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DESCRIPTION

FIELD OF THE INVENTION

[0001] The invention provides compositions and methods for producing purified
oligosaccharides, in particular certain N-acetylglucosamine-containing and/or sialylated
oligosaccharides that are typically found in human milk.

BACKGROUND OF THE INVENTION

[0002] Human milk contains a diverse and abundant set of neutral and acidic oligosaccharides
(human milk oligosaccharides, hMOS). Many of these molecules are not utilized directly by
infants for nutrition, but they nevertheless serve critical roles in the establishment of a healthy
gut microbiome, in the prevention of disease, and in immune function. Prior to the invention,
the ability to produce hMOS inexpensively at large scale was problematic. For example, hMOS
production through chemical synthesis was limited by stereo-specificity issues, precursor
availability, product impurities, and high overall cost. As such, there is a pressing need for new
strategies to inexpensively manufacture large quantities of hMOS for a variety of commercial
applications.

SUMMARY OF THE INVENTION

[0003] The invention features efficient and economical methods for producing N-
acetylglucosamine-containing and/or sialylated oligosaccharides. The invention is set out in the
appended set of claims.

[0004] The invention provides a method for producing an N-acetylglucosamine-containing
oligosaccharide in a bacterium comprising the following steps: providing a bacterium that
comprises an exogenous UDP-GIcNAc:Gala/B-R B 3-N-acetylglucosaminyltransferase gene,
and a functional lactose permease; and culturing the bacterium in the presence of lactose,
wherein said bacterium comprises overexpression of

. (a) a nagC gene, one or more glm genes, or any combination thereof;

. (b) a nagC gene, a gimS gene, a gimY gene, a gimZ gene or any combination thereof;

. (c) E. coli nagC gene;

. (d) nagC gene and g/ImS gene;

. (e) nagC gene and gimY gene; or

. (f) nagC gene and gimZ gene. The N-acetylglucosamine-containing oligosaccharide is
then retrieved from the bacterium or from a culture supernatant of the bacterium.

D O A WDN -
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[0005] The invention further provides a method for producing a sialylated oligosaccharide in a
bacterium comprising the following steps: providing a bacterium that comprises an exogenous
sialyl-transferase gene, a deficient sialic acid catabolic pathway, a sialic acid synthetic
capability, and a functional lactose permease gene, wherein said deficient sialic acid catabolic
pathway comprises an endogenous N-acetylneuraminate lyase gene (nanA) and an
endogenous N-acetylmannosamine-6-phosphate epimerase gene (nankE), that are mutated
and an endogenous N-acetylmannosamine kinase gene (nanK) that is not mutated, and
culturing said bacterium in the presence of lactose. The sialylated oligosaccharide is then
retrieved from the bacterium or from a culture supernatant of the bacterium. Specifically, a
sialic acid synthetic capability comprises expressing exogenous CMP-Neu5Ac synthetase, an
exogenous sialic acid synthase, and an exogenous UDP-GIcNAc-2-epimerase, or a functional
variant or fragment thereof.

[0006] In the method for producing sialylated oligosaccharides, it is preferable that the
bacterium further comprises the capability for increased UDP-GIcNAc production. By
"increased production capability” is meant that the host bacterium produces greater than 10%,
20%, 50%, 100%, 2-fold, 5-fold, 10-fold, or more of a product than the native, endogenous
bacterium. Preferably, the bacterium over-expresses a positive endogenous regulator of UDP-
GlcNAc synthesis. In both methods for producing N-acetylglucosamine-containing and/or
sialylated oligosaccharides, , the bacterium for example overexpresses the nagC gene of
Escherichia coli. Alternatively, the bacterium over-expresses the Escherichia coli ginS (L-
glutamine:D-fructose-6-phosphate aminotransferase) gene, or alternatively, over-expresses
the Escherichia coli gimY gene (a positive translational regulator of gimS), or, alternatively
over-expresses the Escherichia coli gimZ gene (another positive translational regulator of
gimS, gimY and gimZ are described in Reichenbach et al Nucleic Acids Res 36, 2570-80
(2008)). Alternatively, in both methods for producing N-acetylglucosamine-containing and/or
sialylated oligosaccharides, the bacterium overexpresses any combination of such
approaches. For example, the bacterium over-expresses nagC and gimS. Alternatively, the
bacterium over-expresses nagC and gimY. Alternatively, in both methods for producing N-
acetylglucosamine-containing and/or sialylated oligosaccharides, the bacterium over-
expresses nagC and gimZ The methods also further encompass over-expressing any
functional variant or fragment of nagC, gimS, gimY and gimZ and any combination thereof. By
"overexpression” is meant that the gene transcript or encoded gene product is 10%, 20%,
50%, 2-fold, 5-fold, 10-fold, or more than the level expressed or produced by the
corresponding native, naturally-occurring, or endogenous gene.

[0007] The disclosure details the manipulation of genes and pathways within bacteria such as
the enterobacterium Escherichia coli K12 (E. coli) leading to high level synthesis of hMOS.
Other strains of E. coli suitable for use in the present invention include E. coli MG1655, E. coli
W3110, E. coli DH5aE, E. coli B, E. coli C, and E. coli W. A variety of bacterial species are
suitable for use in the oligosaccharide biosynthesis methods, for example Erwinia herbicola
(Pantoea agglomerans), Citrobacter freundii, Pantoea citrea, Pectobacterium carotovorum, or
Xanthomonas campestris. Bacteria of the genus Bacillus are suitable for use, including Bacillus
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subtilis, Bacillus licheniformis, Bacillus coagulans, Bacillus thermophilus, Bacillus laterosporus,
Bacillus megaterium, Bacillus mycoides, Bacillus pumilus, Bacillus lentus, Bacillus cereus, and
Bacillus circulans. Similarly, bacteria of the genera Lactfobacillus and Lactococcus are modified
using the methods as described, including but not limited to Lactobacillus acidophilus,
Lactobacillus salivarius, Lactobacillus plantarum, Lactobacillus helveticus, Lactobacillus
delbrueckii, Lactobacillus rhamnosus, Lactobacillus bulgaricus, Lactobacillus crispatus,
Lactobacillus gasseri, Lactobacillus casei, Lactobacillus reuteri, Lactobacillus jensenii, and
Lactococcus lactis. Streptococcus thermophiles and Proprionibacteriumfreudenreichii are also
suitable bacterial species for the invention. Also included are strains, modified as described,
from the genera Enterococcus (e.g., Enterococcus faecium and Enterococcus thermophiles),
Bacteroides (e.g., Bacteroides caccae, Bacteroides cellulosilyticus, Bacteroides dorei,
Bacteroides eggerthii, Bacteroides finegoldii, Bacteroides fragilis, Bacteroides nordii
Bacteroides ovatus, Bacteroides salyersiae, Bacteroides thetaiotaomicron, Bacteroides
uniformis , Bacteroides vulgatus and Bacteroides xylanisolvens), Bifidobacterium (e.g.,
Bifidobacterium  longum,  Bifidobacterium infantis, and  Bifidobacterium  bifidum),
Parabacteroides  (e.g. Parabacteroides  distasonis, Parabacteroides  goldsteinii,
Parabacteroides johnsonii and Parabacteroides merdae), Prevotella (e.g., Prevotella copri),
Sporolactobacillus spp., Micromomospora spp., Micrococcus spp., Rhodococcus spp., and
Pseudomonas (e.g., Pseudomonas fluorescens and Pseudomonas aeruginosa). Bacteria
comprising the characteristics described herein are cultured in the presence of lactose, and an
N-acetylglucosamine-containing or sialylated oligosaccharide is retrieved, either from the
bacterium itself or from a culture supernatant of the bacterium. The N-acetylglucosamine-
containing or sialylated oligosaccharide is purified for use in therapeutic or nutritional products,
or the bacteria are used directly in such products.

[0008] The bacterium comprises a deleted or inactivated (i.e., non-functional) endogenous B -
galactosidase gene. For example, the B-galactosidase gene comprises an E. coli lacZ gene
(e.g., GenBank Accession Number V00296.1 (G1:41901). The endogenous /facZ gene of the E.
coli is deleted or functionally inactivated, but in such a way that expression of the downstream
lactose permease (lacY) gene remains intact, i.e. a functional lactose permease gene is also
present in the bacterium. By deleted is meant that a portion or the whole coding sequence is
absent, such that no gene product is produced. An "inactivated” gene does not produce a gene
product that functions as the native, naturally-occuring, or endogenous gene. For example, the
functional activity of an inactivated B-galactosidase gene product is reduced to 10%, 20%,
50%, or 100%, 1-fold , 2-fold, 5-fold, or 10-fold less than the functional activity of the native,
naturally-occuring, endogenous gene product.

[0009] The lactose permease gene is an endogenous lactose permease gene or an
exogenous lactose permease gene. For example, the lactose permease gene comprises an E.
coli lacY gene (e.g., GenBank Accession Number V00295.1 (Gl:41897)). Many bacteria
possess the inherent ability to transport lactose from the growth medium into the cell, by
utilizing a transport protein that is either a homolog of the E. coli lactose permease (e.g., as
found in Bacillus licheniformis), or a transporter that is a member of the ubiquitous PTS sugar
transport family (e.g., as found in Lactobacillus casei and Lactobacillus rhamnosus). For
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bacteria lacking an inherent ability to transport extracellular lactose into the cell cytoplasm, this
ability is conferred by an exogenous lactose transporter gene (e.g., E. coli lacY) provided on
recombinant DNA constructs, and supplied either on a plasmid expression vector or as
exogenous genes integrated into the host chromosome.

[0010] For the production of N-acetylglucosamine-containing oligosaccharides, the bacterium
comprises, additionally to the overexpression of

. (a) a nagC gene, one or more glm genes, or any combination thereof;
. (b) a nagC gene, a gimS gene, a gimY gene, a gimZ gene or any combination thereof;
. (c) E. coli nagC gene;
. (d) nagC gene and g/ImS gene;
. (e) nagC gene and gimY gene; or
. (H nagC gene and gimZ gene., an exogenous UDP-GIcNAc:Gala/B-R B B 3-N-
acetylglucosaminyltransferase gene or a functional variant or fragment thereof. This
exogenous UDP-GIcNAc:Gala/B-R B B 3-N-acetylglucosaminyltransferase gene is
obtained from any one of a number of sources, e.g., the LgtA gene described from N.
meningitides (SEQ ID NO:16 Genbank protein Accession AAF42258.1) or N.
gonorrhoeae (Genbank protein Accession ACF31229.1). Additionally, a functional
lactose permease gene is comprised. Optionally, an additional exogenous
glycosyltransferase gene is co-expressed in the bacterium comprising an exogenous
UDP-GIcNAc:Gala/B-R B B 3-N-acetylglucosaminyltransferase. For example, a B-1,4-
galactosyltransferase gene is co-expressed with the UDP-GIcNAc:Gala/B-R B 3-N-
acetylglucosaminyltransferase gene. This exogenous B-1,4-galactosyltransferase gene
is obtained from any one of a number of sources, e.g., that described from N.
meningitidis, the LgtB gene (Genbank protein Accession AAF42257.1), or from H.pylori,
the Lex2B gene (SEQ ID NO:17 Genbank protein Accession NP_207619.1). Optionally,
the additional exogenous glycosyltransferase gene co-expressed in the bacterium
comprising an exogenous UDP-GIcNAc:Gala/B-R B 3-N-acetylglucosaminyltransferase
gene is a B-1,3-galactosyltransferase gene, e.g., that described from E. coli O55:H7, the
WbgO gene (SEQ ID NO:18 Genbank protein Accession YP_003500090.1), or from
H.pylori, the jhp0563 gene (Genbank protein Accession AEZ55696.1). Functional
variants and fragments of any of the enzymes described above are also encompassed
by the present invention.

(o2 &) B - NG I S

[0011] In one embodiment, the N-acteylglucosamine-containing oligosaccharides produced by
the methods described herein include Lacto-N-triose 2 (LNT2), Lacto-N-tetraose (LNT), Lacto-
N-neotetraose (LNnT), Lacto-N-fucopentaose | (LNF 1), Lacto-N-fucopentaose II (LNF II),
Lacto-N-fucopentaose Ill (LNF IlI), Lacto-N-fucopentaose V (LNF V), Lacto-N-difucohexaose |
(LDFH 1), Lacto-N-difucohexaose Il (LDFH II), and Lacto-N-neodifucohexaose || (LFNnDFH II).

[0012] For the production of sialyl-oligosaccharides, the bacterium comprises an exogenous
sialyl-transferase gene, in addition to a deficient sialic acid catabolic pathway and a sialic acid
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synthetic capability. For example, the exogenous sialyl-transferase gene encodes a(2,3) sialyl-
transferase or the exogenous sialyl-transferase gene encodes a(2,6) sialyltransferase or the
exogenous sialyl-transferase gene encodes a(2,8) sialyltransferase. Additionally, a functional
lactose permease gene is comprised. The exogenous sialyltransferase genes is obtained from
any one of a number of sources, e.g., those described from N. meningitidis, N. gonorrhoeae,
and from a number of organisms of the genus Photobacterium. Examples of a(2,8)
sialyltransferases, useful for the production of polysialic acid for example, are found in
Campylobacter jejuni (Cstll: ADN52706) and Neisseria meningitides (or siaD :AAA20478) .

[0013] The bacteria used herein to produce hMOS are genetically engineered to comprise an
increased intracellular lactose pool (as compared to wild type) and to comprise UDP-
GlcNAc:Gala/B-R B 3-N-acetylglucosaminyltransferase and/or sialyl-transferase activity.
Optionally, they also comprise B-1,4-galactosyltransferase or B-1,3-galactosyltransferase
activity, and/or a -1,2-, a -1,3- and/or a -1,4-fucosyltransferase activity. In some cases, the

bacterium further comprises a functional, wild-type E. coli lacZ* gene inserted into an
endogenous gene, for example, the Jon gene in E. coli or the thyA gene in E. coli. In this
manner, the bacterium further comprises a mutation in a /on gene or a mutation in the thyA
gene. In these cases, the endogenous /acZ gene of the E. coli is deleted or functionally
inactivated, but in such a way that expression of the downstream lactose permease (lacY)
gene remains intact. The organism so manipulated maintains the ability to transport lactose
from the growth medium, and to develop an intracellular lactose pool for use as an acceptor
sugar in oligosaccharide synthesis, while also maintaining a low level of intracellular
betagalactosidase activity useful for a variety of additional purposes. For example, the
invention also includes: a) methods for phenotypic marking of a gene locus in a B-
galactosidase negative host cell by utilizing a B-galactosidase (e.g., /lacZ) gene insert
engineered to produce a low but readily detectable level of B-galactosidase activity, b) methods
for readily detecting lytic bacteriophage contamination in fermentation runs through release
and detection of cytoplasmic B-galactosidase in the cell culture medium, and ¢) methods for
depleting a bacterial culture of residual lactose at the end of production runs. a), b) and c) are
each achieved by utilizing a functional B-galactosidase (e.g., /lacZ) gene insert carefully
engineered to direct the expression of a low, but detectable level of B-galactosidase activity in
an otherwise B-galactosidase negative host cell. The bacterium optionally further comprises a
mutation in a /acA gene. Preferably, the bacterium accumulates an increased intracellular
lactose pool, and produces a low level of betagalactosidase. An increased intracellular pool is
wherein the concentration of lactose in the host bacterium at least 10%, 20%, 50%, 2-fold, 5-
fold, or 10-fold higher than that of the native, naturally-occurring bacterium.

[0014] In one aspect, the human milk oligosaccharide produced by engineered bacteria
comprising an exogenous nucleic acid molecule encoding an UDP-GIcNAc:Gala/B-R B 3-N-
acetylglucosaminyltransferase and an exogenous nucleic acid encoding B-1,4-
galactosyltransferase is lacto-N-neotetraose (LNnT). In another aspect, the human milk
oligosaccharide produced by engineered bacteria comprising an exogenous nucleic acid
molecule encoding a UDP-GIcNAc:Gala/B-R B 3-N-acetylglucosaminyltransferase and an
exogenous nucleic acid encoding B-1,3-galactosyltransferase is lacto-N-tetraose (LNT).
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[0015] Described herein are compositions comprising a bacterial cell that produces the human
milk oligosaccharide LNnT (lacto-N-neotetraose), wherein the bacterial cell comprises an
exogenous UDP-GIcNAc:Gala/B-R B 3-N-acetylglucosaminyltransferase and an exogenous
nucleic acid encoding a B -1,4-galactosyltransferase. The bacterial cell may be E. coli. The
exogenous UDP-GIcNAc:Gala/B-R B 3-N-acetylglucosaminyltransferase gene is obtained from
any one of a number of sources, e.g., the LgtA gene described from N. meningitides. The
exogenous B -1,4-galactosyltransferase gene is obtained from any one of a number of
sources, e.g., that described from N. meningitidis, the LgtB gene, or from H.pylori, the jhp0765
gene.

[0016] The bacterium comprises increased production of UDP-GIcNAc. The means to achieve
this is by over-expression of a positive endogenous regulator of UDP-GIcNAC synthesis, i.e.,
overexpression of the nagC gene of Escherichia coli. In one aspect, this nagC over-expression
is achieved by providing additional copies of the nagC gene on a plasmid vector or by
integrating additional nagC gene copies into the host cell chromosome. Alternatively, over-
expression is achieved by modulating the strength of the ribosome binding sequence directing
nagC translation or by modulating the strength of the promoter directing nagC transcription. In
addition, the intracellular UDP-GIcNAc pool may be enhanced by other means, for example by
over-expressing the  Escherichia coli gimS  (L-glutamine:D-fructose-6-phosphate
aminotransferase) gene, or alternatively by over-expressing the Escherichia coli gimY gene (a
positive translational regulator of g/imS), or alternatively by over-expressing the Escherichia coli
gimZ gene (another positive translational regulator of gimS), or alternatively by simultaneously
using a combination of approaches. In one preferred embodiment, for example, the nagC
(SEQ ID NO:19 Genbank protein Accession BAA35319.1) and gimS (SEQ ID NO:20 Genbank
protein Accession NP_418185.1) genes which encode the sequences provided herein are
overexpressed simultaneously in the same host cell in order to increase the intracellular pool of
UDP-GIcNAc. Other components of UDP-GIcNAc metabolism include: (GIcNAc-1-P) N-
acetylglucosamine-1-phosphate; (GIcN-1-P) glucosamine-1-phosphate; (GIcN-6-P)
glucosamine-6-phosphate; (GlcNAc-6-P) N-acetylglucosamine-6-phosphate; and (Fruc-6-P)
Fructose-6-phosphate. Bacteria comprising the characteristics described herein are cultured in
the presence of lactose, and lacto-N-neotetraose is retrieved, either from the bacterium itself
(i.e., by lysis) or from a culture supernatant of the bacterium.

[0017] Also within the invention is an isolated E. coli bacterium as described above and
characterized as comprising a deleted or inactivated endogenous B-galactosidase gene, an
inactivated or deleted /acA gene, and a functional lactose permease (lacY) gene.

[0018] Also described herein are compositions comprising a bacterial cell that produces the
human milk oligosaccharide 6'-SL (6'-sialyllactose), wherein the bacterial cell comprises an
exogenous sialyl-transferase gene encoding a(2,6)sialyl-transferase. The bacterial cell may be
E. coli. The exogenous sialyl-transferase gene utilized for 6'-SL production is obtained from
any one of a number of sources, e.g., those described from a number of organisms of the
genus Photobacterium. In yet another aspect, the human milk oligosaccharide produced by
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engineered bacteria comprising an exogenous nucleic acid molecule encoding an a(2,3)
sialyltransferase is 3'-SL (3'-sialyllactose). The exogenous sialyltransferase gene utilized for 3'-
SL production is obtained from any one of a number of sources, e.g., those described from N.
meningitidis and N. gonorrhoeae.

[0019] Additionally, the bacterium contains a deficient sialic acid catabolic pathway. By "sialic
acid catabolic pathway" is meant a sequence of reactions, usually controlled and catalyzed by
enzymes, which results in the degradation of sialic acid. An exemplary sialic acid catabolic
pathway in Escherichia coli is described herein. In the sialic acid catabolic pathway described
herein, sialic acid (Neu5Ac; N-acetylneuraminic acid) is degraded by the enzymes NanA (N-
acetylneuraminic acid lyase) and NanK (N-acetylmannosamine kinase) and NanE (N-
acetylmannosamine-6-phosphate epimerase), all encoded in the nanATEKyhcH operon, and
repressed by NanR (http://ecocyc.org/ECOLI). A deficient sialic acid catabolic pathway is
engineered in Escherichia coli by way of a mutation in endogenous nanA (N-acetylneuraminate
lyase) (e.g., GenBank Accession Number D00067.1 (Gl:216588)) and/or nanK (N-
acetylmannosamine kinase) genes (e.g., GenBank Accession Number (amino acid)
BAE77265.1 (GI:85676015)), and/or nanE (N-acetylmannosamine-6-phosphate epimerase, Gl:
947745). Optionally, the nanT (N-acetylneuraminate transporter) gene is also inactivated or
mutated. Other intermediates of sialic acid metabolism include: (ManNAc-6-P) N-
acetylmannosamine-6-phosphate; (GlcNAc-6-P) N-acetylglucosamine-6-phosphate; (GIcN-6-P)
Glucosamine-6-phosphate; and (Fruc-6-P) Fructose-6-phosphate. In some preferred
embodiments, nanA is mutated. In other preferred embodiments, nanA and nanK are mutated,
while nanE remains functional. In another preferred embodiment, nanA and nanE are mutated,
while nanK has not been mutated, inactivated or deleted. A mutation is one or more changes in
the nucleic acid sequence coding the gene product of nanA, nanK, nanE, and/or nanT. For
example, the mutation may be 1, 2, 5, 10, 25, 50 or 100 changes in the nucleic acid sequence.
For example, the nanA, nanK, nanE, and/or nanT is mutated by a null mutation. Null mutations
as described herein encompass amino acid substitutions, additions, deletions, or insertions
that either cause a loss of function of the enzyme (i.e., reduced or no activity) or loss of the
enzyme (i.e., no gene product). By deleted is meant that the coding region is removed in whole
or in part such that no gene product is produced. By inactivated is meant that the coding
sequence has been altered such that the resulting gene product is functionally inactive or
encodes a gene product with less than 100%, 80%, 50%, or 20% of the activity of the native,
naturally-occuring, endogenous gene product. A "not mutated" gene or protein does not differ
from a native, naturally-occurring, or endogenous coding sequence by 1, 2, 5, 10, 20, 50, 100,
200 or 500 more codons, or to the corresponding encoded amino acid sequence.

[0020] Moreover, the bacterium (e.g., E. coli) also comprises a sialic acid synthetic capability.
For example, the bacterium comprises a sialic acid synthetic capability through provision of an
exogenous UDP-GIcNAc 2-epimerase (e.g., neuC of Campylobacter jejuni (SEQ ID NO: 13,
GenBank AAK91727.1; GI:15193223) or equivalent (e.g. E.coli S88 neuC GenBank
YP_002392936.1; Gl: 218560023), a Neu5Ac synthase (e.g., neuB of C. jejuni (SEQ ID NO:14
AAK91726.1GenBank GI: 15193222) or equivalent, (e.g. Flavobacterium limnosediminis sialic
acid synthase, GenBank GI:559220424), and/or a CMP-Neu5Ac synthetase (e.g., neuA of C.
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fejuni (SEQ ID NO: 15 GenBank AAK91728.1; Gl: 15193224) or equivalent, (e.g. Vibrio
brasiliensis CMP-sialic acid synthase, GenBank Gl: 493937153). Functional variants and
fragments are also disclosed.

[0021] The bacterium of the present invention comprising a sialic acid synthetic capability has
an increased production of UDP-GIcNAc by overexpression of the positive endogenous
regulator of UDP-GIcNAc synthesis, nagC. An exemplary means to achieve this is by, for
example, simultaneous overexpression of the nagC and gimS genes of Escherichia coli. This
nagC and gimS over-expression is achieved by providing additional copies of the nagC and
gimS genes on a plasmid vector, or by integrating additional nagC and gimS gene copies into
the host cell chromosome. Alternatively, over-expression is achieved by modulating the
strength of the ribosome binding sequence directing nagC (described by Sleight et al, Nucleic
Acids Res. May 2010; 38(8): 2624-2636) or nagC and gimS translation, or by modulating the
strength of the promoter/s directing nagC and gimS transcription (Sleight et al, Nucleic Acids
Res. May 2010; 38(8): 2624-2636)

[0022] Bacteria comprising the characteristics described herein are cultured in the presence of
lactose, and, in the instance where cells comprise an a(2,6) sialyltransferase (e.g.
Photobacterium spp JT-ISH-224 (SEQ ID NO:21 Genbank protein Accession BAF92026.1), 6'-
sialyllactose is retrieved, either from the bacterium itself or from a culture supernatant of the
bacterium. In the instance where cells comprise an a(2,3) sialyltransferase, (e.g. Neisseria
meningitidis 1st (Genbank protein Accession NP273962.1) 3'-sialyllactose is recovered either
from the bacterium itself (e.g., by lysis of the bacterium) or from a culture supernatant of the
bacterium.

[0023] Also within the invention is an isolated E. coli bacterium comprising a deleted or
inactivated endogenous B-galactosidase gene, an exogenous sialyl-transferase gene, a
deficient sialic acid catabolic pathway, a sialic acid synthetic capability, and a functional lactose
permease gene, wherein said deficient sialic acid catabolic pathway comprises an endogenous
N-acetylneuraminate lyase gene (nanA) and an endogenous N-acetylmannosamine-6-
phosphate epimerase gene (nanE) that are mutated and an endogenous N-
acetylmannosamine kinase gene (nanK) that is not mutated, in particular

1. (a) wherein said bacterium further comprises a recombinant B-galactosidase gene
providing a low but detectable level of B-galactosidase activity; or

2. (b) an exogenous UDP-GIcNAc:Gala/B-R B 3-N-acetylglucosaminyltransferase gene and
a functional lactose permease gene.

[0024] Described is a purified N-acetylglucosamine-containing or sialylated oligosaccharide
produced by the methods described above. A purified oligosaccharide, e.g., 6'-SL, is one that
is at least 90% , 95%, 98%, 99%, or 100% (w/w) of the desired oligosaccharide by weight.
Purity is assessed by any known method, e.g., thin layer chromatography or other
electrophoretic or chromatographic techniques known in the art. Described is a method of
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purifying an N-acetylglucosamine-containing or sialylated oligosaccharide produced by the
genetically engineered bacteria described above, which method comprises separating the
desired N-acetylglucosamine-containing or sialylated oligosaccharide (e.g., 6-SL) from
contaminants in a bacterial cell extract or lysate, or bacterial cell culture supernatant.
Contaminants include bacterial DNA, protein and cell wall components, and yellow/brown sugar
caramels sometimes formed in spontaneous chemical reactions in the culture medium.

[0025] The oligosaccharides are purified and used in a number of products for consumption by
humans as well as animals, such as companion animals (dogs, cats) as well as livestock
(bovine, equine, ovine, caprine, or porcine animals, as well as poultry). For example, a
pharmaceutical composition comprising purified 6'-sialyllactose (6'-SL) and an excipient is
suitable for oral administration. Large quantities of 6'-SL are produced in bacterial hosts, e.g.,
an E. coli bacterium comprising a heterologous sialyltransferase, e.g., a heterologous
a(2,6)sialyltransferase. An E. coli bacterium comprising an enhanced cytoplasmic pool of each
of the following: lactose and CMP-Neub5Ac, is useful in such production systems. In the case of
lactose, endogenous E. coli metabolic pathways and genes are manipulated in ways that result
in the generation of increased cytoplasmic concentrations of lactose, as compared to levels
found in wild type E. coli. For example, the bacteria contain at least 10%, 20%, 50%, 2X, 5X,
10X or more of the levels in a corresponding wild type bacteria that lacks the genetic
modifications described above. In the case of CMP-Neu5Ac, endogenous Neu5Ac catabolism
genes are inactivated and exogenous CMP-Neu5Ac biosynthesis genes introduced into E. coli
resulting in the generation of a cytoplasmic pool of CMP-Neu5Ac not found in the wild type
bacterium.

[0026] A method of producing a pharmaceutical composition comprising a purified hMOS is
carried out by culturing the bacterium described above, purifying the hMOS produced by the
bacterium, and combining the hMOS with an excipient or carrier to yield a dietary supplement
for oral administration. These compositions are useful in methods of preventing or treating
enteric and/or respiratory diseases in infants and adults. Accordingly, the compositions are
administered to a subject suffering from or at risk of developing such a disease using known
methods of clinical therapy.

[0027] The invention provides for increasing, in E. cofi, the intracellular concentration of the
nucleotide sugar uridine diphosphate N-acetylglucosamine (UDP-GIcNACc). This is achieved by
over-expressing the bi-functional endogenous positive regulator of UDP-GIlcNac synthesis and
repressor of glucosamine and N-acetylglucosamine catabolism, nagC, optionally
simultaneously with the gene encoding L-glutamine:D-fructose-6-phosphate aminotransferase,
glmS.

[0028] The invention also provides for increasing the intracellular concentration of lactose in E.
coli, for cells grown in the presence of lactose, by using manipulations of endogenous E. coli
genes involved in lactose import, export, and catabolism. In particular, described herein are
methods of increasing intracellular lactose levels in E. coli genetically engineered to produce a
human milk oligosaccharide by incorporating a /acA mutation into the genetically modified E.
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coli. The lacA mutation prevents the formation of intracellular acetyl-lactose, which not only
removes this molecule as a contaminant from subsequent purifications, but also eliminates E.
coli's ability to export excess lactose from its cytoplasm, thus greatly facilitating purposeful
manipulations of the E. coli intracellular lactose pool.

[0029] Also described are bacterial host cells with the ability to accumulate a intracellular
lactose pool while simultaneously possessing low, functional levels of cytoplasmic f-
galactosidase activity, for example as provided by the introduction of a functional recombinant
E. coli lacZ gene, or by a B-galactosidase gene from any of a number of other organisms (e.g.,
the Jac4 gene of Kluyveromyces lactis (e.g., GenBank Accession Number M84410.1
(Gl:173304)). Low, functional levels of cytoplasmic B-galactosidase include B-galactosidase
activity levels of between 0.05 and 200 units, e.g., between 0.05 and 5 units, between 0.05 and
4 units, between 0.05 and 3 units, or between 0.05 and 2 units (for standard definition see:
Miller JH, Laboratory CSH. Experiments in molecular genetics. Cold Spring Harbor Laboratory
Cold Spring Harbor, NY; 1972). This low level of cytoplasmic p-galactosidase activity, while not
high enough to significantly diminish the intracellular lactose pool, is nevertheless very useful
for tasks such as phenotypic marking of desirable genetic loci during construction of host cell
backgrounds, for detection of cell lysis due to undesired bacteriophage contaminations in
fermentation processes, for the facile removal of undesired residual lactose at the end of
fermentations, or for in-process fermentation QC purposes (i.e. as a non-standard phenotype
the provision of a weak lacZ phenotype aids in culture purity assessments).

[0030] Methods of purifying a N-acetylglucosamine-containing or sialylated oligosaccharide
produced by the methods of the invention or described are carried out by binding the
oligosaccharide from a bacterial cell lysate or bacterial cell culture supernatant of the
bacterium to a carbon column, and subsequently eluting it from the column. Purified N-
acetylglucosamine-containing or sialylated oligosaccharides are produced by the methods of
the invention or as described.

[0031] Described is a vector, e.g., a vector containing a nucleic acid. The vector can further
include one or more regulatory elements, e.g., a heterologous promoter. The regulatory
elements can be operably linked to a protein gene, fusion protein gene, or a series of genes
linked in an operon in order to express the fusion protein. To maintain the plasmid vector stably
within the cell a selectable marker is included within its sequence, such as an antibiotic
resistance gene or a gene that complements a nutritional auxotrophy of the host bacterium.
For example, in E.coli a thymidine deficiency caused by a chromosomal defect in the
thymidylate synthase gene (thyA) can be complemented by a plasmid borne wild type copy of
the thyA (M. Belfort, G. F. Maley, F. Maley, Proceedings of the National Academy of Sciences
80, 1858 (1983)) gene. Alternatively an adenine deficiency caused by a chromosomal
deficiency in the adenylosuccinate synthetase (purA) gene (S. A. Wolfe, J. M. Smith, J Biol
Chem 263, 19147-53 (1988)) can be complemented by a plasmid borne wild type copy of
purA. Two plasmid vectors may be utilized simultaneously within the same bacterial cell by
employing separate selectable markers, for example one plasmid utilizing thyA selection and
one utilizing purA selection, and by utilizing two compatible plasmid replicons, for example in
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E.coli two such compatible replicons comprise the ColE1 (pUC) replicon and the p15A (pACYC)
replicon (R. E. Bird, J Bacteriol 145, 1305-9 (1981)). In yet another aspect, the invention
comprises an isolated recombinant cell, e.g., a bacterial cell containing aforementioned nucleic
acid molecule/s or vector/s. The nucleic acid sequences can be optionally integrated into the
genome.

[0032] Described is a method of treating, preventing, or reducing the risk of infection in a
subject comprising administering to said subject a composition comprising a human milk
oligosaccharide, purified from a culture of a recombinant strain of the current invention,
wherein the hMOS binds to a pathogen and wherein the subject is infected with or at risk of
infection with the pathogen. The infection may be caused by a Norwalk-like virus or
Campylobacter jejuni. The subject may be a mammal in need of such treatment. The mammal
is, e.g., any mammal, e.g., a human, a primate, a mouse, a rat, a dog, a cat, a cow, a horse, or
a pig. For example, the compositions are formulated into animal feed (e.g., pellets, kibble,
mash) or animal food supplements for companion animals, e.g., dogs or cats, as well as
livestock or animals grown for food consumption, e.g., cattle, sheep, pigs, chickens, and goats.
The purified hMOS may be formulated into a powder (e.g., infant formula powder or adult
nutritional supplement powder, each of which is mixed with a liquid such as water or juice prior
to consumption) or in the form of tablets, capsules or pastes or is incorporated as a component
in dairy products such as milk, cream, cheese, yogurt or kefir, or as a component in any
beverage, or combined in a preparation containing live microbial cultures intended to serve as
probiotics, or in prebiotic preparations intended to enhance the growth of beneficial
microorganisms either in vitro or in vivo. For example, the purified sugar (e.g., LNnT or 6'-SL)
can be mixed with a Bifidobacterium or Lactobacillus in a probiotic nutritional composition. (i.e.
Bifidobacteria are beneficial components of a normal human gut flora and are also known to
utilize hMOS for growth.

[0033] All genes described herein also include a description of the corresponding encoded
gene products. As such, the uses of exogenous genes as described herein encompass nucleic
acids that encode the gene product sequences as disclosed. The person skilled in the art could
readily generate nucleic acid sequences that encode the protein sequences described herein
and introduce such sequences into expression vectors to carry out the present invention.

[0034] The term "substantially pure" in reference to a given polypeptide, polynucleotide or
oligosaccharide means that the polypeptide, polynucleotide or oligosaccharide is substantially
free from other biological macromolecules. The substantially pure polypeptide, polynucleotide
or oligosaccharide is at least 75% (e.g., at least 80, 85, 95, or 99%) pure by dry weight. Purity
can be measured by any appropriate calibrated standard method, for example, by column
chromatography, polyacrylamide gel electrophoresis, thin layer chromatography (TLC) or
HPLC analysis.

[0035] Polynucleotides, polypeptides, and oligosaccharides as described are purified and/or
isolated. Purified defines a degree of sterility that is safe for administration to a human subject,
e.g., lacking infectious or toxic agents. Specifically, as used herein, an "isolated" or "purified"
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nucleic acid molecule, polynucleotide, polypeptide, protein or oligosaccharide, is substantially
free of other cellular material, or culture medium when produced by recombinant techniques,
or chemical precursors or other chemicals when chemically synthesized. For example, purified
hMOS compositions are at least 60% by weight (dry weight) the compound of interest. The
preparation may be at least 75%, at least 90%, and at least 99%, by weight the compound of
interest. Purity is measured by any appropriate calibrated standard method, for example, by
column chromatography, polyacrylamide gel electrophoresis, thin layer chromatography (TLC)
or HPLC analysis. For example, a "purified protein” refers to a protein that has been separated
from other proteins, lipids, and nucleic acids with which it is naturally associated. The protein
may constitute at least 10, 20, 50 70, 80, 90, 95, 99-100% by dry weight of the purified
preparation.

[0036] By "isolated nucleic acid" is meant a nucleic acid that is free of the genes that flank it in
the naturally-occurring genome of the organism from which the nucleic acid is derived. The
term covers, for example: (a) a DNA which is part of a naturally occurring genomic DNA
molecule, but is not flanked by both of the nucleic acid sequences that flank that part of the
molecule in the genome of the organism in which it naturally occurs; (b) a nucleic acid
incorporated into a vector or into the genomic DNA of a prokaryote or eukaryote in a manner,
such that the resulting molecule is not identical to any naturally occurring vector or genomic
DNA,; (c) a separate molecule such as a cDNA, a genomic fragment, a fragment produced by
polymerase chain reaction (PCR), or a restriction fragment; and (d) a recombinant nucleotide
sequence that is part of a hybrid gene, i.e., a gene encoding a fusion protein. Isolated nucleic
acid molecules further include molecules produced synthetically, as well as any nucleic acids
that have been altered chemically and/or that have modified backbones. For example, the
isolated nucleic acid is a purified cDNA or RNA polynucleotide.

[0037] A "heterologous promoter”, when operably linked to a nucleic acid sequence, refers to a
promoter which is not naturally associated with the nucleic acid sequence.

[0038] The term "over-express" as used herein refers to gene transcript or encoded gene
product is 10%, 20%, 50%, 2-fold, 5-fold, 10-fold, or more than the level expressed or
produced by a native, naturally-occurring, or endogenous gene in a bacterium in which it
naturally occurs. For example, the host bacterium as described is engineered to over-express
an exogenous gene transcript or encoded gene product of UDP-GIcNAc:Gala/B-R B 3-N-
acetylglucosaminyltransferase, nagC, gimS, glmY, gimZ, a sialyl-transferase, a -
galactosyltransferase, an a-fucosyltransferase, CMP-Neub5Ac synthetase, a sialic acid
synthase, or a UDP-GIcNAc 2-epimerase, i.e., a gene or gene product with a sequence
corresponding to that of a bacterium other than the host bacterium.

[0039] The terms "treating" and "treatment” as used herein refer to the administration of an
agent or formulation to a clinically symptomatic individual afflicted with an adverse condition,
disorder, or disease, so as to effect a reduction in severity and/or frequency of symptoms,
eliminate the symptoms and/or their underlying cause, and/or facilitate improvement or
remediation of damage. The terms "preventing" and "prevention” refer to the administration of
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an agent or composition to a clinically asymptomatic individual who is susceptible to a
particular adverse condition, disorder, or disease, and thus relates to the prevention of the
occurrence of symptoms and/or their underlying cause.

[0040] By the terms "effective amount" and "therapeutically effective amount" of a formulation
or formulation component is meant a nontoxic but sufficient amount of the formulation or
component to provide the desired effect.

[0041] The transitional term "comprising," which is synonymous with "including," "containing,"
or "characterized by,” is inclusive or open-ended and does not exclude additional, unrecited
elements or method steps. By contrast, the transitional phrase "consisting of" excludes any
element, step, or ingredient not specified in the claim. The transitional phrase "consisting
essentially of" limits the scope of a claim to the specified materials or steps "and those that do
not materially affect the basic and novel characteristic(s)" of the claimed invention.

