microorganism produces adipic acid.

[0466] C1.1. The method of embodiment C1, wherein the
host microorganism from which the engineered microorgan-
ism is produced does not produce a detectable amount of
adipic acid.

[0467] C2. The method of embodiment C1 of C1.1,
wherein the culture conditions comprise fermentation condi-
tions.

[0468] C3.The method of any one of embodiments C1-C2,
wherein the culture conditions comprise introduction of bio-
mass.

[0469] C4. The method of C1 or C2, wherein the culture
conditions comprise introduction of glucose.

[0470] C5. The method of C1 or C2, wherein the culture
conditions comprise introduction of hexane.

[0471] C6. The method of any one of embodiments C1-C5,
wherein the adipic acid is produced with a yield of greater
than about 0.3 grams per gram of glucose added.

[0472] C7.The method of any one of embodiments C,-C6,
which comprises purifying the adipic acid from the cultured
microorganisms.

[0473] C8. The method of embodiment C7, which com-
prises modifying the adipic acid, thereby producing modified
adipic acid.

[0474] C9. The method of any one of embodiments C1-C8,
which comprises placing the cultured microorganisms, the
adipic acid or the modified adipic acid in a container.

[0475] C10. The method of embodiment C9, which com-
prises shipping the container.

[0476] DI1. A method for manufacturing 6-hydroxyhex-
anoic acid, which comprises culturing an engineered micro-
organism of any one of embodiments A29, A30, B32 or B33
under culture conditions in which the cultured microorgan-
ism produces 6-hydroxyhexanoic acid.

[0477] D1.1. The method of embodiment D1, wherein the
host microorganism from which the engineered microorgan-
ism is produced does not produce a detectable amount of
6-hydroxyhexanoic acid.
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[0478] D2. The method of embodiment D1 or D1.1,
wherein the culture conditions comprise fermentation condi-
tions.

[0479] D3.The method of any one of embodiments D1-D2,
wherein the culture conditions comprise introduction of bio-
mass.

[0480] D4. The method of D1 or D2, wherein the culture
conditions comprise introduction of glucose.

[0481] DS5. The method of D1 or D2, wherein the culture
conditions comprise introduction of hexane.

[0482] D6. The method of any one of embodiments D1-D5,
wherein the 6-hydroxyhexanoic acid is produced with a yield
of greater than about 0.3 grams per gram of glucose added.
[0483] D7.The method of any one of embodiments D1-D6,
which comprises purifying the 6-hydroxyhexanoic acid from
the cultured microorganisms.

[0484] DS8. The method of embodiment D7, which com-
prises modifying the 6-hydroxyhexanoic acid, thereby pro-
ducing modified 6-hydroxyhexanoic acid.

[0485] D9. The method of any one of embodiments D1-D8,
which comprises placing the cultured microorganisms, the
6-hydroxyhexanoic acid or the modified 6-hydroxyhexanoic
acid in a container.

[0486] D10. The method of embodiment D9, which com-
prises shipping the container.

[0487] E1.A method for preparing an engineered microor-
ganism that produces adipic acid, which comprises:

[0488] (a) introducing a genetic modification to a host
organism that adds or increases monooxygenase activ-
ity, thereby producing engineered microorganisms hav-
ing detectable and/or increased monooxygenase activ-
ity; and

[0489] (b) selecting for engineered microorganisms that
produce adipic acid.

[0490] E1.1. The method of embodiment E1, wherein the
monooxygenase activity is incorporation of a hydroxyl moi-
ety into a six-carbon molecule.

[0491] E1.2. The method of embodiment E1 or El.1,
wherein the six-carbon molecule is hexanoate.

[0492] E2. A method for preparing an engineered microor-
ganism that produces adipic acid, which comprises:

[0493] (a) culturing a host organism with hexane as a
nutrient source, thereby producing engineered microor-
ganisms having detectable monooxygenase activity; and

[0494] (b) selecting for engineered microorganisms that
produce adipic acid.

[0495] E2.1. The method of embodiment E2, wherein the
monooxygenase activity is incorporation of a hydroxyl moi-
ety into a six-carbon molecule.

[0496] E2.2. The method of embodiment E2 or E2.1,
wherein the six-carbon molecule is hexanoate.

[0497] E3. The method of any one of embodiments E1-E2.
2, which comprises selecting the engineered microorganisms
that have a detectable amount of the monooxygenase activity.
[0498] E4. The method of any one of embodiments E1-E3,
which comprises introducing a genetic modification that adds
or increases a hexanoate synthase activity, thereby producing
engineered microorganisms, and selecting for engineered
microorganisms having detectable and/or increased hex-
anoate synthase activity.

[0499] ES. The method of embodiment E4, wherein the
genetic modification encodes a polypeptide having a hex-
anoate synthase subunit A activity, a hexanoate synthase sub-
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unit B activity, or a hexanoate synthase subunit A activity and
a hexanoate synthase subunit B activity.

[0500] E6. The method of any one of embodiments E1-E5,
which comprises introducing a genetic modification that adds
or increases 6-oxohexanoic acid dehydrogenase activity,
thereby producing engineered microorganisms, and selecting
for engineered microorganisms having detectable and/or
increased 6-oxohexanoic acid dehydrogenase activity rela-
tive to the host microorgansim.

[0501] E7. The method of any one of embodiments E1-E6,
which comprises introducing a genetic modification that adds
or increases a 6-hydroxyhexanoic acid dehydrogenase activ-
ity, thereby producing engineered microorganisms, and
selecting for engineered microorganisms having a detectable
and/or increased 6-hydroxyhexanoic acid dehydrogenase
activity relative to the host microorganism.

[0502] E7.1 The method ofany one ofembodiments E1-E7,
which comprises introducing a genetic modification that adds
or increases a 6-hydroxyhexanoic acid dehydrogenase activ-
ity, thereby producing engineered microorganisms, and
selecting for engineered microorganisms having a detectable
and/or increased omega hydroxyl fatty acid dehydrogenase
activity relative to the host microorganism.

[0503] ES8. The method of any one of embodiments E1-E7.
1, which comprises introducing a genetic modification that
adds or increases a thioesterase activity, thereby producing
engineered microorganisms, and selecting for engineered
microorganisms having a detectable and/or increased
thioesterase activity relative to the host microorganism.
[0504] EO9. The method of any one of embodiments E1-E8,
which comprises introducing a genetic modification that
reduces 6-hydroxyhexanoic acid conversion, thereby produc-
ing engineered microorganisms, and selecting for engineered
microorganisms having reduced 6-hydroxyhexanoic acid
conversion relative to the host microorganism.

[0505] E10. The method of any one of embodiments E1-E9,
which comprises introducing a genetic modification that
reduces beta-oxidation activity, thereby producing engi-
neered microorganisms, and selecting for engineered micro-
organisms having reduced beta-oxidation activity relative to
the host microorganism.

[0506] E11. The method of any one of embodiments
E1-E11, which comprises introducing a genetic modification
that results in substantial hexanoate usage by the monooxy-
genase activity, thereby producing engineered microorgan-
isms, and selecting for engineered microorganisms in which
substantial hexanoate usage is by the monooxygenase activ-
ity relative to the host microorganism.

[0507] F1. A method for preparing a microorganism that
produces adipic acid, which comprises: (a) introducing one or
more genetic modifications to a host organism that add or
increase one or more activities selected from the group con-
sisting of 6-oxohexanoic acid dehydrogenase activity, omega
oxo fatty acid dehydrogenase activity, 6-hydroxyhexanoic
acid dehydrogenase activity, omega hydroxyl fatty acid dehy-
drogenase activity, hexanoate synthase activity and
monooxygenase activity, thereby producing engineered
microorganisms, and (b) selecting for engineered microor-
ganisms that produce adipic acid.

[0508] F2. The method of embodiment F1, which com-
prises selecting for engineered microorganisms having one or
more detectable and/or increased activities selected from the
group consisting of 6-oxohexanoic acid dehydrogenase activ-
ity, omega oxo fatty acid dehydrogenase activity, 6-hydroxy-
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hexanoic acid dehydrogenase activity, omega hydroxyl fatty
acid dehydrogenase activity, hexanoate synthase activity and
monooxygenase activity, relative to the host microorganism.
[0509] F3. The method of embodiment F1 or F2, which
comprises introducing a genetic modification that reduces
6-hydroxyhexanoic acid conversion, thereby producing engi-
neered microorganisms, and selecting for engineered micro-
organisms having reduced 6-hydroxyhexanoic acid conver-
sion relative to the host microorganism.
[0510] F4.The method of any one of embodiments F1-F3,
which comprises introducing a genetic modification that
reduces beta-oxidation activity, thereby producing engi-
neered microorganisms, and selecting for engineered micro-
organisms having reduced beta-oxidation activity relative to
the host microorganism.
[0511] F5. The method of any one of embodiments F1-F4,
which comprises introducing a genetic modification that
results in substantial hexanoate usage by the monooxygenase
activity, thereby producing engineered microorganisms, and
selecting for engineered microorganisms in which substantial
hexanoate usage is by the monooxygenase activity relative to
the host microorganism.
[0512] G1. A method for preparing a microorganism that
produces 6-hydroxyhexanoic acid, which comprises: (a)
introducing one or more genetic modifications to a host
organism that add or increase one or more activities selected
from the group consisting of 6-oxohexanoic acid dehydroge-
nase activity, hexanoate synthase activity and monooxyge-
nase activity, thereby producing engineered microorganisms,
(b) introducing a genetic modification to the host organism
that reduces 6-hydroxyhexanoic acid conversion, and (c)
selecting for engineered microorganisms that produce 6-hy-
droxyhexanoic acid.
[0513] G2. The method of embodiment G1, which com-
prises selecting for engineered microorganisms having
reduced 6-hydroxyhexanoic acid conversion relative to the
host microorganism.
[0514] G3. The method of embodiment G1 or G2, which
comprises selecting for engineered microorganisms having
one or more detectable and/or increased activities selected
from the group consisting of 6-oxohexanoic acid dehydroge-
nase activity, omega oxo fatty acid dehydrogenase activity,
6-hydroxyhexanoic acid dehydrogenase activity, omega
hydroxyl fatty acid dehydrogenase activity, hexanoate syn-
thase activity and monooxygenase activity, relative to the host
microorganism.
[0515] G4. The method of any one of embodiments G1-G3,
which comprises introducing a genetic modification that
reduces beta-oxidation activity, thereby producing engi-
neered microorganisms, and selecting for engineered micro-
organisms having reduced beta-oxidation activity relative to
the host microorganism.
[0516] GS5. The method of any one of embodiments G1-G4,
which comprises introducing a genetic modification that
results in substantial hexanoate usage by the monooxygenase
activity, thereby producing engineered microorganisms, and
selecting for engineered microorganisms in which substantial
hexanoate usage is by the monooxygenase activity relative to
the host microorganism.
[0517]
[0518] contacting an engineered microorganism with an
feedstock comprising one or more polysaccharides,
wherein the engineered microorganism comprises:

H1. A method, comprising:
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[0519] a. a genetic alteration that blocks beta oxidation
activity, and
[0520] b. a genetic alteration that adds or increases a
monooxygenase activity or a genetic alteration that adds
or increases hexanoate synthetase activity; and
[0521] culturing the engineered microorganism under
conditions in which adipic acid is produced.
[0522] HI1.1. The method of embodiment H1, wherein the
engineered microorganism comprises a genetic alteration that
adds or increases hexanoate synthetase activity.
[0523] H1.2. The method ofembodiment H1.1, wherein the
engineered microorganism comprises a heterologous poly-
nucleotide encoding a polypeptide having hexanoate syn-
thase subunit A activity.
[0524] H1.3. The method ofembodiment H1.1, wherein the
engineered microorganism comprises a heterologous poly-
nucleotide encoding a polypeptide having hexanoate syn-
thase subunit B activity.
[0525] H1.4. The method of embodiment H1.2 or H1.3,
wherein the heterologous polynucleotide independently is
selected from a bacterium.
[0526] H1.5. The method ofembodiment H1.4, wherein the
bacterium is a Bacillus bacterium.
[0527] H1.6.The method ofembodiment H1.5, wherein the
Bacillus bacterium is B. megaterium.
[0528] H2. The method of any one of embodiment H1 or
H1.6, wherein the microorganism is a Candida yeast.
[0529] H3. The method of embodiment H2, wherein the
microorganism is a C. tropicalis strain.
[0530] H4. The method of any one of embodiments H1 to
H3, wherein the genetic alteration that increases monooxy-
genase activity comprises a genetic alteration that increases
cytochrome P450 reductase activity.
[0531] HS. The method of embodiment H4, wherein the
genetic alteration increases the number of copies of a poly-
nucleotide that encodes a polypeptide having the cytochrome
P450 reductase activity.
[0532] H6. The method of embodiment H4, wherein the
genetic alteration places a promoter in functional connection
with a polynucleotide that encodes a polypeptide having the
cytochrome P450 reductase activity.
[0533] H7. The method of any one of embodiments H1 to
H6, wherein the monooxygenase activity is a CYP52A15
activity, CYP52A16 activity, or a CYP52A1S5 activity and
CYP52A16 activity.
[0534] HS. The method of any one of embodiments H1 to
H7, wherein the genetic alteration increases the number of
copies of a polynucleotide that encodes a polypeptide having
the monooxygenase activity.
[0535] H9. The method of any one of embodiments H1 to
H7, wherein the genetic alteration places a promoter in func-
tional connection with a polynucleotide that encodes a
polypeptide having the monooxygenase activity.
[0536] HI10. The method of any one of embodiments H1 to
H7, wherein the genetic alteration that blocks beta oxidation
activity disrupts acyl-CoA oxidase activity.
[0537] HI11. The method of embodiment H10, wherein the
genetic alteration disrupts POX4 and POXS activity.
[0538] HI12. The method of embodiment H10 or H11,
wherein the genetic alteration disrupts a polynucleotide that
encodes a polypeptide having the acyl-CoA oxidase activity.
[0539] HI13. The method of embodiment H10 or H11,
wherein the genetic alteration disrupts a promoter in func-
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tional connection with a polynucleotide that encodes a
polypeptide having the acyl-CoA oxidase activity.

[0540] H14. The method of any one of embodiments H1 to
H13, wherein the feedstock comprises a 6-carbon sugar.
[0541] HI15. The method of any one of embodiments H1 to
H13, wherein the feedstock comprises a S-carbon sugar.
[0542] H16. The method of any one of embodiments H1 to
H15, wherein the adipic acid is produced at a level of about
80% or more of theoretical yield.

[0543] H17. The method of any one of embodiments H1 to
H16, comprising detecting the amount of adipic acid pro-
duced.

[0544] HI18. The method of any one of embodiments H1 to
H17, comprising isolating the adipic acid produced.

[0545] H19. The method of any one of embodiments H1 to
H18, wherein the culture conditions comprise fermenting the
engineered microorganism.

[0546] 11. A method, comprising:

[0547] contacting an engineered microorganism with a
feedstock comprising one or more paraffins, wherein the
engineered microorganism comprises a genetic alter-
ation that partially blocks beta oxidation activity; and

[0548] culturing the engineered microorganism under
conditions in which adipic acid is produced.

[0549] 11.1. The method of embodiment 11, wherein the
microorganism comprises a genetic alteration that increases a
monooxygenase activity.

[0550] 12. The method of embodiment I1 or I1.1, wherein
the microorganism is a Candida yeast.

[0551] I3. The method of embodiment 12, wherein the
microorganism is a C. tropicalis strain.

[0552] 14.The method of any one of embodiments I1 to 13,
wherein the genetic alteration that increases monooxygenase
activity comprises a genetic alteration that increases cyto-
chrome P450 reductase activity.

[0553] I5. The method of embodiment 14, wherein the
genetic alteration increases the number of copies of a poly-
nucleotide that encodes a polypeptide having the cytochrome
P450 reductase activity.

[0554] 11. The method of embodiment 14, wherein the
genetic alteration places a promoter in functional connection
with a polynucleotide that encodes a polypeptide having the
cytochrome P450 reductase activity.

[0555] 11. The method of any one of embodiments 11 to 16,
wherein the monooxygenase activity isa CYP52A15 activity,
CYP52A16 activity, oraCYP52A15 activity and CYP52A16
activity.

[0556] I8. The method of any one of embodiments 11 to 17,
wherein the genetic alteration increases the number of copies
of a polynucleotide that encodes a polypeptide having the
monooxygenase activity.

[0557] 19. The method of any one of embodiments 11 to 17,
wherein the genetic alteration places a promoter in functional
connection with a polynucleotide that encodes a polypeptide
having the monooxygenase activity.

[0558] 110. The method of any one of embodiments I1 to
17, wherein the genetic alteration that blocks beta oxidation
activity disrupts acyl-CoA oxidase activity.

[0559] 111. The method of embodiment 110, wherein the
genetic alteration disrupts POX4 or POXS activity.

[0560] 112.The method of embodiment1100rI11, wherein
the genetic alteration disrupts a polynucleotide that encodes a
polypeptide having the acyl-CoA oxidase activity.
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[0561] 113.The method of embodiment110o0rIl1, wherein
the genetic alteration disrupts a promoter in functional con-
nection with a polynucleotide that encodes a polypeptide
having the acyl-CoA oxidase activity.

[0562] 114. The method of any one of embodiments I1 to
113, wherein the adipic acid is produced at a level of about
80% or more of theoretical yield.

[0563] 115. The method of any one of embodiments I1 to
114, comprising detecting the amount of adipic acid pro-
duced.

[0564] 1116. The method of any one of embodiments 11 to
115, comprising isolating the adipic acid produced.

[0565] 117. The method of any one of embodiments I1 to
116, wherein the culture conditions comprise fermenting the
engineered microorganism.

[0566] 118. The method of any one of embodiments I1 to
117, wherein the paraffin is a saturated paraffin, unsaturated
paraffin, substituted paraffin, branched paraffin, linear paraf-
fin or combination thereof.

[0567] 119. The method of any one of embodiments I1 to
118, wherein the paraffin includes about 1 to about 60 carbon
atoms.

[0568] 120. The method of any one of embodiments I1 to
119, wherein the paraffin is in a mixture of paraffins.

[0569] 121. The method of embodiment 120, wherein the
paraffins in the mixture of paraffins have a mean number of
carbon atoms of about 8 to about I8 carbon atoms.

[0570] 122. The method of embodiment 121, wherein the
mean number of carbon atoms is about 10 to about 16 carbon
atoms.

[0571] 123. The method of embodiment 122, wherein the
mean number of carbon atoms is about 12 atoms.

[0572] 124. The method of any one of embodiments I1 to
123, wherein the paraffin is in a wax.

[0573] 125. The method of any one of embodiments I1 to
123, wherein the paraffin is in an oil.

[0574] 126. The method of any one of embodiments I1 to
125, wherein the paraffin is from a petroleum product.
[0575] 127. The method of embodiment 126, wherein the
petroleum product is a petroleum distillate.

[0576] 128. The method of any one of embodiments I1 to
1127, wherein the paraffin is from a plant or plant product.
[0577] J1. An isolated polynucleotide selected from the
group consisting of:

[0578] a polynucleotide having a nucleotide sequence
96% or more identical to the nucleotide sequence of
SEQ ID NO: 1;

[0579] a polynucleotide having a nucleotide sequence
that encodes a polypeptide of SEQ ID NO: 8; and

[0580] a polynucleotide having a portion of a nucleotide
sequence 96% or more identical to the nucleotide
sequence of SEQ ID NO: 1 and encodes a polypeptide
having fatty alcohol oxidase activity.

[0581] J2. An isolated polynucleotide selected from the
group consisting of:

[0582] a polynucleotide having a nucleotide sequence
98% or more identical to the nucleotide sequence of
SEQ ID NO: 2;

[0583] a polynucleotide having a nucleotide sequence
that encodes a polypeptide of SEQ ID NO: 10; and

[0584] apolynucleotide having a portion of a nucleotide
sequence 98% or more identical to the nucleotide
sequence of SEQ ID NO: 2 and encodes a polypeptide
having fatty alcohol oxidase activity.
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[0585] J3. An isolated polynucleotide selected from the
group consisting of:

[0586] a polynucleotide having a nucleotide sequence
95% or more identical to the nucleotide sequence of
SEQID NO: 3;

[0587] a polynucleotide having a nucleotide sequence
that encodes a polypeptide of SEQ ID NO: 9; and

[0588] apolynucleotide having a portion of a nucleotide
sequence 95% or more identical to the nucleotide
sequence of SEQ ID NO: 3 and encodes a polypeptide
having fatty alcohol oxidase activity.

[0589] J3.1. An isolated polynucleotide selected from the
group consisting of:

[0590] a polynucleotide having a nucleotide sequence
83% or more identical to the nucleotide sequence of
SEQID NO: 4;

[0591] a polynucleotide having a nucleotide sequence
that encodes a polypeptide of SEQ ID NO: 11; and

[0592] apolynucleotide having a portion of a nucleotide
sequence 83% or more identical to the nucleotide
sequence of SEQ ID NO: 4 and encodes a polypeptide
having fatty alcohol oxidase activity.

[0593] J3.2. An isolated polynucleotide selected from the
group consisting of:

[0594] a polynucleotide having a nucleotide sequence
82% or more identical to the nucleotide sequence of
SEQID NO: 5;

[0595] a polynucleotide having a nucleotide sequence
that encodes a polypeptide of SEQ ID NO: 12; and

[0596] apolynucleotide having a portion of a nucleotide
sequence 82% or more identical to the nucleotide
sequence of SEQ ID NO: 5 and encodes a polypeptide
having fatty alcohol oxidase activity.