[0042] Other features and advantages of the invention will be apparent from the following
description and from the claims. Unless otherwise defined, all technical and scientific terms
used herein have the same meaning as commonly understood by one of ordinary skill in the
art to which this invention belongs. Although methods and materials similar or equivalent to
those of the invention or as described can be used in the practice or testing of the present
invention, suitable methods and materials are described below. In the case of conflict with all
published foreign patents and patent applications cited herein, Genbank and NCBI
submissions indicated by accession number cited herein and scientific literature cited herein,
the present specification, including definitions, will control. In addition, the materials, methods,
and examples are illustrative only and not intended to be limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043]

Figure 1 is a schematic demonstrating metabolic pathways and the changes introduced into
them to engineer 2'-fucosyllactose (2'-FL) synthesis in Escherichia coli (E. coli). Specifically, the
lactose synthesis pathway and the GDP-fucose synthesis pathway are illustrated. In the GDP-
fucose synthesis pathway: manA phosphomannose isomerase (PMI|), manB =
phosphomannomutase (PMM), manC = mannose-1-phosphate guanylyltransferase (GMP),
gmd = GDP-mannose-4,6-dehydratase, fc/ = GDP-fucose synthase (GFS), and Awcad =
mutated UDP-glucose lipid carrier transferase.

Figure 2 is a schematic demonstrating metabolic pathways involved in the synthesis ofUDP-
GlcNAc (uridine diphosphate N-acetylglucosamine) and catabolism of glucosamine and N-
acetylglucosamine in E. coli In the schematic: (GIcNAc-1-P) N-acetylglucosamine-1-
phosphate; (GIcN-1-P) glucosamine-1-phosphate; (GIcN-6-P) glucosamine-6-phosphate;
(GIcNAc-6-P) N-acetylglucosamine-6-phosphate; and (Fruc-6-P) Fructose-6-phosphate; gimS
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(L-glutamine:D-fructose-6-phosphate  aminotransferase), g/mM  (phosphoglucosamine
mutase), gimU (fused N-acetyl glucosamine-1-phosphate uridyltransferase and glucosamine-
1-phosphate acetyl transferase), nagC (bifunctional transcriptional activator/repressor protein),
nagA (N-acetylglucosamine-6-phosphate deacetylase) and nagB (glucosamine-6-phosphate
deaminase), nagE (N-acetylglucosamine transporter] and manXYZ [glucosamine transporter).

Figure 3 is a schematic demonstrating metabolic pathways and one example (utilizing nanT,
nanA and nanK deletions) of the changes introduced into them to engineer 6'-sialyllactose (6'-
SL) synthesis in E. coli. Abbreviations include: (Neu5Ac) N-acetylneuraminic acid, sialic acid,;
(4nanT) mutated N-acetylneuraminic acid transporter; (4AnanA) mutated N-acetylneuraminic
acid lyase; (ManNAc) N-acetylmannosamine; (AnanK) mutated N-acetylmannosamine kinase;
(nanE) wild-type N-acetylmannosamine-6-phosphate epimerase; (ManNAc-6-P) N-
acetylmannosamine-6-phosphate; (GlcNAc-6-P) N-acetylglucosamine-6-phosphate; (GIcN-6-P)
Glucosamine-6-phosphate; (Fruc-6-P) Fructose-6-phosphate; (neuA), CMP-N-
acetylneuraminic acid synthetase; (CMP-Neu5Ac) CMP-N-acetylneuraminic acid; (neuB), N-
acetylneuraminic acid synthase; (neuC) UDP-GIcNAc-2-epimerase; and (UDP-GIcNAc) uridine
diphosphate N-acetylglucosamine.

Figure 4 is a schematic that illustrates the new configuration of genes engineered at the
Escherichia coli thyA locus in strains used to produce N-acetylglucosamine-containing
oligosaccharides.

Figure 5 is a plasmid map of pG292, which expresses the N. meningitidis B(1,3)-N-
acetylglucosaminyltransferase gene IgtA.

Figure 6 is a plasmid map of pG221, which expresses, as an operon, the N. meningitidis
B(1,3)-N-acetylglucosaminyltransferase gene Igf{A and the E. coli OSS:H7 wbgO B(1,3)-
galactosyltransferase gene.

Figure 7 is a plasmid map of pG222, which expresses, as an operon, the N. meningitidis
B(1,3)-N-acetylglucosaminyltransferase gene /gtA and the H.pylori 4GalT (jhp0765) B(1,4)-
galactosyltransferase gene.

Figure 8 illustrates schematically the enzymatic reactions necessary to produce from lactose,
via the intermediate trisaccharide lacto-N-triose 2 (LNT2), the two human milk
oligosaccharides: Lacto-N-tetraose (LNT) and Lacto-N-neotetraose (LNnT). A thin layer
chromatogram (on left) is presented of culture medium samples taken from small scale E. coli
cultures and demonstrating synthesis of LNT2, LNT and LNnT. A second thin layer
chromatogram (on right) is presented of culture medium samples taken from a 15L E. coli
bioreactor culture - demonstrating synthesis of LNNT.

Figure 9 is a plasmid map of pG317, a low-copy vector which expresses as an operon, under
the control of the E. coli lac promoter, the Campylobacter jejuni ATCC43438 neuB, neuC and
neuA genes, encoding N-acetylneuraminate synthase, UDP-N-acetylglucosamine 2-epimerase,
and N-acetylneuraminate cytidylyltransferase, respectively.

Figure 10 is a plasmid map of pG315, a multi-copy vector which expresses a gene encoding
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an a(2,6) sialyltransferase from Photobacterium spp JT-ISH-224, under the control of the E.
coli lac promoter.

Figure 11 is a photograph of a thin layer chromatogram showing 6'-SL in culture medium
produced by E. coli strain E547 (AnanRATEK), containing plasmids expressing a bacterial
a(2,3)sialyltransferase and neuA, neuB and neuC. Figure 11 also shows a TLC analysis of
culture supernatants from two fermentations producing 6'-sialylactose (6'-SL). Samples to the
left of the figure are taken from a fermentation of an E. coli strain containing pG315 (carrying a
strong RBS in front of the a(2,6)sialyltransferase gene in the vector). Samples on the right of
the figure are taken from a fermentation of an E. coli strain containing a close variant of pG315
that carries a weaker RBS in front of the a(2,6)sialyltransferase gene.

Figure 12 is a plasmid map of pG345, a multi-copy vector which expresses a gene encoding
an a(2,6) sialyltransferase from Photobacterium spp JT-ISH-224, under the control of a weaker
ribosomal binding site (SEQ ID NO:8) and the E. coli Jac promoter.

Figure 13 is a schematic demonstrating metabolic pathways and a second example (utilizing
nanT, nanA and nanE deletions) of the changes introduced into them to engineer 6'-
sialyllactose (6'-SL) synthesis in E. coli. Abbreviations include: (Neu5Ac) N-acetylneuraminic
acid, sialic acid; (AnanT) mutated N-acetylneuraminic acid transporter; (AnanA) mutated N-
acetylneuraminic acid lyase; (ManNAc) N-acetylmannosamine; (nanK) wild-type N-
acetylmannosamine kinase; (AnanE) mutated N-acetylmannosamine-6-phosphate epimerase;
(ManNAc-6-P) N-acetylmannosamine-6-phosphate; (GIcNAc-6-P) N-acetylglucosamine-6-
phosphate; (GIcN-6-P) Glucosamine-6-phosphate; (Fruc-6-P) Fructose-6-phosphate; (neuA),
CMP-N-acetylneuraminic acid synthetase; (CMP-Neu5Ac) CMP-N-acetylneuraminic acid;
(neuB), N-acetylneuraminic acid synthase; (neuC) UDP-GIcNAc-2-epimerase; and (UDP-
GlcNAc) uridine diphosphate N-acetylglucosamine.

Figure 14 illustrates the TLC analysis of cell pellets and or supernatants from a three pilot
scale fermentation experiments using three E.coli strains carrying various combinations of nan
mutations

Figure 15 is a schematic illustrating the location of the gene deletion made within the E.coli nan
operon to generate the [nanA, nanT, nanE, nanK+] mutant locus of strains E1017 and E1018.

Figure 16 is a cell density growth curve plot of four cultures of E680 transformed with pG292,
induced or un-induced by tryptophan addition, and in the presence or absence of lactose in the
growth medium. Abundant cell lysis is seen in the lactose-containing cultures.

Figure 17 is a plasmid map of pG356, which expresses, as an operon, the E. coli gimS and
nagC genes. pG356 carries a p15A replication origin and both ampC and purA selectable
markers.

Figure 18 is a fementation parameter trace and TLC culture supernatant analysis (for LNnT
production) of a 1.5L bioreactor culture of E796 transformed with pG222.

Figure 19 is a fementation parameter trace and TLC culture supernatant analysis (for LNnT
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production) of a 1.5L bioreactor culture of E866 transformed with both pG222 and pG356.

DETAILED DESCRIPTION OF THE INVENTION

[0044] Described herein are genetic constructs and methods for production of N-
acetylglucosamine-containing human milk oligosaccharides (hMOS) and sialyloligosaccharides.
In order to make both N-acetylglucosamine-containing and sialylcontaining hMOS, one needs
to tap into the cellular UDP-GIcNAc pool. Doing so can be challenging, since UDP-GIcNAc is an
essential metabolite for bacteria (used to make the cell wall). The constructs, compositions,
and methods of the invention or as described overcome difficulties of the past by enhancing
the UDP-GIcNAc pool, a strategy that represents an advantage in the production of both
classes of hMOS. Other distinctions over earlier approaches represent improvements and/or
confer advantages over those earlier strategies.

hMOS

[0045] Human milk glycans, which comprise both oligosaccharides (hMOS) and their
glycoconjugates, play significant roles in the protection and development of human infants, and
in particular the infant gastrointestinal (GI) tract. Milk oligosaccharides found in various
mammals differ greatly, and their composition in humans is unique (Hamosh M., 2001 Pediatr
Clin North Am, 48:69-86; Newburg D.S., 2001 Adv Exp Med Biol, 501:3-10). Moreover, glycan
levels in human milk change throughout lactation and also vary widely among individuals
(Morrow A.L. et al., 2004 J Pediatr, 145:297-303; Chaturvedi P et al., 2001 Glycobiology,
11:365-372). Previously, a full exploration of the roles of hMOS was limited by the inability to
adequately characterize and measure these compounds. In recent years sensitive and
reproducible quantitative methods for the analysis of both neutral and acidic hMOS have been
developed (Erney, R., Hilty, M., Pickering, L., Ruiz-Palacios, G., and Prieto, P. (2001) Adv Exp
Med Biol 501, 285-297. Bao, Y., and Newburg, D. S. (2008) Electrophoresis 29, 2508-2515).
Approximately 200 distinct oligosaccharides have been identified in human milk, and
combinations of a small number of simple epitopes are responsible for this diversity (Newburg
D.S., 1999 Curr_Med Chem, 6:117-127; Ninonuevo M. et al., 2006 J Agric Food Chem,
54:7471-74801). hMOS are composed of 5 monosaccharides: D-glucose (Glc), D-galactose
(Gal), N-acetylglucosamine (GIlcNAc), L-fucose (Fuc), and sialic acid (N-acetyl neuraminic acid,
Neub5Ac, NANA). hMOS are usually divided into two groups according to their chemical
structures: neutral compounds containing Glc, Gal, GIcNAc, and Fuc, linked to a lactose
(Galp1-4Glc) core, and acidic compounds including the same sugars, and often the same core
structures, plus NANA (Charlwood J. et al., 1999 Anal_Biochem, 273:261-277; Martin-Sosa et
al., 2003 J Dairy Sci, 86:52-59; Parkkinen J. and Finne J., 1987 Methods Enzymol, 138:289-
300; Shen Z. et al, 2001 J Chromatogr A, 921:315-321). Approximately 70-80% of
oligosaccharides in human milk are fucosylated. A smaller proportion of the oligosaccharides in
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human milk are sialylated, or are both fucosylated and sialylated.

[0046] Interestingly, hMOS as a class, survive transit through the intestine of infants very
efficiently, a function of their being poorly transported across the gut wall and of their
resistance to digestion by human gut enzymes (Chaturvedi, P., Warren, C. D., Buescher, C. R.,
Pickering, L. K. & Newburg, D. S. Adv Exp Med Biol 501, 315-323 (2001)). One consequence
of this survival in the gut is that hMOS are able to function as prebiotics, i.e. they are available
to serve as an abundant carbon source for the growth of resident gut commensal
microorganisms (Ward, R. E., Nifionuevo, M., Mills, D. A., Lebrilla, C. B., and German, J. B.
(2007) Mol Nutr Food Res 51, 1398-1405). Recently, there is burgeoning interest in the role of
diet and dietary prebiotic agents in determining the composition of the gut microflora, and in
understanding the linkage between the gut microflora and human health (Roberfroid, M.,
Gibson, G. R., Hoyles, L., McCartney, A. L., Rastall, R., Rowland, |., Wolvers, D., Watzl, B.,
Szajewska, H., Stahl, B., Guarner, F., Respondek, F., Whelan, K., Coxam, V., Davicco, M. J.,
Léotoing, L., Wittrant, Y., Delzenne, N. M., Cani, P. D., Neyrinck, A. M., and Meheust, A. (2010)
Br J Nutr 104 Suppl 2, S1-63).

[0047] A number of human milk glycans possess structural homology to cell receptors for
enteropathogens, and serve roles in pathogen defense by acting as molecular receptor
"decoys". For example, pathogenic strains of Campylobacter bind specifically to glycans in
human milk containing the H-2 epitope, i.e., 2'-fucosyl-N-acetyllactosamine or 2'-fucosyllactose
(2'-FL); Campylobacter binding and infectivity are inhibited by 2'-FL and other glycans
containing this H-2 epitope (Ruiz-Palacios, G. M., Cervantes, L. E., Ramos, P., Chavez-
Munguia, B., and Newburg, D. S. (2003) J Biol Chem 278, 14112-14120). Similarly, some
diarrheagenic E. coli pathogens are strongly inhibited in vivo by hMOS containing 2'-linked
fucose moieties. Several major strains of human caliciviruses, especially the noroviruses, also
bind to 2'-linked fucosylated glycans, and this binding is inhibited by human milk 2'-linked
fucosylated glycans. Consumption of human milk that has high levels of these 2'-linked
fucosyloligosaccharides has been associated with lower risk of norovirus, Campylobacter, ST
of E. col-associated diarrhea, and moderate-to-severe diarrhea of all causes in a Mexican
cohort of breastfeeding children (Newburg D.S. et al., 2004 Glycobiology, 14:253-263;
Newburg D.S. et al., 1998 Lancet, 351:1160-1164). Several pathogens are also known to utilize
sialylated glycans as their host receptors, such as influenza (Couceiro, J. N., Paulson, J. C. &
Baum, L. G. Virus Res 29, 155-165 (1993)), parainfluenza (Amonsen, M., Smith, D. F,,
Cummings, R. D. & Air, G. M. J Virol 81, 8341-8345 (2007), and rotoviruses (Kuhlenschmidt, T.
B., Hanafin, W. P, Gelberg, H. B. & Kuhlenschmidt, M. S. Adv Exp Med Biol 473, 309-317
(1999)). The sialyl-Lewis X epitope is used by Helicobacter pylori (Mahdavi, J., Sondén, B.,
Hurtig, M., Olfat, F. O., et al. Science 297, 573-578 (2002)), Pseudomonas aeruginosa
(Scharfman, A., Delmotte, P, Beau, J., Lamblin, G., et al. Glycoconj J 17, 735-740 (2000)), and
some strains of noroviruses (Rydell, G. E., Nilsson, J., Rodriguez-Diaz, J., Ruvoén-Clouet, N.,
et al. Glycobiology 19, 309-320 (2009)).

[0048] The nucleotide sugar uridine diphosphate N-acetylglucosamine (UDP-GIcNAC) is a key
metabolic intermediate in bacteria, where it is involved in the synthesis and maintenance of the
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cell envelope. In all known bacterial classes, UDP-GIcNAc is used to make peptidoglycan
(murein); a polymer comprising the bacterial cell wall whose structural integrity is absolutely
essential for growth and survival. In addition, gram-negative bacteria use UDP-GIcNAc for the
synthesis of lipid A, an important component of the outer cell membrane. Thus, for bacteria,
the ability to maintain an adequate intracellular pool of UDP-GIcNAc is critical.

[0049] Biosynthesis of certain human milk oligosaccharides (hMOS) has been achieved in
engineered strains of the bacterium, Escherichia coli K12. As described herein, simple
fucosylated hMOS, e.g. 2'-fucosyllactose (2'-FL), 3-fucosyllactose (3-FL), and
lactodifucotetraose (LDFT), are produced efficiently by live E. coli through artificially enhancing
existing intracellular pools of GDP-fucose (the nucleotide sugar donor) and lactose (the
accepting sugar), and by then using these enhanced pools as substrates for heterologous
recombinant fucosyltransferases (Figure 1). Since neither the lactose nor GDP-fucose pools
are essential for E. coli survival, biosynthesis of simple fucosylated hMOS is achieved at good
yields without negative consequences on the host bacterium's growth or viability. However, to
synthesize more complex hMOS in E. coli, use of the critical bacterial UDP-GIcNAc pool is
required, with consequent potential impacts on cell viability.

[0050] The UDP-GIcNAc pool in E. coli is produced through the combined action of three gim
genes, gmS (L-glutamine:D-fructose-6-phosphate aminotransferase), gmM
(phosphoglucosamine mutase), and the bifunctional gimU (fused N-acetyl glucosamine-1-
phosphate uridyltransferase and glucosamine-1-phosphate acetyl transferase) (Figure 2).
These three genes direct a steady flow of carbon to UDP-GIcNAc, a flow that originates with
fructose-6-phosphate (an abundant molecule of central energy metabolism). Expression of the
glm genes is under positive control by the transcriptional activator protein, NagC.

[0051] When E. coli encounters glucosamine or N-acetyl-glucosamine in its environment, these
molecules are each transported into the cell via specific membrane transport proteins and are
used either to supplement the flow of carbon to the UDP-GIcNAc pool, or alternatively they are
consumed to generate energy, under the action of nag operon gene products (i.e. nagA [N-
acetylglucosamine-6-phosphate  deacetylase] and nagB  [glucosamine-6-phosphate
deaminase]). In contrast to the g/im genes, expression of nagA and nagB are under negative
transcriptional control, but by the same regulatory protein as the g/im genes, i.e. NagC. NagC is
thus bi-functional, able to activate UDP-GIcNAc synthesis, while at the same time repressing
the degradation of glucosamine-6-phosphate and N-acetylglucosamine-6-phosphate.

[0052] The binding of NagC to specific regulatory DNA sequences (operators), whether such
binding results in gene activation or repression, is sensitive to fluctuations in the cytoplasmic
level of the small-molecule inducer and metabolite, GIcNAc-6-phosphate. Intracellular
concentrations of GIcNAc-6-phosphate increase when N-acetylglucosamine is available as a
carbon source in the environment, and thus under these conditions the expression of the gim
genes (essential to maintain the vital UDP-GIcNAc pool) would decrease, unless a
compensatory mechanism is brought into play. E. coli maintains a baseline level of UDP-
GlcNAc synthesis through continuous expression of nagC directed by two constitutive
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promoters, located within the upstream nagA gene. This constitutive level of nagC expression
is supplemented approximately threefold under conditions where the degradative nag operon
is induced, and by this means E. coli ensures an adequate level of gim gene expression under
all conditions, even when N-acetylglucosamine is being utilized as a carbon source.

[0053] Many hMOS incorporate GIcNAc into their structures directlyy, and many also
incorporate sialic acid, a sugar whose synthesis involves consumption of UDP-GIcNAc (Figure
3, Figure 13). Thus, synthesis of many types of hMOS in engineered E. coli carries the
significant risk of reduced product yield and compromised cell viability resulting from depletion
of the bacterium's UDP-GIcNAc pool. One way to address this problem during engineered
synthesis of GIcNAc- or sialic acid-containing hMOS is to boost the UDP-GIcNAc pool through
simultaneous over-expression of nagC, or preferably by simultaneous over-expression of both
nagC and gimS.

[0054] While studies suggest that human milk glycans could be used as prebiotics and as
antimicrobial anti-adhesion agents, the difficulty and expense of producing adequate quantities
of these agents of a quality suitable for human consumption has limited their fullscale testing
and perceived utility. VWhat has been needed is a suitable method for producing the appropriate
glycans in sufficient quantities at reasonable cost. Prior to the invention, there were attempts to
use several distinct synthetic approaches for glycan synthesis. Novel chemical approaches can
synthesize oligosaccharides (Flowers, H. M. Methods Enzymol 50, 93-121 (1978); Seeberger,
P. H. Chem Commun (Camb) 1115-1121 (2003)), but reactants for these methods are
expensive and potentially toxic (Koeller, K. M. & Wong, C. H. Chem Rev 100, 4465-4494
(2000)). Enzymes expressed from engineered organisms (Albermann, C., Piepersberg, W. &
Wehmeier, U. F. Carbohydr Res 334, 97-103 (2001); Bettler, E., Samain, E., Chazalet, V.,
Bosso, C., et al. Glycoconj J 16, 205-212 (1999); Johnson, K. F. Glycoconj J 16, 141-146
(1999); Palcic, M. M. Curr Opin Biotechnol 10, 616-624 (1999); Wymer, N. & Toone, E. J. Curr
Opin Chem Biol 4, 110-119 (2000)) provide a precise and efficient synthesis (Palcic, M. M. Curr
Opin Biotechnol 10, 616-624 (1999)); Crout, D. H. & Vic, G. Curr Opin Chem Biol 2, 98-111
(1998)), but the high cost of the reactants, especially the sugar nucleotides, limits their utility
for low-cost, large-scale production. Microbes have been genetically engineered to express the
glycosyltransferases needed to synthesize oligosaccharides from the bacteria's innate pool of
nucleotide sugars (Endo, T., Koizumi, S., Tabata, K., Kakita, S. & Ozaki, A. Carbohydr Res 330,
439-443 (2001); Endo, T., Koizumi, S., Tabata, K. & Ozaki, A. Appl Microbiol Biotechnol 53,
257-261 (2000); Endo, T. & Koizumi, S. Curr Opin Struct Biol 10, 536-541 (2000); Endo, T.,
Koizumi, S., Tabata, K., Kakita, S. & Ozaki, A. Carbohydr Res 316, 179-183 (1999); Koizumi,
S., Endo, T., Tabata, K. & Ozaki, A. Nat Biotechnol 16, 847-850 (1998)). However, low overall
product yields and high process complexity have limited the commercial utility of these
approaches.

[0055] Prior to the invention, which enables the inexpensive production of large quantities of
neutral and acidic hMOS, it had not been possible to fully investigate the ability of this class of
molecule to inhibit pathogen binding, or indeed to explore their full range of potential additional
functions.
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[0056] Prior to the invention, chemical syntheses of hMOS were possible, but were limited by
stereo-specificity issues, precursor availability, product impurities, and high overall cost
(Flowers, H. M. Methods Enzymol 50, 93-121 (1978); Seeberger, P. H. Chem Commun (Camb)
1115-1121 (2003); Koeller, K. M. & Wong, C. H. Chem Rev 100, 4465-4494 (2000)). Also, prior
to the invention, in vitro enzymatic syntheses were also possible, but were limited by a
requirement for expensive nucleotide-sugar precursors. The invention overcomes the
shortcomings of these previous attempts by providing new strategies to inexpensively
manufacture large quantities of human milk oligosaccharides for use as dietary supplements.
The invention makes use of an engineered bacterium E. coli (or other bacteria) engineered to
produce sialylated oligosaccharides in commercially viable levels, for example the methods of
the invention or as described enable the production of 3'-SL at >50g/L in bioreactors.

Variants and Functional Fragments

[0057] The present invention features introducing exogenous genes into bacterium to
manipulate the pathways to increase UDP-GIcNAc pools, to produce sialylated
oligosaccharides and to produce N-acetylglucosamine-containing oligosaccharides. In any of
the methods of the invention or as described, the genes or gene products may be variants or
functional fragments thereof.

[0058] A variant of any of genes or gene products as disclosed may have 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% sequence identity to the
nucleic acid or amino acid sequences as described. The term "% identity,” in the context of two
or more nucleic acid or polypeptide sequences, refer to two or more sequences or
subsequences that are the same or have a specified percentage of amino acid residues or
nucleotides that are the same, when compared and aligned for maximum correspondence, as
measured using one of the following sequence comparison algorithms or by visual inspection.
For example, % identity is relative to the entire length of the coding regions of the sequences
being compared, or the length of a particular fragment or functional domain thereof.

[0059] Variants as disclosed also include homolog, orthologs, or paralogs of the genes or gene
products as described that retain the same biological function as the genes or gene products
specified herein. These variants can be used interchangeably with the genes recited in these
methods. Such variants may demonstrate a percentage of homology or identity, for example,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% identity, in
conserved domains important for biological function, such as in a functional domain, e.g.
catalytic domain.

[0060] For sequence comparison, one sequence acts as a reference sequence, to which test
sequences are compared. When using a sequence comparison algorithm, test and reference
sequences are input into a computer, subsequence coordinates are designated, if necessary,
and sequence algorithm program parameters are designated. The sequence comparison
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algorithm then calculates the percent sequence identity for the test sequence(s) relative to the
reference sequence, based on the designated program parameters. Percent identity is
determined using BLAST and PSI-BLAST (Altschul et al., 1990, J Mol Biol 215:3, 403-410;
Altschul et al., 1997, Nucleic Acids Res 25:17, 3389-402). For the PSI-BLAST search, the
following exemplary parameters are employed: (1) Expect threshold was 10; (2) Gap cost was
Existence: 11 and Extension: 1; (3) The Matrix employed was BLOSUM62; (4) The filter for low
complexity regions was "on".

[0061] Changes can be introduced by mutation into the nucleic acid sequence or amino acid
sequence of any of the genes or gene products as described, leading to changes in the amino
acid sequence of the encoded protein or enzyme, without altering the functional ability of the
proteinor enzyme. For example, nucleotide substitutions leading to amino acid substitutions at
"non-essential" amino acid residues can be made in the sequence of any of sequences as
expressly disclosed. A "non-essential” amino acid residue is a residue at a position in the
sequence that can be altered from the wild-type sequence of the polypeptide without altering
the biological activity, whereas an "essential" amino acid residue is a residue at a position that
is required for biological activity. For example, amino acid residues that are conserved among
members of a family of proteins are not likely to be amenable to mutation. Other amino acid
residues, however, (e.g., those that are poorly conserved among members of the protein
family) may not be as essential for activity and thus are more likely to be amenable to
alteration. Thus, disclosed are nucleic acid molecules encoding the proteins or enzymes as
disclosed that contain changes in amino acid residues relative to the amino acid sequences as
disclosed that are not essential for activity.

[0062] An isolated nucleic acid molecule encoding a protein homologous to any of the genes
as described can be created by introducing one or more nucleotide substitutions, additions or
deletions into the corresponding nucleotide sequence, such that one or more amino acid
substitutions, additions or deletions are introduced into the encoded protein.

[0063] Mutations can be introduced into a nucleic acid sequence such that the encoded amino
acid sequence is altered by standard techniques, such as site-directed mutagenesis and PCR-
mediated mutagenesis. Conservative amino acid substitutions may be made at one or more
predicted non-essential amino acid residues. A "conservative amino acid substitution” is one in
which the amino acid residue is replaced with an amino acid residue having a similar side
chain. Families of amino acid residues having similar side chains have been defined in the art.
Certain amino acids have side chains with more than one classifiable characteristic. These
families include amino acids with basic side chains (e.g., lysine, arginine, histidine), acidic side
chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains (e.g., glycine,
asparagine, glutamine, serine, threonine, tyrosine, tryptophan, cysteine), nonpolar side chains
(e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine, tyrosine,
tryptophan), beta-branched side chains (e.g., threonine, valine, isoleucine) and aromatic side
chains (e.g., tyrosine, phenylalanine, tryptophan, histidine). Thus, a predicted nonessential
amino acid residue in a given polypeptide is replaced with another amino acid residue from the
same side chain family. Alternatively, in another embodiment, mutations can be introduced
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randomly along all or part of a given coding sequence, such as by saturation mutagenesis, and
the resultant mutants can be screened for given polypeptide biological activity to identify
mutants that retain activity. Conversely, the invention also provides for variants with mutations
that enhance or increase the endogenous biological activity. Following mutagenesis of the
nucleic acid sequence, the encoded protein can be expressed by any recombinant technology
known in the art and the activity of the protein can be determined. An increase, decrease, or
elimination of a given biological activity of the variants as disclosed can be readily measured by
the ordinary person skilled in the art, ie., by measuring the capability for mediating
oligossacharide modification, synthesis, or degradation (via detection of the products).

[0064] Also disclosed are functional fragments of the genes or gene products as described. A
fragment, in the case of these sequences and all others provided herein, is defined as a part of
the whole that is less than the whole. Moreover, a fragment ranges in size from a single
nucleotide or amino acid within a polynucleotide or polypeptide sequence to one fewer
nucleotide or amino acid than the entire polynucleotide or polypeptide sequence. Finally, a
fragment is defined as any portion of a complete polynucleotide or polypeptide sequence that
is intermediate between the extremes defined above.

[0065] For example, fragments of any of the proteins or enzymes as disclosed or encoded by
any of the genes as disclosed can be 10 to 20 amino acids, 10 to 30 amino acids, 10 to 40
amino acids, 10 to 50 amino acids, 10 to 60 amino acids, 10 to 70 amino acids, 10 to 80 amino
acids, 10 to 90 amino acids, 10 to 100 amino acids, 50 to 100 amino acids, 75 to 125 amino
acids, 100 to 150 amino acids, 150 to 200 amino acids, 200 to 250 amino acids, 250 to 300
amino acids, 300 to 350 amino acids, 350 to 400 amino acids, 400 to 450 amino acids, or 450
to 500 amino acids. The fragments described comprise fragments that retain functional
fragments. As such, the fragments may retain the catalytic domains that are required or are
important for functional activity. Fragments can be determined or generated by using the
sequence information herein, and the fragments can be tested for functional activity using
standard methods known in the art. For example, the encoded protein can be expressed by
any recombinant technology known in the art and the activity of the protein can be determined.
The biological function of said fragment can be measured by measuring ability to synthesize or
modify a substrate oligosaccharide, or conversely, to catabolize an oligosaccharide substrate.

Example 1: Engineering of E. coli to Generate Host Strains for The Production of N-
acetylglucosamine-containing Human Milk Oligosaccharides

[0066] The E. coli K12 prototroph, W3110, was chosen as the parent background for hMOS
biosynthesis. This strain had previously been modified at the ampC locus by the introduction of
a tryptophan-inducible Pyp,g-c/+ repressor construct (McCoy, J. & Lavallie, E. Current protocols
in molecular biology/edited by Frederick M. Ausubel et al., (2001)), enabling economical
production of recombinant proteins from the phage A P promoter (Sanger, F., Coulson, A. R.,

Hong, G. F., Hill, D. F. & Petersen, G. B. J Mol Biol 162, 729-773 (1982)) through induction with
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millimolar concentrations of tryptophan (Mieschendahl, M., Petri, T. & Hénggi, U. Nature
Biotechnology 4, 802-808 (1986)). The strain G1724, an E. coli W3110 derivative containing the
tryptophan-inducible P4pg-c/+ repressor construct in ampC, was used at the basis for further E.

coli strain manipulations

[0067] Biosynthesis of hMOS requires the generation of an enhanced cellular pool of lactose.
This enhancement was achieved in strain GI724 through several manipulations of the
chromosome using A Red recombineering (Court, D. L., Sawitzke, J. A. & Thomason, L. C.
Annu Rev Genet 36, 361-388 (2002)) and generalized P1 phage transduction (Thomason, L.
C., Costantino, N. & Court, D. L. Mol Biol Chapter 1, Unit 1.17 (2007)). The ability of the E. coli
host strain to accumulate intracellular lactose was first engineered by simultaneous deletion of
the endogenous B-galactosidase gene (lacZ) and the lactose operon repressor gene (lacl).
During construction of this deletion, the /aclqg promoter was placed immediately upstream of
the lactose permease gene, facY. The modified strain thus maintains its ability to transport
lactose from the culture medium (via LacY), but is deleted for the wild-type copy of the facZ (B-
galactosidase) gene responsible for lactose catabolism. An intracellular lactose pool is
therefore created when the modified strain is cultured in the presence of exogenous lactose.

[0068] An additional modification useful for increasing the cytoplasmic pool of free lactose (and
hence the final yield of hMOS) is the incorporation of a /acA mutation. LacA is a lactose
acetyltransferase that is only active when high levels of lactose accumulate in the E. coli
cytoplasm. High intracellular osmolarity (e.g., caused by a high intracellular lactose pool) can
inhibit bacterial growth, and E. coli has evolved a mechanism for protecting itself from high
intra cellular osmolarity caused by lactose by "tagging" excess intracellular lactose with an
acetyl group using LacA, and then actively expelling the acetyl-lactose from the cell (Danchin,
A. Bioessays 31, 769-773 (2009)). Production of acetyl-lactose in E. coli engineered to produce
human milk oligosaccharides is therefore undesirable: it reduces overall yield. Moreover,
acetyl-lactose is a side product that complicates oligosaccharide purification schemes. The
incorporation of a facA mutation resolves these problems, as carrying a deletion of the /acA
gene renders the bacterium incapable of synthesizing acetyl-lactose.

[0069] A thyA (thymidylate synthase) mutation was introduced by almost entirely deleting the
thyA gene and replacing it by an inserted functional, wild-type, but promoter-less E. coli lacZ*

gene carrying the 2.8 ribosome binding site (SEQ ID NO: 10) (AthyA::(2.8RBS lacZ* kan"). A
Red recombineering was used to perform the construction. Figure 4 illustrates the new
configuration of genes thus engineered at the thyA locus. The complete DNA sequence of the
region, with annotations in GenBank format is disclosed. Genomic DNA sequence surrounding
the lacZ+ insertion into the thyA region is set forth in SEQ ID NO: 1.

[0070] The thyA defect can be complemented in trans by supplying a wild-type thyA gene on a
multicopy plasmid (Belfort, M., Maley, G. F. & Maley, F. Proceedings of the National Academy
of Sciences 80, 1858 (1983)). This complementation is used herein as a means of plasmid
maintenance (eliminating the need for a more conventional antibiotic selection scheme to
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maintain plasmid copy number).

[0071] The genotype of strain E680 is given below. E680 incorporates all the changes
discussed above and is a host strain suitable for the production of N-acetylglucosamine-
containing oligosaccharides.

F'402 proA+B+, Placlg-lacY, A(lacl-lacZ)158, AlacA398 | araC, Agpt-mhpC, AthyA::(2.8RBS
lacZ+, KAN), rpoS+, rph+, ampC::(Ptrp T7g10 RBS-Acl+, CAT)

[0072] E796 is a strain similar to E680 and carries a thyA (thymidylate synthase) mutation,
introduced by almost entirely deleting the thyA gene and replacing it by an inserted functional,

wild-type, but promoter-less E. coli lacZ* gene but carrying the 0.8 ribosome binding site (SEQ
ID NO: 11) [AthyA::(0.8RBS lacZ+, KAN)]. The genotype of strain E796 is given below. E796
incorporates all the changes discussed above and is a host strain suitable for the production of
N-acetylglucosamine-containing oligosaccharides.

F'402 proA+B+, Placlg-lacY, A(lacl-lacZ)158, AlacA398 |/ araC, Agpt-mhpC, AthyA::(2.8RBS
lacZ+, KAN), rpoS+, rph+, ampC::(Ptrp T7g10 RBS-Acl+, CAT)

[0073] EB66 is a strain similar to E796 and is useful for dual plasmid selection. E866 also
carries a thyA (thymidylate synthase) mutation, introduced by almost entirely deleting the thyA

gene and replacing it by an inserted functional, wild-type, but promoter-less E. coli lacZ* gene
and carrying the 0.8 ribosome binding site (SEQ ID NO: 11) [AthyA::(0.8RBS lacZ+)]. In
addition to the thyA deletion E866 also carries a deletion of the purA gene. The genotype of
strain E866 is given below. E866 incorporates all the changes discussed above and is a host
strain suitable for the production of N-acetylglucosamine-containing oligosaccharides.

F'402 proA+B+, Placlg-lacY, A(lacl-lacZ)158, AlacA398 | araC, Agpt-mhpC, AthyA::(0.8RBS
lacZ+), rpoS+, rph+, ampC::(Ptrp T7g10 RBS-Acl+, CAT), ApurA727::KAN

Example 2. Production of N-acetylglucosamine-containing Human Milk
Oligosaccharides in E. coli: Lacto-N-tetraose (LNT) and Lacto-N-neotetraose (LNnT).

[0074] The first step in the synthesis (from a lactose precursor) of both Lacto-N-tetraose (LNT)
and Lacto-N-neotetraose (LNnT) is the addition of a B(1,3)N-acetylglucosamine residue to
lactose, utilizing a heterologous B(1,3)-N-acetylglucosaminyltransferase to form Lacto-N-triose
2 (LNT2). The plasmid pG292 (ColEl, thyA+, bla+, P;-IgtA) (SEQ ID NO: 2, Figure 5) carries
the IgtA B(1,3)-N-acetylglucosaminyltransferase gene of N. meningitidis and can direct the
production of LNT2 in E. coli strain E680 under appropriate culture conditions. pG221 (ColEl,
thyA+, bla+, P -lgtA-wbgO) (SEQ ID NO: 3, Figure 6) is a derivative of pG292 that carries
(arranged as an operon) both the /gtA B(1,3)-N-acetylglucosaminyltransferase gene of N.
meningitidis and the wbgO B(1,3)-galactosyltransferase gene of E. coli O55:H7. pG221 directs
the production of LNT in E. coli strain E680 under appropriate culture conditions. pG222 (ColEl,
thyA+, bla+, P -IgtA-4GalT) (SEQ ID NO: 4, Figure 7) is a derivative of pG292 that carries

(arranged as an operon) both the /gtA B(1,3)-N-acetylglucosaminyltransferase gene of N.
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meningitidis and the 4GalT (jhp0765) B(1,4)-galactosyltransferase gene of H. pylori. pG222
directs the production of LNnT in E. coli strain E680 under appropriate culture conditions.

[0075] The addition of tryptophan to the lactose-containing growth medium of cultures of any
one of the E680-derivative strains transformed with plasmids pG292, pG221 or pG222 leads,
for each particular E680/plasmid combination, to activation of the host E. coli tryptophan
utilization repressor TrpR, subsequent repression of Pypg, and a consequent decrease in

cytoplasmic ¢/ levels, which results in a de-repression of P, expression of IgtA, IgtA+wbgO, or
IgtA+4GalT respectively, and production of LNT2, LNT, or LNNnT respectively.

[0076] For LNT2, LNT, or LNnT production in small scale laboratory cultures (<100ml), strains
were grown at 30°C in a selective medium lacking both thymidine and tryptophan to early
exponential phase (e.g., M9 salts, 0.5% glucose, 0.4% casaminoacids). Lactose was then
added to a final concentration of 0.5 or 1%, along with tryptophan (200 uM final) to induce
expression of the respective glycosyltransferases, driven from the P_ promoter. At the end of

the induction period (~24 h), TLC analysis was performed on aliquots of cell-free culture
medium. Figure 8 illustrates schematically the enzymatic reactions necessary to produce from
lactose, via the intermediate trisaccharide lacto-N-triose 2 (LNT2), the two human milk
oligosaccharides; Lacto-N-tetraose (LNT) and Lacto-N-neotetraose (LNnT). A thin layer
chromatogram (on left) is presented of culture medium samples taken from small scale E. coli
cultures and demonstrating synthesis of LNT2, LNT, and LNnT (utilizing induced, lactose-
containing cultures of E680 transformed with pG292, pG221 or pG222 respectively). A second
thin layer chromatogram (on right) is presented of culture medium samples taken from an E.
coli E680/pG222 15L bioreactor culture and demonstrating synthesis of LNnT (as well as the
higher molecular weight hMOS, Lacto-N-neohexaose, LNnH).

[0077] Although the above results clearly demonstrate how it is possible to synthesize GlcNAc-
containing oligosaccharides (i.e. LNT2, LNT and LNnT) in engineered E.coli Figure 14
illustrates a serious problem faced when attempting to use the E.coli UDP-GIcNAc pool during
such syntheses. In Figure 14 four separate cultures of E680, transformed with pG292, were
grown in the presence and absence of lactose, and with LgfA expression both induced and
uninduced by tryptophan addition. It can clearly be seen that massive cell lysis occurs in the
cultures where lactose is present - i.e. in those cultures where LgfA draws down the cellular
UDP-GIcNAc pool by adding GlcNAc to lactose (and making LNT2). In so doing, UDP-GIcNAc
is diverted from cell wall biosynthesis towards hMOS biosynthesis, and cell lysis results. This
lysis can be monitored readily not only by the precipitous drop in culture density as seen in the
figure, but also by the appearance of DNA in the culture medium.

Example 3. Boosting the cellular UDP-GIcNAc pool prevents cell lysis during the
biosynthesis of LNNnT in engineered E.coli.

[0078] To examine the impact of enhancing the E.coli cellular UDP-GIcNAc pool during



DK/EP 3467100 T3

synthesis of N-acetylglucosamine-containing hMOS the p15A replicon plasmid pG356 was
constructed (Figure 19 and SEQ ID NO:12). pG356 carries a p15A replicon (compatible with
ColE1 replicons), purA and ampC selectable markers, and a synthetic operon (under control of
the pL promoter) carrying the E.coli gimS (encoding L-glutamine:D-fructose-6-phosphate
aminotransferase) and nagC (encoding the bi-functional transcriptional activator/repressor of
gim and nag operons) genes. When pL is active in strains carrying the plasmid pG356, the
UDP-GIcNAc pool increases. Strain E796 (see example 1) was transformed with pG222
(Figure 7), and strain E866 (see example 1) was transformed with both pG222 (Figure 7) and
pG356 (Figure 19). (Strains E796 and E866 are isogenic save for the purA mutation found in
E866 that is used for pG356 plasmid retention). ldentical 1.5L fermentation runs were
performed on each of the transformed strains. Optical density of the cultures and LNnT
biosynthesis was followed, along with standard fermentation parameters. As can be seen in
Figure 18, the E796/pG222 culture produced LNnT, but lysed when the cell density reached 75
OD600, and achieved a final cell density at end-of-fermentation of only 50 OD600. In contrast
(Figure 19) with the E866/pG222+pG356 culture (where expression of the g/mS and bagC
genes enhance the intracellular UDP-GIcNAc pool) LNnT was also produced, but with no cell
lysis observed. In this culture end-of-fermentation cell density reached 108 OD600 - more than
twice the density achieved for E796/pG222.

Example 4. Production of 6'-sialyllactose (6'-SL) by engineered E. coli (AnanRATEK)

[0079] For the production of 6' sialyllactose, Escherichia coli G1724 (ATCC55151) was
engineered with a set of mutations that cause cytoplasmic accumulation of non-acetylated
lactose precursor and prevent the degradation of N-acetyl-5-neuraminic acid (Figure 3). In
particular, the /acZ (B-galactosidase) and /acA (lactose acetyl transferase) genes from the /ac
operon were deleted, leaving the Laclq repressor and the LacY permease fully functional. The
LacY permease can be driven by weak (e.g. lac8) or strong (e.g. Ptac) promoters. The entire
nan operon (nanRATEK; structural and regulatory genes involved in neuraminic acid
degradation) was deleted in this example. E. coli genome manipulations were achieved using a
combination of standard molecular genetics technniques, specifically lambda-Red
recombineering, allele exchanges with positive selection suicide vectors, and P1 transductions
(Figure 3). The host genotype of strain E781, suitable for production of sialylated hMOS, is
presented below:

ampC::(Ptrp -Acl+), laclq lacPL8, AnanRATEKAT1, AlacZ690, AlacA 745

[0080] To produce 6'-sialyllactose, the cellular UDP-GIcNAc pool must be converted into the
sugar-nucleotide activated precursor, CMP-NeuAc, which in turn can function as a donor
molecule for a sugar acceptor (i.e. lactose) in a sialyltransferase-catalyzed reaction (Figure 3).
To this purpose, three genes from Campylobacter jejuni ATCC43438, encoding i) UDP-N-
acetylglucosamine 2-epimerase (NeuC), ii) N-acetylneuraminate synthase (NeuB), and iii)) N-
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Acetylneuraminate cytidylyltransferase (NeuA), were constitutively co-expressed in the
engineered E. coli strain described above, along with a gene encoding an a(2,6)
sialyltransferase from Photobacterium spp JT-ISH-224 (SEQ ID NO:21 Genbank protein
Accession BAF92026). The neu genes were expressed from a low copy number plasmid
vector (pG317, Figure 9, SEQ ID NO: 5) carrying a constitutive /ac promoter (pBBR1 ori, cat+,
Plac), while the a(2,6)sialyltransferase gene was expressed from a high copy number plasmid
vector (pG315, Figure 10, SEQ ID NO: 6) carrying a constitutive /ac promoter (ColE1 ori, bla+,
Plac). To prevent the synthesis of side-products, the relative expression for the
a(2,6)sialyltransferase gene compared to the neu genes is modulated by engineering differing
ribosomal binding sites (RBS) providing various degrees of translational efficiency upstream of
the a(2,6)sialyltransferase gene. Engineered strains were grown to high density in pilot scale
fermentors using a batch to fed-batch strategy. Figure 11 is a TLC analysis of culture
supernatants from two such fermentations, with samples to the left of the figure being taken
from a fermentation of a strain containing pG315 (and thus carrying the RBS presented in SEQ
ID NO: 7 in front of the a(2,6)sialyltransferase gene in the vector). Samples on the right of the
figure are taken from a fermentation of a strain containing a close variant of pG315 (pG345,
Figure 12, SEQ ID NO:9, carrying the weaker RBS presented in SEQ ID NO: 8 in front of the
a(2,6)sialyltransferase gene and replacing the RBS presented in SEQ ID NO: 7). In both cases,
the lactose precursor was added at a cell density of 50 ODggg and efficient conversion to final

products was achieved within 48 hours from the lactose addition. The final yield of 6'SL was
increased when utillizing the plasmid with the weaker RBS upstream of the
a(2,6)sialyltransferase gene, and moreover the level of KDO-lactose side product is very
significantly decreased using this weaker RBS. The identity of the 6'-SL purified using activated
carbon column chromatography was confirmed by ESI mass spectrometry and NMR.

Example 5. Production of 6'-sialyllactose (6'-SL) by engineered E. coli. (AnanA,
AnanATE)

[0081] For the production of 6' sialyllactose, Escherichia coli G1724 (ATCC55151) was
engineered with a set of mutations that cause cytoplasmic accumulation of non-acetylated
lactose precursor and prevent the degradation of N-acetyl-5-neuraminic acid (Figure 13). In
particular, the /acZ (B-galactosidase) and /acA (lactose acetyl transferase) genes from the /ac
operon were deleted, leaving the Laclq repressor and the LacY permease fully functional. The
LacY permease can be driven by weak (e.g. lac8) or strong (e.g. Ptac) promoters. While the
entire nan operon (nanRATEK; structural and regulatory genes involved in neuraminic acid
degradation) can be deleted to abolish neuraminic acid catabolism as in Example 4, lesser
deletions encompassing just the nanA, or nanA, nanT and nanE, or nanA and nanE genes, are
also suitable. In all the instances where the nanE gene was mutated, the last 104 bp of the
nanE gene were left intact to allow for undisturbed transcription/translation of downstream
nankK, although other lengths of residual nanE sequence are possible. E. coli genome
manipulations were achieved using a combination of standard molecular genetics technniques,
specifically lambda-Red recombineering, allele exchanges with positive selection suicide
vectors, and Pl transductions (Figure 13). The host genotypes of strains E971, E1017 and
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E1018, suitable for production of sialylated hMOS with various yield and purity, are presented
below:

ampC::(Ptrp -Act), laclq lacPL8, AnanA:: kanR, AlacZ690, AlacA::scar ,
ampC::(Ptrp -Aclt). laclq lacPL8, AnanATE: .kanR::nanK+, AlacZ690, AlacA::scar and

ampC::(Ptrp -AcHt), laclq lacPL8, AnanATE::scar::nanK+, AlacZ690, AlacA:.scar respectively

[0082] To produce 6'-sialyllactose, the cellular UDP-GIcNAc pool must be converted into the
sugar-nucleotide activated precursor, CMP-NeuAc, which in turn can function as a donor
molecule for a sugar acceptor (i.e. lactose) in a sialyltransferase-catalyzed reaction (Figure
13). To this purpose, three genes from Campylobacter jejuni ATCC43438, encoding i) UDP-N-
acetylglucosamine 2-epimerase (NeuC), ii) N-acetylneuraminate synthase (NeuB), and iii)) N-
Acetylneuraminate cytidylyltransferase (NeuA), were constitutively co-expressed in the
engineered E. coli strain described above, along with a gene encoding an a(2,6)
sialyltransferase from Photobacterium spp JT-ISH-224. The neu genes were expressed from a
low copy number plasmid vector (pG317, Figure 9, SEQ ID NO: 5) carrying a constitutive lac
promoter (pBBR1 ori, cat+, Plac), while the a(2,6)sialyltransferase gene was expressed from
the weak RBS of SEQ ID NO: 8 in a high copy number plasmid vector (pG345, Figure 12, SEQ
ID NO: 9) carrying a constitutive /lac promoter (ColEl ori, bla+, Plac). Engineered strains were
grown to high density in pilot scale fermentors using a batch to fed-batch strategy. Figure 14 is
a TLC analysis of culture pellets or supernatants from three such fermentations. Panel A
shows production and accumulation of 6'SL in the cells of three genetic backgrounds (only the
relevant nan mutations are shown for strains E971, E1017 and E1018), Panel B and C show
production and accumulation of 6'SL in the extracellular milieu (supernatants) in strains E971,
E1017 and E1018 (only the relevant nan mutations are shown) with estimated maximum
volumetric yields of 15 g per liter of supernatant. In all cases, the lactose precursor was added
at a cell density of 40 ODggg and steady state conversion to final products was achieved within

approximately 90 hours from the lactose addition (EFT is elapsed fermentation time).

[0083] The various sequences presented herein are recited below.

SEQ ID NO: 1
SE6E0_thyA::2.8RBS_lacZ Zscherichia coli str,
GCAGCGGAACTCACAAGGCACCATAACGTICCCCTICCCTGATAACGCTGATACTGIGGTCG

CGGTTATGCCAGTTGGCATCTICACGTAAATAGAGCARATAGTCCCGCGCCTGGLTGGEG
GITTGCCATAGCCGTTGCGACTIGCIGCCAGTATTGCCAGCCATAGAGICCACTTIGCGETT
AGCATGACCAAAATCAGCATCGCGACCAGCGTITTCAATCAGCGTATAACCACGTTGTGTT
TTICATGCCGGCAGTATGCAGCGAGCAGAAARRAAGACGAGGGCCAGTITCTATTTCTTICG
GCGCAICTICCGGACTATITACGCCGTIGCAGGACGTTIGCAAAATITCGGCRAAGGCGTCT
CGAAGRATTTAACGGAGGGTAAARAAACCGACGCACACTGGCGTCHGCTCTIGGCAGGATG
TTTCGTAATTAGATAGCCACCGGLECTTIattdaacctactATGACCATGATTACGGATT
CACTCGGCCOTCOTITTTACAACCTCOTCACTCGGAARACCCTGGCGTTACCCRAACTTAATC
GCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGARGAGGCCCGCACCGATC
GCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGARTGGCGCTTTGLCTIGGTITTCCGGCAC
CAGAAGCGGTGCCGGAAAGCTGGCTIGGAGTGCGATCTTICCTGAGGCCCATACTGTICGTCG
TCCCCTCAARCTGGCAGATGCACGGTTACCGATGCGCCCATCTACACCAACGTGACCTATC
CCATTACGGTICAATCCGCCGTITGITCCCACGGAGRATCCGACGGETIGTTACTCGLUTICA



CATTTAATGTTEATGAAAGCTGGCTACAGGAAGGCCAGRLGCGAATTATTT TTGATGGCG
TIARCTCGGCGITTCATCIGTGOTGCCAACGGGCELCTIGLETCOGTTACCGCCAGGACALTC
GITTGCCOCICTCAATTTGACCTIGAGCGCATTTITTACGCGCCOGAGAARACCGCCICGLGE
TEATGETGCIGLGCTGGAGTGACGGCAGTITATCTGCAAGATCAGGATATGTGGUGGATGA
CCGGCATTITCOGTGACGTCTCGTIGCTGCATAAACCCACTACACAAATCAGCCATTICC
ATGTTIGCCACTCGCTTTAATGATGATTIICAGCCGCGCTGTACTGGAGECTCGAAGTTCAGA
TETGCGEGCCAGTTGCGTGACTACCTACGGGTAACAGTTIICTITATGGCAGCGTGARACGE
AGGTCGCCAGCGGCACCGCGCCTTICGEEGETGARATTATCGATGAGCGTGGTGGTTATG
CCGATCGCGTCACACTACGTCTIGAACGTCGAARACCCGARACTGTGGAGCGCCGARAATCC
CGAATCTCIATCGTGCGETIGGITGRACTGCACRACCGCCGACGGCACGCTGATITGRAAGCRG
AAGCCTIGCGATGTCGETITICCGUGAGGTIGCGGATT AAAAlGuICIGCIGquCLGAACG
GCAAGCCGITGCTGATTCGAGGCGITAACCGTCACGAGCATCATCCICTGCATGGTCAGG
TCATGGATGAGCAGACGATGGTGCAG )A;nTCCTG”TC\TFAAuChGAACAA“T TAACG
CCGTGCGCTGTICGCATTATCCGARCCATCCGCTGTGGTACACGCTGTGCGACCGCTACG
GCCTGTATGTGGTGGATGAAGCCAATATIGRARCCCACGGCATGETGCCRAATGRAATCGTC
TGACCGATGATCCGCGCTGGCTACCGGCGATGAGCCAACGCGTAACGCGAATGGTGCAGC
GCGATCGTAATCACCCGAGTGTGATCATCTGGTCGCTGGGGAATGAATCAGGCCACGGCG
CTAATCACGACCCGCTIGTATCGUTGGATCARATCTCTCCATCCTTCCCGCCCGGTIGCAGT
ATGAAGGCGGCGGAGCCGACACCACGGCCACCGATATTATTIGCCCGATGTACGCGCGLG
TGGATGAAGACCAGCCCTTCCCGGCTGTGCCGAARTGGTCCATCARAAAATGGCTTTCGC
TA CCTGGAGAGACGCGCCCGCTGATCCTTTGCCGAATACGUCCACCCCGATGGEGTAACAGTC
TIGGCGGTITCGCTAAATACTGGCAGGCOTTITICGICAGTATCCCCETTTACAGGGCGGLT
TCGICTIGCGACTGGGTGGATCAGTCGCTGATTAARTATGATGAARAACCGCAACCCGETGGT
CGGCTTACGGCGGTGATTTTGGCGATACGCCGAACGATCGCCAGT ICTGTATGAACGGTC
TGGTICTITTGCCGACCGCACGCCGCATCCAGCGCTGACGGAAGCARAACACCAGCAGCAGT
TITTCCAGITCCOGTTITATCCGGGCARACCATCCGAAGTCGACCAGCGRAATACCTGTITICCGIC
ATAGCGATAACGAGCTCCTIGCACTCGATIGGTGGCGCTGEATGGTARGCCGCTGLCAAGLG
GTGAAGTGCCTCTGGATGICGCTCCACAAGGTAAACAGTTGATTIGAACTGCCTGAACTAC
CGCAGCCGGAGAGCGCCGGGCAACTCTGCCTCACAGTACGCGTAGTGCAACCGAACGCGA
CCGCATGEICAGAAGCCGEGECACATCAGCGCCTGGCAGCAGTGGCETCTGGCGGARRRCC
TCAGTGTGACGCTICCCCGCCGCGTCCCACGUCATCCCGCATCTCGACCACCAGCGAARTGG
ATTTTTIGCATCGAGCTGGGTAATAAGCGTTGGCAATTTAACCGCCAGTCAGGCTTTCTTT
CACAGATGIGGATTGGCGATAARAAACAACTGL TGACGCUGUTGCGCEATCAGTTCACCC
GIGCACCGCTGOATAACCGACATTGGCGTAACTGAAGCGACCCGCATTCGACCCTARCGCCT
GGGICGARCGCTGGRAAGGCGGCGGEGUCAITACCAGGCCGARGCAGCGITGITGCAGIGCA
CGGCAGATACACTTGCTCGATGCGGIGCTGATTACGACCGCTCACGCGIGGCAGCATCAGG
GCAAARCCTTATTTATCAGCCGGARAACCTACCGCGATTCATGGTAGTCGTCAAATGGCGA
TTACCGTTIGATGTITGAAGIGGCGAGCGATACACCGECATCCGGCGCGGATTIGGCCTIGAACT
GCCAGCTGGCGCAGGTAGCAGAGCGGEETAAACTGGCTCGGATTAGGGCCGCAAGARARACT
ATCCCGACCGCUTTACTGCCGCCTETITIGACCGUTGGGATCTGCCATTGTCAGA C’TGT
ATACCCCOIACOTCTTCCCGAGCGRAAARCGCICTGCCCTGCOCCACGCGCCAATTGRAT
AIGGCCCACACCAGIGGCGCGGCGA”ITCCAGTICAACATCAGCCGCIACAGTCAAhAGC
ARCTGATGGAAACCAGCCATCGCCATCTGCTIGCACGCGGAAGRAAGGCACATGGCTGAATA
TCGACGGTITCCATATGGGGATTGETGGUGACGACTCCTGGAGCCCGTCAGTATCEGCGG
AATTCCAGCTGAGCGCCGGTCGCTACCATTACCAGTTGETCIGGTCTCARARAATARGCGE
CCGCLITATIGTAGGUTGGAGCTGCITCGAAGTTCCTATACTTITCTAGAGAATAGGAACTT
COGAATAGGAACTICAAGATCCCCLTATTAGAAGAACICGICAAGAACGCGATAGAAGGC
GATGCHCTGCEAATCGGRAGCGGCGATACCGTAAAGCACGAGGAAGCEGTCAGCCCATIC

ﬁ

CCGCCAAGCTCTTCAGCAATATCACGGGTAGCCAACGCTATGTCCTEATAGCGGTCCGC
ACACCCACCCOCCCACAGTCCATCAATCCTCARRAAGCOCCCCATTITCCACCATCATATT
CGGCAAGCAoGLATC sCCATGGGTCACGACGRGATCCTCGCCGTCGGECATGCGECECTT
GAGCCILGGCGAACAGTTCGGCIGGUGCGAGCUCCTGATGCICTITCGICCAGATCATCCTG
ATCGACAAGACCGGCTTCCATCCGAGTACGTGCTCGCTCGATGUGATGTTICGCTITGGTG
GTCGAATGGGCAGGTAGCCGGATCAAGCGTATGCAGCCGLCCECATTIGCATCAGCCATGAT
GCCATACTTZCTCGGCAGCAGCAAGCTCAGATCACACCAGATCCTCCCCCGGCACTTCGCE
RAATAGCAGCCAGTCCCTICCCGCITCAGTGACAALGTCGAGCACAGCTGCGCAAGGART
GCCCEICGTGGECCAGCCACGATAGCCGEGCTGCCTICGTCCTGCAGITCATTCAGGGCACC
GGACAGGTCGGTCTTGACAAAAAGAACCGEGGCGCCCCTGCGCTGACAGCCGGAACACGGC
CCCATCAGAGCAGCCEATTCTICTCITCTGCCCACTCATAGCCGAATACCCTCTCCACCCA
AGCGGCCGCAGRACCTGCGTGCAATCCATCTIGTICAATCATGCGAARCGATCCTCA CC
LTGICICTIGATCAGATCTIGATCCCULGUGUCATCAGALCCITIGGUGECAAGAAAGCCAL
CCAGTTITACTTTGCAGGGCTTCCCAACCTTACCAGAGGGECGCCCCAGCTGGCRAATTCCGG
TICGCTTGCTGICCATAAAACCGCCCAGTICTAGCTATCGCCATGTAACCCCACTGCAAGC
TACCIGCTITCICTTTGCGCTIGCGTTITCCCTTIGTICCAGATAGCTCAGTAGCTCACATT
CATCCGGGGTCAGCACCGITICTGCGCGACTGGCTITCTACGIGTITCCGCTICCTTITAGCA
GCCCTIGCGCCCTGAGTGCTTGCGGCAGCGTIGAGCTICARAAGCGCTCTGAAGTICCIAT
ACTTTCTAGAGAATAGGAACTTICGAACTGCAGGTCGACGGATCCCCGEAATCATIGGTTCC
TCAGCRAACCTOTTCCTGCIGEGCTCCCACGATATGCCCAGACCATCATGATCACACCCGC
GACAATCAICGGGATGGAAAGAATITGCCCCATGCIGATGCTACTGTACCCAGGCACCGET
ARACTGCGCETUGGGUTGEGCEGAARARCTCARCARTGATGCGARACGUGCCGTAACCAAT
CAGGARCARACCTGAGACAGCTCCCATTGGGCGTGGTTTACGAATATACAGGTTGAGGAT
AATARAPCAGCACCACACCTTCCAGCAGCAGCTICGTARAGLTETGATGEGTGGCGCGGCAG
CACACCOTAACTGTCCARAAATCCATTCCCACTCGCGOCGTICCTTTCCACCACCAARAATAT
TICTGTACCGGAGCCAGGGAACAGCATGOCARAACGEGAAGTICGGETCAACGCGGCCCTA
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TCCGATARAATCAGAGACCTGGAAGAAGGARCGTTTAGTACGCGCGGGLCGAAGATAATCAT
CACCACGATAACGCCAATCAGGCCGCCEGIGCARAGACATGCCGCCGTCCCAGACACGCGAA
CAGATACAGCGCATCGGCCATAAACTGCGGCARATTCTAGAACAGAACATAACCAATACG
CCAGCCGCIGCCCGGACGATTCGCCCGTICGTGTTGCCAGCCACAT TGCAAAAATGAAACC
CRACCACATACATCAGGCCGTACCACTCARGCGCCACGGGTCCTATTIGAGARAATCACCGG
ATCAARCTCCGGAAAATGCAGATAGCTACTGGTCATCIGTCACCACAAGTTCTTGTTATT
TCGCTGARAGAGAACAGCGATTGARATGCGCGCCGCAGGTTICAGGCECTCCAAAGGTGE
GCAATAATAGCACAAGGGGACCLGGCLGELTGUCGCEATACCOGLITAARACGATATGTATA

SEQ ID NO: 2

>pG292, complete segquence.
TCGCGCGTITCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTICA
CAGCTIGICTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCECGTCAGCGGGTG
TIGGCCEGEGLGICGEEEECIGGCLTAACTATGCGGCALCAGAGCAGALTETACTGAGAGLGC
ACCATATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAARATACCGCATCAggeyg
CcCTCCTCAACCTGTATATTCGTAAACCACGCCCAATGEGAGCTGTCTCAGGTTTGTTICCT
GATTGGTTACGGCGCGTTTCGCATCATIGTTGAGTITITCCGCCAGCCCGACGCGCAGTT
TACCGGTGCCTGGETGCAGTACATCAGCATGGGGCAAATTCTITICCATCCCGATGATIGT
CGCGGGETGIGATCATGATGGTCTGEGCATATCGTCGCAGCCCACAGCAACACGTITCCIG
AGGAACCATGARACAGTATTTAGAACTGATGCAARAAGTGCTCGALGAAGGCACACAGAR
AAACGACCGETACCGGAACCGGAACGCTITCCATTTTTGGTCATCAGATGCGTTTTAACCT
GCAAGATGGATTICCCGCTGGTGACAACTARACGTIGCCACCTGCGITCCATCATCCATGA
ACTGCTIGIGGTIITCTIGCAGGGCGACACTAACATTGCTTATCTACACGAAAACAATGTCAC
CATCIGGGACGRATGGGCCGATGARAACGGCGACCTICGGGCCAGTGTATGGTAARCAGTG
GCGCGECCTGGCCAACGCCAGATGGTCGTCATATTGACCAGATCACTACGGETACTGAACCA
GCTGEARAAACGACCCGGATTCGCGECOGCATTATTGTTTCAGCGTGGAACGTAGGCGAALT
GGATARAATGGCGCTGGCACCGTGCCATGCATTCTICCAGTICTATGIGGCAGACGGCAA
ACTCICTIGCCAGCITIATCAGCGCTICCIGIGACGTCITICCICGGUCIGCCGTTICAACAT
TGCCAGCTACGCGTTATTIGGTGCATATGATGGCGCAGCAGTGCGATCTIGGARGTGEGTIGA
TITTGICTGGACCGGETGGCGACACGCATCTGTACAGCAACCATATSGATCARACTCATCT
GCAATTAAGCCGCGAACCGCGTCCGCTGLCGANGTTGATTATCAAACCGTAAACCCGAATC
CATCTICCACTACCGTTTICGAAGACTITGAGATTGAAGGCTACCGATCCGCATCCGGGCAT
TAARGCGCCOGIGGUTATCTAATTACGAAARCATCCTGCCAGAGCUGACGCCAGTGIGLGT

CGGTTITITTACCCTCCGITAAATTICTICGAGACGCCTICCCGAAGgCgeCATTCGCCAT
TCAGGCTGCGCAACTGTTGGCAAGOGCGATCOGTGCGGELCICTICGCTATTACGCUAGS
TGCECGAAAGGGGGATGTGCTGCAAGGCGAT TAAGTTGGGTAACGCCACGGTTTTCCCAGT
CACGACGTIGTAAAACGACGGCCAGTGCCAAGCTTACTGCTCACAAGAARAARNAGGCACGT
CATCTGACGTCCCTTITTTITATTITGIACTACCCTCTACGATTACTGCACGTCGACTCTAGA
TGCATGCTCGAGTCAACGGTTTTTCAGCAATCGGTGCAAAATGCCEARGTATTGCCTCAA
GGTAAACAGCCGCCGCATCCTGCCGTCTGCCGCAAAATCCAGCCALGCGECEGEGGHGCAG
CGTGTCCCICCOTTTCAAGCATTGOTACRAARAACCGCCCGGECCGLGTTCARARTCTITCITC
CGGCARATGTTICTCCAGCAATTCATACGCTACTGCTTITTATTTIGGCCGGTATTCAAGGCT
GICGAACCGGGTTITTAARACCCATAGACIGCAAAAAATCGTITCTGGCGGTTTTITGGAT
GCCTTGCGCGATTTCGTGTTGGCGGATGETCTAT I TGCATGAAACCTCATTGGCGTGARG
CCGCTATTICACCAAGGCTTCGGGATAATAAGCCACCCTCCCCAATTIGCTCACATCOTA
CCARRRTTGGTAATCTTCCGCCCAATCCOGCTICGGIGT LG TAACGLARACCGCLGTCAAT
GACGCTGCGCCTICATAATCATCGTETTGTITGTETATGGGRTTGCCGARAGGHAAAALEGTC
GGECAATGTCTTCGTGTCEGETCGEITTIIITCCAAATTTIGCCGTGTITCGTGETGCCGCGC
CACCCLCTICCCOTCCTITTCTITCCOACAARACTTCCACGCCACCCACCCATCOCCATCAT
GCTGCGGICITTTTCCATCTCACCCACGATTITTICICAATCCAGTCGGGGECGGCAATATC
GICTGCATCGGTGCGCGCAATATATTCCCCCCCCCCCCCCGACTTTGCCAATTCATCCAG
CCCGATGTITAAAGAGGGAATCAGACCGGAATTGCGCGGCTGCGCCACGATECGGATGCG
GCCGTCCTGTTCTITCGARACGCTGOGCAATCGCAAGCGTACCGTICUGICGACCCGTCATC
GACAATCAAAATATCCAAGTTGCGCCAAGTTITIGATTCACGACGGCGGCTAATGATTGEGC

CTCCCGATAGGCACGATGCCGICTGAAGGCTTCAGACGGCATATGtatatctecttettyg
AaTICTAACAATTGATTCAATGTAIGCAAATARATCCATACACCATACGTIGTGGTITTIAART
TIGATGCCCTTITTICAGGGCTGGAATGICTAAGAGCGGEGTIATTIATGCIGTIGTTITIT
TIGTTACTCGGGAAGGGCTITTACCICTTCCGCATARAACGCTICCATCAGCGTTTATAGTT
ARAAARATCTTTCCCAACTGGTTTIGCGCT TACCCCAACCAACAGGGEATTITIGCTGCTTT
CCATTGAGCCCTGTTTCTCTGCCGCGRACCTTICCUGGCGGCGTCTITTGTIGCATCCATCTGGAT
TCTCCTGICAGITAGCTTIIGGTGGTIGTGTGGCAGTTIGTIAGTCCTGAACGARARACCCCCCG
CGATTGGCACATTGGCAGCTAATCCGGAATCGCACTTACGGCCAATGCTTCGTTIICGTAT
CACACACCCCAAAGCCTTUTGUTTTGAATGCTGCCCTTUTTCAGGGCTTAATTTTTAAGA
GCGTCACCTTCATGETGGTCAGTGCGTCCTGCTGATGTGCTCAGTATCACCGCCAGTGGET
ATTTATGTICAACACCGCCAGAGATRAATTITATCACCGCAGATGGTITATCTIGTATGTITITIT
ATATGAAT I TATTTTITIGCAGGGGGGCATTGTTTGCTAGGTGAGAGATCAATTCTGCATT
AATCGANTCGGCCANCGCCCGGEEAGAGGUGETTTGCCTATTGGGCGCTCTTCCGCTTCCT
CGCTCACTIGACTCGCTGCGCTCGGTICGTICGGCTGCGECGAGCGGTATCAGCTCACTCAA
AGGCGGTAATACGGTTATCCACAGRATCAGGGGATAACGCAGGRAARGAACATGTGAGCAA
ARGGCCAGCAAAAGGCCAGGAACCGHETARAAAGGCCGCGTITGOTGGLGTITTTTCCATAGGC
TCCGCCCCCETCACGAGCATCACARAAATCCACGCTCAAGTCAGAGGTGGCGARACCCGA

DK/EP 3467100 T3



CAGGACTATAAAGATACCAGGCOGTITCCCUCTUGAAGUTCCCTCGTIGCGCTUCTCCTUTIC
CGACCCTGCCGCTTACCGGATACCIGTCCGCCTTICTCCCTTCGGGAAGCGTGGCGECTIT
CTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCT
GIGTGCACGRACCCCCCGTITCAGCCCGACCECTGCGCCITATCCGGTAACTATCGTCTTG
AGTCCAACCCGOTAAGACACCACTTATCGCCACTGOCAGCAGCCACTEGTAACAGGATTA
GCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCT
ACACTAGAAGGACAGTATITGGTATCTIGCGCTCTGCTGAAGCCAGTTACCTTCGGARARA
CAGTTGGTAGCTCTTGATCCGGCARACARAACCACCGCTGGTAGCGETCGTTITTITITGITT
GCAAGCAGCAGATITACGCGCAGRARAAAAGGATCTCAAGAAGATCUTTIIGATCTITTICTA
CGGGGICIGACGCTCAGTGGAACGEARACTCACGTTAAGGCATTTIGCTCATGAGATTAT
CAAAAAGCATCTTCACCTACATCCTTTTAAAT TAAAAATGARAGTTTTAAATCAATCTARA
GTATATATGAGTAAACTIGGTICTIGACAGITACCAATGCTTAATCAGTCAGGCACCTATCT
CAGCGATCIGICTATTTCGTTCATCCATAGTIGCCTIGACTCCCCGTCCTGTAGATAACTA
CGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAAT GATACTGCGAGACCCACGCT
CACCGGCTCCACATTTATCAGCAATAAACCAGCCAGCCGCARGCCCCCAGCGCACARGTG
GICCTGCAACTTITATCCGCCTCCATCCAGTCTATTAATICTIGCCHGCAAGCTAGAGTAA
GCTAGTICGCCAGTTAATAGTTIGCGCAACGTIGTTGCCATTGCTACACGCATCGTGGTGT
CACGCTCGICGITTGGTATGGCTTCATTCAGCTCCGGTITCCCARCGATCAAGGCGAGTTA
CATGATICCCCCATGTTIGIGCAARARAGCGGTTAGCTICCTITCGGTCUTCCGATCGITGICA
GRAGTRAACTTIGGCCGCACTGITATCACTCATGGTTATGGCAGCACTGCATARTTICICTTA
CLGICATGCCATCCETAAGATGULLTICIGIGACIGGLGAGTAC I CAACCAAGICALICY
GAGAATAGTIGTATGCGGCGACCGAGTTGCTCTTGCCCGGUGTCAATACGGGATAATACCG

CGCCACATAGCAGAACTTTAAAAGIGCTCATCATTGGARAACGTTCTICGGGGCGAARNAL
TCTCAAGCATCITACCGCTIGTTGAGATCCACTITCCATCTAACCCACTCGTIGCACCCAACT
GATCTICAGCATCTTITTACTITICACCAGCGTTITCTIGGGTGAGCAAAARCAGGAAGGUARA
ATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTIGAATACTCATACICTICCTITT
TICAATATTATIGAAGCATTTATCAGGGTTATTGTICTCATGAGCGGATACATATTTGAAT
STATTTAGAAAAATAAACAAATAGGGGTICCGCGECACATTTCCCCGARARGTGCCALCTG
ACGTCTAAGARACCATTATTATCATGACAT TAACCTATARANATAGGCGTATCACGAGGC
CCTTICGTIC

SEQ ID NO: 3

>pG221, complete sequence.
TCGCECGTTITCGETGATCGACGGETGRAARCCTCTCGACACATGCAGCTICCCGGAGA
CAGCTIGTCTGTAAGCGGATCCCGGGAGCAGACARGCCLGTCAGGGCECGTCA
TIGGCCGCTCTUGGCGCIGGCTTAACTATGCGGCATCAGAGCACATTICTACTG.
ACCATATATGCGGTCTGARAATACCGCACAGATGCGTAAGGAGAARATACCGCATCAgYgCY
cCTCCTCAACCTGTATATTCGTAAACCACGCCCAATGEGAGCTGTCTCAGGTTIGTICCT
GATTCGTTACCGGCGCGTTTCGCATCATTGTTGAGTITTITCCCCCAGCCCGACGCGCAGTT
TACCGGTGCCTCOGGTGCAGTACATCAGCATCGGGCAAATTCTTTCCATCCCGATGATTGT
CGCGGGTGIGATCATGATIGGICTGCGCATATCGTCGCAGCCCACAGCARCACGTITCCTIG
AGGAACCATGAAACAGTATTTAGAACTGATGUAARAAAGTGCTCGACGAAGGCACACAGAA
ARACGACCGTACCGGAACCGGAACGCTITICCATTTITTGGTCATCAGATGCGTTTTAACCT
GCANGATGGATTCCCGCTGGTGACANCTAANCGTTGCCACCTGCGTTCCATCATCCATGA
ACTGCTIGIGGTITCTIGCAGGCCGACACTAACATTGCTTATCTACACGAAAACAATGTCAC
CATCTGGGACGRATGGGCCGATGARAACGGCGACCTCGGGCCAGTGTATGGTARACAGTG
GCGCGCCTGGCCAACGCCAGATGGICGTCATATTGACCAGATCACTACGGTACTGAACCA
GOTGAAAARACGACCOCGGATTCGCGCCECATTATTETITTCAGCGTGRAACGTAGGCGEAACT
GGATABRAATGGCGCTGGCACCGTGCCATGCATTCTICCAGTTCTATGTGGCAGACGGCAA
ACTCTICTTGECAGCTTTATCAGCGCTCCIGTGACGTCTTCCTCGGLCTGCCGTTCAACAT
TGCCAGCTACGCGTTATTGGTGCATATCATGGCGCAGCAGTGCGATCTGGAAGTGGGTGA
TITIGTCTIGGACCGGTGGCGACACGCATCTGTACAGCARCCATATGGATCARACTCATICT
GCAATTAAGCCGCGAACCGCGICCGCTGCCGAAGTTGATTATCAAACCTARAACCCGAATC
CATCTTICGACTACCGTTTCGAAGALTTTGAGATTGAAGGCTACGATC CATCCGGGCAT
TAAAGCGCCGOTIGGCTATCTRAATTACCGARAACATCCTGCCAGAGCCCACGCCAGTGTGCGT
CGGTTITIITACCCTCCGITAAATTICTTICGAGACGCCTTCCCGRAAYCgCCATTCGCCAT
TCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGEGCCTICTTOGCTATTACGCCAGT
TGGCGAAAGGGGGATGTGCTGCAAGGCGAT TAAGTTGGGETARCGCTAGGGTTTTCCCAGT
CACGACGTIGTAAAACGACGGCCAGTGCCAAGCTTACTGCTCACAAGRAAANAAGGCACGT
CATCTGACGTGCCTITTITITATITGIACTACCCTGTACCGATTACTCCACGTCGACICTAGA
TGCATGCTCGAGTTATTATTTAATATATTTACAATAGATGAAGGACGCAATCGTACGGAT
ACCGCCGAACAGGTAGTTAATGTTACCGETCAGGAAGAAGCACTTCATTTTIGATAACCAG
GTCGTIANCCATCACCATGTACAGGTTITTTTTTGCGGTAGACTGACCTTCETGCAGGCG
GTAGTAGAACAGGTATTCCGGCAGGTTITIGGARACTTIGATTTITGCCACGCTCAGACGGTT
CCACAGCTCGTAATCTTCGGAGTAGT TAGAAAACATATARCCACCGATGCTCGCGATGAC
TITTTITACGAAACATTACGCTCGGGTGAACAATACAACACTTATACGGCAGGTTITIAAC
GATGTCCAGGTTICTCTTCCGGCAGTITTIGETCTITGTITGATTTCACGACCTTTIGTCGTCAAT
ARAGATTGCGTTGGTACCCACAACATCTACGTACGGATTGTTCTTCACGAAGTCAACCTG
TTTAGTAARAACGGTCCCGGGTGAGAGATGTCGTCAGAGTCCATACGGGIAATARATTCGCC
CITGCICAGGTCGATCGCTITTGTTICAGGGCAGTACGGCAGGTAAGCCATIGTTAGTGCGGAT
CAGTTTIGATTTITIGTCGTITAACTTTIGTGITTCAGTICGTTATAGAACTCGTCAGTGCAGCA
STTCGCAACGATGATGATTTCGAAGCTGUTGAAGGTCTGAGACAGGATGCTGTTGATCGC
TTCGTCCAGAARAGCGTTTITTCTTCTTAACAGGCAGGATAACGC TCACAACCGGGETGGET
AGATTCCGCGGATTCCGCTTCATCCATGATCATATGTATATCTCCTITCTTICTCGAGTICAA

b
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CGGTTITTICAGCAATCGGTGCARARTGCCGAAGTATTGCCTCAAGGTAAACAGCCGLCGL
ATCCTGCCGTCTGCCGCAAAATCCAGCCACGCGCCEGCEGGCAGCETETCCETCCGTTTG
AACCATTCGTACAAAAACCCGCCCGCCCCOTTCAAAATCTTCTTCCOCGCARATGTITCTICC
AGCAATTCATACGCTACTGCTTITTATTIIGGCGGTATTCAAGGCTGTCCAACCGGGTTITTA
AARACCCATAGACTGCAAAARATCGTTICTGGCGGTTTTITTGGATGCCTTGCGCGATTTICG
TGTTGGCGGATGCTGTATITGGATGARACCTGATTIGGCGTGRAGGCGETATTTGACCAAG
GCTTCGGCGATAATAAGCCAGCCTGCCCAATTTGCTGACATCCTACCAAAATTGGTAATCT
TCCGCCCAATCCCCCTCOCGTCTTCTAACGCAANCCCCCOTCAATCACCCTCCGCCTCATA
ATCATICGIGITGTITGTGIATGGGGTITGCCGAARGGCAAARAGTCGGCAATGTICTICGTIGT