[0597] J4. An expression vector comprising a polynucle-
otide of any one of embodiments J1 to J3.2.

[0598] J5. An integration vector comprising a polynucle-
otide of any one of embodiments J1 to J3.2.

[0599] J6.A microorganism comprising an expression vec-
tor of embodiment J4 or an integration vector of embodiment
5.

[0600] J7. A culture comprising a microorganism of
embodiment J6.
[0601] J8.A fermentation device comprising a microorgan-

ism of embodiment J7.

[0602] J9. A polypeptide encoded by a polynucleotide of
any one of embodiments J1 to J3 or produced by an expres-
sion vector of embodiment J4 or microorganism of embodi-
ment J6.
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[0603] J10. An antibody that specifically binds to a
polypeptide of embodiment J9.

[0604] The entirety of each patent, patent application, pub-
lication and document referenced herein hereby is incorpo-
rated by reference. Citation of the above patents, patent appli-
cations, publications and documents is not an admission that
any of the foregoing is pertinent prior art, nor does it consti-
tute any admission as to the contents or date of these publi-
cations or documents.

[0605] Modifications may be made to the foregoing with-
out departing from the basic aspects of the technology.
Although the technology has been described in substantial
detail with reference to one or more specific embodiments,
those of ordinary skill in the art will recognize that changes
may be made to the embodiments specifically disclosed in
this application, yet these modifications and improvements
are within the scope and spirit of the technology.

[0606] The technology illustratively described herein suit-
ably may be practiced in the absence of any element(s) not
specifically disclosed herein. Thus, for example, in each
instance herein any of the terms “comprising,” “consisting
essentially of,” and “consisting of” may be replaced with
either of the other two terms. The terms and expressions
which have been employed are used as terms of description
and not of limitation, and use of such terms and expressions
do not exclude any equivalents of the features shown and
described or portions thereof, and various modifications are
possible within the scope of the claimed technology. The term
“a” or “an” can refer to one of or a plurality of the elements it
modifies (e.g., “a reagent” can mean one or more reagents)
unless it is contextually clear either one of the elements or
more than one of the elements is described. The term “about”
as used herein refers to a value within 10% of the underlying
parameter (i.e., plus or minus 10%), and use of the term
“about” at the beginning of a string of values modifies each of
the values (i.e., “about 1, 2 and 3” refers to about 1, about 2
and about 3). For example, a weight of “about 100 grams” can
include weights between 90 grams and 110 grams. Further,
when a listing of values is described herein (e.g., about 50%,
60%, 70%, 80%, 85% or 86%) the listing includes all inter-
mediate and fractional values thereof (e.g., 54%, 85.4%).
Thus, it should be understood that although the present tech-
nology has been specifically disclosed by representative
embodiments and optional features, modification and varia-
tion of the concepts herein disclosed may be resorted to by
those skilled in the art, and such modifications and variations
are considered within the scope of this technology.

[0607] Certain embodiments of the technology are set forth
in the claim(s) that follow(s)

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 328

<210> SEQ ID NO 1

<211> LENGTH: 2115

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 1

Synthetic
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atggctccat ttttgeccga

tgtgacggga tcatccacga

ttcectgety acaagtacga

gggttcaggyg aaaccgtcta

ttcattatct tgaccaatgt

ttgacgccta tcaaggacat

gactccccaa tcegctgcecaa

acgttcacga gattggccaa

gaccgtgaaa aggcttatga

aaaccgaagt tttacggege

tctggtgeceyg gtgetggtgt

gttttggaaa agggcaaata

gttcaagaat tataccaaag

cttgetggtt ccacttttgg

ccattcaagyg tgcgtaagga

gcatacgata aagcgcagga

acccactcett tggctaacga

aaggtattag accaaaacag

ggctgtaage acggtatcaa

cacggttcce agttcatgea

gettacggta tettgtgtga

aaaaagtttyg ttgttgctge

ttcaagaaca agaacatcgg

gattttggca aagacgttca

tcagaagccyg ctgatttaga

getccattca tccaggette

ttgttgcegtt acaacaacat

tcegtttetyg ctcatccaac

tttgacagaa actcgatctt

ggtgccaaga gaatccttag

aaggataaga gatcaatcaa

attccttteg acacctacgg

atgtcaggta agggtcctaa

tcgaatgttt atgttgecga

gtcaccacca tgactcttge

aaagccaagt tgtag

<210> SEQ ID NO 2
<211> LENGTH: 2115

ccaggtegac

aaccaccgte

agagtacgtc

caacacagtc

tttggcatce

gagcttggaa

aaggaagttg

tgagttgcat

aacccaggag

tgagttgtac

tgtggcccac

ctttagcaac

tggaggtact

tggcggtace

atggtatgat

ttatgtttgg

gattattatt

cggtggteat

gcagggttet

acaggttaga

ggatgttgta

cggtgetttyg

taagaactta

agcagaccac

cggcaagggc

attcttacca

ggtggcgatg

caaacctgaa

gcaggcattyg

tccacaggca

ggacgaggac

ctcaccttat

atacggtgcet

tgcaagtctt

cagacatgtt

tacaaacacg

gaccaaatca

aggacattca

aacgcaaaca

agggtcttgg

gaccgtgaaa

ttcaggttygyg

ttgaaagcca

attgaccctt

ttgccagata

actttggeca

tccgagttga

ttgactacag

actgtcaatt

gagtttggtg

cagcaaatgg

gaaggtggta

cctecagcaca

gttaataact

gttttgcaaa

accggegeca

aacactccat

actttgcacc

ttccacaact

catggatgca

tggagaggta

ttgctcctta

getttggtty

ttggtcactg

tgggtgccaa

tatgtcgaat

ggttcggcac

gttgacaccyg

ttgccaactyg

gegttaggtt

tcgacaccct tatgttatta

aagacgttat tgctcctgac

ccaaacccte cgaaacccca

ccacggacge aatccaccag

ctccagettt gaccaactcg

aattgttgge ctegtggege

tttctacget taccttggte

ttcattatce aggaagagaa

ttaagtacca gtttttggaa

ttgatgtgat cattattgga

acgatggctt caagagtttg

actttgatga caaggacggce

tcaaccaaca gttgtttgtt

ggtcageetyg tcttaagacg

ttgactttge tgctgatgaa

gagcttctac cgaaggcatce

agaaattagg ttacaaggcc

gatgcggttt ctgttatttg

ggtttagaga cgcagctgee

tacttaacaa gaaggggatce

agttcaccat tactggccce

ctgtgttggt caactccgge

cagtttctgt cgtgtttggt

ccatcatgac tgccctttgt

gaattgaaac catcttgaac

gtaacgaggce tagacgagac

gtegtgacac caccagtggt

tcgagtacga cgtgaacaag

ctgacttgtt gtatatccaa

tttttgaatc cgacaagcca

ggagagccaa ggttgccaag

atcaaatgtc ttecttgeegt

atggtagatt gtttgaatgt

caagcggtge caaccctatg

tggcagactc cttgaagacc

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

1740

1800

1860

1920

1980

2040

2100

2115
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 2

atggctccat ttttgecccga ccaggtcgac tacaaacacg tegacaccect tatgttatta 60
tgtgacggga tcatccacga aaccaccgtg gacgaaatca aagacgtcat tgcccctgac 120
ttccecegeeg acaaatacga ggagtacgte aggacattca ccaaacccte cgaaacccca 180
gggttcaggyg aaaccgtcta caacaccgtce aacgcaaaca ccatggatge aatccaccag 240
ttcattatct tgaccaatgt tttgggatca agggtcttgg caccagettt gaccaactcg 300
ttgactccta tcaaggacat gagcttggaa gaccgtgaaa agttgttage ctegtggegt 360
gactccecta ttgctgctaa aaggaagttyg ttcaggttgg tttctacget taccttggte 420
acgttcacga gattggccaa tgagttgeat ttgaaagcca ttcattatce aggaagagaa 480
gaccgtgaaa aggcttatga aacccaggag attgaccctt ttaagtacca gtttttggaa 540
aaaccgaagt tttacggege tgagttgtac ttgccagata ttgatgtgat cattattgga 600
tctggtgeeyg gtgctggtgt tgtggeccac actttggeca acgatggett caagagtttg 660
gttttggaaa agggcaaata ctttagcaac tccgagttga actttgatga caaggacggce 720
gttcaagaat tataccaaag tggaggtact ttgactacag tcaaccaaca gttgtttgtt 780
cttgetggtt ccacttttgg tggeggtace actgtcaatt ggtcagectg tcttaagacg 840
ccattcaagg tgcgtaagga atggtatgat gagtttggtg ttgactttge tgctgatgaa 900
gcatacgata aagcgcagga ttatgtttgg cagcaaatgg gagcttctac cgaaggecatc 960

acccactcett tggctaacga gattattatt gaaggtggta agaaattagg ttacaaggcce 1020
aaggtattag accaaaacag cggtggtcat cctcagcaca gatgcggttt ctgttatttg 1080
ggttgtaagc acggtatcaa gcagggctct gttaataact ggtttagaga cgcagctgece 1140
cacggttectce agttcatgca acaggttaga gttttgcaaa tccttaacaa gaagggcatc 1200
gcttatggta tcettgtgtga ggatgttgta accggtgcca agttcaccat tactggeccce 1260
aaaaagtttg ttgttgccge cggcgcectta aacactccat ctgtgttggt caactccgga 1320
ttcaagaaca agaacatcgg taagaactta actttgcatc cagtttctgt cgtgtttggt 1380
gattttggca aagacgttca agcagaccac ttccacaact ccatcatgac tgccctttgt 1440
tcagaagccg ctgatttaga cggcaagggc catggatgca gaattgaaac catcttgaac 1500
gcteccattceca tccaggctte attcecttacca tggagaggta gtaacgaggc tagacgagac 1560
ttgttgegtt acaacaacat ggtggcgatg ttgctcctta gtcgtgacac caccagtggt 1620
tcegtttetg ctcatccaac caaacctgaa gctttggttg tcgagtacga cgtgaacaag 1680
tttgacagaa actcgatctt gcaggcattg ttggtcactg ctgacttgtt gtatatccaa 1740
ggtgccaaga gaatccttag tccacaggca tgggtgccaa tttttgaatc cgacaagcca 1800
aaggataaga gatcaatcaa ggacgaggac tatgtcgaat ggagagccaa ggttgccaag 1860
attccttteg acacctacgg ctcaccttat ggttcggcac atcaaatgte ttettgecegt 1920
atgtcaggta agggtcctaa atacggtgct gttgacaccg atggtagatt gtttgaatgt 1980

tcgaatgttt atgttgccga tgcaagtctt ttgccaactg caagcggtgce caaccctatg 2040
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gtcaccacca tgactcttge aagacatgtt gegttaggtt tggcagactce cttgaagacc

aaggccaagt

tgtag

<210> SEQ ID NO 3
<211> LENGTH: 2115

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 3

atggctccat

tgtgacggga

ttcecctgety

gggttcaggg

ttcattatct

ttgacgecta

gactccccaa

actttcacga

gaccgtgaaa

aagccaaagt

tctggtgecy

gttttggaaa

gttcaagaat

cttgctggtt

ccattcaagyg

gcatacgata

acccactctt

aaggtattag

ggctgtaage

cacggttece

gcttacggta

aaaaagtttg

ttcaagaaca

gattttggca

tcagaagceg

gctccattea

ttgttgegtt

tcegtttety

tttgacagaa

ggtgccaaga

aaggataaga

ttttgccega

tcatccacga

acaagtacga

aaaccgtcta

tgaccaatgt

tcaaggacat

tcgetgecaa

gattggccaa

aggcttatga

ttgacggege

gtgctggtgt

agggcaaata

tataccaaag

ccacttttgg

tgcgtaagga

aagcgcagga

tggctaacga

accaaaacag

acggtatcaa

agttcatgca

tcttgtgtga

ttgttgetge

agaacatcgg

aagacgttca

ctgatttaga

tccaggette

acaacaacat

ctcatccaac

actcgatctt

gaatccttag

gatcaatcaa

ccaggtegac

aaccaccgte

agagtacgtc

caacacagtc

tttggcatce

gagcttggaa

aaggaaattg

tgagttgcat

aacccaggag

tgagttgtac

tgtggcccac

ctttagcaac

tggaggtact

tggcggtace

atggtatgat

ttatgtttgg

gattattatt

cggtggteat

gcagggttet

acaggttaga

ggatgttgta

cggtgetttyg

taagaactta

agcagaccac

cggcaagggc

attcttacca

ggtggcgatg

caaacctgaa

gcaggcattyg

tccacaggca

ggacgaggac

tacaaacacg

gaccaaatca

aggacattca

aacgcaaaca

agggtcttgg

gaccgtgaaa

ttcaggttygyg

ttgaaagcca

attgaccctt

ttgccagata

actttggeca

tccgagttga

ttgactacag

actgtcaatt

gagtttggtg

cagcaaatgg

gaaggtggta

cctecagcaca

gttaataact

gttttgcaaa

accggegeca

aacactccat

actttgcacc

ttccacaact

catggatgca

tggagaggta

ttgctcctta

getttggtty

ttggtcactg

tgggtgccaa

tatgtcgaat

tcgacaccect

aagacgttat

ccaaacccte

ccacggacge

ctccagettt

aattgttgge

tttccacget

ttcactatcce

tcaagtacca

ttgatgttat

acgatggett

actttgatga

tcaaccaaca

ggtcageccetyg

ttgactttgce

gagcttctac

agaaattagg

gatgceggttt

ggtttagaga

tacttaacaa

agttcaccat

ctgtgttggt

cagtttetgt

ccatcatgac

gaattgaaac

gtaacgaggce

gtcgtgacac

tcgagtacga

ctgacttgtt

tttttgaatc

ggagagccaa

2100
2115
Synthetic

tatgttatta 60
tgctectgac 120
cgaaacccca 180
aatccaccag 240
gaccaactcg 300
ctegtggege 360
taccttggtt 420
aggaagagaa 480
gtttatggaa 540
cattattgga 600
caagagtttyg 660
caaggacggc 720
gttgtttgtt 780
tcttaagacy 840
tgctgatgaa 900
cgaaggcatc 960
ttacaaggcce 1020
ctgttatttyg 1080
cgcagctgece 1140
gaaggggatc 1200
tactggccecce 1260
caactcecggce 1320
cgtgtttggt 1380
tgcecctttgt 1440
catcttgaac 1500
tagacgagac 1560
caccagtggt 1620
cgtgaacaag 1680
gtatatccaa 1740
cgacaagcca 1800
ggttgccaag 1860
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attccttteg acacctacgg ctcaccttat ggttcggcac atcaaatgte ttettgecegt 1920
atgtcaggta agggtcctaa atacggtgct gttgacaccg atggtagatt gtttgaatgt 1980
tcgaatgttt atgttgccga tgcaagtctt ttgccaactg caagcggtgce caaccctatg 2040
gtcaccacca tgactcttge cagacatgtt gecgttaggtt tggcagactc cttgaagacce 2100
aaagccaagt tgtag 2115
<210> SEQ ID NO 4

<211> LENGTH: 2115

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 4

atgaatacct tcttgeccaga cgtgctcgaa tacaaacacg tegacacect tttgttattg 60
tgtgacggga tcatccacga aaccacagtce gatcagatca aggacgccat tgctcccgac 120
ttcectgagyg accagtacga ggagtatcte aagacctteca ccaagecate tgagaccect 180
gggttcagag aagccgtcta cgacacgatc aacgccaccce caaccgatge cgtgecacatg 240
tgtattgtct tgaccaccge attggactce agaatcttgg cecccacgtt gaccaactceg 300
ttgacgccta tcaaggatat gaccttgaag gagcgtgaac aattgttgge ctettggegt 360
gattcccega ttgcggcaaa gagaagattyg ttcagattga tttecteget taccttgacyg 420
acgtttacga gattggccag cgaattgecac ttgaaagcca tccactacce tggcagagac 480
ttgcgtgaaa aggcgtatga aacccaggtg gttgaccctt tcaggtacct gtttatggag 540
aaaccaaagt ttgacggcge cgaattgtac ttgccagata tegacgtcat catcattgga 600
tcaggcegeeg gtgctggtgt catggeccac actctegeca acgacgggtt caagaccttg 660
gttttggaaa agggaaagta tttcagcaac tccgagttga actttaatga cgetgatgge 720
gtgaaagagt tgtaccaagg taaaggtgct ttggccacca ccaatcagca gatgtttatt 780
cttgceggtt ccactttggg cggtggtace actgtcaact ggtetgettyg ccttaaaaca 840
ccatttaaag tgcgtaagga gtggtacgac gagtttggte ttgaatttge tgccgatgaa 900
gectacgaca aagcgcagga ttatgtttgg aaacaaatgg gtgcttcaac agatggaatc 960

actcactcct tggccaacga agttgtggtt gaaggaggta agaagttggg ctacaagagc 1020
aaggaaattg agcagaacaa cggtggccac cctgaccacc catgtggttt ctgttacttg 1080
ggctgtaagt acggtattaa acagggttct gtgaataact ggtttagaga cgcagctgcece 1140
cacgggtcca agttcatgca acaagtcaga gttgtgcaaa tcctcaacaa gaatggcgtce 1200
gcttatggta tcettgtgtga ggatgtcgaa accggagtca ggttcactat tagtggeccce 1260
aaaaagtttg ttgtttctgce tggttctttg aacacgccaa ctgtgttgac caactccgga 1320
ttcaagaaca agcacattgg taagaacttg acgttgcacc cagtttccac cgtgtttggt 1380
gactttggca gagacgtgca agccgaccat ttccacaaat ctattatgac ttcgetttgt 1440
tacgaggttg ctgacttgga cggcaagggc cacggatgca gaatcgaaac catcttgaac 1500
gcteccattceca tceccaagette tttgttgecca tggagaggaa gtgacgaggt cagaagagac 1560

ttgttgegtt acaacaacat ggtggccatg ttgcttatca cgcgtgatac caccagtggt 1620
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tcagtttctg ctgacccaaa gaagcccgac gctttgattg tcgactatga gattaacaag 1680
tttgacaaga atgccatctt gcaagctttc ttgatcactt ccgacatgtt gtacattgaa 1740
ggtgccaaga gaatcctcag tccacagcca tgggtgccaa tcetttgagtc gaacaagcca 1800
aaggagcaaa gaacgatcaa ggacaaggac tatgttgagt ggagagccaa ggctgctaag 1860
atacctttcg acacctacgg ttcectgcatat gggtccgcac atcaaatgtce cacctgtegt 1920
atgtccggaa agggtcctaa atacggtgct gttgatactg atggtagatt gtttgaatgt 1980
tcgaatgtct atgttgctga tgctagtgtt ttgecctactg ccagcggtgce caacccaatg 2040
atatccacca tgacctttgce tagacagatt gcgttaggtt tggctgactce cttgaagacc 2100
aaacccaagt tgtag 2115
<210> SEQ ID NO 5

<211> LENGTH: 2115

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 5

atgaatacct tcttgeccaga cgtgctcgaa tacaaacacg tegatacect tttgttatta 60
tgtgacggga tcatccacga aaccacagte gaccagatca gggacgccat tgctcccgac 120
ttccectgaag accagtacga ggagtatcte aagacctteca ccaagecate tgagaccect 180
gggttcagag aagccgtcta cgacacgatc aacagcaccce caaccgaggce tgtgecacatg 240
tgtattgtat tgaccaccge attggacteg agaatcttgg cecccacgtt gaccaactceg 300
ttgacgccta tcaaggatat gaccttgaaa gagcgtgaac aattgttgge tgectggegt 360
gattcccega tcgeggcecaa gagaagattyg ttcagattga tttectcact taccttgacyg 420
acctttacga gattggccag cgacttgecac ttgagagcca tccactacce tggcagagac 480
ttgcgtgaaa aggcatatga aacccaggtg gttgaccctt tcaggtacct gtttatggaa 540
aaaccaaagt ttgacggcac cgagttgtac ttgccagata tegacgtcat catcattgga 600
tceggtgeeg gtgctggtgt catggeccac actttageca acgacgggta caagaccttg 660
gttttggaaa agggaaagta tttcagcaac tccgagttga actttaatga tgecgatggt 720
atgaaagagt tgtaccaagg taaatgtgeg ttgaccacca cgaaccagca gatgtttatt 780
cttgceggtt ccactttggg cggtggtace actgttaact ggtetgettyg tcttaaaaca 840
ccatttaaag tgcgtaagga gtggtacgac gagtttggte ttgaatttge tgccgacgaa 900
gectacgaca aagcacaaga ctatgtttgg aaacaaatgg gegcettctac cgaaggaatc 960

actcactctt tggcgaacgc ggttgtggtt gaaggaggta agaagttggg ttacaagagc 1020
aaggaaatcg agcagaacaa tggtggccat cctgaccacc cctgtggttt ctgttacttg 1080
ggctgtaagt acggtattaa gcagggttct gtgaataact ggtttagaga cgcagctgcece 1140
cacgggtcca agttcatgca acaagtcaga gttgtgcaaa tcctccacaa taaaggcgtce 1200
gcttatggca tcettgtgtga ggatgtcgag accggagtca aattcactat cagtggeccce 1260
aaaaagtttg ttgtttctgc aggttctttg aacacgccaa cggtgttgac caactccgga 1320
ttcaagaaca aacacatcgg taagaacttg acgttgcacc cagtttcgac cgtgtttggt 1380

gactttggca gagacgtgca agccgaccat ttccacaaat ctattatgac ttcgectetgt 1440
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tacgaagtcg ctgacttgga cggcaagggc cacggatgca gaatcgagac catcttgaac 1500
gcteccattceca tceccaagette tttgttgecca tggagaggaa gcgacgaggt cagaagagac 1560
ttgttgegtt acaacaacat ggtggccatg ttgcttatca cccgtgacac caccagtggt 1620
tcagtttctg ctgacccaaa gaagcccgac gctttgattg tcgactatga catcaacaag 1680
tttgacaaga atgccatctt gcaagctttc ttgatcacct ccgacatgtt gtacatcgaa 1740
ggtgccaaga gaatcctcag tccacaggca tgggtgccaa tcetttgagtc gaacaagcca 1800
aaggagcaaa gaacaatcaa ggacaaggac tatgtcgaat ggagagccaa ggctgccaag 1860
atacctttcg acacctacgg ttcectgectat gggtccgcac atcaaatgtce cacctgtegt 1920
atgtccggaa agggtcctaa atacggcgcce gttgataccg atggtagatt gtttgaatgt 1980
tcgaatgtct atgttgctga tgctagtgtt ttgecctactg ccagcggtgce caacccaatg 2040
atctccacca tgacgtttge tagacagatt gcgttaggtt tggctgactce tttgaagacc 2100
aaacccaagt tgtag 2115
<210> SEQ ID NO 6