CGGGTCGGETITTTTCCAAATTTITGCCGTIGTTICGTGGTGCCGCGCCAGCCGGTTGLCGETCC
TITTCTTCCCACAARACTTICCAGCCACGCACCCATCGCGATGATGCTCCGGTCIITITCC
&

ATCTCACCCACGATTTTCTCAATCCAGTUGGHGGCGGUAATATCGTCTGCAT
GCAATATATTCCCCCCCCCCCCCCGACTTTCGCCAATTCATCCAGCECGATGTTTAARAGAG
GGAATCAGACCGGAATTGCGCGGCIGCGLGAGGATGCGGATGCGGUCETCCIGTICTITGG
ARACGCTGGCCRAATGGCAAGCGTACCGICCGICGACCCETCATCCACAATCAARATATCC
AAGTIGCGCCARAGTTTCATITCACGACGGUGGCTAATGATTGGGCCGAAATATITTIICTACG

GLAGGCGCAAATCAATACGUIGACTAAAGGCTGCAATITATIC ICCCGATAGGCACGA

CCGTCTGARAGGCTTCAGACGGCATATGLatat ot ot Lt btgaa TTCTARCAATTGAT
TGARTGTATGCAAATAANTGCATACACCATAGCTGTIGGTTTAATTICGATGCCCTTITTITCA
GGGCTEGAATCTGTAAGAGCGEGGITATIITATGCTGTIGITITITIGITACTICGGGAAGG
GCTTTACCICTICCGCATAAACGCITCCATCAGCGTTTATAGTTAARRARATCTITCGGA
ACTGGLITILIGCECLITACCCCAACCAACAGGGGATTIGC LGOI LICCATTGAGCCIGLITIC
TCTGCGCGACGTTCGLGGCGGCGTETTTGTGCATCCATCTGGATTCTCCTGTCAGTTAGE
TITGGTGGIGTGTGGCAGTTGTAGTICCTGAACGAAANCCCCCCGCEATTGGCACATTGGE
AGCTAATCCGGAATCGCACTTACGGCCAATCCTTCSTITCGTATCACACACCCCARRGCC
TICTGCTIIGAATGCTGCCCTICTICAGGGCTITAATTITTAAGAGCGTICACCTTICATGHT
GGTCAGTGCGICCTGCTGATGIGCICAGTATCACCGCCAGTGGIATTIATGICAACACCG
CCAGAGATAATTTATCACCGCAGATGCTTATCTGTATGTTTTITTATATGAATTTATTITTT
TGCAGGGGGEGCATTCTTITIGGTAGGTGAGAGATCAATTCIGCATTAATCAMNTCGGCCAALG
CGCGGEGAGAGGCGGTTTIGCGTATTGGECGCTCTICCGCTTCCTCECICACTGACTCGCT
GCGCTCGEICGTIICGGLTGCGECGAGCGETATCAGCTCACTCARAAGGCGGTAATACGGTT
ATCCACAGAATCAGGGGATAACGCAGGAARGANCATGTGAGCARAAGCCCAGCAAARGGC
CAGGAACCGTARAARAGGCCGCGTTGCTGGCGITTITCCATAGGCTCCGCCCCCCTGACGA
GCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATA
CCAGCCGTITICCCCCTGGAACCTCCLTICGTCCECTICTCCTGTTCCCACCCTGCCOCTTAL
COGATACCTGTCCGCCTTICTCCCTITCGGCARGCCTIGCUGCTTTICTCATAGCTCACGCTIG
TAGGTATCTICAGTTCGGTGTAGGTCGITCGCTCCARGCTGGGCTGIGTIGCACGRAACCCCC
CGTTCAGCCCGACCGCTGCGCCTTATCCGGTAARCTATCGTCTTGAGTCCAACCCGGTAAG
ACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCACAGCGAGGTATGT
AGGCGGETGCTACAGAGTTCTTGAAGTGGTGCCCTAACTACGGCTACACTAGAAGGACAGT
ATTTGGTATCTGCCGCTCTGCTGAAGCCAGTTACCTTCGGARRARGAGTITGGTAGCTCTTG
ATCCGGCAAACARRCCACCGCTGGTAGCGGTGGTTTITTITTGITIGCAAGCAGCAGATTAC
GCGCAGAAAAAAAGGATCTCAAGARGATCCTTITGATCTITTICTACGGGGTCTIGACGCTCA
GTGGAACGAALACTCACGTTAAGGGATTTTCGTCATGAGATTATCAARAAAGGATCTTCAC
TAGATCCITTTAAATTAARAATGAAGTTTTARATCARTCTRAARGTATATATGAGTARAC
TIGGTCTGACAGTTACCAARTGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATT
TCGTICATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGECTT
ACCATCTGGCCCCAGTGCTIGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTIT
ATCAGCAATAMACCAGCCAGECCGGAAGGGCCGAGCECAGAAGTGGTCCTGCAACTTTATC
CGCCTCCATCCAGTCTATTAATTGTTGCCGGCGAAGCTAGAGTAAGTACTTCGCCAGTTAR
TAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTIGG
TATGGCTTCATICAGCTCCGGTTICCCAACGATCARGGCGAGTTACATCATCCCCCATGTIT
GTGCAAAAAAGCGGTTAGCTCCTICGCTCCTCCGATCGTITGTICAGAACTAAGTIGGCCGC
AGTGTTATCACTCATGGTIATGGCAGCACTGCATAATTCTCTITACTIGTCATGCCATCCGT
AAGATGCTITTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCG
CCGACCGAGTTGCTCTTGCCCCGCETCARTACGGGATARTACCGCGCCACATAGCAGRAL
TITARAAGIGCTICATCATIGCAAAACGTIICTICGGOGCEARRAACTCTCARGGATCTTACC
GCTGTIGAGATCCAGTTCGATCTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTT
TACTTTCACCAGCGTTTCTGGGCTCAGCAARAAAACAGGAAGGCAARATGCCGCAAAARAGGS
AATRAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAG
CATTTATCAGGGTTATTGICTCATGAGCGGATACATATITCAATGTIATTTAGAAAAATAA
ACARATAGGGGITCCGCGCACATTITCCCCGAAARGTGCCACCTIGACGTCTAAGAARCCAT
TATTATCATGACATTAACCTATAAAARTAGGCGTATCACGAGGCCCTTIICGTC

SEQ ID NO: 4

>pG22Z, complete sequence.
TCGCGCGTITCEETCATCACGGTGARAAACCTCTGACACATGCAGCICCCGGAGACGETCA
CAGCTIGICTGTAAGCGGATGCCGGGAGCACGACAAGCCCGTCAGGGECCGCGTCAGCGGGTG
TTGGCGGGIGTCGEGECTGGCTTAACTATGCGGCATCAGAGCAGATTCTACTGAGAGTGC
ACCATATATGCGEGTGTGARATACCGCACAGATGCGTAAGGAGARARTACCGLATCAggTy
CccTCCTCAACCTGTATATTCGTAAACCACGCCCAATCGCGAGCTGTCTCAGGTTTGTTICCT
GATTGGTTACGECGCGTTICGCATCATIGTIGAGTTTIICCGCCAGCCCGACGCGCAGTT
TACCGGTGCCTGGGTGCAGTACATCAGCATGGGGCAAATTCTITICCATCCCGATGATTGT
CGCGGGTGIGATCATGATGGTCTGGGCATATCGTCGCAGCCCACAGCAACACGTITCCIG
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AGGAACCATGAAACAGTATTTAGAACTGATGCAARARAGTGCTICGACGAAGGCACACAGRAA
AAACGACCGTACCGGAACCGGAACGCTTTCCATTITTITGGTCATCAGATGCGTTTIAACCT
GCAARGATGGATTCCCGCTGGTGACAACTAAACGTIGCCACCTGCGITCCATCATCCATGA
ACTGCTGTGGTTTCTGCAGGCCCGACACTAACATTGCTTATCTACACGAANACAATGTCAC
CATCTGGGACGAATGGGCCGATGARAACGGCGCACCTCGGGCCAGTGTATGCTAAACAGTG
GUGCGLCTGGCCARCGCCAGATGGICGTICATATTIGACCAGATCACTACGGTACTGARCCA
GCTGARARACGACCCGGATTCGCGCCGCATTATTGTITTCAGCGTGGAACGTAGGCGAACT
GGATARAATGGCGCTGGCACCGTGCCATGCATTCTTCCAGTTCTATGTGGCAGACGGCAA
ACTCICTIGCCAGCTTTATCAGCGCTCCTIGIGACGTICTIICCICGGLUCTIGCCGTICAACAT
TGCCAGCTACGUGTTATTGGTGCATATGATGGCGCAGCAGTGCCGATCIGGAAGTGGGTGA
TITTGICTIGGACCGGTGGCGACACGCATCTGTACAGCAACCATATGGATCARACTCATCT
GCAATTAAGCCGECGAACCGCGTCCGCTGLCCAAGTTGATTATCAAARCGTAAACCCGAATC
CATCTICCACTACCOGTTICGAAGACTTIIGACATTGAAGGCTACCATCCGCATCCGGGCAT
TAAAGCGCCGGTGGCTATCTAATTACGARACATCCTGCCAGAGCCEACGCCAGTGTGCGT
CGGTTITIITACCCICCGITAAATICTICGAGACGCCTTICCCGAAQYLYCCATTCGCCAT
TCAGGCTGCGCARCTGTTGGGAAGGGCGAT CGGTGCGGGCCTCTTUGCTATTACGCCAGE
TEGCCGAAAGGGEGATGTGUTCCAAGCGCCAT TAAGTTGGGETAACGCCACGGTTTITCCCAGT
CACCACCGTICTAANACGACGOCCACTCCCAAGCTTACTCCTCACAACRARAAAGCCACCGT
CATCTIGACGTIGCCTTTTITATITGIACTACCCTGTACGATTACTGCACGTCCACTCTAGA
TGCATGCetcgagTTATACAAACTGCCAATATITCARATATTTARAATCGAGTTCICTICAT
TAAGGCGATTTTAGGGCTATAAGGTTCTTCTTTTCGTGCTATCGTAGAGATTTGCTCATC
ATCAGCGATCACAAAAGGTITGTAACACCAGATTTTTCACGCCATGCGATAAAAGTAGCCTC
CATTATICGTATCCACAGGAACAACCCATTITICGGCTGCATTICAARARAACTTTCGCARAT
CITAGGCGIGATCACATAGCCITGAGTCCCCACCCUTTCGCTATAAGCTTTAATGATCCC
CACACGCICTIGIATCICGTGETTITIATGGCTCAATGGCTCACTITITACACTGGCATC
ATACAATARATOCATCAAGCCGATATACCCTAACTCTIGGATGICTITTITTICTARAARATC
CAAGCCCTCTITTARAATCCTCITICAAGGTTATATCGTCTICTARAATACAGATCGCTIC
ATTGAGTICTATGCATTTITCCCACAAGGAATAATGACTCGCATAGCACCCAAGCTCCCC
CAAGCTICATAAACTTCGCATGGTATTTIAAAGCGTAATAAAACTTAGAAACCTCACTGAT
GAGATTGOTTGTARTCCCCATGTCTTTGATCTTTTGCGTGATGAARTEAGGGTGTARRTG
CITTTICACTAAGGGGTGCAACCCGCCTICARRAGTTTIAGAATAARTCGCATCAAARAAT
TIGCGCTIGGTECTGGGTGGCATTCATGCTATTGACTARAAGTTGTIGCGIGICTCTARAARAC
TAAACCAAATGTATCGCACACTTTITCGATTTARAGARATGGCARAARNCACGCATATGEat
atctecttettCTCGAGTCAACGGITTITCAGCAATCGETGCAARATECCGAAGTATTGC
CTCAAGGTAAACAGCCGCUGCATCCTGCCGTCTGCCGCARAATCCAGCCACGCGCCGGCG
GGCAGCGTGTCCGTCCGTITTGAAGCATTIGGTACAARAACCEGCGGGCECGTIICARARTCT
TCTTCCGGCAAATCTTICTICCAGCAATTICATACGCTACTGCTITITATTITGGCGGTATICA
AGGCTGTCGAACCGGGTTTTAAAACCCATAGACTGUAARAAATCCGTTTICTGGCGGTTTTT
TGGATCGCCITGLGCCATTITICCTGTICGCGGATCCTCTATTTCGATCARACCTGATTGCCG
TGAAGGCGGTATTTGACCARGGCTICGGGATAATAAGCCAGCCTGUCCAATTTGCTGACA
TCCTACCAAAATTGCTAATCTTICCGCCCAATCCCGCTCGGTGTIGTAACGCAAACTGCCG
TCAATGACGCTGUGLCTCATAATCATCGIGTTGTIGTGTATGGGCITCCCGAAAGGGAAA
ARGTCCGCAATGTICTTCCTIGCTCGGCTCCCTTITTICCARAATTITTCCCCTGTTCGTGETGC
CGCGCCAGCCGETTGCCETCCITTICTICCCACARRACTTCCAGCCACGCACCCATCGCG
ATGATGCTGCGGICTTITICCATCICACCCACGATTITICTCAATCCACTCEEGEECGETA
ATATCGTCTGCATCGGTGCGCGCAATATATTCCCCCCCCCCCCCCGACTTTGCCAATTCA
TCCACCCCCATCTTTAAAGAGCGCAATCACACCCCAATTCCGLEGCTGCGCCGAGCATECGG
ATGCGGCCGICCTGITCTIGGAAACGCTGGGCAATGGCAAGUGTACCGTCCGTCGAGCCG
TCATCGACAATCAARATATCCAAGTITGCGCCARGTTTGATTCACGACCGCGGCTAATGAT
TGGGCCAAATATTTTITCTACGITGTAGGCGCAAATCAATACGCTGACTARAGGCTGCAAT
TIATICTCCCGATACCCACGATGCCOTCTIGAAGCGCTTCACACCCGCATATGtatatct oot

tcttgaaTICTAACAATTGATIGAATGTATCCAAATAAATGCATACACCATAGGTGIGGT
TTAATTTGATGCCCTTTTICAGGGCTGOAATGTGTAACAGCGGGGTTATTTATGCTIGTTG
TITTIITGITACTCGGGAAGGGCTLITACTTCTTCCGUCATAAACGC ITCCATCAGCGETILTA
TAGTTAAAAAAATCTTTCGGAACTGGTITITGCGCTTACCCCARCCAACAGGGGATTIGET
GCTTTCCATTGAGCCTGTTTCTCTGCGCGACGTTCGCGGCGGCETGTTTGTGCATCCATC
TGGATTCICCTGTCAGTITAGCTTTGGTGGTCTIGTGGCAGTTGTACGTCCTGAACGAARACC
CCCCGLGATTGECACATTIGOCAGCTIAATCCEGAATCGCACTTACGGCCARTGCTICGTITT
CCTRTICACACACCCCAAAGCCTTCIGCTITGAATGCTGCCCTTCTICAGGGCTTAATTIT
TAAGAGCGTCACCTTCATGGTGGTCAGTGCGTCCTGCTGATGTGCTCAGTATCACCGCCA
GTGGTATTTATGTCAACACCGCCAGAGATAATTTATCACCGCAGATGGETTATCTGTATGT
TITTTATATCAATTTATTITITCGCACCCOCOCATTCTTTCCTACCTCACACATCAATTICT
GCATTAATGAARTCGGCCAACGCGCGGGGAGAGGCGGTITGCCTATIGEGCGCTCTICCGT
TTICCTCGCTICACTGACTCGCTGCGCTCGETCGTTCGGCTGCGGCEAGCGGTATCAGCTCA
CTCAARGGCGGTAATACGGTTATCCACAGAATCAGGGGATARCGCAGGAARGARCATGTG
AGCAAPAGGCCAGCAAAAGGCCAGCARCCGTAAAAAGCCCGCCTIGCTIGGCGTTITICCA
TAGGCTICCGCCCCCCTGACGAGCATCACARRAATCCACGUTCARGICAGAGGTGGCCGARA
CCCGACAGGACTATAAAGATACCAGGCGITICCCCCTOEAAGUICCCICGIGCECTUTICT
TGTTCCGACCCTGCCGCTTACCGCGATACCTGTCCGCCTTTCTICCCTTCGGGAAGEGTGGE
GCTTTCTCATAGCTCACGCTGTAGGCTATCTCAGTICGGTGTAGGTCGITCGCTCCAAGCT
GGGCTGTGICCACCAACCCCCCCGTTICAGCCCGACCCGCTIGCGCCTTATCCGGTAACTATCG
TCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGLAGCAGCCACTGETARCAG
GATTAGCAGAGUGAGGTATGTAGGCGGTGCTACAGAGITICTIGAAGTCGTIGGCCTAACTA
CGGCTACACTAGARAGGACAGTATTIGGTATCTGCECTCTGCTGAAGCCAGTTACCTTCGG
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ARAAATAS L LOWLATCLL L EUALCUIULASACAARUL AT L0 LAGLIO LOUL L L L L L
TCTTIGCAAGCCAGCAGATIACGCGCAGAAARAAAGCATCTCAAGAAGATCCTITGATCTT
TTCTACGGGGETCTGACGCTCAGTGGAACGARAACTCACGTTAAGGGATTTITGGTCATGAG
ATTATCAAAAAGGATCTTICACCTAGATCCTTITTAAATTARARAATGAAGTTTITARATCAAT
CTAAAGTATATATGAGTAAACTTCGGTCTIGACAGTTACCAATCGCTTAATCACTGAGGCACC
TATCICACGCGATICTCTCTATTICGTITCATCCATAGTTGCCTGACTCCCCGTICGTGTAGAT
AACTACGATACGGGAGGGCTTACCATCIGGCCCCACTGCTGCARTGATACCGCGAGACCC
ACCGGLTCCAGATTTATCAGCAATAAACCAG CGGAAGCGGLCGAGCLCAG
ARGTGETCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTCCCGGGARGCTAG
AGTAAGTAGTTCGCCAGTTAATAGTITTIGCGCARCGTTGITGCCATTGCTACAGGCATCGT
GGTGTCACGCTCGTCGTTTGGTATGGCTICATTCAGCICCGGTICCCAACGATCAAGGLG
AGTTACATGATCCCCCATGTTIGIGCAARAALNGCGGTITAGCTCCTTICGCTICCTCCGATCGT
TGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTC
TCTTACTGTCATGCCATCCGTARGATCGCTTTITCTGTGACTGGTCGAGTACTCAACCAAGTC
ATTCTIGAGAATAGTGTATGCCGCGACCGAGTIGCTICTIGCCCGGCGTCAATACGGGATAA
TACCGCGCCACATAGCAGARCTTTARRAGTGCTCATCATTGGARARCCTTICITCGEGECG
ARANCTCTCAAGGATCTTACCGCTGTIGAGATCCAGTTCGATGTAACCCACTCGTGCACC
CAACTGATCTTCAGCATCTITTTACTTTCACCAGCGTITTCTGGGTGAGCARARACAGGRAG
GCARARTGCCGCAAAAARGGGAATAAGCECCACACGGARATGTIGAATACTCATACTCTT
CCTTTIITCAATATTATTGAAGCATITATCAGGGTIATTIGTCICATGAGCGGATACATATT
TGAATGTATTTAGAAARATAAACAAATAGGGGTTCCGCECACATTICCCCGARARAGTGCC
ACCTGACGTICTRAGAAACCATTATIATCATGACATTAACCTATARAAATAGGCGTATCAC
GAGGCCCTITTCGETC

SEQ ID NO: 5

>pG317, complete sequernce.
GTACCCAGCTTITIGTTCCCTITAGTIGAGGGTIAATIGCGCGCTIGGCETARTCATG
TAGCTGTTICCIGTGTGAAATIGTIATCCGCTCACAATTCCACACAACATACGAGC
AGCATAAAGTGTAAAGCCTGGGGTCCCTAATGAGTCGAGCTAACTCACATTAATTGCGTT
CGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGUTGLATTAATGAATCGE
CAACGCGCGGGGAGAGGCGGTITGCGTATTCGGCGCATGCATARARAACTGTIIGTAATTICA
TTAAGCATICTGCCGACATGGAAGCCATCACARACGGCATGATGAACCTGARTCGCCAGC
GGCATCAGCACCTTGTCGCCTIGCGTATAATATTIGCCCATCGTGAARACGGGGGCGARG
AAGTTGTCCATATTGGCCACGTTTAAATCAAAACTGGTGARACTCACCCAGGGATTGGCT
GAGACGAAAAACATATTCTCAATAAACCCTITAGGGAAATAGGCCAGCTTTTCACCGTAA
CACGCUACATCTTGCGAATATATGTGTAGAAACTGCCGGAAATCGTCCETGGTATICACTC
CAGAGCGATGAAAACGTTTICAGTTIGCTCATGGAAAACGGTGTAACAAGGGTGAACACTA
TCCCATATCACCAGCTCACCGTICTITCATIGCCATACGGAARTITCCGGATGAGCATICATC
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AGGCGGGCAAGAATGCTGAATAAAGGCCGGATAAAACTTGTGCTTATITITICTTTACGGTC
TTITAAAAAGGCCGTAATATCCAGCTGAACGGTCTGGTTATAGGTACATTGAGCAACTGAC
TGAAATGCCTCAAAATGTICTITACGATGCCATTIGGGATATATCAACGCGTGGTATATCCA
GIGRTIITIITTICTCCATITTAGCTICCITAGCTCCTIGARAAATCTCGATARCTCAAARAAT
ACGCCCEETAGIGATCTTATTITCATTAIGGTGAAAGTIGGAACCTCTTACGTGCCGATCA
ACGICTCATTTICGCCARAAGTTGEGECCCAGGGCTICCCGGTATCAACAGGGACACCAGHA
TITATTTATTCICCCAACTIGATCTTICCOICACAGGTATTTATTCCAACACGAAACGCCCT
CGTGATACGCCIATITITATAGGTIAATIGTCATGATAATAATGGTITCTTAGACGTCAGG
TGGCACTTITCGGGGAAATGTGCGCGCCCGUGTTCCIGCTGGCGCTGCGCCTGITICTGG
CGCTGGACTTCCCGCTGTICCGTCAGCAGCTITTCGCCCACGGCCTTGATGATCGCGGCG
GCCTTCGCCTCCATATCCCCATTCAACCECCCCAGCGCGTCCACARCCCGCTTCACECGC
TCCCGRAGGTCICGGECCGTCICTIGGGCTIGATCOGCCTTCTIGCGCATCTCACGLGLT
CCIGCEGCGEGECCTGTAGEGCAGGCLICATACCCCTGCCGAACCGECT T IGLCAGLCEGETICG
GCCACGGCTTCCGGCETCTCAACGCGCTTTCGAGATTCCCAGCTTTTCGGCCAATCCCTGC
GOTGCATAGGCOCGTGGCTCGACCOCTIGCCGGCTGATGOTGACGTIGECCCACTEGTGEE
CECTCCACGGCCTCGTAGAACGCCICAATGCGCOTGTGACGTIGCCTITECTGCCCICGATG
CCCCGTITGCAGCCCTAGATUGGCCACAGCGECCECAARCGTGETCTGETCGCGGETCATC
TGCGCTITTGTITGCCGATGAACTCCTITGGCCGACAGCCTGCCGTCCTGCGTCAGCGGCACT
ACGARACGCGGTCATGTGCGGECTGETTIICGTCACGETGGATGCTIGGECCGTCACGATGCGA
TCCGCCCCETACTTGTCCGCCAGCCACTIGTGCGCCTICTCGAAGRACGCCGCCTGCTGT
TCTTGGCTGGCUGACTTCCACCATTCCGGGCTIGGCCGTCATGACGTACTCGACCGCCAAC
ACAGCGTCCTTGCGCCGCTTCTCTGGCAGCAACTCGCGCAGTCGGCCCATCGCTTCATCG
GIGCTIGCIGGCCGCCCAGTIGCTICGITCICTGGUGICCTIGCTGGCGTCAGCGITGGGCGTC
TCGCGCTCGCEETAGGCETGCTIGAGACTGGCCEUCACGTTGCCCATTTICGCCAGCTIC
TIGCATCGCATGATCGCGTATGCCGCCATGCCTGCCCCTCCCTITIGETIGTICCARCCGRE
TCGACGGGGGCAGCGCAAGGCGGTGCCTCCGGCGGECCACTCAATGCTITGAGTATACTCA
CTAGACTTTGCTTCGCARAGTCGTGACCGCCTACGCCGGLTGCGGUGCCCTACGGGCTTG
CTCTCCGGGELTTCGCCCTGCGLGETCGCTGCGCTCCCTTGCCAGCCCGTGGRATATGTGGA
CEATGECCHECEAGCGEGCCACCGGCTEGCICECTTCGCTCGGCCCGIGCACARCCTTGCTG
GACAAGCTGATGGACAGGCTGCGCCTGCUCACGAGCTTGACCACAGGGATTGCCCACCEG
CTACCCAGCCTTCGACCACATACCCACCGGCTCCAACTGCGCGGCCTGCGGCCTTIGCCEC
ATCAATTITITTIAATTITCTCTIGGCGARARGCCTCCGGCCTGCGGICTGCGCGCTITCGCT
TGCCGGTTGGACACCAAGTGGAAGGLGGETCARGGCTCGCGCAGCGACCGCGECAGCGGLT
TGGCCTTGACGCGCCTGCAACGACCCAAGCCTATGCGAGTGGGGGIACTCGALGGCGAAG
CCCGCLCETCTGCCCCCCGAGCCTCACGGECOLGCGAGTGLGEGEETICCAAGEGGGECAGCS
CCACCITGGGCAAGGCCGAAGGCCGUGCAGTCGATCAACAAGCCCCGEAGGGGCCACTIT
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TTGC GHGETGCCCTTCTTTG
CGCACCAAAGAACTAGCATATAGGCCCAAATCCGAARCACTTARARATCARCAACTTARAA
BAGGGEGGTACGCAACAGCTCATTCUGGCACCCCCCGCAATAGCTCATIGCGTAGGTTAA
AGARAATCTGTAATTGACTGCCACTTTITACGCAACGCATAATTGT IGTCGCGCTGCCGAA
AAGTTGCAGCTGATTGCGCATGGTGCCGTAACCGTGCGGCACCCTACCGCATGGAGATAA
CAR
T

=)
CGCATGGCCACGCAGTCCAGAGARATCGGCATTCAAGCCAAGAACAAGCCCCGTCACTGEG
TGCARACGGAACGCAARGCGCATGAGGCGTGGGCCOEGGCTTATIGCGAGGAAACCCACEG
CGGCAATGCTGCTGCATCACCTCGIGGUGCAGATGGGCCACCAGAACGCCGTIGETGGTICA
GCCAGAAGACACTTTCCAAGCTCATCGCGACGTTCTTITCCGCACGG TCCAATACGCAGTCA
AGGACTTGGTGGCCGAGCGCTGGATICTICCGTCGTGARGCTCAACGGCCCCGGCACCGIGT
CGGCCTACGIGGICAATGACCGCGTGGCGETGGGGCCAGCCCCGCGACCAGTIGCGCCTGET
COGTGITCAGTGCCGCCEIGGTGGTTGATCACGACGACCAGGACGAATCGCTGTTGGGGC
ATGGCCACCTGCGCCGCATCCCGACCCTGTATCCOGGGCGAGCAGCAACTACCGACCGECT
CCGGCGAGGAGCCGCCCAGCCAGCCCGGLATICCGGGCATGGAACTCAGACCTGCCAGCCT
TGACCGAAACGGAGGAATGGGAACGGCGLGGEGCAGCAGCGCCTGCTGATGCCCGATGAGC
COETGTITTICTGGACGATGGCGAGCLGTTGGAGCCGCCGACALGGGTCACGCIGCLGLGCT
GGTAGCACTTIGOGTTGCGCAGCAACCCGTIAAGTGUGCTSTTCCAGACTATCOGUIGTAGT
CGCCTCGCCECCCTATACCTTGTCTIGCCICCCCGCGTTIGCGTICGCEGIGCATGGAGCCEG
GCCACCTCGACCTGAATGGAAGCCGGCEECACCTCGCTAACGGATICACCGITTIITATICA
GGCTCTGGGAGECAGAATAAATGATCATATCGETCARTTATTACCTLCACGGGGAGAGCET
GAGCAAACTGGCCTCAGGCATITGAGAAGCACACGGTCACACTGCTTCCGGTAGTCAATA
BACCGGTAAACCAGCAATAGACATAAGCGGCTATITARCGACCCTGCCCTGAACCGACGA
CCGGGICGAATTTGCTTICGAATTICTGUCATTCATCCGCTTATTATCACTIATTCAGGC
GTAGCACCAGGCGTTTAAGGGCACCAATARCTGCCTTARAARAATTACGCCCCGCCCTGE
CACTCATCGCAGCTCGGCCTATTGGT TAAALRAATCACGCTGATTTAACARAAATTTAACGCG

AATTTTAACARAATATTAACGCTTACAATTTCCATTCGCCATTCAGGCTGCGCAACTGTT
GGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTG
CLGCAAGGCGATTAAGTTGGGTAACGCCAGGG T TTTCCCAGTCACGACGTTGTAAALCGA
CGGCCAGTGAGCGCECGTAATACGACTCACTATAGGGCGRAATTGGEAGCTCCACCGEGGTE
GCGGCCGCTCTAGARCTAGTGGATCCCCCGGGCTGCAGGAATTCGATATCAAGCTTATCG
ATACCGTCGACCTCCGAGTTAAGTCTICTAATCGATIGTTITTCCAATCCAATGGTTATAARA
TCTTIGGTITTTAGICTTIGAAAATCTICTAGGATTITTICTATGTAAGTITTITIGTATAAATA
TTATATTGCTI TTAATAAATTIAATATATITITATIGCATTTTAAGGTTATTIITTICCATA
TCTGTICAACCTTTITTARATCCTCCAARCAGTCAATATCTAAACTTCGAGCTTTCGICCA
TTARAAAATGCTTGCTTTTIGCTTTGTAAAAAGCTAGGATTGTTTAAAAATTCTTTTATCT
TTAAAATATAAATTGCACCATIGCTICATATAAGTTITTAGGCAATTITIGCCTTGGCATAA
AARGGATATTICATCATTACAAATCCCTGCTARATCGCCACARTCATTACAAACARAGGCTT
TTAGAAT T TTATTATCACATICGC I TACGUTAATTAGGGCAL T TGTALTGC LA T AL
AAAGATTAAAAGCTTCATTAATATGAATATTTGTTCTTAGCGGTGAAGTGGGTTGTAARRA
AAACTACATCTTICATAATCTTTATAAAATTTTAGAGCATGTAACAGCACTTTATCGCTTG
TCCTATICATCTTCTCCAACCCTAATTCCCOCCITTITAAAATATCAACATTTTICACTITTITTIC
CATAATTTAAAATTTICATCACTATCACTGCTTACAACAACTITACTAATGCTTTTAGCAT
TTAGTGCAGCTITGATCGIGTAGTAAATTARAGGTTITATIGITTAATAARAACCAARTTIT
TATTITTAATACCCTTTGAGCCACCACGAGCAGGGATTATTGCTAAGCTCATTTTATATC
CITAAARAACTTITTICTGTGCTGAGTTTAAAAARATCTCCGCTTTIGTARATATTCAAARRA
TAATTTITGAGCTATCTAAAATCTCTARCTITAGCGCTARATARATCITCITITITATGAAT
AGTGTIAATAGCTTITACTATITCATCACTATTTGCATTAACTTITACTGTIATTTITCATT
GCCAAGTCITCCATITIGICTIGAGCCAACTAAARTCCCTGCTGTITITAAGTATAAGGC
CTCTTITARAATACAACTIGAATTACCTATTATAARATCAGCATTITITITAACAAAGTTAT
AAAATACTCAAATCTAAGCGATGGAAAAAGCTTARAATCTAGCGGTTATTITTTAAACTCTTC
ATAGCTTTGCAAGATTAATTCAAARCCTAAATCATTATTITGGATAAATAACAATATAATT
TITATTACTITTOTATCACTGCTTTIACTAAATTCTCTCCTTCATTITTAATGCTACTAAT
TTICAGTTGTRACAGGATGAARCATARGCAAAGCGTAGTITTCATAATITATATCATAATA
TITTITIGCTTCGCTAAGTIGARATTITTATTATCGTITARRAGTICTAAATCAGGCGAACT
TATGATAAARATAGATTTITCATCTTCICCAAGCTCCATTARAC CTTTTTGCAAACTC
ATCATTITACTAAATGAATATGAGCTAGTITTTGATATAGCGTGGCCTAAGCTATCGTCAAT
AGTTCCTGAAATCTCTCCGCCITCAATATGCGCTACTAAGATATIATITAATGCTICCARC
AATAGCTGCTGCTAAAGGCTCARTTCTATCTCCATGTACTACGATTAAATCAGGTTTTAG
CICATITGCATACCTTGAAAATCCATCAATIGTAGTAGCTARAGCCTTATCAGTITGATA
ATATTTATCATAATTTATAAATTCATAAATATTTTTAAAGCCATTTTTATARAGTTCTTT
AACTGTIATAGCCAAAATTTITTACTTAAGTIGCATTCCTCTTCGCARAGATGTARACTTCAAA
TTCGCTTGAGTTTTGCACCCTGTACATTARAGATTTAATCTTAGARTAATCAGCCCTAGA
GCCTGITATAAAAAGGATITITITCACGCAAARTCCTCATAGCTTAACTGAGCATCATIT
TCTATATCTCTTAATGCTTTTTTGCCTAAAATATTTTCAAATTCAGCCGCACTAATTCCA
CCAACTCCAGGTCTTTTAACCCAAATATTATCCATAGATAANACTTCCCCTTTTTTAATA
TCTTTAATGCTAACTACACTTGCAAAGCCARAATCAATIGTAACTTIGITCTTIGTTTAGCC
GCTTTITTTACTTTCATTATTTCCTCTTATTATAGCCATTITGCTCACTITGTATAATTAGC
TCTTITAAAGCCTTTIGTATCCATAGAACAAACTATATCAGGGCCACTICTATGCATACTA
TCAGTAAAATGICTTTCAAGCACACAAGCTCCAAGTACAACTGCACCTAAACACGCAAGA
TIATCTGITGTGTGGTCGCTTAAGCCTACCATACARGARARATTCTTTITITAACTCAAGC
ATAGCGTITAATCTTACAAGATTATGCGGGETTGGGTAAAGATTGGTCGTGTGCATTARA
ACARAAGCGAATTTICATTGTICTAATAAGATTTITACAGTIGGITTTATACTTICAATACTA
TICATICCIGCTGCTAACTATCATAGGCTITTTIARAAGGCTGCTATGIGITTAATAAGCGGA
TAATTATTACACTCACCTIGAACCAATCTITAARAAGCACTAACTICCCATATCTTCTAAGCGG
TTCGRCACCTEOANGAGARAARGGTHETEOCTARGATAAACAAGACCTAATTTTTCTETETAT
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TCTTTRAAGIGCIAGCTCATCTTITATAATCCARAGCACATTTIITGCATRAATCICATAARTG
CITATITIIGCATTACCAGGAATTACTITTTITAGCGGCCTTACTCATCTCATCTICAACA
ATATGAGTITTGATGCTTTATAATCITAGCACCTGCGCTAAAGGCTGCATCTACCATAATT
TTAGCTAGTTCTAAACTGCCATTATGATTAATGCCTATTTCAGGTACCACTAAGGGTGCT
TITTCTTCACTTATCGATTATATTTIGTATTTITTATTITCTITTCATTTATTTITCCTCCTITAG

SEQ ID NO: 6

>pG31lE, complete sequence
CTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTITCTTAAATCAGCTC
ATTTITTRAACCAATAGGCCGAAATCGGCARAATCCCTTATARATCAAAAGAATAGACCGA
GATRGGGTIGAGTGITGTICCAGTITGCAACARGAGTCCACTATTARAGRACGTGGACTC

CAACGTCAAAGGEGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACCTGAACCATCACC
CTAATCAAGTTTTITTGGGGTCGAGETGCOGTARAGCACTAAATCGGARCCCTAAAGGGAG
CCCCCGATITAGAGCTTGACGGGGAARLCCGGCGAACCTGGCGAGAARGGAAGGGAAGRA
AGCGARAGGAGCGGGCGCTAGGGCGUTGECAAGTGTAGCGGICACGCIGCGCGTAACCRL
CACACCCGCCGCGCTTAATGCGCCGUTACAGGGCGCGETICCCATTCGCCATTCAGGCIGEG
CAACTGTTGGGAAGGGCGATCGGTGCEGECCTCTTCGUTATTACGUCAGUTGGHCGARRGG
CGCATGTCCTGCAAGCCCATTAAGT TGCCTAACCCCAGGCTTITTCCCACTCACGACGTTG
TAAAACGACGGCCAGTGAGCGCGCGTAATACGACTCACTATAGGGCGAATTGGAGCTCCA
CCGCGGETGGCGGCCGCTCTAGARCTAGTGGATCCCTAGACTGCAATACAAACACCTGTIT
CACAATTTGGCAGATCAGCCCARARAAGTACATTCTCTTCTTTTACAATACCTAGTTTTIA
TCATTACTICAACTAAACGACTTCTICARAGCACTITCACCATCACTTATACTTTICTCTCG
ATGTARARACTATAAATTTAATTTITICAGCTGGTATCCTGRAAATATAAACGAGCTCGCTA
TACCAGCAACTGCATCAGGAAGCATAICTIGLICATCATCAAAACTTCAAATGATATITTIG
ATGGARATATCAACCATTGAAGGATAGT TTTGCATTATTAATGTATTAATGATACCGCCAC
CAGGGIGACCTTITCAAGAACAAATCATAACTATTGCCTAAATAATGTCGGCTCGATTCAT
TRAATTCCATTATITAATCACATTAATTICTITGITTCGCATAATACTCTCTITICATGGTTAC
CAGCCCATACAGTCGTACCTGTAARCACAAAGTTIGGTARATTAGATGAATTATATICAT
TITGTAATTITTIGTTTCTCARAATTAACAATCCGATAAGAATARTTCTIGTTGTTIGCTAT
TGAATTITTITIGAAACCATCCCATTGCATTITGCTITAAACTATCACCAATATAGTCTCGTA
ACTCATGIAATGCATGGTITCTARAGTITARATAATCTTTICTTAAAARATGCTAGTTAGCTG
GATATAGIITTIGCCAGTIATAAACAGAIGATGTICCTGTATTIGAAGTGICTTICATTGA
TACCATTAATGACATCCTCAAGATAATCTITTACCAATTTITTAAATTATCTGTTTTATTITA
ATGTAICICICCAGTITATATAAATITACATATTCIGCTIGAACCATCATCATATAAATCTA
TATTIGTTACCGTAACGTTATTAAACGAATTTAATICTTITTAGIATTCGCACTRAARTTAT
CAAATGAATGAGCAGTGTTAGAGCIAAGTTTAACATTICAATCTATGCITIGITIGIGCTT
GCTTAACAATTICTTGTACTAAGTCAGCTGGIGTATGGTTATTTATCAATGCAAACGATG
TAATATTTAACTCTTTCATTTGCTCATCAGTCGGARCTATTCTCCCCCAAGCTATATATC
TITGIGCTIGTAGGATTTITCTTCTTICCGATTTAATARTATCCATTAGCTGCTGARGAGTITG
GAAGAGATGCATGATCAACATAARACCICTAAAGATGGAGCCACTACGITTAATGTITACTT
TTCTTATATATTTTTCACCTTTATTACTAACACCATTAALATCAALAGCAGTACTTITTCAT
CGTCATICTAATCGTGGCCCCACTACAGATAATGATATTGACTCT TTATTTIGTTICTGTIA

TAGTIGIIGCGTACCACAAGTTTGTACCCAAGAGTIGTITTIGTARAAACAGATGTIITGATT
GATTAATTIGGCTCTAAATTAACATACTCCTCATCAATAATAGTTTTATTAATATCATTIT
TAATAATAGATIGTGTATTITTCTTCTGACATggtctgtttcctcCTCCAGGGGCEEGLCCE
GTACCCAGCTITITGTTCCCTTIIAGIGAGGGTTAATTGCGCGCTIGGCCTAATCATGGTICA
TAGCIGTTICCIGTGTGAAATIGTITATCCGCTCACAATICCACACAACATACGAGCCGGA
AGCATAAAGTGTARAGCCTGGGGTGCCTAATGAGTIGAGCTAACTCACATTAATTGCGTTG
CGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGEC
CRACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTITCCTCGCTCACTGAC
TCGCTGCGCTCEETCGTTCGECTGCEGCCAGCGGTATCAGCICACTICAAMGGCGETAATA
CGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAATCATGTGAGCAAAAGGCCAGCAA
AAGGCCAGGAACCGTAAARAGGCCGLGTTGCTGGCGTTTTTCCATAGECTCCGCCCCCCT
GACGAGCATCACARAAATCGACGCTICAAGTCAGAGETGGCGAAACCCEACAGGACTATAA
AGATACCAGGCGITICCCCCTGGRAAGCICCCTICGTIGCGCTCTICCTIGTTICCGACCCTGCCG
CTTACCGGATACCTGTCCGCCITTCTCCLTTCGEGAAGEGTGGCGLTTTCICATAGCTCA
CGCTGTAGGTATCTCAGTICGGTGTAGGTCCTTCGCTCCAAGCTGEGUTCTIGTGCACGRAA
CCCCCLCGTICAGCCCGACCGCIGCGCCTITATCCGGTAACTATCGTICTIGAGTCCAACCCG
GTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGG
TATGTAGGCGGTGCTACAGAGTTCITGAAGTGGTGGCCTAACTACEGCTACACTAGAAGG
ACAGTATTTGGTATCTGCGCTCTGECTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGC
TCTTIGATCCGGCARACARACCACCGCTIGGTAGCGGIGGITIITITSTITGCAAGCAGCAG
ATTACGCGCAGRAAARAAGGATCTCAARGAAGATCCITIGATCTTITICTACGGGGTICTGAC
GCTCAGTGGAACGAAAACTCACGTTIAAGGGATTTIGGTCATGAGATTATCAAAAAGGATC
TICACCTAGATCCTTITTAAATTAAAAATGAAGTTITAAATCAATCTAAAGTATATATGAG
TAAACTTGGICTGACAGTTIACCAATGCTITAATCAGTIGAGGCACCTATCTCAGCGATCTIGT
CTATTTICGITCATCCATAGTTGCCIGACTICCCCGTICGTGTAGATAACTACGATACGGGAG
GGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCCGAGACCCACGCTCACCGGCTCCA
GATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTIGGTICCTGCARCT
TTATCCGCCTCCATCCAGTCTATTAATIGTIGCCGGGAAGCTAGAGTAAGTAGTICGCCA
CLTAATAGITTIGCGCAACGTIGITGCCATIGCTACAGGCALCG ‘CICACGULCGICG
TTTGATATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCC
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ATGTIGTGCARRAAAGCGGTTAGCICCIICGGTCCTICCGATCGITGTCAGRAGTAAGTIG
GCCGCAGTGTITATCACTCATGGCTTATGGCAGCACTGCATAATTCTICTTACTSTCATGCCA
TCCCTAACATGUTTTITCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGT
ATGCGGCGACCGAGTTGCTICTIGCCCGGLGTCAATACGGGATARTACCGCGCCACATAGC
AGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTITCGGGGCCAAAACTCTCAAGGATC
TTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCARCTGATCTTCAGCA
TCTTITACITTCACCAGCGTITCTGGGIGAGCAARRACAGGAAGGCARAATGCCGCARAA
AAGGGAATAAGGGCGACACGGAAATGTTIGAATACTCATACTCTTICCTITTICAATATTAT
TGARGCATTTATCAGGGTTATIGTCTCATGAGCGGATACATATTTGAATGTATTTAGARA
AATARARCRAATAGGGGTTCCGCGCACATITCCCCGARAAGTGCCAL

SEQ ID NO: 7
CTCGAGgaggaaacagaccATG

SEQ ID NO: 8
CTCGAGgaaagaggggacaaactagATG

SEQ IDNO: 9

>pG345, complete ssquence

CTAAATTGIAAGCGTITAATATTITIGTTARAATTCGCGTTAAATTTITGTTARATCAGCTC
ATTTITTAACCAATAGGCCGAAATCGGURAAAATCCCTTATAAATCARAAAGARTAGACCGA
GATAGGGTIGAGTGTTGTICCAGTTTGGAACAAGAGTCCACTATTARAGRACGTGGACTC
CAACCTCAAAGGGCGAAAANCCGTCTATCAGCGCGATCGCCCACTACGTGAACCATCACC
CTAATCAAGITITTTIGGGGTCCAGGTGCOGTAAAGCACTAAATCGLAACCCTAAAGGHAG
AGCGAAAGGAGCGGGLCGCTAGGGCEGLCTGGCAAGTGTAGCGGTCACECTGCGCGTAACCAC
CACACCCGCCGCGCTTAATGCGCCGUTACAGGGCGCGTCCCATTICGCCATTICAGGCTECG
CRACTGTTGGCAAGGCCCATCOGTECGGECCTICTTCGCTATTACGCCAGCTGGLGARAGS
GGGATGTGCTGCAAGGCGATTAAGTTGGGETAACGCCAGGGTTTICCCAGTCACGACGTIG
TAAAACCACGGCCAGTGAGCGCGCGTAATACGACTCACTATAGGGLCGAATTGGAGCTCCA
CCGLCGHTGGCGECCGETCTAGARACTAGTGGATCCCTAGACTGCAATACAAACACCTGTTIT
CACRATTIGGCAGATCAGCCCAARRAAGTACATTCICTICTITIACARTACCTAGTITIA
TCATTACTTGAACTAAAGGACTTCTICAAAGCAGTTTCACGATCAGTTATAGTTTICTIGICG
ATGTARARACTATARATTTAATTITITTICAGCTGGTATCGTGARATATAARGAGCTCGCTA
TACCAGCARACTGCATICAGGAAGCATIATICIGTCATCATCAARRACTTCARATGATAITITIGC
ATGGAATATCAACCATTGAAGGATAGTTTTGCATTATTAATGTATTAATGATACCGCCAC
CAGGGIGACCTTITGAAGAACARAATCATAACTATTGCCTAARATAATGTCGGCTCGATTCAT
TAATTCCATTATTAATCACATTAATTTICTITCITTCCCATAATACTCTICTTTCATCCTTAC
CAGCCCATACAGTCGTACCTGIAAACACAAAGTTIGGTAAATTAGATCAATTATATTCAT
TITGTRAATITTTIGTITGICARAATTAACAATCGATAAGAATAATTCTIGTITGTITGCTAT
TGAATTTTITGAAACCATCCCATTGCATTTGCTTTAAACTATCACCAATATAGTCTCGTA
ACTCATGTAATCATGGTTCTAAAGTITAAATAATCTTTTCTTAAAARATGCTAGTTAGCTG
GATATAGTITTTGCCAGTTATAAACAGATGATGTICCTGTATTIGAACTGICTTCATTIGA
TACCATTAATGACATCCTCAAGATAATCTTTACCAATTTTTAAATTATCTGTITTTIATTTA
ATGTATCTCTCCAGTTATATAAATTTACATATTCTGCTGAACCATCATCATATAAATCTA
TATTICTTACCGTAACCTITATTAAACGRAATTTAATICTITTTACTATTCGCACTARATTAT
CARATGAATGAGCACTGTTAGAGCIAAGTTTARCATTCAATCTATGCTITIGTITIGTGCTT
GCTTAACAATTICTTGTACTAAGTCAGCTGGTGTATG ATTTATCAATGCAAACGATG
TAATATTTAACTCTTITCATTTGCTCATCAGTCGCARCTATTCTCCCCCAAGLCTATATATC
TITGTGCTGTAGGATTITCTTCTTCCGATTTAATAATATCCATTAGCTGCTGAAGAGTTG
GAAGAGATGCATGATCAACATAAACCTCTAAAGATGGAGCCACTACGITTAATGTTACTT
TTGTTATATATITTTCACCTITATTACTAACACCATTAAAATCAARAGCAGTACTTTTCAT
CETCATCTAATCGTGGCGCCACTACAGATAATGATATTGACTCTTIATITITGTTCTGTTA
ATAGTIGIIGCGTACCACAAGTTIGCTACCCAAGAGTGTITICTAARACAGATGTITITGATT
GATTAATTGGCTCTAAATTAACATACTCCTCATCAATAATAGTTTTATTAATATCATTIT
TAATAATAGATTGTGTATITICTITICTGACATctagtttgbceccet ot LEecCTCGAGGGGE
GGCCCEGTACCCAGCTTTIIGTTCCCTTTAGTGAGGGTTAATTIGCGCGCTTGGCGTARTCA
TGGTCATAGUTGTITICCTGTIGIGARATIGTTATCCGCTICACAATTCCACACAACATACGA
GCCGGRAGCATAAAGTGTAAAGCCTGGGETGCCTAATGAGTGAGCTARCTCACATTAATT

GCETTGCOCTCACTGCCCGCTTITCCAGTCGOGRAAACCTGTCGTGCCAGCTGCATIAATGA
ATCCCCCAACCCOCCCCCCACACCCCOTITGCCTATTICCCCCLTCTTICCGCTTCCTCOCTC
ACTGACTCGCTGCGUTCGGTUGTTICGGUIGCGGCGAGCGGTATCAGCTICACTCAAAGGCG
GIAATACGGTTATCCACAGAATCAGGGGATAACGCAGGARAGAACATETGAGCAAARGGC
CAGCAAAAGGCCAGGAACCGTAAARAGGCCGCGTTGCTGGCGTTTITCCATAGGCTCCGE
CCCCCIGACGAGCATCACAAARATCCACGCTCAAGTCAGACGTGGUGAAACCCGACAGGA
CTATARAGATACCAGGCGITTCCCCCTGGAAGCTCCCTCGTGCGCICICCIGTTCCGACC
CTGCCHECTIACCGGATACCTGTCCECCTITCTCCCTTCGEGAAGCGTEGCGETTICTCAT
AGCTCACCCTGTAGGTATCTCAGTTCGCTIGTAGGTCGTTCGCTCCAACCTGGGCTGIGTIG
CACGAACCCCCCGTTCAGCCCGACCGCIGCECCTTATCCGGTAACTATICGICTIGAGTCT
ARCCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGA
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CCGAGGTATCTAGCCCUTIGCTACAGCAGTICTIGAACTGGTGGCCTARACTACCGCTACACT
AGAAGGACAGTATTIGGTATCIGCGUCICTIGCTGAAGCCAGTIACCTTCGGARAARGAGTT
GGTAGCTCTTGATCCGGCARACAARCCATCGCTGETAGCGGTGGTTTTITTTGTTTGCARG
CAGCAGATTIACGCGCAGAAARAAAGCATCTCARGARGATCCITTGATCTTITICTACGGGE
TCTGACGCICAGCTGCARCGAAAACTCACCTTAAGGGATITTCCICATCAGATTATCAARA
AGGATCTICACCTAGATCCTITTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATA
TATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCG
ATCTGTICTATTICGTITCATCCATAGTTIGCCTGACTCCCCGTCGTGTACGATARCTACGATA
CGEGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTICACCG
GUTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGEGCAGAAGTGGTCCT
GCAACTTTATCCGCCTCCATCCAGTICTATTAATTGTITGCCCGGAAGCTAGAGTAAGTAGT
TCGCCAGTITAATAGTITTGCGCAACGTTIGITGCCATTIGCTACAGGCATCGTIGGTGICACGC
TIGGIATGGCTTCATTCAGCICCGGT TCCCARCGATCARAGECGAGTTACATGA
TOCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTICGGTCCTICCGATCGTTGTCAGRAGT
ARGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTC
ATGCCATCCGTAAGATGCITTICTIGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAA
TAGTGTATGCGGCGACCGAGTTGCICTIGCCCGGCGTCAATACGGGATAATACCGEGCCA
CATAGCAGAACTTTAAAAGTGCTCATCATTGGAAALCGTTCTTCGEGECGARAACTCTICA
ACCATCTTACCCCTCTTCACATCCACTICCATCTAACCCACTICCICCACCCAACTCGATICT
TCAGCATCITTTACTITTCACCAGCGTITCTGGGTGAGCARARACAGGAAGGTAAAATGCT
GCAAAAAAGGGAATAAGGGCGACACGGARATGTTGAATACTCATACTCTTCCTTITITICAA
TATTATTCGAAGCATTITATCAGGGTTATIGTCTICATCAGCGGATACATATTTGAATGIATT
TAGAARAATAAACARATAGGGGTTCCGCGCACATTITCCCCGARRAGTECCAC

SEQ ID NO: 10
CTTTattaaacctactATG

SEQ ID NO: 11
CTTTcttcaacctactATG

SEQ ID NO: 12
SPEC3 ' - (T7)GlmS—-(T7)NagC-purd_ (pG356)

TCGCGCGITTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCA
CAGCTIGICTIGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCECGTICAGCGGGTIG
TTGGCGGGTGETCGGGGECTGGCTTARCTATGCGGCATCAGAGCAGATTETACTGAGAGTGC
ACCATATATGCGGTCTGARATACCGCACAGATGCGTAAGGAGAARATACCGCATCAGGCG
CCactagtGTTGAGGRAAAACGATTGGCTIGAACAARAARACAGACTGATCGAGGTCATTTTT
GAGTGCARAAAGTGCTGTAACTCTGAAAAAGCCGATGGTAGAATCCATTITTTAAGCAAACG
GTGATTITTGAAAAATGGGTAACAACGCTCGTCCTACTGGGCACCCAATCGGGCTGACGAAGG
TAAAGGTAAGATCGTICGATICTICTGACIGAACGGGCTAAARTATGTIGIACGCTACCAGGG
CEETCACAACGCAGGCCATACTCTCGTAATCARCGGTGARRRAACCGTTCTCCATCTTAT
TCCATCAGGTATTCTCCGCGAGAATGTAACCAGCATCATCGCTAACGCTGTTIGTGCTIGTC
TCCGGCCGCECTGATGARAGAGATCARAGAACTGGAAGACCGTGGCATCCCCGTTCGTGA
GUGTCIGCIGUIGTCTGAAGCATGICCGUICATCCITCGATTATCACGITGCGLUTGGATAA
TGCTTATGAAGATAAAGTAGCACGTICGCGGTICTGCGTCTTGGCGACCTITTTCGACARAGA
AACCTITICGCTGAARAACTGAAAGAAGTGATGGAATATCACAACTTCCAGTTIGGTTAACTA

CTACAAAGCTGAAGCGGTTGATTACCAGAAAGTTCTGGATGATACGATGGCTGTTIGCCGA
CATCCTIGRCTTCTATGGTGGTTGACGTTTCTGACCTGUTCGACCAGGCGCGTCAGCGTGG
CCATTICGICATIGTTTIGAAGGTGCGCAGGGTACGCTGCTGGATATUGACCACGGTACTTA
TCCGTACGTAACTTCTTCCARCACCACTGCTIGGTGGCGTGGCGACCGETTCCGGCCTGGE
CCCGCGTTATGTIGATTACGTICTGGGCTATCCTCARAGCTTACTCCACTCGIGTAGGTGE
AGGTCCGTICCCGACCGAACTGTTTIGATGARACTGOCCAGTTCCTUTCCAAGCAGGLETAA
CGAATICGGCGCAACTACGGGGCGICGTICGTCOTACCGGUTGGCTGGACACCGTIGCCGT
TCETCGTGLGGIACAGCTIGAACTCCCIGICTGGLTICTIGCCIGACTARACTGGACGTICT
GGATGGCCTGARAGAGGTTAAACTCTGCHETGGCTTACCGTATGCCHGATGGICGCGAAGT
GACTACCACTCCGCTGGCAGCTGACGACTGEARAGGTGTAGAGCCGATTTACGAAACCAT
GCCGGGCIGGTCTGAATCCACCTTICGGCGTGARAGATCGTAGCGGICTIGCCGCAGGCGEC
GCTGARCTATATCAAGCGTATIGARGAGCTGACTGGTGTGCCGATUGATATCATCTCTAC
CGGTCCGGATCGTACTGAARCCATGATTICTGCGCGACCCGTTCGACGCGTAATTCTGGTA
CCGCCTGGCAGATATTTTCCCTGCCGGGCGAACAGTGTCATACATTGCTGTCTCCGGTARAG
CCATTACGCTATCCGACACAGTGTIAAATCCICGCITTIITTCCTITICCCagat ctGGCGT
CATTCGCCATTCAGGCTGCGCAACTGTITGGGARAGGGCCATCOGTIGUGEGCCICTTICGCTA
TTACGUCAGUTGECGAAAGGGGGATGIGUTGUAAGGCGAT TAAGT IGEGTAACGCCAGGG
TITTCCCAGTCACCACGTIGTAAAACGACGGCCAGTGCCAAGCTTACTGCTCACAAGARA
ARAGGCACGTCATCTGACGTGCCTITTITATITGTACTACCCTGTACCGATTACTGCAGGT
CGACTIAATTTICCAGCAAATGCTGGAGCAAAATACCGTTCGAGCATGECGCGTTITACCA
GCGCARAAGCGCCGATTGCCGAGCGGTGATCCAGCTCAGAACGTACCACCGGCAGATTAG
TGCGAAACGCCTTCAGCGCCTGGGTATTAATGCAGCTTTCAATAGCACGGAGCAGCACTT
TATCGGCTICGGTGATTTICACCGGCAATAACAATTITTITIGCGGAT TARATAAGTIGATAG
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CAATGGCGATGGTTTTACCCAGATGACGACCGACATACTCARTTACTICCGACGCCAGAC
TATCCCCITTCTITCCCCOCTTITGCACATAGTITTCATCOTCCACTCCTICCAGCOCCACGC
GGCA
Al

GAATATGGUCCAATTTCACCGACGTTIGCCETTGCGGUCCAATARARATGCGCCCGTTAGAGA
TAATCCCGGCCCCGETTCCGCGATGCACACGCACCAGAATGGAGTCTICGCAATCCTGAC
TIGCACCGAAGTAGTGCTCCGCCAGCGCCAGACTACGGATATCGTGACCAACGAAACAGG
TCACITTARAAACGTICTTICCAGAGCTICTACCAGCCCCCAGTITITCTACCTIGAATATGCG
GCATGITAATGAATTTTGCCGCIGTCCGGGTCAACAAGCCCTGGCAGGATCACCGAAATCG
CGATCAGCTCGCGCAGTTIGCGCTCETAGCTATCAATARAACTGAGCAATGGCATTCAACA
GGGCAIGITCCAGCGTTIGCTGGGTACGITCCGGCAGCGGGTAATGTICTICTGCCAGCA
CITTGCTGUIGAGATCARACAGAGIGATGGTGGCGTICATGACGACCAAGCCETACGLCGA
TTGCGTGCAAATTGCGGGTTTCGGTGACGATGGAGATAGCGCGGLGGLCCCCEETEGAGG
CCTGCTGATCAACTTCTTTIGATCAGCCCGCOGTTCGATAAGCTCGACGCCTAATTTTGGTTA
CGCTGECEGEEECAAGCTGGCTTTGCTCGGCAATCTIGAATCCGCGAGATTGGCCCGTACT
GGTCAATCAGGUGATAAACCGCCGLGCTIGTTAAGCTGT ITTACGAGATCAACATTACCTA
TCTGAGCTTGTCCGCCTCGTGTCATATGTATATCTCOTICTTgE cgacTCTAGATGCATG
CTCGAGATTACTCAACCCTAACCGATTTIIGCCAGCGTTACGCGGC TGGTICAACGTCGGTIGE
CTTTGATCAGCGCGACATGGTAAGCCAGCAGCTGCAGCGGAACGGTGTAGARGATCGGET

CAATCACCICTICCACATGCGGCATCTCGATGATGIGCATGTITATCGCTACTTACAAARC
CCGCATCCTGATCGGCGAAGACATACAACTGACCGCCACGCGCGCGAACTTCTTCAATGT
TGGATTITCAGTITTTCCAGCAATTCCTIGTTCCGTGCAACAACAATAACCGGCATATCGGE
CATCARTTAGCGCCAGCGGACCGTGTTICAGITCGCCAGCAGUGTAGECTICAGCGIGARA
TCTRAGAGATCICTTITCAACTTCAATGCGCCTITCCAGCGCGATTGGGTACTGATCGCCALC
GOCCCAGGAACAGCGCGTGATGT TIGTCAGAGAAATCTTCTECCAGCGCTTICARTGCGTT
TCTCCTCAGCACACCATCTCCTCAATACCOCTCCCCACCOCCTCCADACCATGCACGATCT
CATGTICAATGGAGGCATCCAGACCTTICAGGCGAGACAGCTTCGUCACCAGCATCARCA
GCACAGTTAACTGAGTGGTIGAATGCTTTAGTIGGATGCCACGCCGATTICTGTACCCGCGT
TGGTCATTAGCGCCAGATCGGATTCGCGUACCAGAGAAGAACCCGGAACGTTACAGATTG
CCAGTIGAACCAAGGTAACCCAGCTCTTICGACACGACGCAGCGCCAGUCAGGGTATCCGCGE
TITCGCCAGACTGTGACAAGGTGATCATCAGGCTGTTACGACGCACGECAGATTIGCGAT
AGCGGAAT ICAGAGGCGATTICGACGICECACGGAATACCTGCLAGCCAT ICAAACCAGT
AGCCGGAARACCATACCGCAGTTATAAGAAGTACCACAGGCGAGCGATCTGAATATGCTCAA
CCTTCGACAGCAGTICGTICGGCGTICCGTCCCAGCTCGCTTARATCAACCTGACCGTIGGES
TGATGCGTCCGETAAGGCTIGTTTITGATCGCGTTCGGCTIGTICGTAGATCTICTTITCTGCA
TGTAGTGACGGTAAATGCUTTTATCGCCCGCGTCATATTGCAGATTGECATTCGATATCCT
GACGTITTACTTCCGCGCCAGTTTTATCGAAGATGTTTACCGAACGGCGAGTGATTTCCG
CAATATCGCCCTCTTCARAGGAAGATARAGCCACGGCTCACCGGCAACAGCCCCAGCTGET

CAGAAGCGATAAAGTTTTICGCCCATCCCCAGGCCAATCACCAGCGGACTACCAGAACGTG
CCGCCAGCAGGETATCCGGGTGACGGCAGTCCATCATCACTCTACCGIACGCACCACGCA
GUTGCGGGATAGCACGCAGAACGGCETCACGCAGAGTCCCGUCCTTGTTITCAGCTCCCAGT
TCACCAGATGGGCAATCACTTCGGTGTCGGTTTCAGAARCGRAAGGTATAGCCACGCGCTT
TAGCTCTICACGCAGCGGTICATCCTITITCGATGATCCCOTTA ACCACCACAATGT
GCITCAGARACATGCOGATCCGCATTICACTTCTGAAGGTTCACCGTSGETCGCCCAGCGARG

TGTGAGCAATACCAGTGCCGCCATGCAGAGGATGTTCITCCGCT TGTGCCAGCATCT
GGACTITACCGAGGCGACGCAGGCGGGTICATATGACCTTCTGCATUAACAACGGCCAGAL

CATCACGTIGCGCGATCGCGCCAACAATICCACACATAT Gt atatctccttettgaaTTIC
TAACAATTGATIGAATGTATGCAAATARATGCATACACCATAGCTGTCGTTTAATTTGAT
GCCCTITITCAGGGCTGGAATGTGTAAGAGCGGGGTTATITTATGCIGITGTTTTIITIGIT
ACTCGGGAAGGECT I TACCICTTICCGCATAAACGCLITCCATCAGCGLLTTATAG LI TARAALA
ARTCTTTCGGAACTGGETTTTGCGCT TACCCCAACCAACAGGGGAT TTGCTGCTTTCCATT
CAGCCIGTITCICTGCGCGACGTTCGCGECGGCGTCTITCTGCATICATCIGGATTCTCC
TCTCAGTTAGCTITITGCGTGGTCTGTIGCGCAGTIGCTAGICCTIGAACGAAAACCCCCCGLGATT
GCCACATIGGCAGCTAATCUGGAATCGCACTTACGGUCAATGCTITUGITTCGTATCACAC
ACCCCAAAGCCTITICTIGCTIITGAATGCTIGCCCITCITCAGGGCTTAATITTITAAGAGCGTC
ACCTTCATGGTGGTCAGTGCGTCCTGCTGATGTGCTCAGTATCACCGCCAGTGGTATTTA
TGTCAACACCGCCACAGATAATTITATCACCGCAGATGCTTAICIGIATGTITITITTATATIG
ARTTIATTIITTIGCAGGGGGGCATIGTITIGGTAGGTIGAGAGATCAATTICTGCATTAATGA
GTGTATACTGGCTTACTATGTTGGCACTGATGAGGGTGTCAGTGAAGTGCTTCATGTGGC
AGGAGRAAAAAAGGCTGCACCGGTGCETCAGCAGAATATGTGATACAGGATATATTCCGCET
TCCTCGCTCACTOCACTCOCTACGCTCGOICCTTCOCACTCCGECCASCCCAAATOCCTTAC
GRACGGGGCGGAGATTTICCTGGAAGATGCCAGGARAGATACTTAACAGCEGRAGTGAGAGGEG
CCGCGGCAAAGCCGTITITICCATAGGCTICCGECCCCCCIGACAAGCATCACGARARTCTGAC
GCTCAAATCAGTGGTGGCGAARCCCGACAGGACTATAAAGATACCAGECGTITCCCCCTIG
GCGGCTICCCTCETGCGCTCTCCTGITCCTGCCTTTCGGTTTACCGGTETCATTCCGCTGT
TATGCCCCGCCTITOTCTCATTCCACCCCTCACACTCACTTCCCCOTACGCACTTICCCTLC
AAGCTGGACTGIATGCACGAACCCCCCGTTCAGTCCGACCGCTIGCGCCTITATCCGGTAAC
TATCGICTIGAGTCCAACCCGGAAAGACATGCARRAGCACCRACTGGCAGCAGCCACTGGT
AATTGATTTAGAGGAGTTAGTCTTGAAGTICATGCGCCGGTTAAGGEC TARACTGAAAGGATC
AAGTTTTGGTGACTGCGCTCCTCCRAGCCAGTTACCTCGGTTICAAAGAGTTGGTAGCTCA
GAGMACCTTCGANANACCGCCCTGCANGGCGGTTTITTTICGTTTTCAGAGCAAGAGAT TA
GCGCAGACCARAACGATCTICAAGAAGATCATCTTATTIAATCAGATAARATATTICTAGGC
aaecarGAACNGRANACTOACGTTARAGEGATTTTGETCATGAGART TATCARARAGGATCTT
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CACCTAGATCCTITTTAAATTAAAAATGAAGTTTTAAATCAATCTAAACTATATATGAGTA
AACTIGGTCTGACACTTACCAATGCTIAATCACTGAGGCACCTATCTCAGCGATCTGICT
ATTTCGTICATCCATAGTIGCCTGACTCCCCGTCGTIGTAGATAACTACGATACGEGAGGG
CITACCAICTGGECCCCAGTGCTGCAATGATACCGCGAGACCCACGUTCACCEGCTCCAGA
TITATCAGCAATAAACCAGCCAGCCGEGAAGGGCCGAGCGCAGAAGTGETCCTGCAACTTT
ATCCGCCICCATCCAGTCIATTAATITGITGCCGGGAAGCTAGAGTAACTAGTTCGCCAGT
TAATAGTTZCCCCAACCTIGTTCCCATICCTACAGCCATCCICGTOTCACCCTCOTCOTT
TGGTATGGCITCATTCAGCTCCGGITCCCARCGATCAAGGCGAGTTACATGATCCCCCAT
GITGIGCAARAMAGCGGTTAGCTCCTTCGGICCTCCGATCGITGTCACARGTARGTTIGGE
CGCAGIGTIIATCACTCATGGTTATGGCAGCACTGCATAATTCTCTIACTGICATGCCATC
COTAAGATGCTTITTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTCAGAATAGTGTAT
CCOCCLACCCACTTOCTCTITCCCCOCCOCTCAATACCCCATAATACCOCOCCACATACCAC
AACTTTARARGTIGCTCATCATIGGRARACGTICTICGGGGCHGARAACTCTCAAGGATCTT
ACCGCTGTIGAGATCCAGTTCGATCTAACCCACTCGTGCACCCAACTGATCTTCAGCATC
TITTACTTICACCAGCGITTCIGGGTCGAGCARAAACAGGAAGGCAAAATGCCGCAARARRA
GGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTICCTITITCAATATTATIG
AACCATTTIATCAGCCTTATTCTCTCATGAGCGCATACATATITGAATCTATT TAGARAARN
TAARCAAATAGGGGTITCCGCGCACATTICCCCGARAAGTGCCACCTGACGTCTAAGARRC
CATTATTATCATGACATTAACCTATARAAATAGGCGTATCACGAGGCCCTTITCGTIC

SEQ IDNO: 13

»>nenC_N-acetylglucosamine-6-phosphate-2-epimerase_GI_15193223_in_pG317

MEKILFITGSRADYSKIKSLMYRVONSSEFELYIFATGMHLSKNFGYTVKELYRENGERN L
YEFINYDKYYQIDKALATTIDGFSRYANELKPDLIVVHGDRIEPLAAARTIVCALNNILVAH
IEGGEISGTIDDSLRHATISKLAHTIHLVNDEFAKRRLMQLGEDEKSTF IIGSPDLELLNDN
KISLSEAKKYYDINYENYALLMFHEVITEITS IKNQADNLVEKALIQSNKNYIVIYPNNDL
GFELILOSYEEFKNNPRFKLFPSLRFEYFITLLENADF ITGNSSCILXEALYLKTAGILY
GSRONGRLGNENTLKVNANSDETI LKAINT IHKKQDLF SAKLEILDSSRLFFEYLQSGDEFE
KLSTQEVEFEDIK

SEQ ID NO: 14
»ncuB_sialic_acid _synthase GI_15193222 in_pG3l7

MEEIKIQNIIISEEKAPLVVPEIGININGSLELARIMVDAAF SAGAKIIKIQTIIVEDEM
SKARKKVIPGHNAKISIVEIMQKCALDYKDELALKEY TEKLGLVYLSTPF SRAGANRLEDM
GVSAFKICSCECNNYPLIKHIAAFKKPMIVSTCMNSTESIKPTVKILL.DNEIPFVLMHATT
NLYPTPHNLVRLNAMLELKKEF SCMVGLSDHETTDNLACLGAVVLGACVLERHEFTDSMHRS
GPDIVCSMDTRALKELILOSEOMAI IRGNNESKEAAKQEQVT IDFAFASVVSIKDIKKGE
VLSMDNIWVERPGLGGISAAEFENILCKKALRDIENDAQLSYEDEFA

SEQ ID NO: 15

>neud CMP-NeUbAc_svnthase GI_ 15193224 in_pG317

MSLATIPARGGSKGIKNKNLVLLNNKPLIYYTIKAALNAKSI SKVVVESDSDEILNYAKS
ONVDILERPISLAQDDTTSDEVLLHALKFYKDYEDVVFLOPTSPLRTNIHINEAFNLYEN
SNANALISVSECDNEKILKAFVCNDCGDLAGICNDEYPEFMPROKLPKTYMSNGAIYILKIK
EFLNNESFLOSKTIKHFLMDESSSLDIDCLEDLEKKVEQIWEKK

SEQ ID NO: 16

>BAF42258 lacto-MN-neotetraocse biocsynthesis glycesyl transferase Lgth
[Neigserza meningitidis MC58].

MPSEAFRRHRAYRENKLOPLVSVLICAYNVEKYFAQSLAAVVNQTWRNLDILIVDDGSTD
GILATAQRFQEQDGRIRILAQPRNSGLIPSLNIGLDELAKSGGCGGEY TARTDADDIAADD
WIEKIVGEMEKDRSIIAMGAWLEVLSEEKDGNRLARHHEHGKIWKKPTRHEDIADFEPEG
NPIHNNTMIMRRSVIDGGLRYNTERDWAEDYQEFWYDVOKLGRLAY YPEALVKYRLHANQY
SSRYSIRQHETIAQGIQKTARNDF LOSMGFKIRFDSLEYRQIKAVAYELLEKHLPEEDFER
ARRFLYQCFERTDTLPAGAWLDEFAADGRMRRLETLROYFGI LHRLLKNR

SEQ ID NO: 17

>NP_207619 lipooligesaccharide 5G8 epitope biosynthésis-asgociated
protein Lex2B [Helicobecter pylori 266957.

MRYFALSLNQEVCDIFGLVERDITILLNSINATHHQAQIFDATY SKTFRGGLHPLVKEHL
HPYFITONIKDMCITTNLISEVSKE Y YALKYHARFMSLOELOCYASHYSLWEKCIELNEA
ICILEDDITLKZIDFKEGLDFLEKHIQELGY IRLMHLLYDASVKSEPLSHKNOAEIQERVGI
IKAYSEGVGTIQGYVITPKIAKVELKCSREKWVVPVDI IMDATE IHGVKNLVLOPEFVIADDE
QISTIARKEEPYSPRKIALMRELEFKYLKYWGEY
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SEQ ID NO: 18
»E.coli WbgO_YP_00350009C putative glycosyltransfsrase WbgO [Escherichia
coll 0ObB5:H7 str. CB96L5].

MIIDEAESAESTHPVVISVILPVNKKNPFLDEAINSILSQIFSSFELIIIVANCCTDDEYN
LEKEKVNDKIKLIRINIAYLPYSLNKAIDLSNGEF IARMDSDDISHPDRE TKQVDE LKNNP
YVDVVGTRAIF IDDEKGREINKTKLPEENLDIVKNLPYKCCIVHPSVMERKKVIASIGGYM

FONYSEDYELWNRLSLARIKFONLPEYLEYYRLHEGQS TARKKNLY MYMVNDLY LTEKMKCKE
LTGNINYLFGGIRTIASFIYCKYIR

SEQ IDNO: 19

>BAA3E319 PNA-binding transcriptional dual regulator nagl [Escherichia
coli str. K-12 substr., W21Ll07].

MIPGGQACIGNVDLVKQLNSAAVYRLIDOQYGPISRIQIAEQSQLAPASVIKITROLIERG
LIKEVDOUASTGGRRAISIVIETRNFHAIGVRLGRHEDATITLFDLSSKVLABREGYPLPER
TOQOTLEHALLNATAQF IDSYQRELRELIAISVILPGLVDPDSGKIHYMPHIQVENWGLVE
ALEERFKVTCEVGHDIRSLALAEHYFGASQTCEDSILVRVHRGTGAGI I SNGRIFIGRNG
NVGEIGHIQVEPLGERCHCGNFGCLETTIARNAATEQRVLNLLKQGYQSRVPLDDCTIKT L
CRAANKGDSLASEVIEYVGRHLGKIIAIAINLFNPORIVIAGEI TEADKVLLPAIESCIN
TQALKAFRTINLEVVRSELDHRSAIGAFALVXRAMLNGILLOQHLLEN

SEQ ID NO: 20

S>NP_418185 L-glutamine:D-fructose-6-phospkate aminotransferase glms
[Ezscherichia coli str. K-12 substr. MGL655].

MCGIVGATAQRDVAEILLEGLRRLEYRGYDSAGLAVVDAEGEMTRLRRLGKVOMLADARAR
EHPLHGGTGIAHIRWATHGEP SEVNARPHVSEHIVVVHNGIIENHEPLREELEARGYTEV
SETDTEVIAELVNWELKQGCTLREAVIRAIPQLRGAYGTVIMDSREPETLLAARSGSPLY
IGLGMGENF IASDOLALLPVIRRFIFLEEGDIAEITRRSVNIFDKTGAEVKRQDIESNLY
YDAGDKGIYRHYMOKEIYEQPNAIKNILICGRISHGOQVDLSELGPNADELLSAVEHIZILA
CETSYNSGMVSRYWFESLAGIPCDVEIASEFRYRKSAVRRNGLMITLSQSGEZTADTLAGL
RLSEELGYLGSLAICHVPGSSLVRESDLALMINAGTEIGVASTRAF TTOLTVLLMLVAKL
SRLEGLDASTIEHDIVHGLOALPSRIEOMLSODKRIEALAEDEF SDKHHALFLGRGDOYPIA
LEGALEKLKEISYIHAEAYAAGELKHCPLALIDADMEVIVVAPNNELLEKLKSNIEEVRAR
GGOLYVFADODAGFVSSDNMETI IEMPHVEEVIAPIFYIVPLOLLAYHVALIXGTDVDOPR
NLAKSVZIVE

SEQ ID NO: 21

»BAF92026 beta-galactoside alpha-2,6-sialyvltransferasé [Photobacterium sp.
JI-18H-22471.

MENFLLLTLILLTACNNSEENTOQSIIKNDINKIIIDEEYVNLERPINQSNISETKHSWYOT
CGTQOLLTEQNXESISLSVVAPRLDDDERYCFDEFNGVSNKGEKY ITKVTLNVVAP SLEVY
VOHASLPTLQOLMPITKSEEENPTAQRY TAWGRIVPTDEQMKELNITSFALTINNHTPADL
VOEIVEQAQTKARLNVELSSNTAHSFDNLVP ILKELNSFNNVIVINIDLYDDGSAEYVNL
YNWRDILNETDNLKIGEDYLEDVINGINEDTSNIGT SSVYNWORLYPANYHFLREKDYLTL
EPSLHBLRDY LGOS LEQMOWDGE KKENSKQQELE LS LVNEDRKOKLONEYNSSNLPNEVEL
GTTVWAGNHERZYYARQOINVINNAINESSPHYLGNSYDRLFFRKGHPGGGT INTLIMONYP
SMVDIPSKISFEIVLMMIDMLPDAVAGIASSLYFTIPAEKIKFIVFITSTETITDRETALRS
PLYOVMIKLGIVKEENVLFWADLPNCETCVCIAVY

[0084] Provided below is the DNA sequence in Genbank format of the new configuration of
genes engineered at the Escherichia coli thyA locus in strains used to produce N-

acetylglucosamine-containing oligosaccharides.

LOCUS E680_thyA::2.8RBS_lacZ 5877 bp DNA linear BCT
04-MAR-2013

DEFINITION Escherichia coli str. K-12 substr. MGLE55, complete genome.
ACCESSICN NC_000913

VERSTON NC_000913.2 GT:43175990

KEYWORDS

SOURCE Escherichia coli str. K-12 substr. MGL655 (unknown)
ORGANISM Escherichia c¢oli str. K-12 substr, MGL655
Bacteria; Proteobacteria; Gammaproteobacteria;
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Enterobacteriales;

Eate

ohacteriaceas; Tscherichia,
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COMMENT {PROVISIONAL REFSEQ: This record has not yet been subject to

final NCBI review. The reference sequence is identical to UO0O096. On
Jun 24, 2004 this sequence version replaced gi:16127994. Current
UO0096 annotation updates are derived from EcoGene
http://ecogene.org. Suggestions for updates can be sent to Dr.
Kenneth Rudd (krudd@miami.edu). These updates are being

generated

Genetic from a collaboration that also includes ASAP/ERIC, the Coli Stock
Center, EcoliHub, EcoCyc, RegulonDB and UniProtKB/Swiss

Prot. COMPLETENESS: full length.