<211> LENGTH: 2115

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 6

atggctccat ttttgecccga ccaggtcgac tacaaacacg tegacaccect tatgttatta 60
tgtgacggga tcatccacga aaccaccgtg gacgaaatca aagacgtcat tgcccctgac 120
ttccecegeeg acaaatacga ggagtacgte aggacattca ccaaacccte cgaaacccca 180
gggttcaggyg aaaccgtcta caacaccgtce aacgcaaaca ccatggatge aatccaccag 240
ttcattatct tgaccaatgt tttgggatca agggtcttgg caccagettt gaccaactcg 300
ttgactccta tcaaggacat gagcttggaa gaccgtgaaa agttgttage ctegtggegt 360
gactccecta ttgctgctaa aaggaagttyg ttcaggttgg tttctacget taccttggte 420
acgttcacga gattggccaa tgagttgeat ttgaaagcca ttcattatce aggaagagaa 480
gaccgtgaaa aggcttatga aacccaggag attgaccctt ttaagtacca gtttttggaa 540
aaaccgaagt tttacggege tgagttgtac ttgccagata ttgatgtgat cattattgga 600
tctggggecyg gtgctggtgt cgtggeccac actttgacca acgacggett caagagtttg 660
gttttggaaa agggcagata ctttagcaac tccgagttga actttgatga caaggacggg 720
gttcaagaat tataccaaag tggaggtact ttgaccaccg tcaaccagca gttgtttgtt 780
cttgectggtt ccacttttgg tggtggtace actgtcaatt ggteggectyg tcttaaaacg 840
ccattcaagg tgcgtaagga atggtatgat gagtttggeg ttgactttge tgccgatgaa 900
gectacgaca aagcacagga ttatgtttgg cagcaaatgg gagcttctac cgaaggeatc 960

acccactcett tggctaacga gattattatt gaaggtggca agaaattagg ttacaaggcce 1020
aaggtattag accaaaacag cggtggtcat cctcatcaca gatgcggttt ctgttatttg 1080
ggttgtaagc acggtatcaa gcagggctct gttaataact ggtttagaga cgcagctgece 1140

cacggttectce agttcatgca acaggttaga gttttgcaaa tccttaacaa gaagggcatc 1200
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gcttatggta tcettgtgtga ggatgttgta accggtgcca agttcaccat tactggeccce 1260
aaaaagtttg ttgttgccge cggcgcectta aacactccat ctgtgttggt caactccgga 1320
ttcaagaaca agaacatcgg taagaactta actttgcatc cagtttctgt cgtgtttggt 1380
gattttggca aagacgttca agcagatcac ttccacaact ccatcatgac tgctctttgt 1440
tcagaagccg ctgatttaga cggcaagggt catggatgca gaattgaaac catcttgaac 1500
gcteccattceca tccaggctte attcecttacca tggagaggta gtaacgaggc tagacgagac 1560
ttgttgegtt acaacaacat ggtggccatg ttacttctta gtcgtgatac caccagtggt 1620
tcegtttegt cccatccaac taaacctgaa gcattagttg tcgagtacga cgtgaacaag 1680
tttgacagaa actccatctt gcaggcattg ttggtcactg ctgacttgtt gtacattcaa 1740
ggtgccaaga gaatccttag tccccaacca tgggtgccaa tttttgaatc cgacaagcca 1800
aaggataaga gatcaatcaa ggacgaggac tatgtcgaat ggagagccaa ggttgccaag 1860
attccttttg acacctacgg ctecgecttat ggtteggege atcaaatgte ttettgtegt 1920
atgtcaggta agggtcctaa atacggtgct gttgataccg atggtagatt gtttgaatgt 1980
tcgaatgttt atgttgctga cgctagtctt ttgccaactg ctagcggtgce taatcctatg 2040
gtcaccacca tgactcttge aagacatgtt gecgttaggtt tggcagactc cttgaagacce 2100
aaggccaagt tgtag 2115
<210> SEQ ID NO 7
<211> LENGTH: 704
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide
<400> SEQUENCE: 7

Met Ala Pro Phe Leu Pro Asp Gln Val Asp Tyr Lys His Val Asp Thr
1 5 10 15

Leu Met Leu Leu Cys Asp Gly Ile Ile His Glu Thr Thr Val Asp Glu
20 25 30

Ile Lys Asp Val Ile Ala Pro Asp Phe Pro Ala Asp Lys Tyr Glu Glu
35 40 45

Tyr Val Arg Thr Phe Thr Lys Pro Ser Glu Thr Pro Gly Phe Arg Glu
50 55 60

Thr Val Tyr Asn Thr Val Asn Ala Asn Thr Met Asp Ala Ile His Gln
65 70 75 80

Phe Ile Ile Leu Thr Asn Val Leu Gly Ser Arg Val Leu Ala Pro Ala
85 90 95

Leu Thr Asn Ser Leu Thr Pro Ile Lys Asp Met Ser Leu Glu Asp Arg
100 105 110

Glu Lys Leu Leu Ala Ser Trp Arg Asp Ser Pro Ile Ala Ala Lys Arg
115 120 125

Lys Leu Phe Arg Leu Val Ser Thr Leu Thr Leu Val Thr Phe Thr Arg
130 135 140

Leu Ala Asn Glu Leu His Leu Lys Ala Ile His Tyr Pro Gly Arg Glu
145 150 155 160

Asp Arg Glu Lys Ala Tyr Glu Thr Gln Glu Ile Asp Pro Phe Lys Tyr
165 170 175
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Gln Phe Leu Glu Lys Pro Lys Phe Tyr Gly Ala Glu Leu Tyr Leu Pro
180 185 190

Asp Ile Asp Val Ile Ile Ile Gly Ser Gly Ala Gly Ala Gly Val Val
195 200 205

Ala His Thr Leu Thr Asn Asp Gly Phe Lys Ser Leu Val Leu Glu Lys
210 215 220

Gly Arg Tyr Phe Ser Asn Ser Glu Leu Asn Phe Asp Asp Lys Asp Gly
225 230 235 240

Val Gln Glu Leu Tyr Gln Ser Gly Gly Thr Leu Thr Thr Val Asn Gln
245 250 255

Gln Leu Phe Val Leu Ala Gly Ser Thr Phe Gly Gly Gly Thr Thr Val
260 265 270

Asn Trp Ser Ala Cys Leu Lys Thr Pro Phe Lys Val Arg Lys Glu Trp
275 280 285

Tyr Asp Glu Phe Gly Val Asp Phe Ala Ala Asp Glu Ala Tyr Asp Lys
290 295 300

Ala Gln Asp Tyr Val Trp Gln Gln Met Gly Ala Ser Thr Glu Gly Ile
305 310 315 320

Thr His Ser Leu Ala Asn Glu Ile Ile Ile Glu Gly Gly Lys Lys Leu
325 330 335

Gly Tyr Lys Ala Lys Val Leu Asp Gln Asn Ser Gly Gly His Pro His
340 345 350

His Arg Cys Gly Phe Cys Tyr Leu Gly Cys Lys His Gly Ile Lys Gln
355 360 365

Gly Ser Val Asn Asn Trp Phe Arg Asp Ala Ala Ala His Gly Ser Gln
370 375 380

Phe Met Gln Gln Val Arg Val Leu Gln Ile Leu Asn Lys Lys Gly Ile
385 390 395 400

Ala Tyr Gly Ile Leu Cys Glu Asp Val Val Thr Gly Ala Lys Phe Thr
405 410 415

Ile Thr Gly Pro Lys Lys Phe Val Val Ala Ala Gly Ala Leu Asn Thr
420 425 430

Pro Ser Val Leu Val Asn Ser Gly Phe Lys Asn Lys Asn Ile Gly Lys
435 440 445

Asn Leu Thr Leu His Pro Val Ser Val Val Phe Gly Asp Phe Gly Lys
450 455 460

Asp Val Gln Ala Asp His Phe His Asn Ser Ile Met Thr Ala Leu Cys
465 470 475 480

Ser Glu Ala Ala Asp Leu Asp Gly Lys Gly His Gly Cys Arg Ile Glu
485 490 495

Thr Ile Leu Asn Ala Pro Phe Ile Gln Ala Ser Phe Leu Pro Trp Arg
500 505 510

Gly Ser Asn Glu Ala Arg Arg Asp Leu Leu Arg Tyr Asn Asn Met Val
515 520 525

Ala Met Leu Leu Leu Ser Arg Asp Thr Thr Ser Gly Ser Val Ser Ser
530 535 540

His Pro Thr Lys Pro Glu Ala Leu Val Val Glu Tyr Asp Val Asn Lys
545 550 555 560

Phe Asp Arg Asn Ser Ile Leu Gln Ala Leu Leu Val Thr Ala Asp Leu
565 570 575

Leu Tyr Ile Gln Gly Ala Lys Arg Ile Leu Ser Pro Gln Pro Trp Val
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580 585 590

Pro Ile Phe Glu Ser Asp Lys Pro Lys Asp Lys Arg Ser Ile Lys Asp
595 600 605

Glu Asp Tyr Val Glu Trp Arg Ala Lys Val Ala Lys Ile Pro Phe Asp
610 615 620

Thr Tyr Gly Ser Pro Tyr Gly Ser Ala His Gln Met Ser Ser Cys Arg
625 630 635 640

Met Ser Gly Lys Gly Pro Lys Tyr Gly Ala Val Asp Thr Asp Gly Arg
645 650 655

Leu Phe Glu Cys Ser Asn Val Tyr Val Ala Asp Ala Ser Leu Leu Pro
660 665 670

Thr Ala Ser Gly Ala Asn Pro Met Val Thr Thr Met Thr Leu Ala Arg
675 680 685

His Val Ala Leu Gly Leu Ala Asp Ser Leu Lys Thr Lys Ala Lys Leu
690 695 700

<210> SEQ ID NO 8

<211> LENGTH: 704

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 8

Met Ala Pro Phe Leu Pro Asp Gln Val Asp Tyr Lys His Val Asp Thr
1 5 10 15

Leu Met Leu Leu Cys Asp Gly Ile Ile His Glu Thr Thr Val Asp Gln
20 25 30

Ile Lys Asp Val Ile Ala Pro Asp Phe Pro Ala Asp Lys Tyr Glu Glu
35 40 45

Tyr Val Arg Thr Phe Thr Lys Pro Ser Glu Thr Pro Gly Phe Arg Glu
50 55 60

Thr Val Tyr Asn Thr Val Asn Ala Asn Thr Thr Asp Ala Ile His Gln
65 70 75 80

Phe Ile Ile Leu Thr Asn Val Leu Ala Ser Arg Val Leu Ala Pro Ala
85 90 95

Leu Thr Asn Ser Leu Thr Pro Ile Lys Asp Met Ser Leu Glu Asp Arg
100 105 110

Glu Lys Leu Leu Ala Ser Trp Arg Asp Ser Pro Ile Ala Ala Lys Arg
115 120 125

Lys Leu Phe Arg Leu Val Ser Thr Leu Thr Leu Val Thr Phe Thr Arg
130 135 140

Leu Ala Asn Glu Leu His Leu Lys Ala Ile His Tyr Pro Gly Arg Glu
145 150 155 160

Asp Arg Glu Lys Ala Tyr Glu Thr Gln Glu Ile Asp Pro Phe Lys Tyr
165 170 175

Gln Phe Leu Glu Lys Pro Lys Phe Tyr Gly Ala Glu Leu Tyr Leu Pro
180 185 190

Asp Ile Asp Val Ile Ile Ile Gly Ser Gly Ala Gly Ala Gly Val Val
195 200 205

Ala His Thr Leu Ala Asn Asp Gly Phe Lys Ser Leu Val Leu Glu Lys
210 215 220
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Gly Lys Tyr Phe Ser Asn Ser Glu Leu Asn Phe Asp Asp Lys Asp Gly
225 230 235 240

Val Gln Glu Leu Tyr Gln Ser Gly Gly Thr Leu Thr Thr Val Asn Gln
245 250 255

Gln Leu Phe Val Leu Ala Gly Ser Thr Phe Gly Gly Gly Thr Thr Val
260 265 270

Asn Trp Ser Ala Cys Leu Lys Thr Pro Phe Lys Val Arg Lys Glu Trp
275 280 285

Tyr Asp Glu Phe Gly Val Asp Phe Ala Ala Asp Glu Ala Tyr Asp Lys
290 295 300

Ala Gln Asp Tyr Val Trp Gln Gln Met Gly Ala Ser Thr Glu Gly Ile
305 310 315 320

Thr His Ser Leu Ala Asn Glu Ile Ile Ile Glu Gly Gly Lys Lys Leu
325 330 335

Gly Tyr Lys Ala Lys Val Leu Asp Gln Asn Ser Gly Gly His Pro Gln
340 345 350

His Arg Cys Gly Phe Cys Tyr Leu Gly Cys Lys His Gly Ile Lys Gln
355 360 365

Gly Ser Val Asn Asn Trp Phe Arg Asp Ala Ala Ala His Gly Ser Gln
370 375 380

Phe Met Gln Gln Val Arg Val Leu Gln Ile Leu Asn Lys Lys Gly Ile
385 390 395 400

Ala Tyr Gly Ile Leu Cys Glu Asp Val Val Thr Gly Ala Lys Phe Thr
405 410 415

Ile Thr Gly Pro Lys Lys Phe Val Val Ala Ala Gly Ala Leu Asn Thr
420 425 430

Pro Ser Val Leu Val Asn Ser Gly Phe Lys Asn Lys Asn Ile Gly Lys
435 440 445

Asn Leu Thr Leu His Pro Val Ser Val Val Phe Gly Asp Phe Gly Lys
450 455 460

Asp Val Gln Ala Asp His Phe His Asn Ser Ile Met Thr Ala Leu Cys
465 470 475 480

Ser Glu Ala Ala Asp Leu Asp Gly Lys Gly His Gly Cys Arg Ile Glu
485 490 495

Thr Ile Leu Asn Ala Pro Phe Ile Gln Ala Ser Phe Leu Pro Trp Arg
500 505 510

Gly Ser Asn Glu Ala Arg Arg Asp Leu Leu Arg Tyr Asn Asn Met Val
515 520 525

Ala Met Leu Leu Leu Ser Arg Asp Thr Thr Ser Gly Ser Val Ser Ala
530 535 540

His Pro Thr Lys Pro Glu Ala Leu Val Val Glu Tyr Asp Val Asn Lys
545 550 555 560

Phe Asp Arg Asn Ser Ile Leu Gln Ala Leu Leu Val Thr Ala Asp Leu
565 570 575

Leu Tyr Ile Gln Gly Ala Lys Arg Ile Leu Ser Pro Gln Ala Trp Val
580 585 590

Pro Ile Phe Glu Ser Asp Lys Pro Lys Asp Lys Arg Ser Ile Lys Asp
595 600 605

Glu Asp Tyr Val Glu Trp Arg Ala Lys Val Ala Lys Ile Pro Phe Asp
610 615 620

Thr Tyr Gly Ser Pro Tyr Gly Ser Ala His Gln Met Ser Ser Cys Arg
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625 630 635 640

Met Ser Gly Lys Gly Pro Lys Tyr Gly Ala Val Asp Thr Asp Gly Arg
645 650 655

Leu Phe Glu Cys Ser Asn Val Tyr Val Ala Asp Ala Ser Leu Leu Pro
660 665 670

Thr Ala Ser Gly Ala Asn Pro Met Val Thr Thr Met Thr Leu Ala Arg
675 680 685

His Val Ala Leu Gly Leu Ala Asp Ser Leu Lys Thr Lys Ala Lys Leu
690 695 700

<210> SEQ ID NO 9

<211> LENGTH: 704

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 9

Met Ala Pro Phe Leu Pro Asp Gln Val Asp Tyr Lys His Val Asp Thr
1 5 10 15

Leu Met Leu Leu Cys Asp Gly Ile Ile His Glu Thr Thr Val Asp Gln
20 25 30

Ile Lys Asp Val Ile Ala Pro Asp Phe Pro Ala Asp Lys Tyr Glu Glu
35 40 45

Tyr Val Arg Thr Phe Thr Lys Pro Ser Glu Thr Pro Gly Phe Arg Glu
50 55 60

Thr Val Tyr Asn Thr Val Asn Ala Asn Thr Thr Asp Ala Ile His Gln
65 70 75 80

Phe Ile Ile Leu Thr Asn Val Leu Ala Ser Arg Val Leu Ala Pro Ala
85 90 95

Leu Thr Asn Ser Leu Thr Pro Ile Lys Asp Met Ser Leu Glu Asp Arg
100 105 110

Glu Lys Leu Leu Ala Ser Trp Arg Asp Ser Pro Ile Ala Ala Lys Arg
115 120 125

Lys Leu Phe Arg Leu Val Ser Thr Leu Thr Leu Val Thr Phe Thr Arg
130 135 140

Leu Ala Asn Glu Leu His Leu Lys Ala Ile His Tyr Pro Gly Arg Glu
145 150 155 160

Asp Arg Glu Lys Ala Tyr Glu Thr Gln Glu Ile Asp Pro Phe Lys Tyr
165 170 175

Gln Phe Met Glu Lys Pro Lys Phe Asp Gly Ala Glu Leu Tyr Leu Pro
180 185 190

Asp Ile Asp Val Ile Ile Ile Gly Ser Gly Ala Gly Ala Gly Val Val
195 200 205

Ala His Thr Leu Ala Asn Asp Gly Phe Lys Ser Leu Val Leu Glu Lys
210 215 220

Gly Lys Tyr Phe Ser Asn Ser Glu Leu Asn Phe Asp Asp Lys Asp Gly
225 230 235 240

Val Gln Glu Leu Tyr Gln Ser Gly Gly Thr Leu Thr Thr Val Asn Gln
245 250 255

Gln Leu Phe Val Leu Ala Gly Ser Thr Phe Gly Gly Gly Thr Thr Val
260 265 270
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Asn Trp Ser Ala Cys Leu Lys Thr Pro Phe Lys Val Arg Lys Glu Trp
275 280 285

Tyr Asp Glu Phe Gly Val Asp Phe Ala Ala Asp Glu Ala Tyr Asp Lys
290 295 300

Ala Gln Asp Tyr Val Trp Gln Gln Met Gly Ala Ser Thr Glu Gly Ile
305 310 315 320

Thr His Ser Leu Ala Asn Glu Ile Ile Ile Glu Gly Gly Lys Lys Leu
325 330 335

Gly Tyr Lys Ala Lys Val Leu Asp Gln Asn Ser Gly Gly His Pro Gln
340 345 350

His Arg Cys Gly Phe Cys Tyr Leu Gly Cys Lys His Gly Ile Lys Gln
355 360 365

Gly Ser Val Asn Asn Trp Phe Arg Asp Ala Ala Ala His Gly Ser Gln
370 375 380

Phe Met Gln Gln Val Arg Val Leu Gln Ile Leu Asn Lys Lys Gly Ile
385 390 395 400

Ala Tyr Gly Ile Leu Cys Glu Asp Val Val Thr Gly Ala Lys Phe Thr
405 410 415

Ile Thr Gly Pro Lys Lys Phe Val Val Ala Ala Gly Ala Leu Asn Thr
420 425 430

Pro Ser Val Leu Val Asn Ser Gly Phe Lys Asn Lys Asn Ile Gly Lys
435 440 445

Asn Leu Thr Leu His Pro Val Ser Val Val Phe Gly Asp Phe Gly Lys
450 455 460

Asp Val Gln Ala Asp His Phe His Asn Ser Ile Met Thr Ala Leu Cys
465 470 475 480

Ser Glu Ala Ala Asp Leu Asp Gly Lys Gly His Gly Cys Arg Ile Glu
485 490 495

Thr Ile Leu Asn Ala Pro Phe Ile Gln Ala Ser Phe Leu Pro Trp Arg
500 505 510

Gly Ser Asn Glu Ala Arg Arg Asp Leu Leu Arg Tyr Asn Asn Met Val
515 520 525

Ala Met Leu Leu Leu Ser Arg Asp Thr Thr Ser Gly Ser Val Ser Ala
530 535 540

His Pro Thr Lys Pro Glu Ala Leu Val Val Glu Tyr Asp Val Asn Lys
545 550 555 560

Phe Asp Arg Asn Ser Ile Leu Gln Ala Leu Leu Val Thr Ala Asp Leu
565 570 575

Leu Tyr Ile Gln Gly Ala Lys Arg Ile Leu Ser Pro Gln Ala Trp Val
580 585 590

Pro Ile Phe Glu Ser Asp Lys Pro Lys Asp Lys Arg Ser Ile Lys Asp
595 600 605

Glu Asp Tyr Val Glu Trp Arg Ala Lys Val Ala Lys Ile Pro Phe Asp
610 615 620

Thr Tyr Gly Ser Pro Tyr Gly Ser Ala His Gln Met Ser Ser Cys Arg
625 630 635 640

Met Ser Gly Lys Gly Pro Lys Tyr Gly Ala Val Asp Thr Asp Gly Arg
645 650 655

Leu Phe Glu Cys Ser Asn Val Tyr Val Ala Asp Ala Ser Leu Leu Pro
660 665 670

Thr Ala Ser Gly Ala Asn Pro Met Val Thr Thr Met Thr Leu Ala Arg
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675 680 685