FEATURES {Location/Qualifiers

gene jcomplement(<1..245)

/gene="ppdA"

/locus_tag="b2826"
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/gene_synonym="ECK2822; JW2794"
/db_xref="EcoGene:EG12081"
/db_xref="GenelD:945393"

CDS i{complement(<1..245)

/gene="ppdA"

/locus_tag="b2826"

/gene_synonym="ECK2822; JW2794"
ffunction="putative enzyme; Not classified"
/GO_component="G0:0009289 - pilus"
/1GO_process="G0:0009101 - glycoprotein biosynthetic

process"

/note="prepilin peptidase dependent protein A"

/codon_start=1

ftrans|_table=11

/product="hypothetical protein"
/protein_id="NP_417303.1"
/db_xref="GIl:16130730"
/db_xref="ASAP:ABE-0009266"
/db_xref="UniProtKB/Swiss-Prot:P33554"
/db_xref="EcoGene:EG12081"
/db_xref="GenelD:945393"

/trans_ation="MKTQRGYTLIETLVAMLILVMLSASGLYGRQYROQSORTWOTAS
OARDYLLYLREDANWHNRDHS I SVIREGTLWC LY SSAAGANTCEGSSPLVFVPRWPEY
EMSDLIPSLAKFGLRNIAWAGHIRFENSTCEWWLVV SPWGRLRLCQQGETEGCLY (S5EQ ID NO: 22)
source join(<1..449,4852..>5877)

/organism="Escherichia coli str. K-12 substr. MG1655"
/mol_type="genomic DNA"

[strain="K-12"

/sub_strain="MG1655"

/db_xref="taxon:511145"

primer 346..366

/nete=cagtcagtcaggegecTTCGEGAAGGCGTCTCGARGA (SED ID
NO: 23)

/label=0268-THYA-R
misc_feature complement(388..394)
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ffeature_type="Hairpin loop"

/label=Terminator
primer 400..449

/note=GGCGTCGGCTCTGGCAGGATGTITCOTAAT TAGATAGCCACCGGCGCTTTay
GaaacctactATGACCATGATTACGGATTCAC (SEQ ID NC: 24)

/label="50bp thyA 3 prime homology"
primer {400..483

/note=GGECETCEGCTCTGGCAGGATGTITCGTAATTAGATAGCCACCGECGCTTTat
taaacctact ATCACCATCATTACGGATTCAC (SEQ ID NO: 25)

/label=1389-thyAKANlacZ-R-2-8
primer {400..483

/note=GCCGTCGGCTCTCGCAGGATSTITCGTAATTAGATAGCCACCGGCGCTTIC
tCaacctactATGACCATGATTACGGATICAC (SEQ ID NO: 26)

/label=1516-thyAKANlacZ-R-0-8
primer 400..483

/note~GECETCGGCTCTEGCAGGATSTTTCGTAATTAGATAGCCACCGGCGCTITay
GaaacctactATGACCATGATTACGGATTCALC (SEQ ID NO: 27)

/label="1041-thyAKANlacZ-R (4-8)"
misc_feature complement(401..407)

ffeature_type="Hairpin loop"

/label=Terminator
primer 405..472

/note-CGGCTCTGGCAGGATGTTICETARTTAGATAGCCACCGGCGLTTIaTTaaac (SEQ ID NO: 28)
CLactATGACCATGAT

/label=1394-2/8-F

gene complement(join(429..449,4852..4854))
/gene="thyA"

CDS complement(join(429..449,4852..4854))
/gene="thyA"

/note="ECK2823:JW2795:b2827"
/codon_start=1

ftransl|_table=11

/product="thymidylate synthetase"
/protein_id="BAE76896.1"




/db_xref="GIl:85675643"
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/translation="MKQYLELMOKVLDEGTOKNDRTGTGTLS IFGHCOMRFNLODGEPL
VITKRCHLRSIIHELLWFLOGDTNIAYLHENNVT IWDEWADENGDLGPVYCGKQWRAWP
TPDGRHIDQITIVLNQLKNDPDSRRIIVSAWNVGELDEMALAPCHAFFQFYVADGKLS

COLYQRSCDVFLGLPFNIASYALLVHMMAQQCDLEVGDFVNTGGDTHLY SNHMDQTHL

QLSREPRPLPKLIIKREKPESIFDYRFEDFEIEGYDPHPGIKAPVALY (SEQ

ID NO: 43)
RBS 450..461
/label="2.8 RBS"
source 450..3536
forganism="Escherichia coli W3110"
/mol_type="genomic DNA"
[strain="K-12"
/sub_strain="W3110"
/db_xref="taxon:316407"
/note="synonym: Escherichia coli str. K12 substr
W3110"
misc_feature 450..4851
ffeature_type=Insertion
/note="originates from KanR-lacZRBS (E403)"
/label=Insert
misc_feature 4497450
ffeature_type="RBS variation site"
/label="C in 0/8"
misc_feature 450..453
ffeature_type="RBS variation site"
/label="CTTC in 0/8"
misc_feature 451..452
ffeature_type="RBS variation site"
/label="GG in 4/8"
misc_feature 451..452
ffeature_type="RBS variation site"
/label="TT in 2/8"
CDS 462..3536
/gene="lacZ"
/note="ECK0341:JW0335:b0344"
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/codon_start=1

ftransl|_table=11

/product="beta-D-galactosidase"

/protein_id="BAE76126.1"

/db_xref="GIl:85674486"

/translation="MTMITDSLAVVLORRDWENPGVIQLNRLARHFPFASWRNSEEAR
TORPSOQIRSLNGEWRFAWFPAPEAVPESWLECDI PRADTVVVPSNWOMHEGYDAPTY T
NVTYPITVNPPEVPTENPIGCYSLIFNVDESWLQEGOTRIIFDGVNSAT HLWCNGRWY
GYGODSRLPSEFDLSAFLRACENRLAVMVLRWSDGSYLEDQDMARM SGIFRIOVSLLEK
PITQICDFHVATIRENDDFSRAVLEAEVOMCGELRDYLRVIVILWQCETQVASGTAPEG
GETIDERGCGYADRVILRLNVENPKLWSAEIPNLYRAVVELHTADGTLIEARACDVGER
EVRIENGLLLLNGKPLLIRGVNRHEHHPLEGQVMDEQTMVQD ILLMKONNENAVRCSH
YPNHPLWYTLCDRYGLYVVDEANIETHGMVPMNRLTDDPRWLPAMSERVTRMVQORDRN
HPSVIIWSLGNESGHGANHDALYRWIKSVDPSRPVQYEGGGADTITATDIICPMYARVD
EDQPFPAVPEWSIKEWLSLPCGETRPLILCEYAHAMGNS LGGFAEYWQAFRQYPRLOQGG
FVWDWVDOSLIKYDENGNPWSAYGSDE GDIPHDROFCMNGLVFADRTPHPALTEAKHQ
QOFFQFRLSGOTIEVTSEYLFRHSDNE LLEWMVALDGKPLASGEVELDVAPOGKQLIE
LPELPQPESAGOLWLTVRVVQPNATAWSEAGHISAWQUWRLAENLSVILPARSHAIPH
LITSEMDECIELGNKRWOFNRQSCFLSOMWIGDEKQLLTPLRDOFTRAPLDNDIGVSE
ATRIDPNAWVERWKAAGHYQAEAALLOCTADTLADAVLITTAHAWCQHOGKTLE LSRKT
YRIDGEGOMATI TVIVEVASDTPHPARIGLNCQLAQVAERVNWLGLCPQENY?DRLTARA
CEDRWDLPLSDMYTPYVEFRSENGLRCCGTRELNYGPHOQWRGDEQFNISRYSQQQLMET S

HRHLLHABEGTWLNIDGFHMG IGGHDSWSPSVEARFOLSAGRYHYOLVWCGK®
(SEQ ID NO: 29)

primer /label="wild-type lacZ+ CDS" complement(1325..1345)
/note=TTCAGACGTAGTGTGACGCGA

primer /label=1042-thyAlacZcheck 2754..2776
/Inote=TTTCTTTCACAGATGTGGATTGG /label="1395-mid lacZ-F"

primer complement(2779..2801) /note=CGGCGTCAGCAGTTGTTTTTTAT

mutation /label="1396-mid lacZ-R" 2793

scar /label="C in MG1655 /acZ (silent change)" complement(3549..3567)

source /label="KD13 downstream scar sequence" 3549..4851

forganism="Template plasmid pKD13"

/mol_type="genomic DNA"

/db_xref="taxon:170493"

primer 3549..3568

/label="0339 P1w-P2b"
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repeat_unit {3568..3579
/label="FLP site"
misc_feature jcomplement(3568..3601)

ffeature_type="FRT site"

/label="34bp FRT site"

note complement(3568..4789)

/label="excised region upon pCP20 introduction"

repeat_unit jcomplement(3590..3601)

/label="Flp site"

misc_feature jcomplement(3602..3615)

ffeature_type="FRT site"

/note="natural FRT site"

/label="upstream FRT site"

repeat_unit jcomplement(3604..3615)

/label="Flp site"

misc_feature jcomplement(3628..4422)

ffeature_type="CDS (KAN resistance)"

/note="kanamycin resistance"

/codon_start=1

ftrans|_table=11

/product="Tn5 neomycin phosphotransferase"
/protein_id="AAL02037.1"
/db_xref="Gl1:15554336"

/translation="MIEQDGLHAGSPAAWVERLEGYDKAQQT IGCSDAAVFRLEAQGR
PVLFVKIDLSGALNELODEAARLSWLATTGVPCAAVLDVVIEAGRDWLLLGEVPGODL

LSSELAPAERVSIMADAMRRLHTLDPATCPFDHQAKHRIERARTRMEAGLYVDQDDLDE

EHQGLAPAELFARLKARMPDGEDLVVIHGDACLPNIMVENGREFSGE IDCGRLGVADRY
QDIALATRDIAEELGGEWADRFLVLYGCIAAFPDSORIAFYRLLDEFE" (SEQ

ID NO: 303

primer complement(3677..3696) /label="0389 KD13_K4"

primer_bind 3791..3810 /label="common priming site kt"

primer 3791..3810 /label="0344 Wanner Kt primer"

mutation 3811 /label="A in wt (silent change)"

primer complement(4242..4261) /label="0343 Wanner K2 primer"

primer_bind 4261..4280 /label="common priming site k2"

primer_bind 4352..4371 /label="common priming site k1"
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primer 4352..4371 /label="0342 Wanner K1 primer"
repeat_unit 4790..4801 /label="FLP site"
scar complement(4790..4851) /label="KD13 upstream scar"
misc_feature complement(4790..4823) ffeature_type="FRT site" /label="34bp
FRT site"
repeat_unit complement(4812..4823) /label="Flp site"
primer complement(4832..4851) /label="0338 P4w-P1b"
primer complement (4832..4901)
/note=TCTGGGCATATCCTCGCAGCCCACAGCANCACGTTTCCTGAGGANCCATGAT
TCCGGLGATCCGICGACC (SEQ ID NO: 31)
/label=1040-thyAKANlacZ-F
Site complement(4858..4863)

[site_type="binding site"
/label="thyA RBS"

gene complement(4861..5736) /gene="Igt"
CDS complement(4861..5736)
/gene="Igt"

/note="ECK2824.JW2796:b2828"
/codon_start=1

ftransl|_table=11

/product="phosphatidylglycerol-prolipoprotein

diacylglyceryl transferase"
/protein_id="BAE76897.1"
/db_xref="GI:85675644"

/translation="MTSSYLHFPEFDPVIFSICPVALHWYCLMYLVCF IFAMWLATRE

ANRPGSGWIKNEVENLLYAGEF LGVFLGGRIGYVLFYNFPQFMADPLY LERVHDGGMSFE

HGGLIGVIVVMIIFARRTKRIFFOVSDF TAPLIPFGLGAGRLGNFINGELWGRVDPNE

PEFAMLEPGCSRTIEDILLLOTNPQWOSIFDTYGVLPRAPSOQLYELLLEGVVLF LILNLY L

REPRPMGAVSGLFLIGYGAFRT TVEFFROPDAGF TGAWVOY T SMGOTLS TPMIVAGYT
MMURAYRRSPOOHVS " (SEQ ID NO: 32)

promoter complement(4957..4962) /label="thyA WEAK -10"

promoter complement(4978..4983) /label="thyA -35"

primer complement(5076..5099)

/note=cagtcagcaggegeeTCCTCAMCCTIGTATATTCGTIARAL (5EQ

LD HO: 33)

/label=0267-THYA-F
Site complement(5739..5744)
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[site_type="binding site"

/label="Igt RBS"

promoter

complement(5823..5828)

/label="Igt -10 (strong)"

ORIGIN

1
6l
121
181
241
301
361
421
481

CCAGCGGAAC
CGGITATGCC
CTITIGCCATA
AGCATGACCA
ITCATGCCGE
GCGCATCTITIC
CGAAGAATYY
ITICGTAATT
CACTGGCCGT

TCACAAGGCA
AGLTTGGCATC
GCCGITGCGA
ARATCAGCAT
CAGTATGGAG
CGGACTATITIT
AACGGAGGET
AGATRAGCCAC
CGITITACAR

CCATAACGTC
TLCACGTAAA
CTGCTGCCAG
CGCGACCAGC
CGAGGAGARA
ACGCCGTTIGC
AMAAARACCG
CGGCGCTITTa
CGICGTGACT

CCCTCCCIGA
TAGAGUAAAT
TATTGZCAGC
GTZTCAATCA
AAAMCACGAG
AGGACGTIGC
ACGCACACLG
ttaaacctac
GGGAARACCC

TAACGCTGAT
AGTCCCGIGC
CATAGAGTCC
GCGIATARCC
GGCCAGITTC
AARARTTICGG
GCGLICGGEDTLC
TATGACCATG
TGGCGTTACE

ACTGIGGTICG
CLGGCTGGCG
ACTTGCGCTT
ACGTIGTGTIT
TATTTCTTCG
GAAGGCGICT
LTGGCAGGALG
ATTACGGATT
CAACTTAATC

541 GCCITCCAGC ACATCCCCCTI TTCGCCCAGCT GCCCTAATAG CCAAGAGGCC CGCACCCATC
601 CCCCTTICCCA ACAGITGCGC AGCCTIGAATG GCGAATGGCG

81

13

1501 GCAAGCCGLYL GUIGALICGA GGCGLTAACT

1801

1921
1981
2041
2101
2161
2221

DOy O

EACIN SO R SRS B A S B )
w1l Oy 1 0 ks s W
[ = =

W W W RN
= O O WO 00
o= 0N OV O s O

y oW

>

I N -y Ut oy e O e

Gy
TN U ds s O W DD
oD MR CO I ON O s 0Ny

[ @RI A

661
721

781
341
901
961
1021
1081
1141
1201
1261
1321

CGARATICTCTA TCGTGCGGIG GITGAACTIGC ACACCGCIGA CGGUACGCIG

CAGAAGCGGT
TCCCCTCAAA

CCATTACGGT
CATTTAATGT
ITAACTCGGC
GTTTGCCGIC
TGATGGIGCT
GCGGCATTTT
ATGTTGCCAC
IGIGCGGCGA
AGGTCGCCAG
CCGATCGCGT

GUCGGAAAGC
CTGGCAGATG

CAATCCGCCG
TGATGANAGC
GTTTCAICIG
TGAATTIGAC
GCGCIGGAGT
CCGTGACGTIC
TCGCTTTAAT
GITGCGIGAC
CGGCACCGEG
CACACTACGT

TGGCTGGAGT
CACGGTTACG

TTTGTTCCCA
TGGCTACAGE
TGGIGCAACG
CTGAGCGCAT
GACGGCAGTT
TCGTTGCTGC
GATCGATTICA
TACCIACGGG
CCTTTCGGCGE
CTGAACGTCG

GCGATCTTCC

CGGAGAATCC
ANGGCCAGAC
GGCGCTGGGT
TTITACGCGC
ATCIGCGAAGA
ATARACCGAC
CCCECCCTGT
TAACACGTTIC
GTGAAATTAT
AARRCCCGAR

1441 AAGCCTGCGA TGTCGGTIIC CGCGAGGTGC GGATTGAAAR

1561
1621
1681
1741

GCGATCGTAA

1861

-
£k

AAGECGGE
TGGATGAAGA

TCATGGATGA

GCAGRCGATIG

GTGCAGGATA

CCETGCGCTG TICGCATTAT CCGRAACCATC
GCCTIGTATGT GGIGCATGAA GCCAATATIC

TGACCGATGA

TCACCCGAGT

TCCGCECTES

GIGATCATCT

CTACCGGCGA

GTCACGAGCA TCATLCCILICLG

TCCTGCTGAT
CGCTIGIGGTA
ABRACCCACGE

TGAGCEAACG

CITIGCCTGG
TGAGGCCGAT
CTACACCAAC

GACGGGTTIGT
GCGAATTATT
CGGITACGGC
CGGAGAARAC
TCAGGATATG
TACACARATC
ACTGCAGGCT
TTTATGGCAG
CGATGAGCGT
ACTGIGGRGC

IGGICTGLTIC

GAARGCAGAAC
CACGCTIGTIGC
CATGGTGCCAR
CGTARCGCGA

CTAATCACGA CGCGCTGIAT CGCIGGATCA AATCTCGTCGA TCCTICCCGEC

CGGAGCCGAC ACCACGGCTA
CCAGCCCTIC €oG

GCTGTGC

CCGATATTAT
CGABATGETO

TIGCCCGATG
CATCAAAARR

TTTCCGECAC
ACTGTCGTCG
GTGACCTATIC

TACTCGCTCA
TTIGATGGCG
CACGACAGIC
CGCCTICGCGG
TGCCGGATGA
AGCGATITTCC
GAAGTICAGA
GGEIGARACGC
GGIGGTITATG
GCCGARMATCC

ATTGAACCAG

CTCCIGARCG

CALGGLCAGG

AACTTTAACG
GACCGCTIACG
ATCAATICGIC
ATCGTGCAGC

GGTCGCTGGE GRATGAATCA GGCCACCGCG

CCEGTGCAGT

TACGCGCGCG
TGGCTTICGE

TAZCIGGAGA
TZGGCGGITT
TCGICTGGGA
CGGCITACGGE
TGGTCTTTGC
TTTTCCAGTT
ATAGCGATAR

SZGAAGTGCC
CGCAGCCGGA
CCGCATCGTC
TCAGIGIGAC
ATTTITGCAT
CACAGATGTG
GTGECACCECT
GGGTICGAALG
CGGCAGATAC
GGAAAMACCTT
TZACCGTIGA
GCCAGTTIGGC
ACCCGACCGE
ATACCCCGTA
ATGGCCCACA
AACTGATGGA
TCGACGGTTT
AATTCCAGCT
CCGCETTATG
CGGAATAGGA

AT T

GACGCGCCCG
CGCTRAATAC
CTGGGIGGAT
CGGTGATTIT
CGACCGCACG
CCGTTTATCC
CGAGCTCCIG
TCTGGATGIC
GAGCGCCGEG
AGRAGCCGGG
GCTCCCCGCC
CGAGCTGGET
GATTGGCGAT
GGATARCGAC
CTGGAAGGCG
ACTTGCTGAT
ATTITATCACC
TGITGRAGTIG
GCAGGTAGCA
CCTIACTGCC
CGTCTTCCCG
CCAGTGGCGC
AACCAGCCAT
CCATATGGGG
GAGCGCCGGT
TAGGCTGGAG
ACTTCAAGAT

e SR alararar Ve

CIGATCCTIT
TGGCAGGCGT
CAGTCGCIGA
GGCGATACGEC
CCGCATCCAG
GGGCARACCA
CACTGGATIGG
GCTCCACAAG
CAACTCTGGC
CACATCAGCG
GCGTCCCACG
AATAAGCGTT
AAAAAACAAC
ATTGGCGTAA
GCGGGCCATT
GCGETGCTGA
CGGAARACCT
GCGAGCGATA
GAGCGGEGTAR
GCCLGITITIG
AGCGARANCG
GGCGACTICC
CGCCATCIGE
ATTGGTGGCG
CGCTACCAIT
CIGCTTCGAA
CCCCTTATTA

CHTEI N T A

GCCGRATALGC
TTCGTCAGTA
TTAAATATGA
CGAACGATICG
CGCTGACGCA
TCGRAGTGAC
TGGCGCTGGA
GTAAACAGTT
TCACAGTACG
CCTGGCAGCA
CCATCCCGCA
GGCAATTTAA
TGETGACGCC
GTGAAGCGAL
ACCAGGCCGA
TTACGACCGC
ACCGGATTGA
CACCGCATCC
ACTGGCTICGE
ACCGCTIGEEGA
GTCTGCGCTG
AGTTICAACAT
TGCACGCGGA
ACGACTCCTIG
ACCRGTTGGT
GTTCCTATAC
GAAGAARCICG

CTAARCCROTT

CCACGCGATG
TCCCCGTTITIA
TGARAACGGT
CCAGITCIGT
AGCARAACAC
CAGCGAATAC
TGGTAAGCCG
GATTGAACTG
CGTAGTGCAN
GIGGCGICTG
TCTGACCACC
CCGCCAGTICA
GCTGCGCGAT
CCGCATTGAC
AGCAGCGTIIG
TCACGCGTGG
TGGTAGTGGT
CGCGCGGATT
ATTAGGGCCG
TCITGCCALLG
CGEGACGCGC
CAGCCGCTAC
RBEAAGGCACA
GAGBCCCGICA
CTGGIGTCAA
TTTCTAGAGA
TCAAGARGGC

LY alal S Valalalalyl

GGTAACAGTC
CAGGGCEGCT
AACCCGIGGT
ATGAACCGTIC
CAGCAGCACGT
CTGTTCCGTC
CTGGCAAGCG
CCTGAACTAC
CCGARCCCGA
GCGGAAAACC
AGCGAAATGG
GGCTTTCTTT
CAGTTCACCC
CCTAACECCT
TTGCAGIGCA
CAGCATCAGG
CAAATGCCGA
GGCCTGAACT
CAAGRAAACT
LCAGACATGL
GAATTGAATT
AGTCAACAGC
TGGCTGAATA
GTATCGECGG
RAAATANCCGG
ATAGGAACTT
GATAGAAGGC

[ar Yalalalar Nk e
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4501
4561
1621
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4741
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4861
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49871
5041
5101
5161
52271
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
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4381

[EWRENNC
GCCGCCAAGC
CACACCCAGC
CGGCRAGCAG
GAGCCTGGCG
ATCGACARGA
G-CGRAATGGG
GGATACTTTC
CARTAGCAGC
GCCCGICGTC
GGACAGGTICG

IE

4321 GGUCALCAGAG
AGCGGCCGGA

CCAGITTACT
TZCGCTTGCT
TACCIGCTITT
CATCCGGGGET
GCCCTTGCGC
ACTTICTAGA
TCAGCARACG
GACADTCATC
AAACTGCGCG

CAGGAACAAA
AATABRACAGC
CACACCGTAA
TTCTETACGG
CAATTICACCG
TGCGATARAL
CACCACGATA
CAGATACAGC
TCCCCCGAGG
CCAGCCGCTG
CACCAGATAC
ATCAAACTCC
TCGCTGAAAG
GARTAATAGC

SN WA N NP U N s F N
TCTTCAGCAA
CGGCCACAGT
GCATCGCCAT
AACAGTTCGG
CCGGCTTCCA
CAGGTAGCCG
TCGGCAGGAG

CAGTCCCTTIC
GCCAGCCACG
GTCTTGACARA

TTGCAGGGCT
GTCCATAMARA
CTCTTTGCGEC
CAGCACCGTT
CCTGAGTGCT
GAATAGGARC
TGLLIGCIGLG
GGGATGGARA
TCGGGCTGEC
CCTGAGACAG
ACCACACCIT
GTGTCGAARA
GAGCCAGGEA
TTAATAAAGT
TCAGAGACCT
ACGCCAATCA
GGATCGGCCA
AAGACGCCCA
CCCGGACGAT
ATCAGGTCCT
GGARARATGCA
AGAACAGCGA
ACAAGGGGAC

CAGCCGATLG
GAACCTGCGET GCA

ALATRIAT SN LML
TATCACGGGT
CGATGRATCC
GGGICACGAC
CTGGCGCGAG
TCCGAGTACG
GATCAAGCGET
CRAGGTGAGA

CCGCTTCAGT Ga

ATAGCCGCGEC
ARAGAACCGG

TCECCAACCTT
CCGCCCAGTC
TTGCGTTTTC
TCTGCGGACT
TGCGGCAGCG
TTCGAACTGC
GGCLGCGACG
GAATTTGCCC
GGARAAACTC
CTCCCA
CCAGCAGCAG
TGGATTGCCA
ACAGCATGEGC
TGCCCAGACG
SGAAGRAGGA
GGCCGCCGTG
TAAACTGCGG
GGARGCCCGC
TCGCCCGTICG
ACCAGTGARG
GATAGCTIACT
TTGARAAATGLG
CTGGCTGGTT

TTGG
TIGG

[EFPEVEV NI
AGCCAACGCT
tGARARAGCGG
GAGATCCICE
CCCCTGATGC
TGCTCGCTICE
ATGCAGCTGC
TGACAGGAGA
CARCGTICG
TIGCCICEICC
GCGCCCCTGL

ACCAGAGGGT
TAGUTATCGU
CCTTGICCAG
GGCTTICTAC
TGAGCITCAR I
AGGICCACGG
ATAIGCTCAG
CATGCTGATG
AACAATGATSG
GCGTGETTITA
CICGTRAAGC
CTGCGGEGTTG
AANCGCGARG
CCCGGLACCA
ACCGTTTIAGTIA
GAAAGACATG
GARATTIGTAG
ATAGACTARG
TGITGCCAGT
CGCCACGGGT
GGICATICTIGT
CGC
GCCGGATACT

(SEQ ID NO:

PEREIEPVETCINEIEN
AIGTCCTGAT
CCATTITTICCA
CCGTCGCuFA
TCTTCGTCCA
AT;CCAT T
CGCATTGCAT
TCCTGCCCCG
AGCACAGCTG
TGCAGTITCAT
GCTGACAGCC

CCCCCAGCTIG
CATGTAAGCC
ATAGCCCAGT

CTGTTCCGCT

BAGCGCTICTG
ATCCCCGGAA
ACCATCALGA

TACTGECACCC
CGAARCGCGC
CGAATATACA
TGTGATGGEGET
GTTTGCAGCA
TTCEGGTCAA
AGACCAMACG

CCGCCGTTCC
AACAGAACAT
TITTCAACTT
CACATTGCRA
CCTATTGAGA
CACCACAAGT
TTCAGGCGCT
GTTAAAAGAT

34)

AT ¥ NP N A S
AGCGGTCCGC
CCATGATATT
TGCGCGLCTT
GATCATCCTIG

TCGCTTCGGIG
CAGCCATGAT
GCACTTCGCC
CGCAAGCAAC
TCAGGGCACC
GGAACACGGC

GCRATZCCGG
CACTGCAAGC
AGCTGACATT
TCCTTTAGCA
AAGTICCTA
TCATGGTICC
TCACACCCGC
AGGCACCGGT
CGTAACCAAT
GGITGAGGAT
GGCGCGGCAG
GCAARATATC

OAALCACTG”
AGATAATCAT
AGACACGGAA
AACCARATACG
CAITITIGGT
AAATGARACC
AARTGACCGG
TCITGTTIAIT
CCABRAGGTGC
ATGTATA

DK/EP 3467100 T3

LCLGITGIGC CCAGLCATAG CCGAATAGCC TCLECCACCCA

ATCCATC TTGTTCAATC ATGCGABACG ATCCTCATCC

4441 TGTICTCTTGA TCAGATCTIG ATCCCCICCC CCATICAGATC CTIGGCGGCA AGAAAGCCAT

[0085] Provided below is the DNA sequence in Genbank format of the configuration of genes
at the Escherichia coli nan locus, and the details of the deletion endpoints found in engineered
strains E1017 and E1018.
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Boosman,A. and
Chang,S.
TITLE Processing of the initiation methionine from proteins:
properties
of the Escherichia coli methionine aminopeptidase and its
gene
structure
JOURNAL J. Bacteriol. 169 (2), 751-757 (1987)
PUBMED 3027045
REFERENCE 86
AUTHORS Gronger,P., Manian,S.S., Reilander,H., O'Connell,M.,
Priefer,U.B.
and Puhler,A.
TITLE Organization and partial sequence of a DNA region of the
Rhizobium
leguminosarum symbiotic plasmid pRL6JI containing the
genes
fixABC,
nifA, nifB and a novel open reading frame
JOURNAL Nucleic Acids Res. 15 (1), 31-49 (1987)
PUBMED 3029674
REFERENCE 87
AUTHORS Richardson,K. K., Richardson,F.C., Crosby,R.M.,
Swenberg,J.A.
and
Skopek, T.R.
TITLE DNA base changes and alkylation following in vivo exposure

of
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Escherichia coli to N-methyl-N-nitrosourea or N-ethyl-N-

nitrosourea

JOURNAL Proc. Natl. Acad. Sci. U.S.A. 84 (2), 344-348 (1987)
PUBMED 3540961
REFERENCE 88
AUTHORS Chye,M.L. and Pittard,J.
TITLE Transcription control of the aroP gene in Escherichia coli K-
12:
analysis of operator mutants
JOURNAL J. Bacteriol. 169 (1), 386-393 (1987)
PUBMED 3025182
REFERENCE 89
AUTHORS Blanchin-Roland,S., Blanquet,S., Schmitter,J.M. and Fayat,G.
TITLE The gene for Escherichia coli diadenosine tetraphosphatase
is
located immediately clockwise to folA and forms an operon
with
ksgA
JOURNAL Mol. Gen. Genet. 205 (3), 515-522 (1986)
PUBMED 3031429
REFERENCE 90
AUTHORS Takano,K., Nakabeppu,Y., Maki,H., Horiuchi,T. and
Sekiguchi,M.
TITLE Structure and function of dnaQ and mutD mutators of
Escherichia
coli
JOURNAL Mol. Gen. Genet. 205 (1), 9-13 (1986)
PUBMED 3540531
REFERENCE 91
AUTHORS Mackie,G.A.
TITLE Structure of the DNA distal to the gene for ribosomal protein
S20
in Escherichia coli K12: presence of a strong terminator and
an 1S1
element
JOURNAL Nucleic Acids Res. 14 (17), 6965-6981 (1986)

PUBMED

2429258
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REFERENCE 92
AUTHORS Koster,W. and Braun,V.
TITLE Iron hydroxamate transport of Escherichia coli: nucleotide
sequence
of the fhuB gene and identification of the protein
JOURNAL Mol. Gen. Genet. 204 (3), 435-442 (1986)
PUBMED 3020380
REFERENCE 93
AUTHORS Breton,R., Sanfacon,H., Papayannopoulos,l., Biemann,K. and
Lapointe,J.
TITLE Glutamyl-tRNA synthetase of Escherichia coli. Isolation and
primary
structure of the gltX gene and homology with other
aminoacyl-
tRNA
synthetases
JOURNAL J. Biol. Chem. 261 (23), 10610-10617 (1986)
PUBMED 3015933
REFERENCE 94
AUTHORS Birnbaum,M.J., Haspel,H.C. and Rosen,O.M.
TITLE Cloning and characterization of a cDNA encoding the rat
brain
glucose-transporter protein
JOURNAL Proc. Natl. Acad. Sci. U.S.A. 83 (16), 5784-5788 (1986)
PUBMED 3016720
REFERENCE 95
AUTHORS Cox,E.C. and Horner,D.L.
TITLE DNA sequence and coding properties of mutD(dnaQ) a
dominant
Escherichia coli mutator gene
JOURNAL J. Mol. Biol. 190 (1), 113-117 (1986)
PUBMED 3023634
REFERENCE 96
AUTHORS Ohki,M., Tamura,F., Nishimura,S. and Uchida,H.
TITLE Nucleotide sequence of the Escherichia coli dnad gene and

purification of the gene product
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JOURNAL J. Biol. Chem. 261 (4), 1778-1781 (1986)
PUBMED 3003084
REFERENCE 97
AUTHORS Coulton,J.W., Mason,P., Cameron,D.R., Carmel,G., Jean,R.
and
Rode,H.N.
TITLE Protein fusions of beta-galactosidase to the ferrichrome-iron
receptor of Escherichia coli K-12
JOURNAL J. Bacteriol. 165 (1), 181-192 (1986)
PUBMED 3079747
REFERENCE 98
AUTHORS Lee,N., Gielow,W., Martin,R., Hamilton,E. and Fowler A.
TITLE The organization of the araBAD operon of Escherichia coli
JOURNAL Gene 47 (2-3), 231-244 (1986)
PUBMED 3549454
REFERENCE 99
AUTHORS Sekiguchi, T., Ortega-Cesena,J., Nosoh,Y., Ohashi,S.,
Tsuda,K.
and
Kanaya,S.
TITLE DNA and amino-acid sequences of 3-isopropylmalate
dehydrogenase of
Bacillus coagulans. Comparison with the enzymes of
Saccharomyces
cerevisiae and Thermus thermophilus
JOURNAL Biochim. Biophys. Acta 867, 36-44 (1986)
REFERENCE 100
AUTHORS Chong,P., Hui,l., Loo, T. and Gillam,S.
TITLE Structural analysis of a new GC-specific insertion element
1S186
JOURNAL FEBS Lett. 192 (1), 47-52 (1985)
PUBMED 2996940
REFERENCE 101
AUTHORS Icho, T., Sparrow,C.P. and Raetz,C.R.
TITLE Molecular cloning and sequencing of the gene for CDP-

diglyceride
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synthetase of Escherichia coli

JOURNAL J. Biol. Chem. 260 (22), 12078-12083 (1985)
PUBMED 2995358
REFERENCE 102
AUTHORS Nomura, T., Aiba,H. and Ishihama,A.
TITLE Transcriptional organization of the convergent overlapping
dnaQ-rnh
genes of Escherichia coli
JOURNAL J. Biol. Chem. 260 (11), 7122-7125 (1985)
PUBMED 2987244
REFERENCE 103
AUTHORS Kamio,Y., Lin,C.K., Regue,M. and Wu,H.C.
TITLE Characterization of the ileS-Isp operon in Escherichia coli.
Identification of an open reading frame upstream of the ileS
gene
and potential promoter(s) for the ileS-Isp operon
JOURNAL J. Biol. Chem. 260 (9), 5616-5620 (1985)
PUBMED 2985604
REFERENCE 104
AUTHORS Cowing,D.W., Bardwell,J.C., Craig,E.A., Woolford,C.,
Hendrix, R.W.
and Gross,C.A.
TITLE Consensus sequence for Escherichia coli heat shock gene
promoters
JOURNAL Proc. Natl. Acad. Sci. U.S.A. 82 (9), 2679-2683 (1985)
PUBMED 3887408
REFERENCE 105
AUTHORS Broome-Smith,J.K., Edelman,A., Yousif,S. and Spratt,B.G.
TITLE The nucleotide sequences of the ponA and ponB genes
encoding
penicillin-binding protein 1A and 1B of Escherichia coli K12
JOURNAL Eur. J. Biochem. 147 (2), 437-446 (1985)
PUBMED 3882429
REFERENCE 106
AUTHORS Becerril,B., Valle,F., Merino,E., Riba,L. and Bolivar,F.
TITLE Repetitive extragenic palindromic (REP) sequences in the
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Escherichia coli gdhA gene

JOURNAL Gene 37 (1-3), 53-62 (1985)
PUBMED 3902576
REFERENCE 107
AUTHORS Friedberg,D., Rosenthal E.R., Jones,J.W. and Calvo,J.M.
TITLE Characterization of the 3' end of the leucine operon of
Salmonella
typhimurium
JOURNAL Mol. Gen. Genet. 199 (3), 486-494 (1985)
PUBMED 2993799
REFERENCE 108
AUTHORS Bouvier,J., Richaud,C., Richaud,F., Patte,J.C. and Stragier,P.
TITLE Nucleotide sequence and expression of the Escherichia coli
dapB
gene
JOURNAL J. Biol. Chem. 259 (23), 14829-14834 (1984)
PUBMED 6094578
REFERENCE 109
AUTHORS Richaud,C., Richaud,F., Martin,C., Haziza,C. and Patte,J.C.
TITLE Regulation of expression and nucleotide sequence of the
Escherichia
coli dapD gene
JOURNAL J. Biol. Chem. 259 (23), 14824-14828 (1984)
PUBMED 6094577
REFERENCE 110
AUTHORS Nuesch,J. and Schumperli,D.
TITLE Structural and functional organization of the gpt gene region
of
Escherichia coli
JOURNAL Gene 32 (1-2), 243-249 (1984)
PUBMED 6397401
REFERENCE 111
AUTHORS Jagadeeswaran,P., Ashman,C.R., Roberts,S. and
Langenberg,J.
TITLE Nucleotide sequence and analysis of deletion mutants of the

Escherichia coli gpt gene in plasmid pSV2 gpt
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JOURNAL Gene 31 (1-3), 309-313 (1984)
PUBMED 6396164
REFERENCE 112
AUTHORS Deutch,A.H., Rushlow,K.E. and Smith,C.J.
TITLE Analysis of the Escherichia coli proBA locus by DNA and
protein
sequencing
JOURNAL Nucleic Acids Res. 12 (15), 6337-6355 (1984)
PUBMED 6089111
REFERENCE 113
AUTHORS Bouvier,J., Patte,J.C. and Stragier,P.
TITLE Multiple regulatory signals in the control region of the
Escherichia coli carAB operon
JOURNAL Proc. Natl. Acad. Sci. U.S.A. 81 (13), 4139-4143 (1984)
PUBMED 6377309
REFERENCE 114
AUTHORS Innis,M.A., Tokunaga,M., Williams,M.E., Loranger,J.M.,
Chang, S.Y,,
Chang,S. and Wu,H.C.
TITLE Nucleotide sequence of the Escherichia coli prolipoprotein
signal
peptidase (Isp) gene
JOURNAL Proc. Natl. Acad. Sci. U.S.A. 81 (12), 3708-3712 (1984)
PUBMED 6374664
REFERENCE 115
AUTHORS Bardwell,J.C. and Craig,E.A.
TITLE Major heat shock gene of Drosophila and the Escherichia coli
heat-inducible dnaK gene are homologous
JOURNAL Proc. Natl. Acad. Sci. U.S.A. 81 (3), 848-852 (1984)
PUBMED 6322174
REFERENCE 116
AUTHORS Pratt,D. and Subramani,S.
TITLE Nucleotide sequence of the Escherichia coli xanthine-guanine
phosphoribosyl transferase gene
JOURNAL Nucleic Acids Res. 11 (24), 8817-8823 (1983)

PUBMED

6324103
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REFERENCE 117
AUTHORS Richardson,K.K., Fostel,J. and Skopek, T.R.
TITLE Nucleotide sequence of the xanthine guanine phosphoribosyl

transferase gene of E. coli

JOURNAL Nucleic Acids Res. 11 (24), 8809-8816 (1983)
PUBMED 6324102

REFERENCE 118

AUTHORS Parsot,C., Cossart,P., Saint-Girons,l. and Cohen,G.N.
TITLE Nucleotide sequence of thrC and of the transcription
termination

region of the threonine operon in Escherichia coli K12

JOURNAL Nucleic Acids Res. 11 (21), 7331-7345 (1983)
PUBMED 6316258
REFERENCE 119
AUTHORS Stephens,P.E., Lewis,H.M., Darlison,M.G. and Guest,J.R.
TITLE Nfucleotide sequence of the lipoamide dehydrogenase gene
0
Escherichia coli K12
JOURNAL Eur. J. Biochem. 135 (3), 519-527 (1983)
PUBMED 6352260
REFERENCE 120
AUTHORS Stephens,P.E., Darlison,M.G., Lewis,H.M. and Guest,J.R.
TITLE The pyruvate dehydrogenase complex of Escherichia coli
K12.
Nucleotide sequence encoding the dihydrolipoamide
acetyltransferase
component
JOURNAL Eur. J. Biochem. 133 (3), 481-489 (1983)
PUBMED 6345153
REFERENCE 121
AUTHORS Stephens,P.E., Darlison,M.G., Lewis,H.M. and Guest,J.R.
TITLE The pyruvate dehydrogenase complex of Escherichia coli
K12.
Nucleotide sequence encoding the pyruvate dehydrogenase
component

JOURNAL Eur. J. Biochem. 133 (1), 155-162 (1983)
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PUBMED 6343085

REFERENCE 122

AUTHORS Kanaya,S. and Crouch,R.J.