His Val Ala Leu Gly Leu Ala Asp Ser Leu Lys Thr Lys Ala Lys Leu
690 695 700

<210> SEQ ID NO 10

<211> LENGTH: 704

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 10

Met Ala Pro Phe Leu Pro Asp Gln Val Asp Tyr Lys His Val Asp Thr
1 5 10 15

Leu Met Leu Leu Cys Asp Gly Ile Ile His Glu Thr Thr Val Asp Glu
20 25 30

Ile Lys Asp Val Ile Ala Pro Asp Phe Pro Ala Asp Lys Tyr Glu Glu
35 40 45

Tyr Val Arg Thr Phe Thr Lys Pro Ser Glu Thr Pro Gly Phe Arg Glu
Thr Val Tyr Asn Thr Val Asn Ala Asn Thr Met Asp Ala Ile His Gln
65 70 75 80

Phe Ile Ile Leu Thr Asn Val Leu Gly Ser Arg Val Leu Ala Pro Ala
85 90 95

Leu Thr Asn Ser Leu Thr Pro Ile Lys Asp Met Ser Leu Glu Asp Arg
100 105 110

Glu Lys Leu Leu Ala Ser Trp Arg Asp Ser Pro Ile Ala Ala Lys Arg
115 120 125

Lys Leu Phe Arg Leu Val Ser Thr Leu Thr Leu Val Thr Phe Thr Arg
130 135 140

Leu Ala Asn Glu Leu His Leu Lys Ala Ile His Tyr Pro Gly Arg Glu
145 150 155 160

Asp Arg Glu Lys Ala Tyr Glu Thr Gln Glu Ile Asp Pro Phe Lys Tyr
165 170 175

Gln Phe Leu Glu Lys Pro Lys Phe Tyr Gly Ala Glu Leu Tyr Leu Pro
180 185 190

Asp Ile Asp Val Ile Ile Ile Gly Ser Gly Ala Gly Ala Gly Val Val
195 200 205

Ala His Thr Leu Ala Asn Asp Gly Phe Lys Ser Leu Val Leu Glu Lys
210 215 220

Gly Lys Tyr Phe Ser Asn Ser Glu Leu Asn Phe Asp Asp Lys Asp Gly
225 230 235 240

Val Gln Glu Leu Tyr Gln Ser Gly Gly Thr Leu Thr Thr Val Asn Gln
245 250 255

Gln Leu Phe Val Leu Ala Gly Ser Thr Phe Gly Gly Gly Thr Thr Val
260 265 270

Asn Trp Ser Ala Cys Leu Lys Thr Pro Phe Lys Val Arg Lys Glu Trp
275 280 285

Tyr Asp Glu Phe Gly Val Asp Phe Ala Ala Asp Glu Ala Tyr Asp Lys
290 295 300

Ala Gln Asp Tyr Val Trp Gln Gln Met Gly Ala Ser Thr Glu Gly Ile
305 310 315 320
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Thr His Ser Leu Ala Asn Glu Ile Ile Ile Glu Gly Gly Lys Lys Leu
325 330 335

Gly Tyr Lys Ala Lys Val Leu Asp Gln Asn Ser Gly Gly His Pro Gln
340 345 350

His Arg Cys Gly Phe Cys Tyr Leu Gly Cys Lys His Gly Ile Lys Gln
355 360 365

Gly Ser Val Asn Asn Trp Phe Arg Asp Ala Ala Ala His Gly Ser Gln
370 375 380

Phe Met Gln Gln Val Arg Val Leu Gln Ile Leu Asn Lys Lys Gly Ile
385 390 395 400

Ala Tyr Gly Ile Leu Cys Glu Asp Val Val Thr Gly Ala Lys Phe Thr
405 410 415

Ile Thr Gly Pro Lys Lys Phe Val Val Ala Ala Gly Ala Leu Asn Thr
420 425 430

Pro Ser Val Leu Val Asn Ser Gly Phe Lys Asn Lys Asn Ile Gly Lys
435 440 445

Asn Leu Thr Leu His Pro Val Ser Val Val Phe Gly Asp Phe Gly Lys
450 455 460

Asp Val Gln Ala Asp His Phe His Asn Ser Ile Met Thr Ala Leu Cys
465 470 475 480

Ser Glu Ala Ala Asp Leu Asp Gly Lys Gly His Gly Cys Arg Ile Glu
485 490 495

Thr Ile Leu Asn Ala Pro Phe Ile Gln Ala Ser Phe Leu Pro Trp Arg
500 505 510

Gly Ser Asn Glu Ala Arg Arg Asp Leu Leu Arg Tyr Asn Asn Met Val
515 520 525

Ala Met Leu Leu Leu Ser Arg Asp Thr Thr Ser Gly Ser Val Ser Ala
530 535 540

His Pro Thr Lys Pro Glu Ala Leu Val Val Glu Tyr Asp Val Asn Lys
545 550 555 560

Phe Asp Arg Asn Ser Ile Leu Gln Ala Leu Leu Val Thr Ala Asp Leu
565 570 575

Leu Tyr Ile Gln Gly Ala Lys Arg Ile Leu Ser Pro Gln Ala Trp Val
580 585 590

Pro Ile Phe Glu Ser Asp Lys Pro Lys Asp Lys Arg Ser Ile Lys Asp
595 600 605

Glu Asp Tyr Val Glu Trp Arg Ala Lys Val Ala Lys Ile Pro Phe Asp
610 615 620

Thr Tyr Gly Ser Pro Tyr Gly Ser Ala His Gln Met Ser Ser Cys Arg
625 630 635 640

Met Ser Gly Lys Gly Pro Lys Tyr Gly Ala Val Asp Thr Asp Gly Arg
645 650 655

Leu Phe Glu Cys Ser Asn Val Tyr Val Ala Asp Ala Ser Leu Leu Pro
660 665 670

Thr Ala Ser Gly Ala Asn Pro Met Val Thr Thr Met Thr Leu Ala Arg
675 680 685

His Val Ala Leu Gly Leu Ala Asp Ser Leu Lys Thr Lys Ala Lys Leu
690 695 700

<210> SEQ ID NO 11
<211> LENGTH: 704
<212> TYPE: PRT
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 11

Met Asn Thr Phe Leu Pro Asp Val Leu Glu Tyr Lys His Val Asp Thr
1 5 10 15

Leu Leu Leu Leu Cys Asp Gly Ile Ile His Glu Thr Thr Val Asp Gln
20 25 30

Ile Lys Asp Ala Ile Ala Pro Asp Phe Pro Glu Asp Gln Tyr Glu Glu
Tyr Leu Lys Thr Phe Thr Lys Pro Ser Glu Thr Pro Gly Phe Arg Glu
50 55 60

Ala Val Tyr Asp Thr Ile Asn Ala Thr Pro Thr Asp Ala Val His Met
65 70 75 80

Cys Ile Val Leu Thr Thr Ala Leu Asp Ser Arg Ile Leu Ala Pro Thr
85 90 95

Leu Thr Asn Ser Leu Thr Pro Ile Lys Asp Met Thr Leu Lys Glu Arg
100 105 110

Glu Gln Leu Leu Ala Ser Trp Arg Asp Ser Pro Ile Ala Ala Lys Arg
115 120 125

Arg Leu Phe Arg Leu Ile Ser Ser Leu Thr Leu Thr Thr Phe Thr Arg
130 135 140

Leu Ala Ser Glu Leu His Leu Lys Ala Ile His Tyr Pro Gly Arg Asp
145 150 155 160

Leu Arg Glu Lys Ala Tyr Glu Thr Gln Val Val Asp Pro Phe Arg Tyr
165 170 175

Ser Phe Met Glu Lys Pro Lys Phe Asp Gly Ala Glu Leu Tyr Leu Pro
180 185 190

Asp Ile Asp Val Ile Ile Ile Gly Ser Gly Ala Gly Ala Gly Val Met
195 200 205

Ala His Thr Leu Ala Asn Asp Gly Phe Lys Thr Leu Val Leu Glu Lys
210 215 220

Gly Lys Tyr Phe Ser Asn Ser Glu Leu Asn Phe Asn Asp Ala Asp Gly
225 230 235 240

Val Lys Glu Leu Tyr Gln Gly Lys Gly Ala Leu Ala Thr Thr Asn Gln
245 250 255

Gln Met Phe Ile Leu Ala Gly Ser Thr Leu Gly Gly Gly Thr Thr Val
260 265 270

Asn Trp Ser Ala Cys Leu Lys Thr Pro Phe Lys Val Arg Lys Glu Trp
275 280 285

Tyr Asp Glu Phe Gly Leu Glu Phe Ala Ala Asp Glu Ala Tyr Asp Lys
290 295 300

Ala Gln Asp Tyr Val Trp Lys Gln Met Gly Ala Ser Thr Asp Gly Ile
305 310 315 320

Thr His Ser Leu Ala Asn Glu Val Val Val Glu Gly Gly Lys Lys Leu
325 330 335

Gly Tyr Lys Ser Lys Glu Ile Glu Gln Asn Asn Gly Gly His Pro Asp
340 345 350

His Pro Cys Gly Phe Cys Tyr Leu Gly Cys Lys Tyr Gly Ile Lys Gln
355 360 365
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Gly Ser Val Asn Asn Trp Phe Arg Asp Ala Ala Ala His Gly Ser Lys
370 375 380

Phe Met Gln Gln Val Arg Val Val Gln Ile Leu Asn Lys Asn Gly Val
385 390 395 400

Ala Tyr Gly Ile Leu Cys Glu Asp Val Glu Thr Gly Val Arg Phe Thr
405 410 415

Ile Ser Gly Pro Lys Lys Phe Val Val Ser Ala Gly Ser Leu Asn Thr
420 425 430

Pro Thr Val Leu Thr Asn Ser Gly Phe Lys Asn Lys His Ile Gly Lys
435 440 445

Asn Leu Thr Leu His Pro Val Ser Thr Val Phe Gly Asp Phe Gly Arg
450 455 460

Asp Val Gln Ala Asp His Phe His Lys Ser Ile Met Thr Ser Leu Cys
465 470 475 480

Tyr Glu Val Ala Asp Leu Asp Gly Lys Gly His Gly Cys Arg Ile Glu
485 490 495

Thr Ile Leu Asn Ala Pro Phe Ile Gln Ala Ser Leu Leu Pro Trp Arg
500 505 510

Gly Ser Asp Glu Val Arg Arg Asp Leu Leu Arg Tyr Asn Asn Met Val
515 520 525

Ala Met Leu Leu Ile Thr Arg Asp Thr Thr Ser Gly Ser Val Ser Ala
530 535 540

Asp Pro Lys Lys Pro Asp Ala Leu Ile Val Asp Tyr Glu Ile Asn Lys
545 550 555 560

Phe Asp Lys Asn Ala Ile Leu Gln Ala Phe Leu Ile Thr Ser Asp Met
565 570 575

Leu Tyr Ile Glu Gly Ala Lys Arg Ile Leu Ser Pro Gln Pro Trp Val
580 585 590

Pro Ile Phe Glu Ser Asn Lys Pro Lys Glu Gln Arg Thr Ile Lys Asp
595 600 605

Lys Asp Tyr Val Glu Trp Arg Ala Lys Ala Ala Lys Ile Pro Phe Asp
610 615 620

Thr Tyr Gly Ser Ala Tyr Gly Ser Ala His Gln Met Ser Thr Cys Arg
625 630 635 640

Met Ser Gly Lys Gly Pro Lys Tyr Gly Ala Val Asp Thr Asp Gly Arg
645 650 655

Leu Phe Glu Cys Ser Asn Val Tyr Val Ala Asp Ala Ser Val Leu Pro
660 665 670

Thr Ala Ser Gly Ala Asn Pro Met Ile Ser Thr Met Thr Phe Ala Arg
675 680 685

Gln Ile Ala Leu Gly Leu Ala Asp Ser Leu Lys Thr Lys Pro Lys Leu
690 695 700

<210> SEQ ID NO 12

<211> LENGTH: 704

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 12

Met Asn Thr Phe Leu Pro Asp Val Leu Glu Tyr Lys His Val Asp Thr
1 5 10 15
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Leu Leu Leu Leu Cys Asp Gly Ile Ile His Glu Thr Thr Val Asp Gln
20 25 30

Ile Arg Asp Ala Ile Ala Pro Asp Phe Pro Glu Asp Gln Tyr Glu Glu
35 40 45

Tyr Leu Lys Thr Phe Thr Lys Pro Ser Glu Thr Pro Gly Phe Arg Glu
50 55 60

Ala Val Tyr Asp Thr Ile Asn Ser Thr Pro Thr Glu Ala Val His Met
65 70 75 80

Cys Ile Val Leu Thr Thr Ala Leu Asp Ser Arg Ile Leu Ala Pro Thr
85 90 95

Leu Thr Asn Ser Leu Thr Pro Ile Lys Asp Met Thr Leu Lys Glu Arg
100 105 110

Glu Gln Leu Leu Ala Ala Trp Arg Asp Ser Pro Ile Ala Ala Lys Arg
115 120 125

Arg Leu Phe Arg Leu Ile Ser Ser Leu Thr Leu Thr Thr Phe Thr Arg
130 135 140

Leu Ala Ser Asp Leu His Leu Arg Ala Ile His Tyr Pro Gly Arg Asp
145 150 155 160

Leu Arg Glu Lys Ala Tyr Glu Thr Gln Val Val Asp Pro Phe Arg Tyr
165 170 175

Ser Phe Met Glu Lys Pro Lys Phe Asp Gly Thr Glu Leu Tyr Leu Pro
180 185 190

Asp Ile Asp Val Ile Ile Ile Gly Ser Gly Ala Gly Ala Gly Val Met
195 200 205

Ala His Thr Leu Ala Asn Asp Gly Tyr Lys Thr Leu Val Leu Glu Lys
210 215 220

Gly Lys Tyr Phe Ser Asn Ser Glu Leu Asn Phe Asn Asp Ala Asp Gly
225 230 235 240

Met Lys Glu Leu Tyr Gln Gly Lys Cys Ala Leu Thr Thr Thr Asn Gln
245 250 255

Gln Met Phe Ile Leu Ala Gly Ser Thr Leu Gly Gly Gly Thr Thr Val
260 265 270

Asn Trp Ser Ala Cys Leu Lys Thr Pro Phe Lys Val Arg Lys Glu Trp
275 280 285

Tyr Asp Glu Phe Gly Leu Glu Phe Ala Ala Asp Glu Ala Tyr Asp Lys
290 295 300

Ala Gln Asp Tyr Val Trp Lys Gln Met Gly Ala Ser Thr Glu Gly Ile
305 310 315 320

Thr His Ser Leu Ala Asn Ala Val Val Val Glu Gly Gly Lys Lys Leu
325 330 335

Gly Tyr Lys Ser Lys Glu Ile Glu Gln Asn Asn Gly Gly His Pro Asp
340 345 350

His Pro Cys Gly Phe Cys Tyr Leu Gly Cys Lys Tyr Gly Ile Lys Gln
355 360 365

Gly Ser Val Asn Asn Trp Phe Arg Asp Ala Ala Ala His Gly Ser Lys
370 375 380

Phe Met Gln Gln Val Arg Val Val Gln Ile Leu His Asn Lys Gly Val
385 390 395 400

Ala Tyr Gly Ile Leu Cys Glu Asp Val Glu Thr Gly Val Lys Phe Thr
405 410 415
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Ile Ser Gly Pro Lys Lys Phe Val Val Ser Ala Gly Ser Leu Asn Thr
420 425 430

Pro Thr Val Leu Thr Asn Ser Gly Phe Lys Asn Lys His Ile Gly Lys
435 440 445

Asn Leu Thr Leu His Pro Val Ser Thr Val Phe Gly Asp Phe Gly Arg
450 455 460

Asp Val Gln Ala Asp His Phe His Lys Ser Ile Met Thr Ser Leu Cys
465 470 475 480

Tyr Glu Val Ala Asp Leu Asp Gly Lys Gly His Gly Cys Arg Ile Glu
485 490 495

Thr Ile Leu Asn Ala Pro Phe Ile Gln Ala Ser Leu Leu Pro Trp Arg
500 505 510

Gly Ser Asp Glu Val Arg Arg Asp Leu Leu Arg Tyr Asn Asn Met Val
515 520 525

Ala Met Leu Leu Ile Thr Arg Asp Thr Thr Ser Gly Ser Val Ser Ala
530 535 540

Asp Pro Lys Lys Pro Asp Ala Leu Ile Val Asp Tyr Asp Ile Asn Lys
545 550 555 560

Phe Asp Lys Asn Ala Ile Leu Gln Ala Phe Leu Ile Thr Ser Asp Met
565 570 575

Leu Tyr Ile Glu Gly Ala Lys Arg Ile Leu Ser Pro Gln Ala Trp Val
580 585 590

Pro Ile Phe Glu Ser Asn Lys Pro Lys Glu Gln Arg Thr Ile Lys Asp
595 600 605

Lys Asp Tyr Val Glu Trp Arg Ala Lys Ala Ala Lys Ile Pro Phe Asp
610 615 620

Thr Tyr Gly Ser Ala Tyr Gly Ser Ala His Gln Met Ser Thr Cys Arg
625 630 635 640

Met Ser Gly Lys Gly Pro Lys Tyr Gly Ala Val Asp Thr Asp Gly Arg
645 650 655

Leu Phe Glu Cys Ser Asn Val Tyr Val Ala Asp Ala Ser Val Leu Pro
660 665 670

Thr Ala Ser Gly Ala Asn Pro Met Ile Ser Thr Met Thr Phe Ala Arg
675 680 685

Gln Ile Ala Leu Gly Leu Ala Asp Ser Leu Lys Thr Lys Pro Lys Leu
690 695 700

<210> SEQ ID NO 13

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
6xHis tag

<400> SEQUENCE: 13

His His His His His His
1 5

<210> SEQ ID NO 14

<211> LENGTH: 419

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide
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<400> SEQUENCE: 14

Met Val Ala Ala Ala Ala Thr Ser Ala Phe Phe Pro Val Pro Ala Pro
1 5 10 15

Gly Thr Ser Pro Lys Pro Gly Lys Ser Gly Asn Trp Pro Ser Ser Leu
20 25 30

Ser Pro Thr Phe Lys Pro Lys Ser Ile Pro Asn Ala Gly Phe Gln Val
35 40 45

Lys Ala Asn Ala Ser Ala His Pro Lys Ala Asn Gly Ser Ala Val Asn
Leu Lys Ser Gly Ser Leu Asn Thr Gln Glu Asp Thr Ser Ser Ser Pro
65 70 75 80

Pro Pro Arg Ala Phe Leu Asn Gln Leu Pro Asp Trp Ser Met Leu Leu
85 90 95

Thr Ala Ile Thr Thr Val Phe Val Ala Ala Glu Lys Gln Trp Thr Met
100 105 110

Leu Asp Arg Lys Ser Lys Arg Pro Asp Met Leu Val Asp Ser Val Gly
115 120 125

Leu Lys Ser Ile Val Arg Asp Gly Leu Val Ser Arg Gln Ser Phe Leu
130 135 140

Ile Arg Ser Tyr Glu Ile Gly Ala Asp Arg Thr Ala Ser Ile Glu Thr
145 150 155 160

Leu Met Asn His Leu Gln Glu Thr Ser Ile Asn His Cys Lys Ser Leu
165 170 175

Gly Leu Leu Asn Asp Gly Phe Gly Arg Thr Pro Gly Met Cys Lys Asn
180 185 190

Asp Leu Ile Trp Val Leu Thr Lys Met Gln Ile Met Val Asn Arg Tyr
195 200 205

Pro Thr Trp Gly Asp Thr Val Glu Ile Asn Thr Trp Phe Ser Gln Ser
210 215 220

Gly Lys Ile Gly Met Ala Ser Asp Trp Leu Ile Ser Asp Cys Asn Thr
225 230 235 240

Gly Glu Ile Leu Ile Arg Ala Thr Ser Val Trp Ala Met Met Asn Gln
245 250 255

Lys Thr Arg Arg Phe Ser Arg Leu Pro Tyr Glu Val Arg Gln Glu Leu
260 265 270

Thr Pro His Phe Val Asp Ser Pro His Val Ile Glu Asp Asn Asp Gln
275 280 285

Lys Leu His Lys Phe Asp Val Lys Thr Gly Asp Ser Ile Arg Lys Gly
290 295 300

Leu Thr Pro Arg Trp Asn Asp Leu Asp Val Asn Gln His Val Ser Asn
305 310 315 320

Val Lys Tyr Ile Gly Trp Ile Leu Glu Ser Met Pro Ile Glu Val Leu
325 330 335

Glu Thr Gln Glu Leu Cys Ser Leu Thr Val Glu Tyr Arg Arg Glu Cys
340 345 350

Gly Met Asp Ser Val Leu Glu Ser Val Thr Ala Val Asp Pro Ser Glu
355 360 365

Asn Gly Gly Arg Ser Gln Tyr Lys His Leu Leu Arg Leu Glu Asp Gly
370 375 380

Thr Asp Ile Val Lys Ser Arg Thr Glu Trp Arg Pro Lys Asn Ala Gly
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385

390

395

400

Thr Asn Gly Ala Ile Ser Thr Ser Thr Ala Lys Thr Ser Asn Gly Asn

Ser Ala Ser

<210>
<211>
<212>
<213>
<220>
<223>

PRT

405

SEQ ID NO 15
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of

2109

polypeptide

<400> SEQUENCE:

Met Ala Gln Ser

1

Phe

Leu

Leu

Leu

65

Phe

Glu

Val

Ser

Ile

145

Asp

Gly

Thr

Lys

Cys

225

Cys

Thr

Gln

Asn

Gln

Val

Ala

Gln

50

Arg

Arg

Tyr

Leu

Arg

130

Ala

Gly

Leu

Thr

Asn

210

Ala

Leu

Ile

Ile

Tyr

290

Val

Pro

Ala

Ser

Gln

Thr

Glu

Gly

115

Ser

Phe

Cys

Asp

Asn

195

Ala

Met

Pro

Leu

Pro

275

Arg

Arg

Lys

20

Phe

Met

Met

Ala

Glu

100

Phe

Leu

Arg

Ser

Pro

180

Val

Ile

Pro

Ala

Asp

260

Tyr

Asp

Leu

15

Arg

Leu

Leu

Asn

Val

Leu

85

Ser

Cys

Ser

Leu

Asp

165

Gln

Pro

Thr

Gln

His

245

Thr

Ile

Leu

Asp

Gln

Arg

Asp

Thr

Gln

70

Val

Gly

Met

Glu

Gly

150

Asp

Gln

Gln

Leu

Met

230

Asn

Thr

Ser

Ile

Leu

Leu

Ser

Gln

Val

55

Lys

Cys

Asn

Gly

Leu

135

Leu

Arg

Ala

Thr

Ser

215

Ala

Gly

Pro

His

Glu

295

Val

Phe

Leu

Ser

40

Asp

Tyr

Leu

Met

Ser

120

Leu

Cys

Gly

Arg

Arg

200

Gly

Gln

Ala

Thr

Val

280

Val

Glu

Leu

Leu

25

His

His

Val

Cys

Tyr

105

Leu

Pro

Ala

Asp

Asp

185

Arg

Ser

His

Leu

Thr

265

Thr

Ala

Thr

410

Phe

10

Ser

Tyr

Lys

Asp

Gln

90

Pro

Ala

Ile

Leu

Pro

170

Gln

Pro

Pro

Arg

Phe

250

Pro

Gly

Leu

Gly

Artificial Sequence:

Gly

Val

Val

Leu

Gly

75

Leu

Gln

Ala

Ala

Glu

155

Trp

Ile

Trp

Ser

Thr

235

Thr

Trp

Asn

Ser

Leu

Asp

Gln

Val

Ala

60

Lys

Gly

Pro

Val

Val

140

Met

Ser

Glu

Ile

Thr

220

Ala

Gln

Glu

Val

Glu

300

Pro

Gln

Asp

Arg

Arg

Leu

Cys

Ser

Ala

125

Gln

Arg

Thr

Val

Ser

205

Leu

Pro

Ala

Gln

Val

285

Thr

Arg

Thr

Ser

30

Ala

Thr

Thr

Phe

Asp

110

Val

Thr

Asp

Ile

Phe

190

Cys

Arg

Ile

Asp

Leu

270

Gln

Leu

Leu

415

Ala

15

Pro

Gln

Ala

Pro

Ile

95

Ser

Ser

Val

Arg

Val

175

Cys

Ile

Ala

Pro

Ile

255

Pro

Thr

Leu

Leu

Synthetic

Asp

Ile

Met

Asp

Ala

80

Arg

Tyr

Cys

Leu

Val

160

Trp

Arg

Ser

Phe

Ile

240

Thr

Gly

Ser

Glu

Gln



US 2012/0156761 Al Jun. 21, 2012
104

-continued

305 310 315 320

Ser Arg Gln Val Lys Ser Val Thr Ile Val Pro Phe Leu Thr Arg Met
325 330 335

Asn Glu Thr Met Ser Asn Ile Leu Pro Asp Ser Phe Ile Ser Thr Glu
340 345 350

Thr Arg Thr Asp Thr Gly Arg Ala Ile Pro Ala Ser Gly Arg Pro Gly
355 360 365

Ala Gly Lys Cys Lys Leu Ala Ile Val Ser Met Ser Gly Arg Phe Pro
370 375 380

Glu Ser Pro Thr Thr Glu Ser Phe Trp Asp Leu Leu Tyr Lys Gly Leu
385 390 395 400

Asp Val Cys Lys Glu Val Pro Arg Arg Arg Trp Asp Ile Asn Thr His
405 410 415

Val Asp Pro Ser Gly Lys Ala Arg Asn Lys Gly Ala Thr Lys Trp Gly
420 425 430

Cys Trp Leu Asp Phe Ser Gly Asp Phe Asp Pro Arg Phe Phe Gly Ile
435 440 445

Ser Pro Lys Glu Ala Pro Gln Met Asp Pro Ala Gln Arg Met Ala Leu
450 455 460

Met Ser Thr Tyr Glu Ala Met Glu Arg Ala Gly Leu Val Pro Asp Thr
465 470 475 480

Thr Pro Ser Thr Gln Arg Asp Arg Ile Gly Val Phe His Gly Val Thr
485 490 495

Ser Asn Asp Trp Met Glu Thr Asn Thr Ala Gln Asn Ile Asp Thr Tyr
500 505 510

Phe Ile Thr Gly Gly Asn Arg Gly Phe Ile Pro Gly Arg Ile Asn Phe
515 520 525

Cys Phe Glu Phe Ala Gly Pro Ser Tyr Thr Asn Asp Thr Ala Cys Ser
530 535 540

Ser Ser Leu Ala Ala Ile His Leu Ala Cys Asn Ser Leu Trp Arg Gly
545 550 555 560

Asp Cys Asp Thr Ala Val Ala Gly Gly Thr Asn Met Ile Tyr Thr Pro
565 570 575

Asp Gly His Thr Gly Leu Asp Lys Gly Phe Phe Leu Ser Arg Thr Gly
580 585 590

Asn Cys Lys Pro Tyr Asp Asp Lys Ala Asp Gly Tyr Cys Arg Ala Glu
595 600 605

Gly Val Gly Thr Val Phe Ile Lys Arg Leu Glu Asp Ala Leu Ala Asp
610 615 620

Asn Asp Pro Ile Leu Gly Val Ile Leu Asp Ala Lys Thr Asn His Ser
625 630 635 640

Ala Met Ser Glu Ser Met Thr Arg Pro His Val Gly Ala Gln Ile Asp
645 650 655

Asn Met Thr Ala Ala Leu Asn Thr Thr Gly Leu His Pro Asn Asp Phe
660 665 670

Ser Tyr Ile Glu Met His Gly Thr Gly Thr Gln Val Gly Asp Ala Val
675 680 685

Glu Met Glu Ser Val Leu Ser Val Phe Ala Pro Ser Glu Thr Ala Arg
690 695 700

Lys Ala Asp Gln Pro Leu Phe Val Gly Ser Ala Lys Ala Asn Val Gly
705 710 715 720
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His Gly Glu Gly Val Ser Gly Val Thr Ser Leu Ile Lys Val Leu Met
725 730 735

Met Met Gln His Asp Thr Ile Pro Pro His Cys Gly Ile Lys Pro Gly
740 745 750

Ser Lys Ile Asn Arg Asn Phe Pro Asp Leu Gly Ala Arg Asn Val His
755 760 765

Ile Ala Phe Glu Pro Lys Pro Trp Pro Arg Thr His Thr Pro Arg Arg
770 775 780

Val Leu Ile Asn Asn Phe Ser Ala Ala Gly Gly Asn Thr Ala Leu Ile
785 790 795 800

Val Glu Asp Ala Pro Glu Arg His Trp Pro Thr Glu Lys Asp Pro Arg
805 810 815

Ser Ser His Ile Val Ala Leu Ser Ala His Val Gly Ala Ser Met Lys
820 825 830

Thr Asn Leu Glu Arg Leu His Gln Tyr Leu Leu Lys Asn Pro His Thr
835 840 845

Asp Leu Ala Gln Leu Ser Tyr Thr Thr Thr Ala Arg Arg Trp His Tyr
850 855 860

Leu His Arg Val Ser Val Thr Gly Ala Ser Val Glu Glu Val Thr Arg
865 870 875 880

Lys Leu Glu Met Ala Ile Gln Asn Gly Asp Gly Val Ser Arg Pro Lys
885 890 895

Ser Lys Pro Lys Ile Leu Phe Ala Phe Thr Gly Gln Gly Ser Gln Tyr
900 905 910

Ala Thr Met Gly Lys Gln Val Tyr Asp Ala Tyr Pro Ser Phe Arg Glu
915 920 925

Asp Leu Glu Lys Phe Asp Arg Leu Ala Gln Ser His Gly Phe Pro Ser
930 935 940

Phe Leu His Val Cys Thr Ser Pro Lys Gly Asp Val Glu Glu Met Ala
945 950 955 960

Pro Val Val Val Gln Leu Ala Ile Thr Cys Leu Gln Met Ala Leu Thr
965 970 975

Asn Leu Met Thr Ser Phe Gly Ile Arg Pro Asp Val Thr Val Gly His
980 985 990

Ser Leu Gly Glu Phe Ala Ala Leu Tyr Ala Ala Gly Val Leu Ser Ala
995 1000 1005

Ser Asp Val Val Tyr Leu Val Gly Gln Arg Ala Glu Leu Leu Gln
1010 1015 1020

Glu Arg Cys Gln Arg Gly Thr His Ala Met Leu Ala Val Lys Ala
1025 1030 1035

Thr Pro Glu Ala Leu Ser Gln Trp Ile Gln Asp His Asp Cys Glu
1040 1045 1050

Val Ala Cys Ile Asn Gly Pro Glu Asp Thr Val Leu Ser Gly Thr
1055 1060 1065

Thr Lys Asn Val Ala Glu Val Gln Arg Ala Met Thr Asp Asn Gly
1070 1075 1080

Ile Lys Cys Thr Leu Leu Lys Leu Pro Phe Ala Phe His Ser Ala
1085 1090 1095

Gln Val Gln Pro Ile Leu Asp Asp Phe Glu Ala Leu Ala Gln Gly
1100 1105 1110
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Ala Thr Phe Ala Lys Pro Gln Leu Leu Ile Leu Ser Pro Leu Leu
1115 1120 1125

Arg Thr Glu Ile His Glu Gln Gly Val Val Thr Pro Ser Tyr Val
1130 1135 1140

Ala Gln His Cys Arg His Thr Val Asp Met Ala Gln Ala Leu Arg
1145 1150 1155

Ser Ala Arg Glu Lys Gly Leu Ile Asp Asp Lys Thr Leu Val Ile
1160 1165 1170

Glu Leu Gly Pro Lys Pro Leu Ile Ser Gly Met Val Lys Met Thr
1175 1180 1185

Leu Gly Asp Lys Ile Ser Thr Leu Pro Thr Leu Ala Pro Asn Lys
1190 1195 1200

Ala Ile Trp Pro Ser Leu Gln Lys Ile Leu Thr Ser Val Tyr Thr
1205 1210 1215

Gly Gly Trp Asp Ile Asn Trp Lys Lys Tyr His Ala Pro Phe Ala
1220 1225 1230

Ser Ser Gln Lys Val Val Asp Leu Pro Ser Tyr Gly Trp Asp Leu
1235 1240 1245

Lys Asp Tyr Tyr Ile Pro Tyr Gln Gly Asp Trp Cys Leu His Arg
1250 1255 1260

His Gln Gln Asp Cys Lys Cys Ala Ala Pro Gly His Glu Ile Lys
1265 1270 1275

Thr Ala Asp Tyr Gln Val Pro Pro Glu Ser Thr Pro His Arg Pro
1280 1285 1290

Ser Lys Leu Asp Pro Ser Lys Glu Ala Phe Pro Glu 1Ile Lys Thr
1295 1300 1305

Thr Thr Thr Leu His Arg Val Val Glu Glu Thr Thr Lys Pro Leu
1310 1315 1320

Gly Ala Thr Leu Val Val Glu Thr Asp Ile Ser Arg Lys Asp Val
1325 1330 1335

Asn Gly Leu Ala Arg Gly His Leu Val Asp Gly Ile Pro Leu Cys
1340 1345 1350

Thr Pro Ser Phe Tyr Ala Asp Ile Ala Met Gln Val Gly Gln Tyr
1355 1360 1365

Ser Met Gln Arg Leu Arg Ala Gly His Pro Gly Ala Gly Ala Ile
1370 1375 1380

Asp Gly Leu Val Asp Val Ser Asp Met Val Val Asp Lys Ala Leu
1385 1390 1395

Val Pro His Gly Lys Gly Pro Gln Leu Leu Arg Thr Thr Leu Thr
1400 1405 1410

Met Glu Trp Pro Pro Lys Ala Ala Ala Thr Thr Arg Ser Ala Lys
1415 1420 1425

Val Lys Phe Ala Thr Tyr Phe Ala Asp Gly Lys Leu Asp Thr Glu
1430 1435 1440

His Ala Ser Cys Thr Val Arg Phe Thr Ser Asp Ala Gln Leu Lys
1445 1450 1455

Ser Leu Arg Arg Ser Val Ser Glu Tyr Lys Thr His Ile Arg Gln
1460 1465 1470

Leu His Asp Gly His Ala Lys Gly Gln Phe Met Arg Tyr Asn Arg
1475 1480 1485

Lys Thr Gly Tyr Lys Leu Met Ser Ser Met Ala Arg Phe Asn Pro
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1490 1495 1500

Asp Tyr Met Leu Leu Asp Tyr Leu Val Leu Asn Glu Ala Glu Asn
1505 1510 1515

Glu Ala Ala Ser Gly Val Asp Phe Ser Leu Gly Ser Ser Glu Gly
1520 1525 1530

Thr Phe Ala Ala His Pro Ala His Val Asp Ala Ile Thr Gln Val
1535 1540 1545

Ala Gly Phe Ala Met Asn Ala Asn Asp Asn Val Asp Ile Glu Lys
1550 1555 1560

Gln Val Tyr Val Asn His Gly Trp Asp Ser Phe Gln Ile Tyr Gln
1565 1570 1575

Pro Leu Asp Asn Ser Lys Ser Tyr Gln Val Tyr Thr Lys Met Gly
1580 1585 1590

Gln Ala Lys Glu Asn Asp Leu Val His Gly Asp Val Val Val Leu
1595 1600 1605

Asp Gly Glu Gln Ile Val Ala Phe Phe Arg Gly Leu Thr Leu Arg
1610 1615 1620

Ser Val Pro Arg Gly Ala Leu Arg Val Val Leu Gln Thr Thr Val
1625 1630 1635

Lys Lys Ala Asp Arg Gln Leu Gly Phe Lys Thr Met Pro Ser Pro
1640 1645 1650

Pro Pro Pro Thr Thr Thr Met Pro Ile Ser Pro Tyr Lys Pro Ala
1655 1660 1665

Asn Thr Gln Val Ser Ser Gln Ala Ile Pro Ala Glu Ala Thr His
1670 1675 1680

Ser His Thr Pro Pro Gln Pro Lys His Ser Pro Val Pro Glu Thr
1685 1690 1695

Ala Gly Ser Ala Pro Ala Ala Lys Gly Val Gly Val Ser Asn Glu
1700 1705 1710

Lys Leu Asp Ala Val Met Arg Val Val Ser Glu Glu Ser Gly Ile
1715 1720 1725

Ala Leu Glu Glu Leu Thr Asp Asp Ser Asn Phe Ala Asp Met Gly
1730 1735 1740

Ile Asp Ser Leu Ser Ser Met Val Ile Gly Ser Arg Phe Arg Glu
1745 1750 1755

Asp Leu Gly Leu Asp Leu Gly Pro Glu Phe Ser Leu Phe Ile Asp
1760 1765 1770

Cys Thr Thr Val Arg Ala Leu Lys Asp Phe Met Leu Gly Ser Gly
1775 1780 1785

Asp Ala Gly Ser Gly Ser Asn Val Glu Asp Pro Pro Pro Ser Ala
1790 1795 1800

Thr Pro Gly Ile Asn Pro Glu Thr Asp Trp Ser Ser Ser Ala Ser
1805 1810 1815

Asp Ser Ile Phe Ala Ser Glu Asp His Gly His Ser Ser Glu Ser
1820 1825 1830

Gly Ala Asp Thr Gly Ser Pro Pro Ala Leu Asp Leu Lys Pro Tyr
1835 1840 1845

Cys Arg Pro Ser Thr Ser Val Val Leu Gln Gly Leu Pro Met Val
1850 1855 1860

Ala Arg Lys Thr Leu Phe Met Leu Pro Asp Gly Gly Gly Ser Ala
1865 1870 1875
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Phe Ser Tyr Ala Ser Leu Pro Arg Leu Lys Ser Asp Thr Ala Val
1880 1885 1890

Val Gly Leu Asn Cys Pro Tyr Ala Arg Asp Pro Glu Asn Met Asn
1895 1900 1905

Cys Thr His Gly Ala Met Ile Glu Ser Phe Cys Asn Glu Ile Arg
1910 1915 1920

Arg Arg Gln Pro Arg Gly Pro Tyr His Leu Gly Gly Trp Ser Ser
1925 1930 1935

Gly Gly Ala Phe Ala Tyr Val Val Ala Glu Ala Leu Val Asn Gln
1940 1945 1950

Gly Glu Glu Val His Ser Leu Ile Ile Ile Asp Ala Pro Ile Pro
1955 1960 1965

Gln Ala Met Glu Gln Leu Pro Arg Ala Phe Tyr Glu His Cys Asn
1970 1975 1980

Ser Ile Gly Leu Phe Ala Thr Gln Pro Gly Ala Ser Pro Asp Gly
1985 1990 1995

Ser Thr Glu Pro Pro Ser Tyr Leu Ile Pro His Phe Thr Ala Val
2000 2005 2010

Val Asp Val Met Leu Asp Tyr Lys Leu Ala Pro Leu His Ala Arg
2015 2020 2025

Arg Met Pro Lys Val Gly Ile Val Trp Ala Ala Asp Thr Val Met
2030 2035 2040

Asp Glu Arg Asp Ala Pro Lys Met Lys Gly Met His Phe Met Ile
2045 2050 2055

Gln Lys Arg Thr Glu Phe Gly Pro Asp Gly Trp Asp Thr Ile Met
2060 2065 2070

Pro Gly Ala Ser Phe Asp Ile Val Arg Ala Asp Gly Ala Asn His
2075 2080 2085

Phe Thr Leu Met Gln Lys Glu His Val Ser Ile Ile Ser Asp Leu
2090 2095 2100

Ile Asp Arg Val Met Ala
2105

<210> SEQ ID NO 16

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 16

Asp Tyr Lys Asp Asp Asp Asp Lys Gly
1 5

<210> SEQ ID NO 17

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 17

Gly Lys Pro Ile Pro Asn Pro Leu Leu Gly Leu Asp Ser Thr
1 5 10
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<210> SEQ ID NO 18

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 18

Glu Gln Lys Leu Ile Ser Glu Glu Asp Leu
1 5 10

<210> SEQ ID NO 19

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 19

Gln Pro Glu Leu Ala Pro Glu Asp Pro Glu Asp
1 5 10

<210> SEQ ID NO 20

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 20

Tyr Pro Tyr Asp Val Pro Asp Tyr Ala
1 5

<210> SEQ ID NO 21

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 21

Tyr Thr Asp Ile Glu Met Asn Arg Leu Gly Lys
1 5 10

<210> SEQ ID NO 22

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (3)..(5)

<223> OTHER INFORMATION: Any amino acid and this region may encompass
1-3 residues

<400> SEQUENCE: 22

Cys Cys Xaa Xaa Xaa Cys Cys
1 5
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<210> SEQ ID NO 23