TITLE Low levels of RNase H activity in Escherichia coli FB2 rnh

result
from a single-base change in the structural gene of RNase H

JOURNAL J. Bacteriol. 154 (2), 1021-1026 (1983)

PUBMED 6302075

REFERENCE 123

AUTHORS Overbeeke,N., Bergmans,H., van Mansfeld,F. and
Lugtenberg,B.

TITLE Eomplete nucleotide sequence of phoE, the structural gene
or

the
pposphate limitation inducible outer membrane pore protein
0
Escherichia coli K12

JOURNAL J. Mol. Biol. 163 (4), 513-532 (1983)

PUBMED 6341601

REFERENCE 124

AUTHORS Gilson,E., Nikaido,H. and Hofnung,M.

TITLE Sequence of the malK gene in E.coli K12

JOURNAL Nucleic Acids Res. 10 (22), 7449-7458 (1982)

PUBMED 6296778

REFERENCE 125

AUTHORS Stoner,C.M. and Schleif R.

TITLE Is the amino acid but not the nucleotide sequence of the
Escherichia coli araC gene conserved?

JOURNAL J. Mol. Biol. 154 (4), 649-652 (1982)

PUBMED 6283093

REFERENCE 126

AUTHORS An,G., Bendiak,D.S., Mamelak,L.A. and Friesen,J.D.

TITLE Organization and nucleotide sequence of a new ribosomal

operon

Escherichia coli containing the genes for ribosomal protein S2

and
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elongation factor Ts

JOURNAL Nucleic Acids Res. 9 (16), 4163-4172 (1981)
PUBMED 6272196
REFERENCE 127
AUTHORS Mackie,G.A.
TITLE Nucleotide sequence of the gene for ribosomal protein S20
and
its
flanking regions
JOURNAL J. Biol. Chem. 256 (15), 8177-8182 (1981)
PUBMED 6267039
REFERENCE 128
AUTHORS Little,J.W., Mount,D.W. and Yanisch-Perron,C.R.
TITLE Purified lexA protein is a repressor of the recA and lexA
genes
JOURNAL Proc. Natl. Acad. Sci. U.S.A. 78 (7), 4199-4203 (1981)
PUBMED 7027255
REFERENCE 129
AUTHORS Mulligan,R.C. and Berg,P.
TITLE Factors governing the expression of a bacterial gene in
mammalian
cells
JOURNAL Mol. Cell. Biol. 1 (5), 449-459 (1981)
PUBMED 6100966
REFERENCE 130
AUTHORS Lee,N.L., Gielow,W.O. and Wallace,R.G.
TITLE Mechanism of araC autoregulation and the domains of two
overlapping
promoters, Pc and PBAD, in the L-arabinose regulatory
region
of
Escherichia coli
JOURNAL Proc. Natl. Acad. Sci. U.S.A. 78 (2), 752-756 (1981)
PUBMED 6262769
REFERENCE 131

AUTHORS

Cossart,P., Katinka,M. and Yaniv,M.
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TITLE Nucleotide sequence of the thrB gene of E. coli, and its two
adjacent regions; the thrAB and thrBC junctions

JOURNAL Nucleic Acids Res. 9 (2), 339-347 (1981)

PUBMED 6259626

REFERENCE 132

AUTHORS Miyada,C.G., Horwitz,A.H., Cass,L.G., Timko,J. and
Wilcox, G.

TITLE Dl\ll_A sequence of the araC regulatory gene from Escherichia
coli

B/r

JOURNAL Nucleic Acids Res. 8 (22), 5267-5274 (1980)

PUBMED 7008027

REFERENCE 133

AUTHORS Katinka,M., Cossart,P., Sibilli,L., Saint-Girons, |,
Chalvignac,M.A., Le Bras,G., Cohen,G.N. and Yaniv,M.

TITLE Nucleotide sequence of the thrA gene of Escherichia coli

JOURNAL Proc. Natl. Acad. Sci. U.S.A. 77 (10), 5730-5733 (1980)

PUBMED 7003595

REFERENCE 134

AUTHORS Ogden,S., Haggerty,D., Stoner,C.M., Kolodrubetz,D. and

Schleif,R.

TITLE The Escherichia coli L-arabinose operon: binding sites of the
regulatory proteins and a mechanism of positive and negative
regulation

JOURNAL Proc. Natl. Acad. Sci. U.S.A. 77 (6), 3346-3350 (1980)

PUBMED 6251457

REFERENCE 135

AUTHORS Smith,D.R. and Calvo,J.M.

TITLE Nucleotide sequence of the E coli gene coding for

dihydrofolate
reductase

JOURNAL Nucleic Acids Res. 8 (10), 2255-2274 (1980)

PUBMED 6159575

REFERENCE 136

AUTHORS Johnsrud,L.

TITLE DNA sequence of the transposable element 1S1
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JOURNAL Mol. Gen. Genet. 169 (2), 213-218 (1979)

PUBMED 375010

REFERENCE 137

AUTHORS Smith,B.R. and Schleif R.

TITLE Nucleotide sequence of the L-arabinose regulatory region of
Escherichia coli K12

JOURNAL J. Biol. Chem. 253 (19), 6931-6933 (1978)

PUBMED 357433

REFERENCE 138

AUTHORS Greenfield,L., Boone, T. and Wilcox,G.

TITLE [B)/I\IA sequence of the araBAD promoter in Escherichia coli

r

JOURNAL Proc. Natl. Acad. Sci. U.S.A. 75 (10), 4724-4728 (1978)

PUBMED 368797

REFERENCE 139

AUTHORS Young,R.A. and Steitz,J.A.

TITLE Complementary sequences 1700 nucleotides apart form a

ribonuclease
Il cleavage site in Escherichia coli ribosomal precursor RNA

JOURNAL Proc. Natl. Acad. Sci. U.S.A. 75 (8), 3593-3597 (1978)

PUBMED 358189

REFERENCE 140

AUTHORS Ohtsubo,H. and Ohtsubo,E.

TITLE Nucleotide sequence of an insertion element, 1S1

JOURNAL Proc. Natl. Acad. Sci. U.S.A. 75 (2), 615-619 (1978)

PUBMED 273224

REFERENCE 141

AUTHORS Musso,R., Di Lauro,R., Rosenberg,M. and de
Crombrugghe,B.

TITLE Nucleotide sequence of the operator-promoter region of the
galactose operon of Escherichia coli

JOURNAL Proc. Natl. Acad. Sci. U.S.A. 74 (1), 106-110 (1977)

PUBMED 319453

REFERENCE 142 (bases 1 to 4646332)

CONSRTM NCBI Genome Project

TITLE Direct Submission
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JOURNAL Submitted (10-NOV-2005) National Center for Biotechnology
Information, NIH, Bethesda, MD 20894, USA

REFERENCE 143 (bases 1 to 4646332)

AUTHORS Mori,H., Horiuchi, T. and Hirai A.

TITLE Direct Submission

JOURNAL Submitted (22-AUG-2005) Hirotada Mori, Graduate School of
Biological Sciences, Nara Institute of Science and
Technology;

8916-5 Takayama, Ikoma, Nara 630-0101, Japan

(E-mail:hmori@gtc.naist.jp, Tel:81-743-72-5660, Fax:81-743-
72-

5669)

COMMENT PROVISIONAL REFSEQ: This record has not yet been
subject to

final

NCBI review. The reference sequence was derived from
AP009048.

COMPLETENESS: full length.

FEATURES Location/Qualifiers
source complement(<1..>5861)

forganism="Escherichia coli str. K-12 substr. W3110"

/mol_type="genomic DNA"

[strain="K-12"
/sub_strain="W3110"

/db_xref="taxon:316407"
gene complement(<1..6)

/gene="dcuD"
CDS complement(<1..6)

/gene="dcuD"
/note="ECK3216:JW3196:b3227"
/codon_start=1

ftransl|_table=11

/product="predicted transporter"
/protein_id="AP_003769.1" /db_xref="GIl.89109989"

/translation="MFGIIISVIVLIIMGYLILKNYKPOVVLARAGIFLMMCGVWLGE

GGVLDPTKSSGYLIVDIYNEILRMLSNRIAGLGLS IMAVGGYARYMERIGASRAMY S L

LSRPLELIRSPYIILSATYVIGOIMACFITSASGLGMLLMVTLEPTLVSLGVSRLSAV



AVIATIMSIEWGILETHSIFARQVAGMKIATYFFHYQLPVASCVIISVALSHEFVORA

FDEKDENINHEQAEQKALDNVPPLYYAILPVMPLILMLGS LELAHVGLMESELHLVVV

MLLSLIVIMFVEFFREKANLRETMDDVOAFFDCMGTOFANVYTLVVAGEIFAKGLTITIC

TVDAVIRGAEHSGLGGIGVMIIMALVIAICAIVMGSGNAPFMSFASLIPNIAAGLHVP

AVVMINMPMHFATTILARAVSPITAVVVVISGIAGVSPFAVVKRIAIPMAVGEFVVNMIAT

DK/EP 3467100 T3

ITLEY" (3EQ ID NO: 35)
primer 330..348
/label="ck nanR3 control primer"
gene 386..1177
/gene="nanR"
CDS 386..1177

/gene="nanR"

Inote="ECK3215:JW3195:b3226"

/codon_start=1

ftransl|_table=11

/product="DNA-binding transcriptional dual regulator"

Jprotein_id="AP_003768.1"

/db_xref="GIl:89109988"

/translation="MGLMNAFDSQTEDSSPAIGRNLRSRFPLARKKL SEMVEEELEQMI

RRREFGEGEQLZSERELMAFINVGRP SVREALAALKREGLVQ INNGERARVSRESADT

TIGELSGMAKDTLSHPCGGIAHFEQLRLFFESSLVRYAAEHATDEQT DLLAKALEINSQ

SLDNNAAFIRSIVDFHRVLAEIPGKPIFMATHVALLDWLIAARPTVIDOALHEHRNNY S
YQCHIAZVDAIRRHDPDEADRALQSHLNSVSATWHAFGQTINERK" (SEQ

ID NO: 3b)
primer 1005..1025
/label="nanR ck2 control primer"
primer 1126..1146
/label="nanAFck control primer"
promoter 1178..1278
/label="nan operon promoter region"
Site 1187..1191
/site_type="binding site"
/label="CAP binding"
Site 1198..1202

/site_type="binding site"

/label="CAP binding"

promoter

1241..1246
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/label=-10
primer_bind 1252..1301
/note="for dnanA:: or dnanATE::scar deletions"
/label="H1-dnanA lambda red primer"
MRNA 1255
/label=+1
MRNA 1267
/label=+13
MRNA 1279
/label=+25
gene 1299..2192
/gene="nanA"
CDS 1299..2192

/gene="nanA"

/note="ECK3214:JW3194:b3225"

/codon_start=1

ftransl|_table=11

/product="N-acetylneuraminate lyase

Jprotein_id="AP_003767.1"

ldb_xref="GIl:89109987"

/translation="MATNLRGVMAALLTPFDOOQALDKASLRRLYVOFNICQGIDGLYV

GGSTGEAEVOSLSEREQVLEIVAEEAKGKIKLIARVGCVS TAESOQLAASARKRYGEDA

VESAVTPFYYPFSFEEHCDHYRATI IDSADGLPMVVYNIPALSGVELTLDQINTLVTILPG

VCALKQTSGDLYCMEQIRREHPDLVLYNGYDEIFASGLLAGADGGIGSTYNIMGWRYQ

VDERKYLPELKALAQQLMOERG™ (SEQ ID NO: 37)

Region 1302..4424

/label="DELETION nanATE"
primer_bind complement(2175..2224)

/label="H2-dnanA lambda red primer"
gene 2301..3791

/gene="nanT"
CDS 2301..3791

/gene="nanT"

/note="ECK3213:JW3193:b3224"

/codon_start=1




ftransl|_table=11
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/product="sialic acid transporter

Jprotein_id="AP_003766.1"

/db_xref="GIl:89109986"

/tranglation="MSTTTONIPWYRHLNRAQWRAFSAAWLGYLLDGFDFVLIALVLT
EVOGRFGLTTVCAASLISAAF I SRWF GGLMLGAMGDRYGRRLAMVT SIVLE SAGTLAC
GFAPGYITMFIARLVIGMGMAGEYGSSATYVIESWPKHLRNEASGFLISGESVGAVVA
AQVYSLVVPVWGWRALFFIGILPIIFALWLRKNI PEAEDWKEKHAGKAPVRTMVDILY
RGEHRIANIVMTLAAATALWFCFAGNLONAATVAVLGLLCAATIF ZTSFMVQSAGKRWPT
GVMLMVVVLFAT LY SWPIQALLPTYLRTDLAYNPHIVANVLEEFSGFGAAVGCCVGGEL
GDWLGIRKAYVCSLLASQLLI IPVEFAIGCANVWVLGLLLEFFQOMLGOGIAGILPKLIG

GYFDTDORAAGLGEF TYNVGALGGALAPI IGALIAQRLDLGTALASLSESLTFVVILLI

GLDMPSRVORWLRPEALRTHDAIDCKPF SGAVPFGSAKNDLVKIKS" (SEQ

ID NO: 38)
primer complement(2329..2350)
/label="nanARck control primer"
primer_bind 3792..3841
/label="H1-dnanE lambda red primer"
gene 3839..4528
/gene="nanE"
CDS 3839..4528
/gene="nanE"
/note="ECK3212:JW3192:b3223"
/codon_start=1
ftransl|_table=11
/product="predicted N-acetylmannosamine-6-P
epimerase"
/protein_id="AP_003765.1"
/db_xref="GIl:89109985"

/translation="MSLLAQLDQKIAANGGLIVSCQPVPDSPLDKPEIVAAMALAAED
AGAVAIRIEGVANLQATRAVVSVPIIGIVERDLEDSPVRITAYIEDVDALAQAGADIT
AIDGTDREREVPVETLLARIHHHGLLAMIDCSTPEDGLACQKLGAEIIGTITLSGYTTP

ETPEEPDLALVKTLSDAGCRVIAEGRYNTPAQAADAMRHGAWAVIVGSAITRLEHICO

WYNTAMEKKAVL® (SEQ ID NO:

39

primer_bind complement(4425..4474)

/note="for dnanATE::scar deletion"

/label="H2-dnanE lambda red primer"




RBS 4425..4448
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/label="C-terminal gibberish peptide fused to KD13

scar peptide

RBS 4449..4451

/label="NEW STOP gibberish peptide after resolution

of cassette"

primer_bind 4486..4530
/label="nanK-H1 lambda red primer"
RBS 4515..4520
/label="nanK RBS"
gene 4525..5400
/gene="nanK"
CDS 4525..5400

/gene="nanK"

/note="ECK3211:JW5538:b3222"

/codon_start=1

ftrans|_table=11

/product="predicted N-acetylmannosamine kinase"

Jprotein_id="AP_003764.1"

/db_xref="GIl:89109984"

/translation="MTTLAIDIGGTKLAAALIGADGQIRDRRELPTPASQTPEALRDA
LSALVEPLOAHAQRVAIASTGIIRDGSLLALNPHNLGGLLEFPLVKILEQLTNLPTIA
INDAQAAAWARFQALDGDITDMVE LITVSTGVGEGGVVSGCKLLTGPGGLAGHIGHTLAD
PHGPVCGCGRTGCVEATASGRGIAAAAQGELAGADAKT IF TRAGQGDEQAQCL THRSA

RTLARLIADIKATTDCQCVVVGGSVGLAEGY LALVETY LAQEPAAFHVDLLAAHYRHED

AGLLGAALLADGEKRL" (SEQ ID NO: 40

RBS 4526..4528

/label="Native Stop for NanE"
primer complement(5065..5083)

/label="nanKck1 control primer"
primer_bind complement(5380..5424)

/label="nanK-H2 lambda red primer"
gene 5397..5861

/gene="yhcH"
CDS 5397..5861

/gene="yhcH"
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/note="ECK3210:JW3190:b3221"
/codon_start=1

ftransl|_table=11

/product="hypothetical protein"
/protein_id="AP_003763.1"
/db_xref="GIl:89109983"

/translation="MMMGEVQOSLPSAGLHPALODALTLALAARPQEKAPGRYELQGDN

IFMNVMIEFNTOSPVEKKAELHEQY IDIOLLLNGEEZRILFGMAGTARQCEEFHHEDDYQ
LCSTIDNEQATILXPGMFAVEMPGEPHKPGCVVGEPCGETKKVVVKVKADLMAY

(SFQ TD WO: 41)
ORIGIN
[0086]
1 GAACATTGTT GAACTCCGIG TCAAAAGAAA ACGGTCAATC CCATAAACGG CACGATTGAAA
61 ACAACGATGT TATATTTTTIT GCAAGGCTAT TTATGGETGCG GATGTCGTGT TTITTAATTGT
121 AGGTGAGGTG ATTITTCATTI AAARAATATG CGCTITATGAT TATTTIGTAA GARAACACATTIC
181 ATAATATTCA TAATGCICGT GAATAGTCTIT ATAAATAATT CAAACGGGAT GITITTAICT
241 GCEGTTACATT BATTTTTCGC AATAGTTAAT TATTCCGTTA ATTATGGTAA TGATGAGGCA
301 CAAAGAGAMA ACCCTGCCAT TTTCCCCTAC TTTCAATCCT GTGATAGGAT GTCACTGATG
361 ATGCTTAATCA CACTIGACCTTI ACAGRATGGEG CCITATGAAC GCATIIGATT CGCARACCGA
421 AGA TTCA CCTGCAATTGC GTCGCAACTIT GUGTAGCCGEC CCGUTGGCGC GTAARAAACT
481 CTCCGRAAATG GTGGAAGARAC AGUTGGAACA GATGATCCGC CGTCGTGAAT TTGGCGAAGG
541 TGAACAATTA CCGTCTGAAC GCGAACTGAT CGGUGTTCTIT AACGTCGGGC GTCCTTCEGT
601 GCGTCAAGCG CTGGCAGCGT TAAAACGCAR AGGTICTGGTG CAAATAAACA ACGGCGAACG
661 CGCTICGCGTC TCGCGTCCTT CIGCGGACAC TATCATCGGET GAGCTTIICCG GCATGGCCAA
721 AGA TCCTT TCTCATCCCG GIGGGATTGC CCATTTCGAA CAATTACGTC TGTTCITIGA
781 ATCCAGTCTG GTGCGCTATC CGGCTGAACA TGUCACCGAT GAGUARATCG ATTTGUTCEGC
941 AAAAGCACTG GAAATCAACA GICAGICGCT GGATARACAAC GCGGCATTCA TICGTTICAGA
901 CGTTGATTIC CACCGUGTGC TGGUGEGAGAT CCCCGGIAAC CCAATCTITICA TGGCEATCCA
961 CGTTGCCCIG CTCGACTGGC TIATTIGCCGC ACGCCCAACLG GTTACCGATC AGGCACTECA
1021 CGAACATAAC AACGTTAGIT ATCAACAGCA TATTGCGATC GTITGATGCGA TCCGCCETCA
1081 TGATCCTGAC GAAGCCGATIC GIGCGTTGCA ATCGCATCTC AACAGCGTICT CTGCTACCIG
1141 GCACGCTITC GGTICAGACCA CCAACAAMAAA GAAATAATGC CACTTTAGTG BAGCAGATCG
1201 CATTATAAGC TTTCTGTATIG GGGTGTTGCT TAATTGATCT GGTATAACAG GTATAAAGGET
1261 ATATCGTTITA TCAGACAACC ATCACTTCAG AGGTATTITAT GGCAACGAAT TTACGTCGCG
1321 TAATGGCTIGC ACTCCTGACT CCTTITGACC AACAACAAGC ACTGGATAAA GCGAGTCTIGE
1381 GZCGCCTGGT TCAGTTCAAT ATTCAGCAGG GCATCGACZGG TITATACGTG GGIGGTICGA
1441 CCGGCGAGGC CTTTGTACAA AGCCTITTCCG AGCGTGAACA GGTACTGGAA ATCGTCCGCCEG
1501 AAGAGGCGAAR AGGTAAGATT AAARCTCATCG CCCACGICGG TIGCGTCAGC ACCGCCGAAA
1561 GCCARCAACT TGCGGCATCG GCTAAACGTT ATGGCTTCGA TGCCETCTCC GCCGTCACGE
1621 CGTTCTACTA TCCTTTCAGC TTTGAAGAAC ACTGCGATCA CTATCGGGCA ATTATTGATT
1681 COGCGGATGG TTTGCCGATG GTGGTGTACA ACATTCCAGT CCTGAGTOGG GTAAAACTGA
1741 CCCTGGATCA GATCAACACA CITGTITACAT TGCCTIGGLGT AGGTGCGCTG AARCAGACCT
1801 CTGGCGATCT CTATCAGATG GAGCAGATCC GTCGTGAACHR TCCTIGATICIT GIGCTCIATA
1861 ACGGITACGA CGABATCTIC GCCTICTGGIC TGCTGGCEGE CGCTGATGGT GGTATCEGCA
1921 GTACCTACAA CATCATGGGC TGGCGCTATC AGGGGATCGT TAAGGCGLTG AAAGAACGCG
1981 ATATCCAGAC CGCGCAGAAA CTGCAAACTG AATGCAATAA AGTCATTGAT TTACTGATCA
2041 AAACGGGCGT ATTCCECGGEC CIGAAAACTG TCCTICCATTA TATGGATGILIC GIT-CTGETIGC
2101 CGITETGCCE CAAACCGTTT GGACCGGTAG ATGRAAAAATA TCTGCCAGAA CTGAAGECEGC
21561 TGGCCCAGCA GTTIGATGCAA GAGCGCGGEGET GAGTTGTITC CCCTCGCTCG CCCLTACCGS
TGAGGGGAA ATAAACGCAT CTIGTACCCIA CAATTTICAT ACCARAGCGT GTGGGCATCG
CCCACCGCGGE GAGACTCACA ATGAGTACTA CAACCCAGAA TATCCCGTIGG TATCGCCATC
TCAACCGTGC ACAATGGCCEC GCATTTTCCG CTGCCTGGETT GGGATATCTG CTTGACCGTT
TTGATTTCGT TTTAATCGCC CTGGTACTCA CCGRAGTACA AGGTGAATTC GGGCTGACGA
CGGTGCAGGEC GGCAAGTCIG ATCTCTGCAG CCITTATCTC TCGCTGGRITC GGCGGCCTGA
TGUTCGECGC TATGGGTGAC CGCTACGGGEC GTCGETCTGEGEL AATGGTCACC AGCATCETTC
TCTTCTCGGEC CGGGACGCTG GLCTCECGGIT TTGCGCCAGE CTACATCACC ATGTTITATCG
CTCGICTGGT CATCGGCATG GGGATGGCGEG GTGAATACUGE TTCCAGCGCC ACCTATCGTCA
TTGARAGCTG GCCAAAACAT CTIGCGTAACA AAGCCAGTGG TTTTTTGATT TCAGGCITCT
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TGTCGGEEEC
GIGCGCTGTT
TCTCGEGAAGC
TGGATATICT
CTACTGCGCT
TIGGGCTGTT
GGCCAACGE
TICAGGCGCT
CCARTGTGCT
TCGGIGACTG
TGATTIATICC
TCTTCCAGCA
ATLTICGATAC
GCGGTGCACT
CGCTGGCATC
TGCCITCICG
ACGGIARACC
CCARRAGTITA
GTCGTTACTT
CCAGCCGETT
GGCAGARCAG
GCGTGCGGTG
GGETACGCATC
TATCGCCATT
TATTCACCAT
ATGCCARAAG
AACGCCRAGAA
GATTGCCGAA
GTGGGCHEGTG
CACACCCATG
CTTGCCRCCG
CCAGCCAGCC
CARGCTCATG
CTGGCGCTTA
CARCAACTTA
GAGTITCAG
GTTGGCGGCG
CATATCGGGC
TGCGIGGAAG
GGCGCGGATG
CTIGATTCACT
GATTGCCAGT
GCTGGAAARCGT
TACCGCCATG
TGATGGGIGA
TAACGCTIGGC
GCGACAATAT
CGGARATTGCA
TOTTICCCAT
AGCTITGCAG
TGTTTATGCC
AARAAGGTIGT

CGTCGTIGCC
CTTITATCGGC
GGARGACTGG
CTACCGIGGT
GTGGTTCTGC
ATGCGCLCGCA
CGTAATGCTGE
GCTIGCCAALG
GTTCTTTAGT
GOTGGGAACC
GGTATTIGCG
AATGCTIGGA
CGACCAGCGL
GGCCCCAATC
GCTCTCGTTC
CGTITCAGCGT
ATTCAGCGGT
ATCCTIGTTGC
GCACAACTGG
CCGGACAGCC
GCGGGCECGE
GTGAGCGTGC
ACGGCCTATA
GACGGCACCG
CACGGTITAC
CTGGGAGCCE
GAGCCGGATIC
GGGCGTTACA
ACGGTCGGETT
AMRAAACCCCC
CGCTGATTGG
AGACACCAGA
CGCAGCHGEGET
ATCCGCATAA
CCAATTTGCC
CGCIGGATGGE
GTGTAGIGAG
ATACGCTTGC
CGATTGCTTIC
CGAARACTAT
GCTCCGCACG
GCGITGGTGGE™
ATCTGGCGCA
ATGCAGGTTT
AGTACAGTICA
ATTAGCIGCC
CTTTATGAAT
CGAGCAATALC
GCCAGCGCACT
CACCATIGAT
AGGTGAACCG
GGTGAAGGTT

OTHER EMBODIMENTS

GCICAGGTICT
ATTTTIGCCAA
ABBGAGAAAC
GARCATCGCA
TTCGCCGGETA
ATCTTTATCA
ATGGTIGGICG
TATCTGAARA
GGCTTTGGCE
CCCARAGCGT
ATTGGCGGCG
CARAGGGATCG
GCAGCGGGLL
ATCGGCGEET
AGTCTGACGT
TCGTTIGCCECC
GCCGTGCCGT
CCGGTICTATIG
ATCARAAAAT
CCCTCGATAR
TIGCCATICG
CGATTATIGG
TTGAAGATGT
ACCGCCCGCG
TCGCGATGAC
ARARTTATTGG
TEGCGCTGET
ACACGCCTGL
CTGCAATCAC
TCCTATCACC
CCECTGACGGE
AGCCTTGCGT
TGCCATCGCT
TCTTGGTGGA
GACCATICCC
CGATATAACC
CEGCTGCARA
CGATCCACAC
TCGTCGCGGC
TITCACGCGC
TACGCTTGCA
CCEGTGEGCAGC
GEAGCCAGCG
ACTTGGGGLT
TIACCGICIG
AGRCCGCAAG
GTCATGACGT
ATTGATATCC
CCCCOTCACT
ABRCGAGTAAG
CATAAACCAG
AAGGCTGATT

ATAGCCTCGT
TCATICTITIGC
ACGCAGGLAA
TTGCCAATAT
ACCTGTARARN

CTTTATCGT
TGTIGITIGC
CCGATCTTCGC
CGGCGEETEGE
ACGTITTIGIAG
CAAACTTCTG
CCGGGATCTT
LTGGECLTLIAC
TGATCGCICA
TCGTGGETCAT
CGGRAGCCTT
TTGGCAGCGC
TACCGEGCCT
CGCTGCTAAC
ACCCGRAAATC
CATTIGAACGT
AATTGIGAAR
TGATGEGCTG
TCCGGTGCCT
CGACTSCICA
CACTACZGCTT
GARARATGITIG
TCAGGCGECG
GCGTCTTCAG
KCACTCSCOCGR
CAGATCZCECG
GATGCCTIAT
TCGACCGEGA
TTGCTACACT
ATTRACGACG
GATATGGICT
CTGCTTACCG
GGCCCAGICT
ATTGCCAGCGG
GCCGEGECAGG
AGGCTGAICG
GITGGICIGG
GCATTTCATG
GCGCTGTIGG
CTGGGCTTACA
AZARAGCCCC
TTAACACICA
AGCTGTTATT
CTCAACACTT
CCATCATCTT
GATGCGTIGT
TAATGGCITA

GGTTCCGGTC
TCICTGGCTG
AGCACCAGTA
CGTAATGACA
TGCCGCGHATC
GCAGAGTGCA
TTTCCTICTIAC
TTATAACCCG
ATGCTGCGTA
CCTGCTGGCC
GGTGCTICGGT
BCCARAAACTG
CLTACAACGTT
ACGTCTGGAT
CCTIGCTGATT
GCOTACTICAT
CAARAACGAT
TTCGCTAAGG
GGTGGCCTGA
GTCGCCGCCA
GTGGCARAATC
CGCGATCTGG
GCGCAGGHCGEG
GTTGAAACGC
ACGCCGGAAG
TCIGGCTATA
AGCGACGCCG
GATGCGATGC
CACATTTGTC
TTCATATCCC
ATCGTCGTIGA
CCGCATTAGT
TAATCCGHTGA
TTCCGTTAGT
CCCAGGCCCC
TTATCACCGT
GCCCTGGCGG
GCGGCTGTGG
CAGCGCAGGG
GTGACGAGCA
CTGATATTAA
CAGAAGGGTA
TTGATTTACT
CCCAGGGRGA
TCCIGCGITA
GGGTCGTITAC
ATCGCCCGTTC
AABRCGGTGAG
CCACCATCAC
AARRRCCGGGA
CGGCGAGCCT

A (SEQ ID NO:

jyeicicicionneics
CGTARMAACA
CGCACAATGG
CIGGCGGCHG
GTEGCTGTIC
GGCARAACGCT
TCATGGCCGA
CATACTGIAG
GGTGGCTTCC
TCECAGCTIGC
CIGTIACIGT
ATTGGCGGTIT
GGTGLATIGG
CTGGHETACTG
GGGCIGGATA
GACZGCTATCG
TIAGTICAARA
GAAGATGTAT
TTGTCTCCTG
TGGCATTIAGC
TGCARGCCAC
AGGATITCICC
GCGECEGACAT
TGCTGGCACLG
ACGGLCTGEC
CCACGCCIGA
GATGICGGGT
GCCACGGCGC
AGTGGTACAA
CCOTACTARN
ACTTCCTACG
CICTCCGTIIG
CGGRCAGCTTG
CARARCGCTG
ACCZATICCGCCO
TTTCACCGGC
TCTGGCGGGG
ACGCACAGHT
GCAGITGGCT
GGCGCAGCAG
AGCCACRACT
TCTGGECGCTG
GGCGGCGCAT
ARAATTATGA
CAGGRACECET
GARTIACAGG
GAGARARBAG
GAACGGATTC
CATCATTAIC
ATGTICGCCG
GGAGAGATTA
42)
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[0087] While the invention has been described in conjunction with the detailed description
thereof, the foregoing description is intended to illustrate and not limit the scope of the
invention, which is defined by the scope of the appended claims. Other aspects, advantages,

and modifications are within the scope of the following claims.

[0088] The patent and scientific literature referred to herein establishes the knowledge that is
available to those with skill in the art.
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[0089] While this invention has been particularly shown and described with references to
preferred embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the scope of the
invention encompassed by the appended claims.

SEQUENCE LISTING

[0090]

<110> Glycosyn LLC

<120> MICROORGANISMS AND METHODS FOR PRODUCING SIALYLATED AND N-
ACETYLGLUCOSAMINE-CONTAINING OLIGOSACCHARIDES

<130> M69927PCEPT1

<150> US61/782,999
<151>2013-03-14

<160> 43

<170> PatentIn version 3.5

<210>1

<211> 5877
<212> DNA

<213> Escherichia coli

<400> 1
gcagcggaac

cggttatgee
gtttgcecata
agcatgacca
ttecatgeegg
gagcatctte
cgaagaattt
tttegtaatt
cactggcegt
gocttgecage
goccttecca
cagaagcggt

toccetcaaa

tcacaaggca
agttggcatc
gcegttgega
aaatcagcat
cagtatggag
cggactattt
aacggagggt
agatagccac
cgttttacaa
acatccecct
acagttgcge
gccggaaage

ctggcagatg

ccataacgtc
ttcacgtaaa
ctgetgecag
cgdgaccaga
cgaggagaaa
acgecgttge
aaaaaaaccg
cggegettta
cgtegtgact
ttecgocaget
agcctgaatg
tggctggagt

cacggttacg

ccctecctga
tagagcaaat
tattgeccage
gtttcaatca
aaaagacgag
aggacgttgc
acgcacactg
ttaaacctac
gggaaaaccce
ggcgtaatag
gcgaatggeg
gcgatcttee

atgegcececat

taacgctgat
agtcccgage
catagagtcc
gcegtataacce
ggccagttte
aaaatttcgg
gcgteggete
tatgaccatg
tggcgttace
cgaagaggcc
ctttgeetgg
tgaggcegat

ctacaccaac

actgtggteg
ctggctggeg
acttgcgett
acgttgtgtt
tatttctteg
gaaggcgtet
tggcaggatg
attacggatt
caacttaatc
cgcaccgatc
tttceggeac
actgtcgteg

gtgacctatc

60

120

180

240

300

360

420

480

540

600

660

720

780



ccattacggt
catttaatgt
ttaactcgge
gtttgecegte
tgatggtgct
gcggeatttt
atgttgccac

tgtgeggega

aggtegecag
ccgatcgegt
cgaatctcta
aagcctgega
gcaagccgtt
tcatggatga
ccgtgegetg
geetgtatgt
tgaccgatga
gcgatcgtaa
ctaatcacga
atgaaggcgg
tggatgaaga
tacctggaga
ttggeggttt
tegtetggga
cggcttacgg
tggtctttgc
ttttccagtt
atagagataa
gtgaagtgcc
cgcagccgga
ccgcatggte
tcagtgtgac
atttttgcat
cacagatgtg
gtgcaccgcet
gggtcgaacyg

cggcagatac

caatccgeeg
tgatgaaage
gtttcatctg
tgaatttgac
gcgetggagt
ccgtgacgtc
tecgetttaat

gttgegtgac

cggcacegeg
cacactacgt
tegtgeggtyg
tgteggttte
getgattega
gcagacgatg
ttegeattat
ggtggatgaa
tcegegetgg
tecacccgagt
cgcgetgtat
cggagccgac
ccageccttae
gacgcgeccg
cgctaaatac
ctgggtggat
cggtgatttt
cgaccgcacg
cegtttatcec
cgagectectg
tctggatgtc
gagcgecggg
agaagceggg
gctececegee
cgagctgggt
gattggegat
ggataacgac
ctggaaggcg

acttgetgat

tttgttecca
tggctacagg
tggtgcaacg
ctgagcgeat
gacggcagtt
tcgttgetge
gatgatttca

tacctacggg

cettteggeg
ctgaacgtcg
gttgaactgc
cgecgaggtge
ggegttaace
gtgcaggata
ccgaaccate
gccaatattg
ctaccggega
gtgatcatct
cgctggatca
accacggcca
ceggctgtge
ctgatcettt
tggcaggegt
cagtcgctga
ggcgatacge
ccgcatccag
gggcaaacca
cactggatgg
gctccacaag
caactectgge
cacatcageg
gegtceeccacyg
aataagecgtt
adaaaacaac
attggcgtaa
gegggecatt

geggtgetga

cggagaatce
aaggccagac
ggegetgggt
ttttacgege
atctggaaga
ataaaccgac
gccgegetgt

taacagttte

gtgaaattat
aaaacccgaa
acaccgccga
ggattgaaaa
gtecacgagea
tectgetgat
cgetgtggta
aaacccacgyg
tgagcgaacyg
ggtcgetggg
aatctgtega
ccgatattat
cgaaatggtc
gcgaatacge
ttcgtcagta
ttaaatatga
cgaacgatcy
cgctgacgga
tcgaagtgac
tggegetgga
gtaaacagtt
tcacagtacg
ccetggeagea
ccatcecgea
ggcaatttaa
tgttgacgece
gtgaagcgac
accaggcega

ttacgacege

gacgggttgt
gcgaattatt
cggttacgge
cggagaaaac
tcaggatatg
tacacaaatc
actggaggct

tttatggcag

cgatgagegt
actgtggage
cggcacgctyg
tggtetgetyg
tcatcectetg
gaagcagaac
cacgetgtge
catggtgeca
cgtaacgcga
gaatgaatca
tccttecege
ttgccegatg
catcaaaaaa
ccacgegatg
tcceegttta
tgaaaacgge
ccagttctgt
agcaaaacac
cagcgaatac
tggtaagecg
gattgaactg
cgtagtgcaa
gtggcgtetg
tctgaccace
ccgecagtca
gctgegegat
ccgcattgac
agcagegttyg

tecacgegtgg

tactecgetca
tttgatggeg
caggacagtc
cgecetegegg
tggcggatga
agcgatttcc
gaagttcaga

ggtgaaacgc

ggtggttatg
gccgaaatee
attgaagcag
ctgctgaacg
catggtcagg
aactttaacg
gaccgctacg
atgaatcgtc
atggtgcage
ggccacggcg
ccggtgecagt
tacgegegeg
tggcetttega
ggtaacagtc
cagggcgget
aacccacgtggt
atgaacggtc
cagcagcagt
ctgttcegte
ctggcaageg
cctgaactac
ccgaacgcga
gcggaaaacc
agcgaaatgg
ggctttettt
cagttcacce
cctaacgect
ttgcagtgca

cagcatcagg
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840
900
960
1020
1080
1140
1200

1260

1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1320
1380
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940

3000
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ggaaaacctt atttatcagc cggaaaacet accggattga tggtagtggt caaatggega 3060
ttaccgttga tgttgaagtg gcgagcgata caccgecatcc ggecgcggatt ggectgaact 3120
gccagetgge gcaggtagca gagcecgggtaa actggetcgg attagggecg caagaaaact 3180
atccegacceg ccettactgece gectgttttg accgetggga tectgecattg tcagacatgt 3240
atacccegta cgtcettceccg agecgaaaacg gtctgegetg cgggacgege gaattgaatt 3300
atggcccaca ccagtggege ggcgacttec agttcaacat cagecgetac agtcaacage 3360
aactgatgga aaccagccat cgccatctge tgcacgegga agaaggcaca tggectgaata 3420
tcgacggttt ccatatgggg attggtggeg acgactcectg gageccgtca gtatcggegyg 3480
aattcraget gagegecggt cgetaccatt accagttggt ctggtgtcaa aaataageogg 3540
cegetttatg taggetggag ctgettecgaa gttectatac tttcotagaga ataggaactt 3600
cggaatagga acttcaagat ccccttatta gaagaacteg tcaagaagge gatagaaggc 3660
gatgcgetge gaatcgggag cggcgatacce gtaaagcacg aggaagceggt cagcecceccattco 3720
gccgccaage tcttcagcaa tatcacgggt agccaacget atgtcctgat ageggtcecge 3780
cacacocage cggecacagt cgatgaatcec tgaaaagegg cecattttaca ccatgatatt 3840
cggcaagcag gcatcgccat gggtcacgac gagatccteg cegtegggca tgegagectt 3900
gagcctggcg aacagttcgg ctggcgcgag cccctgatge tecttecgtcca gatcatcctg 3960
atcgacaaga ccggcttcca tcegagtacg tgetegeteg atgegatgtt tegettggtg 4020
gtegaatggg caggtagecg gatcaagegt atgeagecge cgeattgeat cagecatgat 4080
ggatactttc teggcaggag caaggtgaga tgacaggaga tcctgccoceccecyg gecacttegee 4140
caatagcagc cagtcccttc ccgcttcagt gacaacgtcg agcacagctg cgcaaggaac 4200
gccegtegtg goccagccacg atagecgege tgcectegtcee tgcagttcat tcagggeacce 4260
ggacaggteg gtcttgacaa aaagaaccgg gegeccctge getgacagee ggaacacggce 4320
ggcatcagag cagccgattg tetgttgtge ccagtcatag ccgaatagecc tctceccaccca 4380
agcggccgga gaacctgegt gcaatccatc ttgttcaatc atgcgaaacg atcctcatcce 4440
tgtctottga tcagatcttg atccectgeg ccatcagatce cttggeggeca agaaagccat 4500
ccagtttact ttgcagggct tcccaacctt accagaggge gecccagetg geaattcogg 4560
ttcgettget gtccataaaa ccgcccagtce tagetatcge catgtaagecc cactgcecaagc 4620
tacctgettt ctetttgege ttgegtttte cecttgtecag atageccagt agetgacatt 4680
catcoggggt cagcaccegtt totgeggact ggetttetac gtgttceget teectttagea 4740
gecoecttgege cctgagtget tgeggecageg tgagcettcaa aagegetcetg aagttectat 4800
actttctaga gaataggaac ttcgaactgc aggtcgacgg atccccggaa tcatggttcc 4860
tcaggaaacg tgttgctgtg ggetgcgacg atatgcccag accatcatga tcacaccege 4920
gacaatcatec gggatggaaa gaatttgecce catgetgatg tactgeacee aggecaceggt 4980
aaactgegeyg tegggetgge ggaaaaactc aacaatgatyg cgaaacgege cgtaaccaat 5040
caggaacaaa cctgagacag ctcccattgg gegtggttta cgaatataca ggttgaggat 5100
aataaacagc accacacctt ccagcagcag ctegtaaage tgtgatgggt ggegeggcag 5160
cacaccgtaa gtgtcgaaaa tggattgcca ctgegggttg gtttgcagea gcaaaatatce 5220
ttctgtacgg gagccaggga acagcatggce aaacgggaag ttcgggtcaa cgecggeccca 5280



caattcaccg
tgcgataaaa
caccacgata
cagatacagc
tcccecgagyg
ccagcogetyg
caccagatac
atcaaactcc
tagotgaaag
gaataatagc
<210> 2