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 23

Cys Cys Pro Gly Cys Cys
1 5

<210> SEQ ID NO 24

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 24

Leu Val Pro Arg Gly Ser
1 5

<210> SEQ ID NO 25

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 25

Asp Asp Asp Asp Lys
1 5

<210> SEQ ID NO 26

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 26

Glu Asn Leu Tyr Phe Gln Gly
1 5

<210> SEQ ID NO 27

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 27

Leu Glu Val Leu Phe Gln Gly Pro
1 5

<210> SEQ ID NO 28

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic
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<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 28

atggtcatce aagggaagag attggccgee tcctetatte age

<210> SEQ ID NO 29

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 29

gtaggcgtca caggaaagac tgcgtacca

<210> SEQ ID NO 30

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 30

tatcaccaat gctggatgta aagaagtcge g

<210> SEQ ID NO 31

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 31

aattgggcta ggaaaccggg gatge

<210> SEQ ID NO 32

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 32

cggtctaatyg acggcegcatg atatcatage cgaaacggte gag

<210> SEQ ID NO 33

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 33
acttggctgyg agtccatccee tteggea
<210> SEQ ID NO 34

<211> LENGTH: 42
<212> TYPE: DNA

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

43

29

31

25

43

27
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence:
primer
<400> SEQUENCE: 34

ctgcccgagt ttgaagtate tcaacttace gecgacgeca tg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 35

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 35

tgagacgege tgcgcaggge

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 36

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 36

cgaggtgatce gagacgcaga tgc

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 37

LENGTH: 28

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 37

ttatgaagca ccagacatca gccccagce

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 38

LENGTH: 33

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 38

atgggttcceg ttagtaggga acatgagtca atc

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 39

LENGTH: 34

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 39

gtteettgtyg tgagetectg aataagactyg catg

<210> SEQ ID NO 40

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

42

Synthetic

20

Synthetic

23

Synthetic

28

Synthetic

33

Synthetic

34
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<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 40

ccatcaaaat cccectetat cacacgggea ctgggagcaa ¢ 41

<210> SEQ ID NO 41

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 41

cccacgectt gcgcatctat aatcagg 27

<210> SEQ ID NO 42

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 42

tgtccgaata ttctectegt tgtaggtagt ggatt 35

<210> SEQ ID NO 43

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 43

gcagtagtcg ataggtacac atccttgggyg gttccatgac tge 43

<210> SEQ ID NO 44

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 44

agaggatcaa ggcattatac atgagtectgt ggaacttggg ctttece 46

<210> SEQ ID NO 45

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 45

tteccecegtee teccatggect tatge 25
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<210> SEQ ID NO 46

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 46

ggectttgeg cgatacgetg gtcteteggg teccat 36

<210> SEQ ID NO 47

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 47

tcacgccatt tgttgaagca gggaatg 27

<210> SEQ ID NO 48

<211> LENGTH: 5016

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 48

atggtcatce aagggaagag attggeccgece tectctatte agettctege aagetcgtta 60

gacgcgaaga agctttgtta tgagtatgac gagaggcaag ccccaggtgt aacccaaatce 120

accgaggagg cgcctacaga gcaaccgect ctetctacce cteecteget accccaaacyg 180

cccaatattt cgcctataag tgcttcaaag atcgtgateg acgatgtgge gctatctcga 240

gtgcaaattyg ttcaggctct tgttgccaga aagttgaaga cggcaattgce tcagettect 300

acatcaaagt caatcaaaga gttgtcgggt ggtcggtett ctttgcagaa cgagetegtg 360

ggggatatac acaacgagtt cagctccatc ccggatgcac cagagcagat cttgttgegg 420

gactttggeyg acgccaacce aacagtgcaa ttggggaaaa cgtcctecge ggcagttgece 480

aaactaatct cgtccaagat gectagtgac ttcaacgcca acgctatteg agcccaccta 540

gcaaacaagt ggggtctagg acccttgcga caaacagcegg tgttgctcta cgecattgeg 600

tcagaaccce catcgegttt agettcatceg agegcagegg aagagtactyg ggacaacgtg 660

tcatccatgt acgccgaatc gtgtggeatce accctecgece cgagacaaga cactatgaat 720

gaagatgcta tggcatcgte ggcgattgat ccggetgtgg tagccgagtt ttecaagggyg 780

caccgtagge tcggagttca acagttccaa gegctagcag aatacttaca aattgatttg 840

tcggggtete aagectctca gtceggatget ttggtggegyg aacttcagea gaaagtcgat 900

ctetggacgg ccgaaatgac ccccgagttt ctegecggga tatcaccaat gttggatgta 960

aagaagtcgce gacgctatgg ctegtggtgg aacatggcac ggcaggatgt cttggcctte 1020

tatcgecegte cttectacag tgaattegtg gacgacgect tggccttcaa agtttttcete 1080

aatcgtectect gtaaccgage tgatgaggcce ctectcaaca tggtacgcag tetttectgt 1140

gacgcctact tcaagcaagg ttcectttgccce ggatatcatg ccgectegeg actecttgag 1200
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caggccatca catccacagt ggcggattgce ccgaaggcac gcctcattet ceccggeggtg 1260
ggeccccaca ccaccattac aaaggacggce acgattgaat acgcggaggce accgegccag 1320
ggagtgagtg gtcccactge gtacatccag tcectctecgec aaggcgcatce tttcecattggt 1380
ctcaagtcag ccgacgtcga tactcagagce aacttgaccg acgctttget tgacgccatg 1440
tgcttagcac tccataatgg aatctcegttt gttggtaaaa cctttttggt gacgggagcg 1500
ggtcaggggt caataggagc gggagtggtg cgtctattgt tagagggagg agcccgagta 1560
ttggtgacga cgagcaggga gccggcgacg acatccagat acttccagca gatgtacgat 1620
aatcacggtg cgaagttctc cgagttgcgg gtagttectt gcaatctage cagcgcccaa 1680
gattgcgaag ggttgatccg gcacgtctac gatccccgtyg ggctaaattg ggatttggat 1740
gccatcctte cettegetge cgegtceccgac tacagcacceyg agatgcatga cattcgggga 1800
cagagcgagt tgggccaccg gctaatgttg gtcaatgtcet tccgegtgtt ggggcatatce 1860
gtccactgta aacgagatgc cggggttgac tgccatccga cgcaggtgtt gttgccattg 1920
tcgccaaatce acggcatctt cggtggcgat gggatgtatc cggagtcaaa gctagccctt 1980
gagagcttgt tccatcgcat ccgatcagag tcecttggtcag accagttatc tatatgegge 2040
gttcgtateg gttggacccecg gtcgaceggt ctaatgacgg cgcatgatat catagccgaa 2100
acggtcgagg aacacggaat acgcacattt tcegtggecg agatggcact caacatagcece 2160
atgttgttaa cccccgactt tgtggcccat tgtgaagatg gacctttgga tgccgattte 2220
accggcagcet tgggaacatt gggtagcatc cccggtttece tagcccaatt gcaccagaaa 2280
gtccagttgg cagccgaggt gatccgtgece gtgcaggceg aggatgagca tgagagattce 2340
ttgtctecgg gaacaaaacc taccttgcaa gcacccgtgg ccccaatgca cccccgcagt 2400
agccttegtg taggctatce cegtctecce gattatgage aagagattcg cccgttgtcece 2460
ccacggttgg aaaggttgca agatccggcce aatgctgtgg tggtggtcgg gtactcggag 2520
ttggggccat ggggtagcgce gcgattacgg tgggaaatag agagccaggg ccagtggact 2580
tcagcecggtt atgtcgaact tgcctggttg atgaacctca teccgccacgt caacgatgaa 2640
tcectacgteg getgggtgga tactcagacce ggaaagcecag tgcgggatgg cgagatccag 2700
gcattgtacg gggaccacat tgacaaccac accggtatcc gtcctatcca gtceccaccteg 2760
tacaacccag agcgcatgga ggtcttgcag gaggtcgetg tcgaggagga tttgcccgag 2820
tttgaagtat ctcaacttac cgccgacgcce atgecgtctecce geccatggage taacgtttcece 2880
atccgeccca gtggaaatcce cgacgcatgce cacgtgaagce ttaaacgagg cgctgttatce 2940
cttgtteccca agacagttcecce ctttgtttgg ggatcgtgtg ccggtgagtt gecgaaggga 3000
tggactccag ccaagtacgg catccctgag aacctaattc atcaggtcga ccccgtcacg 3060
ctctatacaa tttgctgegt ggcggaggca ttttacagtg ccggtataac tcaccctcett 3120
gaggtctttc gacacattca cctcectcggaa ctaggcaact ttatcggatc cteccatgggt 3180
gggccgacga agactcgtca gctctaccga gatgtctact tcgaccatga gattccgteg 3240
gatgttttgc aagacactta tctcaacaca cctgctgccet gggttaatat gctactcectt 3300
ggctgcacygyg ggccgatcaa aactccegte ggcegcatgtyg ccaccggggt cgagtcgatce 3360
gattccgget acgagtcaat catggcgggce aagacaaaga tgtgtcttgt gggtggctac 3420

gacgatttgc aggaggaggc atcgtatgga ttcgcacaac ttaaggccac ggtcaacgtt 3480
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gaagaggaga tcgectgcegg tcgacagece tcggagatgt cgegcecccat ggetgagagt 3540
cgtgctgget ttgtcgagge gcatggctge ggtgtacagt tgttgtgtceg aggtgacatc 3600
gccttgcaaa tgggtcecttcee tatctatgeg gtcattgcca getcagccat ggecgcecgac 3660
aagatcggtt cctcggtgec agcaccgggce cagggcattce taagcttcte cegtgagegce 3720
gctcgateca gtatgatate cgtcacgteg cgcccgagta gecgtagcag cacatcatct 3780
gaagtctcgg acaaatcatc cttgacctca atcacctcaa tcagcaatcc cgctectegt 3840
gcacaacgcg cccgatccac cactgatatg gectcecegttge gagcagcget tgcgacttgg 3900
gggttgacta tcgacgactt ggatgtggcce tcattgcacg gcacctcgac gcgcggtaac 3960
gatctcaatg agcccgaggt gatcgagacg cagatgcgec atttaggtcg cactcectgge 4020
cgececttgt gggecatcetg ccaaaagtca gtgacgggac accctaaage cccageggcece 4080
gcatggatgce tcaatggatg cttgcaagta ttggactcgg ggttggtgcce gggcaaccgce 4140
aatcttgaca cgttggacga ggccttgcge agegcgtetce atctcectgcett cectacgegce 4200
accgtgcage tacgtgaggt caaggcattc ttgttgacct catttggctt cggacagaag 4260
gggggccaag tcgtcecggegt tgcccccaag tacttetttg ctacgctecce ccgeccegag 4320
gttgagggct actatcgcaa ggtgagggtt cgaaccgagg cgggtgatcg cgcctacgece 4380
geggeggtea tgtcgcagge ggtggtgaag atccagacgce aaaacccgta cgacgagecyg 4440
gatgccceece gcatttttet cgatceccttg gecacgtatet cccaggatcce gtcgacgggce 4500
cagtatcggt ttcgttccga tgccactcce gcectcgatg atgatgcecttt gecacctece 4560
ggcgaaccca ccgagctagt gaagggcatc tcectceegect ggatcgagga gaaggtgcega 4620
ccgcatatgt ctcecceceggegg cacggtggge gtggacttgg ttectcectege ctecttegac 4680
gcatacaaga atgccatctt tgttgagcgce aattatacgg taagggagcg cgattgggcet 4740
gaaaagagtg cggatgtgcg cgcggcctat gccagtcggt ggtgtgcaaa agaggcggtyg 4800
ttcaaatgtc tccagacaca ttcacagggc gcgggggcag ccatgaaaga gattgagatc 4860
gagcatggayg gtaacggcge accgaaagtc aagctcecggg gtgctgegca aacagcggeg 4920
cggcaacgag gattggaagg agtgcaattg agcatcagct atggcgacga tgcggtgata 4980
gcggtggegt tggggttgat gtetggtget tcataa 5016
<210> SEQ ID NO 49

<211> LENGTH: 5667

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 49

atgggttcceg ttagtaggga acatgagtca atccccatec aggecgecca gagaggeget 60
geceggatet gegetgettt tggaggtcaa gggtctaaca atttggacgt gttaaaaggt 120
ctattggagt tatacaagcg gtatggccca gatttggatg agctactaga cgtggcatcce 180
aacacgcttt cgcagttgge atcttecect getgecaatag acgtccacga acccetggggt 240
ttcgacctee gacaatggtt gaccacaccg gaggttgete ctagcaaaga aattcttgec 300

ttgccaccac gaagctttee cttaaatacg ttacttaget tggegetcta ttgtgcaact 360
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tgtcgagage
cattcccaag
tatgacgect
ttcactccat
ggcettettt
attgagcacg
aactcccacyg
catgtccgac
cgaaagccta
ttggacggtg
tccatcaaaa
catcagctaa
gtttgceggy
cttattcagg
ggaccaaaac
cgacttcatg
gggaagccte
getgeegtty
cgccagtteg
acctgcaatc
gatttggtge
ceggaggteg
gggtcttteyg
atcgggttge
ggacctattt
ggtagtggat
gectttgget
getegggaag
ggagatgcag
tcggaatteg
ctcgacaacc
caccggcaag
gacggacacyg
ttgtgcgatce
ttattgttygg
ggcgaatatce
cgcacgettt

aagccegtac

ttgaacttga

gcatattgge

gcaggacggt

cctecgeage

cctcaatget

tcaataaagg

aaaagttegt

ggatcagagce

tagtggatat

ttcaagatcg

tcceecteta

tccegactet

gettgaacge

agctcacaca

ccgttggagg

ccaatgtcca

ctgtgatggt

ctcaagetygyg

aggccgagat

tcctetacge

gccagggagt

tccaagaatg

aagccattca

aatggaccge

tggcaaccta

teggtggagg

atccatgcat

cccatacgte

attggcacaa

gtcaacctat

gggtetttte

aaattgtgag

gacagaatgt

tcacgtatgt

acttecgttca

cactcgacat

atccagaaga

cattcatccce

tcctgggeaa

ggeggtggee

gctecagate

ctcggatgec

aagtgtctce

geteggagaa

cttagecggga

agacaatgac

attatttctt

cgttatcgag

tcacacggge

tatccgegec

aacgcacgtyg

aggaacaggt

ccatttggeg

cggtgeaget

agccggaatg

ataccacgtce

teggegettyg

caagcctacyg

tccegtggaa

tgtacagtcc

ccaagtcata

aggacgaggyg

cgctcaaate

cceggacacyg

gecettegac

agcccaggea

gtctttegat

ccacgtteta

aatcaaagac

ccgtettaac

ggagttggag

ttcccaccag

tttgcttega

catcgteegyg

tgtctetett

caggttggat

tttecgatcce

atcacccaag

tctttetgga

atgatccaag

gggctetece

tgcaaccgat

ccacctcaat

ctcgaccagt

cccatateeg

getttgaget

actgggagca

attaccgtgg

ttggactttyg

gtatcagtga

gcagtgaact

aaattgcaca

acacctacta

gaattggcetyg

gcaactgcca

actttttect

ggaatcacca

atcggactca

cagatcgege

ggaggacatc

cgatcatgte

tttcectace

ggagtgttgc

aaacgcttga

gagcctacceyg

gctactegeyg

acttctaage

gcagactttyg

gacatgacct

aagcgatggg

gaacgattce

gtggaagaga

ctaatgcatt

gagegtttty

tcctteatag ttecacgggy

ccgagagetyg gccaaccttt

ttggactcga ggcttaccte

attgcatcga acatggcgag

gcteccaagt tgagcegagta

gggttcactt ggecttggtt

ccttatggge cgtttgtett

cgcegtatett gttccgcaac

caccatttca cacaccgtac

ctgettegtt ggetctecat

acctacaaga actacaacca

accaattgga ctggccgttyg

gacctggaca aacatgcagt

tccagttgac tactcaatcg

gggaggcega gtttggetta

accgtatgac aacattgett

cggtgegetyg ggactttgte

gtggtggeta ccacgcagag

tcccagcaga tcatggeatce

ggcagatcte tgtcatcaag

tcggegeegyg catcecttet

agcacatcte attcaagect

gtacccatce taactttttg

attcctggga agacttccat

cgaatattct cctegttgta

tcacgggcca atgggeccag

tcggcagteyg catgatggtyg

ttatagatgc gcaaggcgtyg

geggegtagt gacggtcaac

gagtgatgtt gtggaaagaa

gcttagaata tttgcegcaac

ccegteccty gtttgeegtt

acctcgaggt tctecgeegt

tagatccatc atatcgaata

aatgcgctat tgacaaccce

gettgaagga taaagcatac

tgttcagecyg acgtgacatce

agacctggtt taaaaaagac

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

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640
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tcattgtggce aatccgaaga tgtggaggcg gtaattggac aggacgtcca gcgaatctte 2700
atcattcaag ggcctatggce cgttcagtac tcaatatccg acgatgagtce tgttaaagac 2760
attttacaca atatttgtaa tcattacgtg gaggctctac aggctgattc aagagaaact 2820
tctatcggeg atgtacactc gatcacgcaa aaacctctca gecgcegtttece tgggctcaaa 2880
gtgacgacaa atagggtcca agggctctat aagttcgaga aagtaggagc agtccccgaa 2940
atggacgttc tttttgagca tattgtcgga ttgtcgaagt catgggctcg gacatgtttg 3000
atgagtaaat cggtctttag ggacggttct cgtttgcata accccattcg cgccgcactce 3060
cagctccage gcggcgacac catcgaggtg cttttaacag cagactcgga aattcgcaag 3120
attcgactta tttcacccac gggggatggt ggatccactt ctaaggtcgt attagagata 3180
gtctctaacyg acggacaaag agttttcgec accttggcec ctaacatccce actcageccce 3240
gagcccageg tegtettttg cttcaaggtce gaccagaagce cgaatgagtg gacccttgag 3300
gaggatgcgt ctggccgggce agagaggatc aaggcattat acatgagttt gtggaacttg 3360
ggctttcecga acaaggcecte tgttttgggt cttaattcge aattcacggg agaagaattg 3420
atgatcacaa cggacaagat tcgtgatttc gaaagggtat tgcggcaaac cagtcctcett 3480
cagttgcagt catggaaccc ccaaggatgt gtacctatcg actactgcgt ggtcatcgcece 3540
tggtctgecte ttaccaagec tttgatggtce tcectectttga aatgcgacct cttggatttg 3600
ctccacagcg ctataagcett ccactatgct ccatctgtca aaccattgceg ggtgggcgat 3660
attgtcaaaa cctcatcceg tatcctagcg gtctecggtga gacctagggg aactatgttg 3720
acggtgtcgg cggacattca gcegccaggga caacatgtag tcactgtcaa atcagatttce 3780
tttctecggag geccegtttt ggcatgtgaa accecttteg aactcactga ggagcectgaa 3840
atggttgtcce atgtcgactc tgaagtgcgce cgtgctattt tacacagccg caagtggcetce 3900
atgcgagaag atcgcgcgcet agatttgcta gggaggcagce tcctcecttcag attaaagagce 3960
gaaaaattgt tcaggccaga cggccagcta gcattgttac aggtaacagg ttcecgtgtte 4020
agctacagcce ccgatgggtce aacgacagca ttcggtcegeg tatacttcga aagcgagtcet 4080
tgtacaggga acgtggtgat ggacttcttg caccgctacg gtgcacctceg ggcgcagttg 4140
ttggagttgc aacatcccgg gtggacgggce acctctactg tggcagtaag aggtcctcega 4200
cgcagccaat cctacgcacg cgtctceecte gatcataatc ccatccatgt ttgtceccggece 4260
tttgcgegat acgctggtet ctecgggtcce attgtccatg ggatggaaac ctcectgccatg 4320
atgcgcagaa ttgccgaatg ggccatcgga gatgcagacc ggtcteggtt ccggagetgg 4380
catatcacct tgcaagcacc cgtccaccce aacgaccctt tgcgggtgga gttgcagcat 4440
aaggccatgg aggacgggga aatggttttg aaagtacaag catttaacga aaggacggaa 4500
gaacgcgtag cggaggcaga tgcccatgtt gagcaggaaa ctacggctta cgtcecttetgt 4560
ggccagggca gtcaacgaca ggggatggga atggacttgt acgtcaactg tccggaggct 4620
aaagcgttgt gggctcgege cgacaagcat ttgtgggaga aatatgggtt ctccatcttg 4680
cacattgtgc aaaacaaccc tccagcccte actgttcact ttggcagcca gcgagggcgce 4740
cgtattegtg ccaactattt gegcatgatg ggacagccac cgatagatgg tagacatccg 4800
cccatattga agggattgac gcggaattcg acctcecgtaca ccttcectecta ttecccagggg 4860

ttgttgatgt ccacccagtt cgcccagcce gcattggegt tgatggaaat ggctcagttce 4920
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gaatggctca aagcccaggg agtcegttcag aagggtgcge ggttcecgeggg acattcegttg 4980
ggagaatatg ccgcccttgg agettgtget tecttectet catttgaaga tctcatatcet 5040
ctcatctttt atcggggctt gaagatgcag aatgcgttgce cgcgcgatgce caacggccac 5100
accgactatg gaatgttggce tgccgatcca tcgcggatag gaaaaggttt cgaggaagcg 5160
agtttgaaat gtcttgtcca tatcattcaa caggagaccg gctggttcgt ggaagtcgtce 5220
aactacaaca tcaactcgca gcaatacgtc tgtgcaggcce atttccgage cctttggatg 5280
ttgggtaaga tatgcgatga cctttcatgce caccctcaac cggagactgt tgaaggccaa 5340
gagctacggyg ccatggtctg gaagcatgtce ccgacggtgg agcaggtgcc ccecgegaggat 5400
cgcatggaac gaggtcgagc gaccattccg ttgccgggga tcgatatcce ataccattceg 5460
accatgttac gaggggagat tgagccttat cgtgaatatt tgtctgaacg tatcaaggtg 5520
ggggatgtga agccgtgcga attggtggga cgctggatcc ctaatgttgt tggccagect 5580
ttctecegteg ataagtctta cgttcagttg gtgcacggca tcacaggtag tcectceggett 5640

cattccttge ttcaacaaat ggcgtga 5667

<210> SEQ ID NO 50

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
binding motif oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (4)..(9)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 50

tcrnnnnnna cg 12

<210> SEQ ID NO 51

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
binding motif oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (4)..(14)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 51

cggnnnnnnn nnnhnccg 17

<210> SEQ ID NO 52

<211> LENGTH: 13

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
binding motif oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (4)..(5)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (9)..(1l0

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
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<400>

SEQUENCE: 52

gaannttcnn gaa

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 53

LENGTH: 10

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:

NAME/KEY: modified base

LOCATION: (8)..(9)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 53

tgatgtannt

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 54

LENGTH: 10

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:

NAME/KEY: modified_base

LOCATION: (3)..(5)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 54

cennnwwrgg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 55

LENGTH: 10

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

SEQUENCE: 55

WWWWSYygggg

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 56

LENGTH: 13

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:

NAME/KEY: modified base

LOCATION: (8)..(9)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 56

rmacccannc ayy

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 57

LENGTH: 16

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

13

Synthetic

10

Synthetic

10

Synthetic

10

Synthetic

13

Synthetic
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binding motif oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (6)..(7)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (9)..(9)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 57

tycgtnnrna rtgaya

<210> SEQ ID NO 58

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (11)..(11)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (13)..(13)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 58

rrraararaa nanraraa

<210> SEQ ID NO 59

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (2)..(2)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (5)..(5)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (13)..(13)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 59

anagngagag agnggcag

<210> SEQ ID NO 60

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (2)..(3)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<220> FEATURE:
<221> NAME/KEY: modified_base
<222>» LOCATION: (7)..(7)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

Synthetic

Synthetic

Synthetic

16

18

18
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<400>

SEQUENCE: 60

tnncewnttt kttte

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 61

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

SEQUENCE: 61

aaaaararaa aarma

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 62

LENGTH: 16

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified_base
LOCATION: (11)..(14)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 62

vkytyttytt nnnnky

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 63

LENGTH: 10

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

SEQUENCE: 63

cgteeggege

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 64

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

SEQUENCE: 64

gaaaaagmaa aaaaa

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>

SEQ ID NO 65

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:

NAME/KEY: modified_base

LOCATION: (14)..(14)

OTHER INFORMATION: a, ¢, t, g, unknown or other

FEATURE:
NAME/KEY: modified_base
LOCATION: (17)..(17)

15

Synthetic

15

Synthetic

16

Synthetic

10

Synthetic

15

Synthetic
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<223>

<400>

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 65

ttttyyttyt tkyntynt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 66

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

SEQUENCE: 66

catkyttttt tkyty

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 67

LENGTH: 10

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

SEQUENCE: 67

cacgtgacya

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 68

LENGTH: 14

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:

NAME/KEY: modified base

LOCATION: (3)..(5)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified base

LOCATION: (13)..(13)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 68

cannnacaca sana

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>

SEQ ID NO 69

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified_base
LOCATION: (3)..(3)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified_base

LOCATION: (5)..(5)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified_base

LOCATION: (7)..(8)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified_base

LOCATION: (11)..(11)

18

Synthetic

15

Synthetic

10

Synthetic

14

Synthetic
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<223>
<220>
<221>
<222>
<223>

<400>

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified_base

LOCATION: (17)..(17)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 69

ggnanannar narggcn

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 70

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified_base
LOCATION: (11)..(11)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 70

tttkytktty nytttkty

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 71

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified_base
LOCATION: (16)..(16)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 71

wttkttttty tttttnt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 72

LENGTH: 11

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

SEQUENCE: 72

ttkttttytt ¢

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>

SEQ ID NO 73

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified_base
LOCATION: (4)..(5)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified_base

LOCATION: (9)..(9)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified_base

LOCATION: (16)..(16)

17

Synthetic

18

Synthetic

17

Synthetic

11

Synthetic
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<223> OTHER INFORMATION: a, ¢, t, g,
<400> SEQUENCE: 73

aaannraang arraanar

<210> SEQ ID NO 74

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description
binding motif oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: a, ¢, t, g,

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: a, ¢, t, g,

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (14)..(14)

<223> OTHER INFORMATION: a, ¢, t, g,

<400> SEQUENCE: 74

gtgmaknmgr angng

<210> SEQ ID NO 75

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description
binding motif oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: a, ¢, t, g,

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (17)..(17)

<223> OTHER INFORMATION: a, ¢, t, g,

<400> SEQUENCE: 75

nttwacaycc rtacayny

<210> SEQ ID NO 76

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description
binding motif oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: a, ¢, t, g,

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (13)..(13)

<223> OTHER INFORMATION: a, ¢, t, g,

<400> SEQUENCE: 76

tttnetttky ttnytttt

<210> SEQ ID NO 77
<211> LENGTH: 18

unknown or other

of Artificial Sequence:

unknown or other

unknown or other

unknown or other

of Artificial Sequence:

unknown or other

unknown or other

of Artificial Sequence:

unknown or other

unknown or other

Synthetic

Synthetic

Synthetic

18

15

18

18
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<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (6)..(6)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (11)..(11)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (16)..(16)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 77

aaaranraaa naaarnaa

<210> SEQ ID NO 78

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide
<400> SEQUENCE: 78

cacacacaca cacacac

<210> SEQ ID NO 79

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide
<400> SEQUENCE: 79

ttgcttgaac gsatgcca

<210> SEQ ID NO 80

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide
<400> SEQUENCE: 80

yetttttttt yttyykg

<210> SEQ ID NO 81

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide
<400> SEQUENCE: 81

rrsccgmegm gregceges

<210> SEQ ID NO 82

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

18

17

18

17

18
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<211> LENGTH: 18
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence:
binding motif oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (4)..(4)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (9)..(9)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 82

aaanararnr aaaarrar

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 83

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

binding motif oligonucleotide
<400> SEQUENCE: 83

ggaagctgaa acgymwrr

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 84

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

binding motif oligonucleotide
<400> SEQUENCE: 84

ggagaggcat gatggggg

<210> SEQ ID NO 85

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:
binding motif oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 85

ctnecctttet

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 86

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

binding motif oligonucleotide
<400> SEQUENCE: 86

gaaarraaaa aamrmara

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

18

Synthetic

18

Synthetic

18

Synthetic

10

Synthetic

18
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<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 87

LENGTH: 11

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified_base
LOCATION: (2)..(2)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified_base

LOCATION: (8)..(9)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 87

gngccersnnt m

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 88

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified_base
LOCATION: (13)..(13)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 88

ttttttyttt tynktttt

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 89

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:

NAME/KEY: modified_base

LOCATION: (11)..(11)

OTHER INFORMATION: a, ¢, t, g, unknown or other

FEATURE:

NAME/KEY: modified_base

LOCATION: (13)..(13)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified_base

LOCATION: (15)..(15)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified_base

LOCATION: (18)..(18)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 89

yttettttyt nyncnktn

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>

SEQ ID NO 90

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide
FEATURE:
NAME/KEY: modified_base

Synthetic

Synthetic

Synthetic

Synthetic

11

18

18
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<222> LOCATION: (2)..(2)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 90

tnsykctttt cytty

<210> SEQ ID NO 91

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (4)..(4)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (10)..(10)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 91

sttnytttyn ttytyyyy

<210> SEQ ID NO 92

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
«<222> LOCATION: (3)..(3)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 92

vkntttwyyt c

<210> SEQ ID NO 93

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (5)..(5)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<220> FEATURE:
<221> NAME/KEY: modified_base
<222>» LOCATION: (7)..(7)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (13)..(13)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 93

aaaananaar arnag

<210> SEQ ID NO 94

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

Synthetic

Synthetic

Synthetic

15

18

11

15
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<223> OTHER INFORMATION: Description of Artificial Sequence:
binding motif oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (13)..(13)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 94

waaaaaagaa aanaaaar

<210> SEQ ID NO 95

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:
binding motif oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 95

aaanggnhara m

<210> SEQ ID NO 96

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:
binding motif oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (11)..(12)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 96

tyttcyagaa nnttcy

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 97

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

binding motif oligonucleotide
<400> SEQUENCE: 97

cacacacaca cacacaca

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 98

LENGTH: 11

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

binding motif oligonucleotide
<400> SEQUENCE: 98

tttycacatg ¢

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

18

Synthetic

11

Synthetic

16

Synthetic

18

Synthetic

11



US 2012/0156761 Al
131

Jun. 21, 2012

-continued
<210> SEQ ID NO 99
<211> LENGTH: 14
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence:
binding motif oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (2)..(3)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 99

gnngcatgtyg aaaa

<210> SEQ ID NO 100

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:
binding motif oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (17)..(17)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 100

gaaaanaaaa aaaarana

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 101

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

binding motif oligonucleotide
FEATURE:

NAME/KEY: modified_base
LOCATION: (13)..(13)

OTHER INFORMATION: a, ¢, t, g,

<220>
<221>
<222>
<223> unknown or other

<400> SEQUENCE: 101

gaaaaaraar aanaa

<210> SEQ ID NO 102

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:
binding motif oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (6)..(7)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 102

yvttktnnttt ttytyttt

<210> SEQ ID NO 103

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

14

Synthetic

18

Synthetic

15

Synthetic

18
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<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:
binding motif oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 103

gcagngcagyg

<210> SEQ ID NO 104

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:
binding motif oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 104

tttytykttt nyyttttt

<210> SEQ ID NO 105

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:
binding motif oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 105

tttccnaawn rggaaa

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 106

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

binding motif oligonucleotide

<400> SEQUENCE: 106

yttyyttytt ttytytte

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 107

LENGTH: 14

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

binding motif oligonucleotide
<400> SEQUENCE: 107

mtttttytyt ytte

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

10

Synthetic

18

Synthetic

16

Synthetic

18

Synthetic

14
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<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 108

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified_base
LOCATION: (7)..(7)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 108

tatacanagm krtatatg

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 109

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified base
LOCATION: (6)..(6)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified base

LOCATION: (9)..(9)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified base

LOCATION: (13)..(13)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 109

tmtttntync ttntttwk

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 110

LENGTH: 16

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified_base
LOCATION: (3)..(4)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified_base

LOCATION: (15)..(15)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 110

ktnnttwtta ttcenc

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>

SEQ ID NO 111

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified base
LOCATION: (2)..(3)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

Synthetic

Synthetic

Synthetic

Synthetic

18

18

16
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<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

NAME/KEY: modified_base

LOCATION: (8)..(8)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified_base

LOCATION: (11)..(11)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 111

rnnaaaanra naaraaat

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 112

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

SEQUENCE: 112

ttttttttew ctttkyc

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 113

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified base
LOCATION: (5)..(5)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified_base

LOCATION: (13)..(13)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 113

tttynytktt tynyttyt

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 114

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified_base
LOCATION: (4)..(5)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified_base

LOCATION: (11)..(11)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 114

ttynnttytt nytttyyy

<210>
<211>
<212>
<213>
<220>
<223>

<220>

SEQ ID NO 115

LENGTH: 14

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide
FEATURE:

18

Synthetic

17

Synthetic

18

Synthetic

18

Synthetic
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<221> NAME/KEY: modified_base
<222> LOCATION: (2)..(2)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (12)..(12)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 115

tnygtgkryg tnyg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 116

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

binding motif oligonucleotide

<400> SEQUENCE: 116

ttyyyttttt yttttytt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 117

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

binding motif oligonucleotide
<400>

SEQUENCE: 117

gamaaaaaar aaaar

<210> SEQ ID NO 118

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:
binding motif oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 118

cycgggaage sammnccg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 119

LENGTH: 13

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

binding motif oligonucleotide

<400> SEQUENCE: 119

grtgyayggr tgy

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 120

LENGTH: 14

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

binding motif oligonucleotide

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

14

Synthetic

18

Synthetic

15

Synthetic

18

Synthetic

13

Synthetic
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<400>

SEQUENCE: 120

kmaaraaaaa raar

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 121

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

SEQUENCE: 121

aygraaaara raaaaraa

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 122

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified_base
LOCATION: (8)..(8)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified_base

LOCATION: (13)..(13)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 122

ggakscentt tyngmrta

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 123

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:

NAME/KEY: modified_base

LOCATION: (6)..(6)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 123

ttttenkttt yttttte

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 124

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

SEQUENCE: 124

araagmagaa arraa

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 125

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

14

Synthetic

18

Synthetic

18

Synthetic

17

Synthetic

15

Synthetic
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<220>
<221>
<222>
<223>

<400>

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified_base
LOCATION: (12)..(12)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 125

yttttetttt ynttttt

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 126

LENGTH: 11

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified_base
LOCATION: (11)..(11)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 126

arraraaagg n

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 127

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified_base
LOCATION: (4)..(4)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified_base

LOCATION: (7)..(7)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified_base

LOCATION: (12)..(12)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 127

ystnykntyt tnctccem

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 128

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified base
LOCATION: (5)..(5)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified_base

LOCATION: (11)..(11)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 128

garanaaaar nraaraaa

<210>
<211>

SEQ ID NO 129
LENGTH: 11

Synthetic

Synthetic

Synthetic

17

11

18

18
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<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence:
binding motif oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (3)..(4)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (10)..(10)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<400> SEQUENCE: 129

cynnggssan ¢

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 130

LENGTH: 16

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

binding motif oligonucleotide

<400> SEQUENCE: 130

cacacacaca cacaya

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 131

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

binding motif oligonucleotide

<400> SEQUENCE: 131

cttytwttkt tktsa

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 132

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

binding motif oligonucleotide

<400> SEQUENCE: 132

yttyyytytt tytyyttt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 133

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

binding motif oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (16)..(16)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 133

amaaaaaraa rwaranaa

<210> SEQ ID NO 134

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

11

Synthetic

16

Synthetic

15

Synthetic

18

Synthetic

18
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<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified base
LOCATION: (15)..(15)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 134

araaaarraa aaagnraa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 135

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

SEQUENCE: 135

raaraaaaar cmrsraaa

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 136

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified_base
LOCATION: (10)..(10)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 136

ttytktytyn tyykttty

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 137

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:

NAME/KEY: modified_base

LOCATION: (9)..(9)

OTHER INFORMATION: a, ¢, t, g, unknown or other

FEATURE:

NAME/KEY: modified_base

LOCATION: (15)..(15)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 137

gaaaamaana aaaanaaa

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>

SEQ ID NO 138

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide
FEATURE:
NAME/KEY: modified_base

Synthetic

18

Synthetic

18

Synthetic

18

Synthetic

18

Synthetic
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<222>
<223>
<220>
<221>
<222>
<223>

<400>

LOCATION: (4)..(4)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified base

LOCATION: (15)..(15)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 138

yaanaraara aaaanaam

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 139

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified_base
LOCATION: (3)..(3)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified_base

LOCATION: (16)..(16)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 139

tyntttttty tttttntk

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 140

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:

NAME/KEY: modified base

LOCATION: (11)..(11)

OTHER INFORMATION: a, ¢, t, g, unknown or other

FEATURE:

NAME/KEY: modified base

LOCATION: (14)..(14)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified base

LOCATION: (16)..(16)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 140

raaraaraaa naanrnaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 141

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

SEQUENCE: 141

cacacacaca cacacaca

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 142

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

Synthetic

Synthetic

Synthetic

18

18

18

18



US 2012/0156761 Al

141

-continued

Jun. 21, 2012

<223>

<220>
<221>
<222>
<223>

<400>

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified base
LOCATION: (12)..(12)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 142

raarrraaaa anaaamaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 143

LENGTH: 11

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

SEQUENCE: 143

gccagaccta ¢

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 144

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified_base
LOCATION: (14)..(14)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 144

ttyttyttyt ttynytyt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 145

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

SEQUENCE: 145

vksgcgegye kecgkceggs

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 146

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

SEQUENCE: 146

ttttyytttt yyyyktt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 147

LENGTH: 13

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

Synthetic

18

Synthetic

11

Synthetic

18

Synthetic

18

Synthetic

17

Synthetic
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<400>

SEQUENCE: 147

ttettktyyt ttt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 148

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

SEQUENCE: 148

ttyttttyty ytttyttt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 149

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

SEQUENCE: 149

ttgcttgaac ggatgeca

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 150

LENGTH: 16

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:

NAME/KEY: modified_base

LOCATION: (3)..(3)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 150

mgnmcaaaaa taaaas

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 151

LENGTH: 16

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:

NAME/KEY: modified_base

LOCATION: (6)..(7)

OTHER INFORMATION: a, ¢, t, g, unknown or other

FEATURE:

NAME/KEY: modified_base

LOCATION: (9)..(9)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 151

tycgtnnrna rtgaya

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 152

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

13

Synthetic

18

Synthetic

18

Synthetic

16

Synthetic

16

Synthetic
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<400>

SEQUENCE: 152

gtgtgtgtgt gtgtg

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 153

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified base
LOCATION: (9)..(9)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 153

ytstysttnt tgytwtt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 154

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

SEQUENCE: 154

gcatgaccat ccacg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 155

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

SEQUENCE: 155

gsgayarmgg amaaaaa

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 156

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified base
LOCATION: (11)..(11)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 156

trcegagryw nsssgcgs

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 157

LENGTH: 10

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

SEQUENCE: 157

15

Synthetic

17

Synthetic

15

Synthetic

17

Synthetic

18

Synthetic
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cgteeggege
<210> SEQ ID NO 158
<211> LENGTH: 18
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence:
binding motif oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (11)..(11)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (13)..(14)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<400> SEQUENCE: 158

aarwtsgarg nanncsaa

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 159

LENGTH: 14

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified_base
LOCATION: (3)..(3)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified_base

LOCATION: (11)..(12)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 159

csnccaatgk nncs

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 160

LENGTH: 10

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:

NAME/KEY: modified base

LOCATION: (4)..(4)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 160

gctnactaat

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 161

LENGTH: 10

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

<400> SEQUENCE: 161
cacgtgacya
<210> SEQ ID NO 162

10

Synthetic

18

Synthetic

14

Synthetic

10

Synthetic

10
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<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (10)..(10)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 162

cayamrtgyn c

<210> SEQ ID NO 163

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide
<400> SEQUENCE: 163

tsgygrgasa

<210> SEQ ID NO 164

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (2)..(2)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (4)..(4)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (6)..(8)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 164

kncnennnsc gctackge

<210> SEQ ID NO 165

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (3)..(3)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (12)..(12)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 165

srnggemegg cnssg

<210> SEQ ID NO 166

Synthetic

Synthetic

Synthetic

Synthetic

11

10

18

15
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<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified base
LOCATION: (8)..(8)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 166

tacyacanca cawga

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 167

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified_base
LOCATION: (6)..(6)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified_base

LOCATION: (13)..(13)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 167

ceytgnaytt cwnette

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 168

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:

NAME/KEY: modified base

LOCATION: (7)..(7)

OTHER INFORMATION: a, ¢, t, g, unknown or other

FEATURE:

NAME/KEY: modified base

LOCATION: (12)..(12)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified base

LOCATION: (14)..(14)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 168

gtgmaknmgr angng

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>

SEQ ID NO 169

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:

NAME/KEY: modified_base

LOCATION: (1)..(1)

OTHER INFORMATION: a, ¢, t, g, unknown or other

FEATURE:
NAME/KEY: modified_base
LOCATION: (17)..(17)

Synthetic

Synthetic

Synthetic

Synthetic

15

17

15
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<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 169

nttwacaycc rtacayny

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 170

LENGTH: 13

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

binding motif oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 170

aawnrtaaay arg

<210> SEQ ID NO 171

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:
binding motif oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 171

ggnaawangt aaacaa

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 172

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

binding motif oligonucleotide

<400> SEQUENCE: 172

sastkcwecte ktegt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 173

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

binding motif oligonucleotide

<400> SEQUENCE: 173

ttgcttgaac gsatgcca

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 174

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

18

Synthetic

13

Synthetic

16

Synthetic

15

Synthetic

18
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<223> OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (5)..(7)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (10)..(10)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (12)..(13)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 174

cggmnnnewn ynncceg

<210> SEQ ID NO 175

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide
<400> SEQUENCE: 175

rgargtsacg cakrttct

<210> SEQ ID NO 176

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

<400> SEQUENCE: 176

ggaagctgaa acgymwrr

<210> SEQ ID NO 177

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide
<400> SEQUENCE: 177

aggtgatgga gtgctcag

<210> SEQ ID NO 178

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222>» LOCATION: (7)..(7)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (14)..(14)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 178

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

17

18

18

18
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gketrrnrgg agangm

<210> SEQ ID NO 179

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:
binding motif oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1)..(1)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<220> FEATURE:

<221> NAME/KEY: modified_base

<222>» LOCATION: (7)..(7)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (14)..(14)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 179

ngggsgntns ygtncga

<210> SEQ ID NO 180

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:
binding motif oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 180

agnawgtttt tgwcaama

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 181

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

binding motif oligonucleotide
<400> SEQUENCE: 181

kcksgcagge wttkytct

<210> SEQ ID NO 182

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:
binding motif oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<220> FEATURE:

<221> NAME/KEY: modified_base

OTHER INFORMATION: Description of Artificial Sequence:

16

Synthetic

17

Synthetic

18

Synthetic

18

Synthetic
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<222> LOCATION: (9)..(9)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 182

gncesartng ¢

<210> SEQ ID NO 183

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (9).. (10
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (13)..(13)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 183

sgegmgggnn ccngaceg

<210> SEQ ID NO 184

<211> LENGTH: 14

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (4)..(4)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (10)..(10)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (12)..(12)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 184

yctnattsgn cngs

<210> SEQ ID NO 185

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (2)..(2)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (9)..(9)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (17)..(17)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 185

Synthetic

Synthetic

Synthetic

11

18

14
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tnttsmttny tttcckne

<210> SEQ ID NO 186

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (14)..(14)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 186

ccacktksgs cctns

<210> SEQ ID NO 187

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide
<400> SEQUENCE: 187

crsgcywgkg ¢

<210> SEQ ID NO 188

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (1)..(1)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (9)..(9)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (16)..(16)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 188

naaraagcng ggcacnc

<210> SEQ ID NO 189

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (11)..(12)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 189

tyttcyagaa nnttcy

<210> SEQ ID NO 190

Synthetic

Synthetic

Synthetic

Synthetic

18

15

11

17

16
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<211>
<212>
<213>
<220>
<223>

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

binding motif oligonucleotide

<400> SEQUENCE: 190

cacacacaca cacacaca

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 191

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

binding motif oligonucleotide
<400>

SEQUENCE: 191

sckkcgckst ssttyaa

<210> SEQ ID NO 192

<211> LENGTH: 14

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:
binding motif oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (2)..(3)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 192

gnngcatgtyg aaaa

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 193

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

binding motif oligonucleotide
<400>

SEQUENCE: 193

ctttttttyy tsgec

<210> SEQ ID NO 194

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:
binding motif oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (14)..(15)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 194

gecggtmmeg sycnn

<210> SEQ ID NO 195

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

18

Synthetic

17

Synthetic

14

Synthetic

15

Synthetic

15
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<220>
<223>

<220>
<221>
<222>
<223>

<400>

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified_base
LOCATION: (2)..(3)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 195

anntttttyt tkygc

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 196

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified_base
LOCATION: (5)..(5)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified_base

LOCATION: (12)..(12)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 196

aaacntttat anataca

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 197

LENGTH: 11

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified_base
LOCATION: (5)..(5)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified_base

LOCATION: (9)..(9)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 197

caatntctne k

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>

SEQ ID NO 198

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

binding motif oligonucleotide

FEATURE:
NAME/KEY: modified_base
LOCATION: (2)..(2)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified_base

LOCATION: (5)..(5)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified_base

LOCATION: (7)..(7)

OTHER INFORMATION: a, ¢, t, g, unknown or other
FEATURE:

NAME/KEY: modified_base

Synthetic

15

Synthetic

17

Synthetic

11

Synthetic
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<222> LOCATION: (14)..(14)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 198

gnrrnanacg cgtnr

<210> SEQ ID NO 199

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:
binding motif oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 199

tttccnaawn rggaaa

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 200

LENGTH: 43

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 200

atggtcatce aagggaagag attggccgee tcctetatte age

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 201

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 201

gtaggcgtca caggaaagac tgcgtacca

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 202

LENGTH: 31

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 202

tatcaccaat gctggatgta aagaagtcge g

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 203

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

15

Synthetic

16

Synthetic

43

Synthetic

29

Synthetic

31

Synthetic
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<400> SEQUENCE: 203

aattgggcta ggaaaccggg gatge

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 204

LENGTH: 43

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 204

cggtctaatyg acggcegcatg atatcatage cgaaacggte gag

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 205

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 205

acttggctgyg agtccatccee tteggea

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 206

LENGTH: 42

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 206

ctgcccgagt ttgaagtate tcaacttace gecgacgeca tg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 207

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 207

tgagacgege tgcgcaggge

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 208

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 208

cgaggtgatce gagacgcaga tgc

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 209

LENGTH: 28

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

25

Synthetic

43

Synthetic

27

Synthetic

42

Synthetic

20

Synthetic

23

Synthetic
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primer
<400> SEQUENCE: 209
ttatgaagca ccagacatca gccccagce 28

<210> SEQ ID NO 210

<211> LENGTH: 57

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 210

gtactagtaa aaaaatggtc atccaaggga agagattgge cgectectet attcage 57

<210> SEQ ID NO 211

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 211

gtceeggget attatgaage accagacatce agccccage 39

<210> SEQ ID NO 212

<211> LENGTH: 57

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 212

tacccggget attagtgatg gtggtgatgg tgtgaagcac cagacatcag ccccage 57

<210> SEQ ID NO 213

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 213

atgggttcecg ttagtaggga acatgagtca atc 33

<210> SEQ ID NO 214

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 214

gttcecttgtyg tgagctecctg aataagactg catg 34
<210> SEQ ID NO 215

<211> LENGTH: 41

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 215

ccatcaaaat cccectetat cacacgggea ctgggagcaa ¢ 41

<210> SEQ ID NO 216

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 216

cccacgectt gcgcatctat aatcagg 27

<210> SEQ ID NO 217

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 217

tgtccgaata ttctectegt tgtaggtagt ggatt 35

<210> SEQ ID NO 218

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 218

gcagtagtcg ataggtacac atccttgggyg gttccatgac tge 43

<210> SEQ ID NO 219

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 219

agaggatcaa ggcattatac atgagtectgt ggaacttggg ctttece 46

<210> SEQ ID NO 220

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 220
tteccecegtee teccatggect tatge 25

<210> SEQ ID NO 221
<211> LENGTH: 36
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<212>
<213>
<220>
<223>

TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 221

ggcctttgeg cgatacgetg gtcteteggyg tceccat

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 222

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 222

tcacgccatt tgttgaagca gggaatg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 223

LENGTH: 47

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 223

gtactagtaa aaaaatgggt tccgttagta gggaacatga gtcaatc

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 224

LENGTH: 40

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 224

gtgtttaaac ctatcacgcc atttgttgaa gcagggaatg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 225

LENGTH: 59

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 225

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

36

Synthetic

27

Synthetic

47

Synthetic

40

Synthetic

ggtttaaacc tatcagtgat ggtggtgatg gtgcgccatt tgttgaagca gggaatgaa 59

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 226

LENGTH: 33

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 226

atgacccaaa agactataca gcaggtccca aga

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

33
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<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 227

LENGTH: 28

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 227

tatggtgcat cgaatgttgt ttgeetgg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 228

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 228

aaaatgcgtyg agcactttgt ccagege

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 229

LENGTH: 28

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 229

cgacgtaatt gacgttgtca acatgeeg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 230

LENGTH: 33

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 230

catctegggt tcccatcact ccctgagtat gac

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 231

LENGTH: 41

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 231

gacaaagaag ctggacaccg cagcecttggg attccacgaa ¢

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 232

LENGTH: 46

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400>

SEQUENCE: 232

gatctgectt gteggtgget atgacgacct tcagectgag gagtca

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

28

Synthetic

27

Synthetic

28

Synthetic

33

Synthetic

41

Synthetic

46
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<210> SEQ ID NO 233

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 233

ttaacggatg atagaggcca acggccaaag acaccacttg cgtacac

<210> SEQ ID NO 234

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 234

cacacaacta dgtaaaaaaat gacccaaaag actatacagc aggtcccaag a

<210> SEQ ID NO 235

<211> LENGTH: 59

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer

<400> SEQUENCE: 235

Synthetic

47

Synthetic

51

Synthetic

tgtgtgcceg ggttaacgga tgatagagge caacggccaa agacaccact tgcgtacac 59

<210> SEQ ID NO 236

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 236

tacccggget attagtgatg gtggtgatgg tgacggatga tagaggccaa ¢

<210> SEQ ID NO 237

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 237

atgactccat caccgtttet cgatgetgt

<210> SEQ ID NO 238

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer

<400> SEQUENCE: 238

Synthetic

51

Synthetic

29

Synthetic
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cacatgggta gcatcgttca ttgeccaaca caaageggge cagttaacte

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 239

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 239

gtcgagctaa gagtgactga tgccattgge

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 240

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 240

cgtaattcag cttctgaace tgageccagg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 241

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 241

ctttgeccegyg cegtggtteg c

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 242

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 242

ccecccaaget cgacaacggg ¢

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 243

LENGTH: 31

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 243

ttctcaaaat gcaccggact gattacttgg a

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 244

LENGTH: 42

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

50

Synthetic

30

Synthetic

30

Synthetic

21

Synthetic

21

Synthetic

31

Synthetic
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<400> SEQUENCE: 244

cccattecte tectectgegt geectggeeg gtaaagacgt at

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 245

LENGTH: 50

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 245

cectectteg atggacttgt ccgggeaaac gaccggttge gaatggagat

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 246

LENGTH: 31

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 246

ctacctatte tcttcaacce gecgtaacag ¢

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 247

LENGTH: 47

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 247

cacacaacta gtaaaaaaat gactccatca ccgttteteg atgetgt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 248

LENGTH: 43

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 248

tgtgtgcceg ggctacctat tctcettcaac ccgecgtaac age

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 249

LENGTH: 51

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 249

tgtgtgcceg ggctatcagt gatggtggtg atggtgecta ttctcttcaa ¢

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 250

LENGTH: 37

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

42

Synthetic

50

Synthetic

31

Synthetic

47

Synthetic

43

Synthetic

51
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<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 250

cacacagcte ttctagaatg gtcatccaag ggaagag

<210> SEQ ID NO 251

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 251

agtatcgacg tcggetgact tgagacca

<210> SEQ ID NO 252

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 252

ccatcacate cacagtggeg g

<210> SEQ ID NO 253

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 253

aaccaggcaa dgttcgacata accggce

<210> SEQ ID NO 254

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 254

gtaggctatce ccegtctcce cgattatg

<210> SEQ ID NO 255

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 255
tgattgaggt caaggatgat ttgtccgaga
<210> SEQ ID NO 256

<211> LENGTH: 29
<212> TYPE: DNA

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

37

28

21

26

28

30
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<213>
<220>
<223>

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 256

tcttectate tatgeggtca ttgccaget

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 257

LENGTH: 39

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 257

cacacagcte ttecttttta tgaagcacca gacatcaac

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 258

LENGTH: 64

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 258

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

29

Synthetic

39

Synthetic

cacacagcte ttecttttta gtgatggtgg tgatggtgtg aagcaccaga catcaacccce 60

aacg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 259

LENGTH: 37

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 259

cacacagcte ttctagaatg ggtteegtta gtaggga

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 260

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 260

caaatccttyg atgacagaga tctgecagga

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 261

LENGTH: 36

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 261

getgggactt tgtcgetgec gttgetcaag ctggat

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

64

Synthetic

37

Synthetic

30

Synthetic

36
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<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 262

LENGTH: 35

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 262

actgctccta ctttetegaa cttatagage cettg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 263

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 263

atatccgacyg atgagtctgt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 264

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 264

atggacaatyg ggacccgaga

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 265

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 265

ggacttcttyg caccgctacyg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 266

LENGTH: 40

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 266

cacacagcte ttecttttea cgecatttgt tgaagcaaag

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 267

LENGTH: 55

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400>

SEQUENCE: 267

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

35

Synthetic

20

Synthetic

20

Synthetic

20

Synthetic

40

Synthetic
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cacacagcte ttecttttea gtgatggtgg tgatggtgeg ccatttgttg aagca 55

<210> SEQ ID NO 268

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 268

gattactgca gcagtattag tcttce 25

<210> SEQ ID NO 269

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 269

gtcgaaaact tcatcggcaa ag 22

<210> SEQ ID NO 270

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 270

cacgatatta tcgccacata cttc 24

<210> SEQ ID NO 271

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 271

cgggacgatc gagatcgtgg atacg 25

<210> SEQ ID NO 272

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 272

caggatatta tcgccacata catc 24

<210> SEQ ID NO 273

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer
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<400> SEQUENCE: 273

ctggacgatt gagcgettgg atacg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 274

LENGTH: 26

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 274

cgtettetee ategtttgee caagag

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 275

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 275

ggtccctgac aaagttaccg agtg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 276

LENGTH: 26

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 276

cgtettetee ategtttget caggag

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 277

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 277

gatccaacac gacgttaccg agcg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 278

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 278

ggtatgtcegt tgtgeccagtg ttg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 279

LENGTH: 26

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

25

Synthetic

26

Synthetic

24

Synthetic

26

Synthetic

24

Synthetic

23

Synthetic
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primer
<400> SEQUENCE: 279

cccacgettyg ggttettgga gtggte

<210> SEQ ID NO 280

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 280

ggtatattgt tgtgecctgtg ttg

<210> SEQ ID NO 281

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 281

ccgacgettyg ggttettgga getgte

<210> SEQ ID NO 282

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 282

ggaaggatga ggtggtgcag tac

<210> SEQ ID NO 283

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 283

gtcttgtgac aagtttggaa actce

<210> SEQ ID NO 284

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 284
gaaagaatga ggtggtgcaa tac
<210> SEQ ID NO 285
<211> LENGTH: 24

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

26

23

26

23

24

23
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<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer

<400> SEQUENCE: 285

gtcetgtgac aagctaggga attce

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 286

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 286

ctatcgtggyg atgtgatctg tgteg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 287

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 287

ctcgaatcte ttgacactga acteg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 288

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 288

aacgacaaga ttagattggt tgaga

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 289

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 289

gtcgagtttyg aagtgtgtgt ctaag

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 290

LENGTH: 51

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 290
agatctcata tggctecatt tttgecccgac caggtcgact acaaacacgt ¢

<210> SEQ ID NO 291
<211> LENGTH: 59

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

24

Synthetic

25

Synthetic

25

Synthetic

25

Synthetic

25

Synthetic

51



US 2012/0156761 Al Jun. 21, 2012
170

-continued

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 291

atctggatce tcattactac aacttggett tggtcttcaa ggagtctgece aaacctaac 59

<210> SEQ ID NO 292

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 292

acatctggat cctcattact acaacttggc cttggtcet 38

<210> SEQ ID NO 293

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 293

cacacagcte ttctagaatg getcecatttt tgeccgacca ggtegac 47

<210> SEQ ID NO 294

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 294

cacacagcte ttecttteta caacttgget ttggtettca aggagtcetge 50

<210> SEQ ID NO 295

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 295

gtctactgat tcccetttgt ¢ 21

<210> SEQ ID NO 296

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 296

ttectegttgt acccgtcgea 20
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<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 297

LENGTH: 32

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 297

cacacacata tgcgacgggt acaacgagaa tt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 298

LENGTH: 32

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 298

cacacaacgc gtagacgaag ccgttcttea ag

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 299

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 299

atgatctgece atgccgaact ¢

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 300

LENGTH: 28

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 300

agcgagttcg gcatggcaga tcatcatg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 301

LENGTH: 32

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 301

cacacactgc agttgtccaa tgtaataatt tt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 302

LENGTH: 56

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 302

cacacatcta gacceggget cttettetga ataggcaatt gataaactta cttate

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

32

Synthetic

32

Synthetic

21

Synthetic

28

Synthetic

32

Synthetic

56
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<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 303

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 303

gagccegggt ctagatgtgt getcttccaa agtacggtgt tgttgaca

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 304

LENGTH: 37

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 304

cacacacata tgaattctgt actggtagag ctaaatt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 305

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 305

gagctccaat tgtaatattt cggg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 306

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 306

gtcgacctaa attcgcaact atcaa

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 307

LENGTH: 53

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 307

gaattcacat ggctaatttg gectceggtte cacaacgcac tcagcattaa aaa

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 308

LENGTH: 40

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400>

SEQUENCE: 308

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

48

Synthetic

37

Synthetic

24

Synthetic

25

Synthetic

53

Synthetic
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gagctccect gcaaacaggg aaacacttgt catctgattt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 309

LENGTH: 41

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 309

cacctegete ttecagetgt catgtcetatt caatgetteg a

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 310

LENGTH: 38

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 310

cacacagcat gctaatgttt atatcgttga cggtgaaa

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 311

LENGTH: 45

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 311

cacaaagcgg aagagcaaat tttgtattct cagtaggatt tcatce

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 312

LENGTH: 38

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 312

cacacagcat gcaaacttaa gggtgttgta gatatccc

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 313

LENGTH: 44

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 313

cacacacceg ggatcgacag tcgattacgt aatccatatt attt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 314

LENGTH: 38

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

40

Synthetic

41

Synthetic

38

Synthetic

45

Synthetic

38

Synthetic

44

Synthetic
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<400> SEQUENCE: 314

cacacagcat gcaaacttaa gggtgttgta gatatccc

<210> SEQ ID NO 315

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 315

cacacagagc tcacagtcga ttacgtaate cat

<210> SEQ ID NO 316

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 316

cacatctaga gcatgcaaac ttaagggtgt tgta

<210> SEQ ID NO 317

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 317

ttaatgcctt ctcaagacaa

<210> SEQ ID NO 318

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 318

ggttttceca gtcacgacgt

<210> SEQ ID NO 319

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 319

ccttgetaat tttettetgt atage

<210> SEQ ID NO 320

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

38

33

34

20

20

25
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<223> OTHER INFORMATION: Description of Artificial Sequence:

primer

<400> SEQUENCE: 320

ttctegttgt accegtegea

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 321

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 321

cacacaactt cagagttgcc

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 322

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 322

tcgecaccte tgacttgage

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 323

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 323

aattgaacat cagaagagga

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 324

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 324

cctgaaattt ccaaatggtg tctaa

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 325

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 325
ttttttgtge gcaagtacac
<210> SEQ ID NO 326

<211> LENGTH: 20
<212> TYPE: DNA

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

20

Synthetic

20

Synthetic

20

Synthetic

20

Synthetic

25

Synthetic

20
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 326

caacttgacg tgagaaacct

<210> SEQ ID NO 327

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 327

agatgctegt tttacaccct

<210> SEQ ID NO 328

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 328

acacagcttt gatgttctet

Synthetic

20

Synthetic

20

Synthetic

20

1-213. (canceled)

214. An engineered yeast comprising modifications that
add or increase a hexanoate synthase activity, a monooxyge-
nase activity, and a monooxygenase reductase activity, which
yeast is capable of producing a diacid from a sugar.

215. The engineered yeast of claim 214, which comprises
increased copies of a polynucleotide encoding a polypeptide
having the hexanoate synthase activity, the monooxygenase
activity, or the monooxygenase reductase activity.

216. The engineered yeast of claim 214, which comprises
a heterologous promoter and/or 5' UTR in genomic DNA in
functional connection with a polynucleotide encoding a
polypeptide having the hexanoate synthase activity, the
monooxygenase activity, or the monooxygenase reductase
activity.

217. The engineered yeast of claim 214, wherein the hex-
anoate synthase activity is provided by a heterologous
polypeptide.

218. The engineered yeast of claim 217, wherein the het-
erologous polypeptide is encoded by a hexonate synthase
subunit alpha (HEXA) gene, hexanoate synthase subunit beta
(HEXB) gene, or a hexonate synthase subunit alpha (HEXA)
gene and hexanoate synthase subunit beta (HEXB) gene.

219. The engineered yeast of claim 218, wherein the
HEXA gene, HEXB gene, or HEXA gene and HEXB gene
are from an Aspergillus spp. fungus.

220. The engineered yeast of claim 219, wherein the
Aspergillus spp. fungus is Aspergillus parasiticus.

221. The engineered yeast of claim 214, which includes an
increased number of copies of an endogenous polynucleotide

that encodes a polypeptide having the monooxygenase activ-
ity.

222. The engineered yeast of claim 221, wherein the
endogenous polynucleotide encodes a CYP52A15 polypep-
tide, CYP52A16 polypeptide or CYP52A19 polypeptide.

223. The engineered yeast of claim 214, which comprises
a heterologous promoter in genomic DNA in functional con-
nection with an endogenous polynucleotide that encodes a
polypeptide having the monooxygenase activity.

224. The engineered yeast of claim 223, wherein the
endogenous polynucleotide encodes a CYP52A15 polypep-
tide, CYP52A16 polypeptide or CYP52A19 polypeptide.

225. The engineered yeast of claim 214, which includes an
increased number of copies of an endogenous polynucleotide
that encodes a polypeptide having the monooxygenase reduc-
tase activity.

226. The engineered yeast of claim 225, wherein the
endogenous polynucleotide encodes a CPRA polypeptide or
CPRB polypeptide.

227. The engineered yeast of claim 214, which comprises
a heterologous promoter in genomic DNA in functional con-
nection with an endogenous polynucleotide that encodes a
polypeptide having the monooxygenase reductase activity.

228. The engineered yeast of claim 227, wherein the
endogenous polynucleotide encodes a CPRA polypeptide or
CPRB polypeptide.

229. The engineered yeast of claim 214, which is a Can-
dida spp. yeast.
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230. The engineered yeast of claim 214, which is a Yar- 232. The engineered yeast of claim 214, wherein the diacid
rowia spp. yeast. is adipic acid.
231. The engineered yeast of claim 230, wherein the Yar-
rowia spp. yeast is Yarrowia lipolytica.