<211> 5409
<212> DNA

ttaataaagt
tcagagacct
acgccaatca
ggatcggceca
aagacgccga
cccoggacgat
atcaggccgt
ggaaaatgca
agaacagcga

acaaggggac

tgcccagacyg
ggaagaagga
ggccgeegtg
taaactgcgg
ggaagcccgce
tegecegteg
accagtgaag
gatagctact
ttgaaatgcog

ctggectggtt

<213> Artificial Sequence

<220>

<223> engineered plasmid

<400> 2
taegegegttt

cagcttgtet
ttggcgggtyg
accatatatg
cctecetcaac
gattggttac
taccggtgee
cgcgggtgtyg
aggaaccatg
aaacgaccgt
gcaagatgga

actgcectgtgg

catctgggac gaatgggccg atgaaaacgg

gcgegectgg
gctgaaaaac
ggataaaatg
actctcttge
tgccagetac
ttttgtetgg

gcaattaage

ccaacgccag
gacceggatt
gegetggeac
cagctttatc
gcgttattgg
accggtggeg

cgcgaaccege

cggtgatgac
gtaagcggat
tcggggctgyg
cggtgtgaaa
ctgtatatte
ggcgegttte
tgggtgcagt
atcatgatgg
aaacagtatt
accggaaccqg
ttccagetgg

tttetgeagy

atggtcgtca
cgagecgeat
cgtgacatge
agcgctcctg
tgcatatgat
acacgcatet

gtecgetgec

ggtgaaaacc
gecgggagea
cttaactatg
taccgcacag
gtaaaccacg
gcatcattgt
acatcagcat
tctgggcata
tagaactgat
gaacgcttte
tgacaactaa

gcgacactaa

cgaccteggg
tattgaccag
tattgtttca
attettecag
tgacgtcttc
ggcgcagcag
gtacagcaac

gaagttgatt

cceggeacca
acgtttagta
gaaagacatg
gaaattgtag
atagagtaag
tgttgecage
cgccacgggt
ggtcatctgt
cgcegeaggt

gccggatace

tctgacacat
gacaagcccg
cggcatcaga
atgcgtaagg
cccaatggga
tgagttttte
ggggcaaatt
tcgtcgcage
gcaaaaagtyg
catttttggt
acgttgeccac

cattgettat

atcactacgg
gegtggaacg
ttetatgtgg
ctecggcctge
tgcgatcetgg
catatggatc

atcaaacgta

agaccaaacg
cggcgggcga
ccgecgteece
aacagaacat
ttttcaactt
cacattgcaa
cctattgaga
caccacaagt
ttcaggeget

gttaaaagat

gcagcteceg
tcagggegeg
gcagattgta
agaaaatacc
gctgtetcag
cgccagecceg
ctttccatee
ccacagcaac
ctcgacgaag
catcagatgce
ctgcgtteca

ctacacgaaa

gaatgagtgg
agataatcat
agacacggaa
aaccaatacg
catttttggt
aaatgaaacc
aaatgaccgg
tcttgttatt
ccaaaggtgce

atgtata

gagacggtca
tcagegggtyg
ctgagagtgce
gcatcaggeg
gtttgttect
acgegcecagtt
cgatgattgt
acgtttcctg
gcacacagaa
gttttaacct
tcatacatga

acaatgtcac

ccagtgtatg gtaaacagtg
tactgaacca
taggcgaact
cagacggcaa
cgttcaacat
aagtgggtga
aaactcatct

aaccogaatc

DK/EP 3467100 T3

5340
5400
5460
5520
5580
5640
5700
5760
5820

5877

60
120
180
240
300
360
420
480
540
600
660

720

780
840
$00
960
1020
1080
1140

1200



catcttcegac
taaagcgccg
cggttttttt
tcaggetgeg
tggcgaaagyg
cacgacgttg
catctgacgt
tgeatgeteg
ggtaaacagc
cgtgteegte
cggcaaatgt
gtcgaaccgg
gccttgageg
geggtatttg
ccaaaattgg
gacgctgege
ggcaatgtct
cagccggttyg
gcetgeggtet
gtetgoateg
cccgatgttt
gccgteetgt
gacaatcaaa

gaaatatttt

cteccegatag
aattctaaca
ttgatgecot
ttgttacteg
aaaaaaatct
ccattgagece
tctcectgtca
cgattggcac
cacacacccce
gcgtcacctt
atttatgtca
atatgaattt
aatgaatcgg

cactocactaa

taccgtttceg
gtggectatct
acccteegtt
caactgttgg
gggatgtgct
taaaacgacg
gcctttttta
agtcaacggt
cgccgcatcee
cgtttgaagc
ttctccagea
gttttaaaac
atttcgtgtt
accaaggctt
taatctteeg
ctecataatca
tcgtgteggg
cegtecetttt
ttttecatet
gtgegegcaa
adagagggaa
tcttggaaac
atatccaagt

tcectacgttgt

gcacgatgcce
attgattgaa
ttttcagggc
ggaagggctt
tteggaactg
tgtttetetg
gttagctttg
attggcagct
aaagccttcet
catggtggtc
acaccgecag
attttttgeca
ccaacgcgcg

ctoactacao

aagactttga
aattacgaaa
aaattctteg
gaagggcgat
gcaaggcgat
gecagtgeca
tttgtactac
ttttecageaa
tgeegtetge
attggtacaa
attcatacgc
ccatagactg
ggcggatget
cgggataata
cccaatceeg
tegtgttgtt
toeggtttitt
cttcecgacaa
cacccacgat
tatattecocce
tecagaccgga
gctgggcaat
tgegecaagt

aggcgcaaat

gattgaaggce
catcctgceca
agacgcctte
cggtgeggge
taagttgggt
agcttactge
cctgtacgat
tcggtgcaaa
cgcaaaatcc
aaaccggcgg
tactgctttt
caaaaaatcg
gtatttggat
agccagectg
cteggtgttg
gtgtatgggg
ccaaattttg
aacttccage
tttetcaate
ceccacccac
attgegegge
ggcaagecgta
ttgattcacg

caatacgetg

tacgatccge
gagccgacge
ccgaaggege
ctettegeta
aacgcecaggyg
tcacaagaaa
tactgcaggt
atgececgaagt
agccacgege
gegegttcaa
atttggecggt
tttetggegg
gaaacctgat
cccaatttge
taacgcaaac
ttgecgaaag
cegtgttegt
cacgcaccca
cagteggggg
gactttgaca
tgcgegagga
ccgteecgteg
acggeggeta

actaaaggct

atccgggeat
cagtgtgegt
cattcgeocat
ttacgecage
ttttcccagt
aaaggcacgt
cgactctaga
attgectcaa
cggcgggeag
aatcttettc
attcaaggct
ttttttggat
tggcgtgaag
tgacatcgta
cgeegtcaat
ggaaaaagtc
ggtgccegege
tcgecgatgat
cggcaatate
attcatccag
tgeggatgeg
agecgtcatce
atgattggge

gcaatttatt

gtctgaagge ttcagacgge atatgtatat

tgtatgcaaa
tggaatgtgt
tacctettee
gttttgeget
cgegacgtte
gtggtgtgtg
aatccggaat
getttgaatg
agtgcgtecct
agataattta
ggggggcatt
gggagaggcyg

traatoatta

taaatgcata
aagagcgggyg
gcataaacgce
taccceaacc
gcggeggegt
gcagttgtag
cgcacttacg
ctgecettet
gctgatgtge
tcaccgcaga
gtttggtagg
gtttgcgtat

aactanaaca

caccataggt
ttatttatge
ttcecatcage
aacaggggat
gtttgtgeat
tcctgaacga
gccaatgett
tcagggetta
tcagtatcac
tggttatectg
tgagagatca
tgggecgectct

aagcaoatatoa

cteocttettg
gtggtttaat
tgttgttttt
gtttatagtt
ttgctgettt
acatctggat
aaaccccccg
cgtttegtat
atttttaaga
cgccagtggt
tatgtttttt
attctgeatt
tcogettect

actcact.caa

DK/EP 3467100 T3

1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1380
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580

2640

2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420

3480



- ————

aggcggtaat
aaggccagca
tccgececce
caggactata
cgacecctgecce
ctcatagctc
gtgtgcacga
agtccaacece
gcagagcgag
acactagaag
gagttggtag
gcaagcagca
cggggtctga
caaaaaggat
gtatatatga
cagcgatctg

cgatacggga

caccggctcc
gtcctgecaac
gtagttcgce
cacgctcgtce
catgatccec
gaagtaagtt
ctgtcatgece
gagaatagtg
cgccacatag
tatcaaggat
gatcttecage
atgeccgcaaa
ttcaatatta
gtatttagaa
acgtctaaga
cetttegte
<210> 3

<211> 6233
<212> DNA

acggttatec
aaaggccagg
tgacgagcat
aagataccag
gcttaccgga
acgctgtagg
acccccegtt
ggtaagacac
gtatgtagge
gacagtattt
ctettgatec
gattacgege
cgctecagtgg
cttecacetag
gtaaacttgg
tctatttegt

gggcttacca

agatttatca
tttatcegee
agttaatagt
gtttggtatg
catgttgtge
ggccgcagtg
atccgtaaga
tatgcggcga
cagaacttta
cttaccgcetg
atcttttact
aaagggaata
ttgaagcatt
aaataaacaa

aaccattatt

acagaatcag
aaccgtaaaa
cacaaaaatc
gegtttecee
tacctgtccg
tatctcagtt
cagccecgace
gacttatecge
ggtgctacag
ggtatctgeg
ggcaaacaaa
agaaaaaaag
aacgaaaact
atccttttaa
tectgacagtt
tecatcecatag

tetggeccca

gggataacge
aggccgegtt
gacgctcaag
ctggaagete
cctttetcce
cggtgtaggt
gctgegcett
cactggcage
agttcttgaa
ctectgetgaa
ccacegetgy
gatctcaaga
cacgttaagg
attaaaaatg
accaatgett
ttgectgact

gtgctgeaat

aggaaagaac
getggegttt
tcagaggtgg
cctegtgege
ttcgggaage
cgttcgetce
atcecggtaac
agccactggt
gtggtggect
gccagttacce
tageggtggt
agatcctttg
gattttggtc
aagttttaaa
aatcagtgag
cceccgtegtg

gatacecgega

atgtgagcaa
ttecatagge
cgaaacccga
tcteetgtte
gtggcgettt
aagctgggct
tategtottg
aacaggatta
aactacgget
ttcggaaaaa
ttttttgttt
atcttttcta
atgagattat
tcaatctaaa
gcacctatet
tagataacta

gacccacget

gcaataaacc agccagccgg aagggccgag cgcagaagtg

tccatccagt
ttgcgcaacg
gcttcattca
aaaaaagcgg
ttatcactca
tgcttttetg
ccgagttget
aaagtgctca
ttgagatcca
ttcaccageg
agggcgacac
tatcagggtt
ataggggttc

atcatgacat

ctattaattg
ttgttgccat
gcteeggttce
ttagctcett
tggttatggce
tgactggtga
cttgcececgge
tcattggaaa
gttcgatgta
tttetgggtyg
ggaaatgttg
attgtctcat
cgegcacatt

taacctataa

ttgccgggaa
tgctacaggc
ccaacgatca
cggtecteeg
agcactgcat
gtactcaace
gtcaatacgg
acgttctteg
acccactcgt
agcaaaaaca
aatactcata
gagcggatac
tceccgaaaa

aaataggcgt

gctagagtaa
atcgtggtgt
aggcgagtta
ategttgtca
aattctctta
aagtcattct
gataataccg
gggcgaaaac
gcacccaact
ggaaggcaaa
ctettecttt
atatttgaat
gtgccacctg

atcacgaggce

DK/EP 3467100 T3

3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440

4500

4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400

5409



<213> Artificial Sequence

<220>

<223> engineered plasmid

<400>3
tegegegttt

cagcttgtct
ttggcggotyg
accatatatg
cctectcaac
gattggttac
taccggtgece
cgegggtgtg
aggaaccatg
aaacgaccgt

gcaagatgga

actgctgtgg
catctgggac
gcgegectgg
gctgaaaaac
ggataaaatg
actectettge
tgccagetac
ttttgtectgg
gcaattaage
catcttegac
taaagcgecceg
cggttttttt
tcaggectgeg
tggcgaaagg
cacgacgttg
catctgacgt
tgcatgecteg
acegecgaac
gtcgttaacc
gtagtagaac
ccacageteg

ttttttacga

cggtgatgac
gtaagcggat
tcggggetgg
cggtgtgaaa
ctgtatatte
ggcgegttte
tgggtgeagt
atcatgatgg
aaacagtatt
accggaaceqg

ttecegetgg

tttctgcagg
gaatgggceg
ccaacgccag
gacccggatt
gegetggeac
cagctttate
gegttattgg
accggtggeg
cgcgaaccgc
tacegttteg
gtggctatet
accctcegtt
caactgttgg
gggatgtget
taaaacgacg
gcctttttta
agttattatt
aggtagttaa
atcaccatgt
aggtattceg
taatcttcegg

aacattacge

ggtgaaaacc
gccgggagca
cttaactatg
taccgeacag
gtaaaccacyg
gcatcattgt
acatcagecat
tctgggcata
tagaactgat
gaacgcttte

tgacaactaa

gcgacactaa
atgaaaacgg
atggtecgtca
cgcgccgcecat
cgtgceatge
agcegcectectg
tgcatatgat
acacgcatct
gtecegetgee
aagactttga
aattacgaaa
aaattettcg
gaagggcgat
gcaaggcgat
geccagtgeca
tttgtactac
taatatattt
tgttaccggt
acaggttttt
gcaggttttg
agtagttaga

togggtgaac

toctgacacat
gacaagcccg
cggcatcaga
atgcgtaagg
cccaatggga
tgagttttte
ggggcaaatt
tcgtcgecage
gcaaaaagtg
catttttggt

acgttgccac

cattgcttat
cgacctcggg
tattgaccag
tattgtttca
attctteccag
tgacgtctte
ggcgcageag
gtacagcaac
gaagttgatt
gattgaagge
catcctgeca
agacgectte
cggtgeggge
taagttgggt
agcttactge
cctgtacgat
acaatagatg
caggaagaag
ttttgeggta
gaacttgatt
aaacatataa

aatacaacac

gcagcteceg
tcagggegeg
gcagattgta
agaaaatacc
gctgtcteag
cgocageceg
ctttecatee
ccacagcaac
ctcgacgaag
catcagatgce

ctgegttceca

ctacacgaaa
ccagtgtatg
atcactacgg
gcgtggaacy
ttectatgtgg
cteggectge
tgcgatctgg
catatggatc
atcaaacgta
tacgatcege
gagccgacgc
ccgaaggege
ctettegeta
aacgccaggg
tcacaagaaa
tactgecaggt
aaggacgcaa
cacttcattt
gactgacctt
tttgeccagge
ccaccgatge

ttatacggca

gagacggtca
tcagegggtg
ctgagagtgce
gcatcaggeg
gtttgttect
acgcgcecagtt
cgatgattgt
acgtttcctg
gcacacagaa
gttttaacct

tcatccatga

acaatgtcac
gtaaacagtg
tactgaacca
taggcgaact
cagacggcaa
cgttcaacat
aagtgggtga
aaactcatct
aacccgaate
atccgggeat
cagtgtgegt
cattegacat
ttacgecage
tttteccagt
aaaggcacgt
cgactctaga
tcgtacggat
tgataaccaqg
cgtgcaggcg
tcagacggtt
tcgegatgac

ggtttttaac

DK/EP 3467100 T3

60

120

180

240

300

360

420

480

540

600

660

720

780

840

300

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1380



gatgtccagg
aaagattgcg
tttagtaaaa
gttgctcagg
cagtttgatt
gttcgcaacg
ttegtecaga
agattccgcg

cggtttttca

atcctgeecgt
aagcattggt
agcaattcat
aaacccatag
tgttggecgga
gcttegggat
tecgoccaat
atcatcgtgt
cgggtcggtt
ttttetteeg
atctcaccca
gcaatatatt
ggaatcagac
aaacgetggg
aagttgegee
ttgtaggcge
tgcegtetga
tgaatgtatg
gggctggaat
gctttaccte
actggttttg
tctgegegac
tttggtggtg
agctaatceg
ttctgctttg
ggtcagtgeg
ccagagataa
tgcagggggg

cgcggggaga

ttectetteeg
ttggtaccca
cggtcegggt
tegatcegett
ttgtcgttaa
atgatgattt
aaagggtttt
gattccgett

gcaatcggtg

ctgccgcaaa
acaaaaaccqg
acgctactge
actgcaaaaa
tgctgtattt
aataagccag
cccgeteggt
tgttgtgtat
ttttccaaat
acaaaacttc
cgattttcte
cceecceccce
cggaattgeyg
caatggcaag
aagtttgatt
aaatcaatac
aggcttcaga
caaataaatg
gtgtaagagc
ttcegecataa
cgcttaccce
gttcgcggeg
tgtggcagtt
gaatcgoact
aatgctgcce
tcctgetgat
tttatcaceg
cattgtttgg

ggeggtttge

gcagtttggt
caacatctac
gagagatgte
tgttcaggga
ctttgtgttt
cgaagctget
tettgttaac
catcgatgat

caaaatgccg

atccagccac gcgccggcegg

gcgggegegt
ttttatttgg
ategtttetg
ggatgaaace
cctgeccaat
gttgtaacge
ggggttgeeg
tttgcegtgt
cagccacgca
aatccagteg
cceccgacttt
cggctgegeg
cgtacegtcecc
cacgacggceyg
gctgactaaa
cggcatatgt
catacaccat
ggggttattt
acgctteecat
aaccaacagg
gcgtgtttgt
gtagtcctga
tacggccaat
ttecttcaggg
gtgctcagta
cagatggtta
taggtgagag

gtattgggeg

cttgttgatt
gtacggattg
gtcagagtce
gtacggcagyg
cagttegtta
gaaggtctga
aggcaggata
catatgtata

aagtattgcc

tcacgacctt
ttcttcagga
atacgggcaa
taagcgatgt
tagaagtegt
gacaggatge
acgcetcacaa
tctecttett

tcaaggtaaa

tgtcgtcaat
agtcaacctg
taaattcagee
tagtgcggat
cagtgcagca
tgttgatcge
cegggtgggt
ctcgagtcaa

cagccgaecge

gcagcgtgtc cgtccgtttg

tcaaaatctt
cggtattcaa
geggtttttt
tgattggegt
ttgctgacat
aaaccgcecogt
aaagggaaaa
tegtggtgece
cccatcgega
ggggcggcaa
gccaattcat
aggatgcgga
gtcgagecgt
gctaatgatt
ggctgcaatt
atatctectt
aggtgtggtt
atgetgttgt
cagegtttat
ggatttgctg
gcatccatct
acgaaaaccc
gcttegttte
cttaattttt
tcaccgccag
tctgtatgtt
atcaattctg

ctetteeget

ctteoecggecaa
ggctgtcgaa
ggatgecttg
gaaggcggta
cgtaccaaaa
caatgacgct
agtceggcaat
gcgecagecg
tgatgctgeg
tatcgtatge
ccagcccgat
tgeggcegte
catcgacaat
gggcgaaata
tattctcecg
cttgaattct
taatttgatg
ttttttgtta
agttaaaaaa
ctttecattg
ggattctcct
cccgegattg
gtatcacaca
aagagcgtca
tggtatttat
ttttatatga
cattaatgaa

tcecctegetcea

atgtttctec
ccgggtttta
cgegattteg
tttgaccaag
ttggtaatct
gogectcata
gtecttegtgt
gttgecgtee
gtctttttece
atcggtgege
gtttaaagag
ctgttettgg
caaaatatce
tttttctacg
ataggcacga
aacaattgat
cecctttttea
ctcgggaagg
atectttegga
agectgttte
gtcagttage
gcacattggc
ccecaaagec
ccttcatggt
gtcaacaccg
atttattttt
teggecaacyg

ctgacteget

DK/EP 3467100 T3

2040
2100
2160
2220
2280
2340
2400
2460

2520

2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200

4260



gegeteoggte gtteggetge ggegagegot atcagetcac tcaaaggegg taatacggtt

atccacagaa tcaggggata acgcaggaaa gaacatgtga gcaaaaggcce agcaaaaggce

caggaaccgt aaaaaggecg cgttgetgge gttttteocat aggetccgee cocectgacga

gcatcacaaa
ccaggecgttt
cggatacctg
taggtatctc
cgttcagecca
acacgactta
aggeggtget
atttggtatc
atccggcaaa
gcgcagaaaa
gtggaacgaa
ctagatcctt
ttggtctgac
tegttecatcc
accatctgge
atcagcaata
cgectecate
tagtttgege
tatggcttca
gtgcaaaaaa
agtgttatca
aagatgettt
gcgaccgagt
tttaaaagtg
getgttgaga
tactttcacc
aataagggcg
catttatcag
acaaataggg
tattatcatg
<210> 4

<211> 6254
<212> DNA

aatcgacgct
ccececectggaa
tccgeettte
agtteggtgt
gaccgectgeg
tcgececactgg
acagagttet
tgcgeteotge
caaaccaccg
aaaggatctc
aactcacgtt
ttaaattaaa
agttaccaat
atagttgcct
cccagtgetg
aaccagccag
cagtectatta
aacgttgttg
ttcagctccg
gcggttaget
ctcatggtta
tctgtgactyg
tgctettgee
ctcatcattg
tcecagttega
agecgtttcetg
acacggaaat
ggttattgtc
gttcegegea

acattaacct

caagtcagag
gctcectegt
tccctteggg
aggtcgtteg
cottatcegg
cagcagccac
tgaagtggtg
tgaagccagt
ctggtagegg
aagaagatcc
aagggatttt
aatgaagttt
gcttaatcag
gactcccegt
caatgatacc
ccggaaggge
attgttgeccag
ccattgcotac
gttcccaacg
ccttecggtece
tggcagcact
gtgagtactc
cggegtcaat
gaaaacgttce
tgtaacccac
ggtgagcaaa
gttgaatact
tcatgagcgg
catttccceg

ataaaaatag

gtggcgaaac
gcgetctect
aagcgtggceg
ctccaagetg
taactatcgt
tggtaacagg
gectaactac
taccttegga
tggttttttt
tttgatcttt
ggtcatgaga
taaatcaatc
tgaggcacct
cgtgtagata
gcgagaccca
cgagcgeaga
ggaagctaga
aggcatcgtyg
atcaaggcga
tccgatcgtt
gcataattct
aaccaagtca
acgggataat
tteggggcga
tegtgcacce
aacaggaagg
catactcttce
atacatattt
aaaagtgcca

gcgtatcacg

ccgacaggac
gttcecgacce
ctttctcata
ggctgtgtge
cttgagtcca
attagcagag
ggctacacta
aaaagagttg
gtttgcaagce
tctacggggt
ttatcaaaaa
taaagtatat
atctcagecga
actacgatac
cgcteacegg
agtggtcctg
gtaagtagtt
gtgtcacget
gttacatgat
gtcagaagta
cttactgtca
ttectgagaat
accgegecac
aaactctcaa
aactgatctt
caaaatgccg
ctttttcaat
gaatgtattt
cctgacgtet

aggcccttte

tataaagata
tgeccgettac
gctcacgcetg
acgaaccacce
acccggtaag
cgaggtatgt
gaaggacagt
gtagectettg
agcagattac
ctgacgctca
ggatcttcac
atgagtaaac
tetgtcetatt
gggagggctt
ctacagattt
caactttatce
cgccagttaa
cgtegtttgg
cccccatgtt
agttggccge
tgececateegt
agtgtatgeg
atagcagaac
ggat.cttacc
cagcatcttt
caaaaaaggg
attattgaag
agaaaaataa
aagaaaccat

gtec

DK/EP 3467100 T3

4320
4380

4440

4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180

6233



<213> Artificial Sequence

<220>

<223> engineered plasmid

<400>4
tegegegttt

cagcttgtct
ttggegggtyg
accatatatg
cctectcaac
gattggttac
taccggtgee

cgegggtgty

aggaaccatg
aaacgaccgt
gcaagatgga
actgetgtgg
catctgggac
gegegectgg
gctgaaaaac
ggataaaatg
actctettge
tgccagectac
ttttgtctgg
gcaattaagce
catcttcgac
taaagcgecg
cggttttttt
tecaggetgeg
tggcgaaagg
cacgacgttg
catctgacgt

tgcatgeteg

taaggcgatt
atcagcgatce
cattatcgta

cttaggegtg

cggtgatgac
gtaagcggat
tecggggetgg
cggtgtgaaa
ctgtatatte
ggegegttte
tgggtgcecagt
atcatgatgg
aaacagtatt
accggaacceq
ttecegetgg
tttetgecagg
gaatgggceg
ccaacgccag
gacccggatt
gcgcetggecac
cagctttate
gcgttattgg
accggtggeg
cgcgaaccege
tacegttteg
gtggctatcet
accctecegtt
caactgttgg
gggatgtget
taaaacgacg
gcctttttta

agttatacaa

ttagggetat
acaaaaggtt
tecacaggaa

atcacatagce

ggtgaaaacc
gccgggagea
cttaactatg
taccgecacag
gtaaaccacg
gcatcattgt
acatcagcat
tctgggcata
tagaactgat
gaacgcttte
tgacaactaa
gcgacactaa
atgaaaacgg
atggtcgtca
cgcgecgeat
cgtgeccatge
agcgctcoctg
tgcatatgat
acacgcatct
gtcegetgece
aagactttga
aattacgaaa
aaattcttcg
gaagggcgat
gcaaggcgat
gccagtgeca
tttgtactac

actgccaata

toctgacacat
gacaagcccg
cggcatcaga
atgcgtaagg
cccaatggga
tgagttttte
ggggcaaatt
tcgtcgecage
gcaaaaagtg
catttttggt
acgttgccac
cattgcttat
cgaccteggg
tattgaccag
tattgtttca
attcttccag
tgacgtctte
ggcgcagcag
gtacagcaac
gaagttgatt
gattgaagge
catcetgeca
agacgcctte
cggtgeggge
taagttgggt
agcttactge
cctgtacgat

tttcaaatat

gcagcteceg
tcagggcgcg
gcagattgta
agaaaatacc
gctgtcteag
cgccagecceg
ctttecatece
ccacagcaac
ctcgacgaag
catcagatgce
ctgegttceca
ctacacgaaa
ccagtgtatg
atcactacgg
gcgtggaacg
ttctatgtgg
cteggeectge
tgegatctgg
catatggatc
atcaaacgta
tacgatcege
gagccgacga
ccgaaggcygce
ctettaogeta
aacgccagygyg
tcacaagaaa
tactgcaggt

ttaaaatgga

gagacggtca
tcagegggtyg
ctgagagtgce
gcatcaggeg
gtttgtteet
acgcgcagtt
cgatgattgt
acgtttcctg
gcacacagaa
gttttaacct
tcatccatga
acaatgtcac
gtaaacagtg
tactgaacca
taggcgaact
cagacggcaa
cgttcaacat
aagtgggtga
aaactcatct
aacccgaatc
atccgggeat
cagtgtgegt
cattcgeccat
ttacgececage
ttttoccagt
aaaggcacgt
cgactctaga

gttctctcat

aaggttcette ttttegtget atcgtagaga tttgetcate

gtaacaccag atttttcacg ccatggataa aagtagegtce

caaccecattt tcggctgecat ttcaaaaaaa ctttggcaat

cttgagtece caceccetteg ctataagett

taatgatccc

DK/EP 3467100 T3

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



cacacgctet
atacaataaa
caagecetet
attgagttet
caagctcata
gagattggtt
cttttteact
ttgecgcettgg
taaaccaaat
atcteocttet
ctcaaggtaa
ggcagcgtgt
tcttecggea
aggctgtcga
tggatgcctt
tgaaggcggt
tcgtaccaaa
tcaatgacgc
aagtcggcaa
cgcgecageco
atgatgcectge
atatcgtctg
tccagcecga
atgcggeegt
tcatcgacaa
tgggcgaaat

ttattctccece

tcttgaatte
ttaatttgat
tttttttgtt
tagttaaaaa
gcetttecatt
tggattectec
cccegegatt
cgtatcacac
taagagegtce
gtggtattta

tttttatatg

tgtatctegt
tgcatcaagc
ttaaaatccect
atgcattttt
aacttcgcecat
gtaatcccca
aaggggtgca
tggtgggatgyg
gtatcgecaca
tetegagtca
acagccgeceg
ccgtecgttt
aatgtttctc
accgggtttt
gcgcgatttc
atttgaccaa
attggtaatc
tgcgeetcat
tgtettegtg
ggttgoegte
ggtettttte
catcggtgcg
tgtttaaaga
cctgttettg
tcaaaatatc
atttttetac

gataggcacg

taacaattga
gecettttte
actcgggaag
aatctttegyg
gagecctgttt
tgtcagttag
ggcacattgg
accccaaage
accttecatgg
tgtcaacacc

aatttatttt

ggtttttatyg
ggatatagcc
ctttcaaggt
cacacaagga
ggtattttaa
tgtetttgat
acccgectte
cattgatgcect
ctttttgatt
acggttttte
catcctgecyg
gaagcattgg
cagcaattca
aaaacccata
gtgttggcgg
ggcttcggga
ttecegeccaa
aatcatcgtg
tcgggteggt
cttttcttee
catctcacce
cgcaatatat
gggaatcaga
gaaacgctgg
caagttgcge
gttgtaggeg

atgccgtctg

ttgaatgtat
agggctggaa
ggctttacect
aactggtttt
ctetgegega
ctttggtggt
cagctaatec
cttetgettt
tggtcagtge
gccagagata

ttgcaggggg

gctcaatgge
taactcttgg
tatategtct
ataatgacte
agcgtaataa
gttttgegtg
aaaagtttta
attgagtaaa
taaagaaatg
agcaatcggt
tectgecgcaa
tacaaaaacc
tacgctactyg
gactgcaaaa
atgetgtatt
taataagcca
tecegetegy
ttgttgtgta
tttttccaaa
gacaaaactt
acgattttct
tcecececece
ccggaattge
gcaatggcaa
caagtttgat
caaatcaata

aaggcttcag

tcacttttta
atgtgttttt
tctaaaatac
gcatagcacca
aacttagaaa
atgaaataag
gaataaatcg
gttgtggtgt
gcaaaaacac
gcaaaatgce
aatccagcecca
ggcgggcgcg
cttttatttg
aatcgtttet
tggatgaaac
gcctgeccaa
tgttgtaacyg
tggggttgee
ttttgeegtg
ccagccacge
caatccagte
ccecagactt
gcggctgege
gcgtaccgte
tcacgacgge
cgctgactaa

acggcatatg

cactggeatc
ctaaaaaatc
agatcgette
caagctcaccce
cctcactgat
ggtgtaaatg
catcaaaaat
ctctaaaaac
gcatatgtat
gaagtattge
cgegecgygcy
ttcaaaatct
gcggtattca
ggeggttttt
ctgattggcg
tttgctgaca
caaaccgecyg
gaaagggaaa
ttogtggtge
acccatcgeg
gggggcggea
tgccaattca
gaggatgcgg
cgtcgageeg
ggctaatgat
aggctgcaat

tatatctcct

gcaaataaat
tgtgtaagag
cttecgeata
gegettacee
cgttagegge
gtgtggcagt
ggaatcgcac
gaatgetgece
gtoectgetga
atttatcacc

gcattgtttg

gecatacacca
cggggttatt
aacgcttceca
caaccaacag
ggcgtgtttg
tgtagtcctg
ttacggccaa
cttetteagg
tgtgctcagt
gcagatggtt

gtaggtgaga

taggtgtggt
tatgetgttyg
tcagegttta
gggatttget
tgcatcecate
aacgaaaacc
tgettegttt
gecttaatttt
atcaccgcceca
atctgtatgt

gatcaattct

DK/EP 3467100 T3

198U
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
23940
3000
3060
3120
3180
3240
3300
3360
3420
3480

3540

3600
3660
3720
3780
3840
3900
3960
4020
4080
4140

4200



gcattaatga
ttecectegete
ctcaaaggcg
agcaaaaggc
taggectcege
cccgacagga
tgttccgacc
gctttotcat
gggctgtgtg
tettgagtec
gattagcaga
cggctacact
aaaaagagtt
tgtttgecaag
ttctacgggg
attatcaaaa
ctaaagtata
tatctecageg
aactacgata
acgctcaceg

aagtggtcct

agtaagtagt
ggtgtecacge
agttacatga
tgtcagaagt
tottactgte
attctgagaa
taccgcgceca
aaaactctca
caactgatct
gcaaaatgcce
cectttttcaa
tgaatgtatt
acctgacgte
gaggcececttt

<210>5
<211> 7680

atcggcoaac
actgactcge
gtaatacggt
cagcaaaagg
caccctgacy
ctataaagat
ctgccgetta
agctcacget
cacgaacccc
aacccggtaa
gcgaggtatg
agaaggacag
ggtagctctt
cagcagatta
tcetgacgete
aggatcttca
tatgagtaaa
atctgtctat
cgggagggct
goteocagatt

gcaactttat

tcgecagtta
tegtegtttg
tcececatgt
aagttggccg
atgccatcceg
tagtgtatge
catagcagaa
aggatcttac
tcagcatctt
gcaaaaaagqg
tattattgaa
tagaaaaata
taagaaacca

cgtc

gcgeggggag
tgegetecggt
tatccacaga
ccaggaacceqg
agcatcacaa
accaggcgtt
ccggatacct
gtaggtatct
cegtteagec
gacacgactt
taggcggtgce
tatttggtat
gatccggeaa
cgcgcagaaa
agtggaacga
cctagateet
cttggtctga
ttegtteate
taccatctgg
tatcagcaat

cegecteoeat

aggeggtttg
cgttcggetg
atcaggggat
taaaaaggcce
aaatcgacga
tccecctgga
gtcecgecttt
cagttcggtg
cgaccgcetge
atcgccactg
tacagagttc
ctgegetetg
acaaaccacc
aaaaggatct
aaactcacgt
tttaaattaa
cagttaccaa
catagttgec
ccceagtget
daaccagcca

ccagtctatt

cgtattggge
cggegagegyg
aacgcaggaa
gegttgotgg
tcaagtcaga
agctccctcg
ctcecettcgg
taggtegtte
gecttateeg
gcagcagcca
ttgaagtggt
ctgaagccag
gctggtagoeg
caagaagatc
taagggattt
aaatgaagtt
tgcttaatca
tgacteccecg
gcaatgatac
gecggaaggyg

aattgttgee

getcottecge
tatcagectca
agaacatgtg
cgtttttaca
ggtggegaaa
tgegetcetce
gaagcgtgge
gctccaaget
gtaactateg
ctggtaacag
ggcctaacta
ttaccttegg
gtggtttttt
ctttgatcott
tggtcatgag
ttaaatcaat
gtgaggcacc
tegtgtagat
cgcgagaccc
cogagegoaq

gggaagctag

atagtttgeg
gtatggatte
tgtgcaaaaa
cagtgttatc
taagatgcett
ggcgaccgag
ctttaaaagt
cgctgttgag
ttactttcac
gaataagggc
gcatttatca
aacaaatagg

ttattatcat

caacgttgtt
attecagctcce
agcggttage
actcatggtt
ttetgtgact
ttgectettge
gctcatcatt
atccagttcg
cagcgtttct
gacacggaaa
gggttattgt
ggttcegege

gacattaacc

gcecattgeta
ggttcocccaac
teetteggte
atggcagcac
ggtgagtact
ccggegtcaa
ggaaaacgtt
atgtaaccca
gggtgagcaa
tgttgaatac
ctcatgagcg
acatttcccc

tataaaaata

caggcatcgt
gatcaaggcg
ctacgategt
tgcataattc
caaccaagtc
tacgggataa
cttcggggeg
ctcgtgcacc
aaacaggaag
tcatactctt
gatacatatt
gaaaagtgcc

ggegtatcac
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4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6254



<212> DNA

<213> Artificial Sequence

<220>

<223> engineered plasmid

<400> 5

gtacccaget
tagcetgttte
agcataaagt
cgctcactge
caacgcgegg
ttaagcatte
ggcatcagca
aagttgtcca
gagacgaaaa
cacgccacat
cagagcgatg

teccatateca

aggcgggcaa
tttaaaaagg
tgaaatgcct
gtgatttttt
acgcccggta
acgtctcatt
tttatttatt
cgtgatacgc
tggcactttt
cgectggactt
gccttggect
tcecegaaggt
cctgeggegyg
gccacggcett
ggtgcatagg
cgctecaggg
ccccgttgea
tgcgetttgt
acgaacgcgg

tecgeceagt

tttgttcecet
ctgtgtgaaa
gtaaagcectg
ccgctttcca
ggagaggcgyg
tgccgacatg
ccttgtegece
tattggccac
acatattctc
cttgcgaata
aaaacgtttc

ccagctcace

gaatgtgaat
ccgtaatatce
caaaatgttc
tctecatttt
gtgatcttat
ttegecaaaa
ctgegaagtg
ctatttttat
cggggaaatg
cccgetgtte
gecatatcoceg
ctegggeegt
cctgtaggge
cceggegtete
cgcgtggecte
cctegtagaa
gacctagatce
tgccgatgaa
tcatgtgcgg

acttgtecge

ttagtgaggg
ttgttateceg
gggtgcctaa
gtcgggaaac
tttgegtatt
gaagccatca
ttgecgtataa
gtttaaatca
aataaaccct
tatgtgtaga
agtttgctca

gtctttecatt

ttaattgege
ctcacaatte
tgagtgaget
ctgtcgtgce
gggcgeatge
caaacggcat
tatttgccca
aaactggtga
ttagggaaat
aactgccgga

tggaaaacgg

gecatacgga

gettggegta
cacacaacat
aactcacatt
agctgcatta
ataaaaactg
gatgaacctg
tggtgaaaac
aactcaccca
aggccaggtt
aatcgtcgtg
tgtaacaagg

attcecggatg

atcatggtea
acgagccogga
aattgegttg
atgaatcggc
ttgtaattca
aatcgccage
gggggcgaag
gggattggct
ttcaccgtaa
gtattcactc
gtgaacacta

agcattcatc

aaaggccgga
cagctgaacyg
tttacgatge
agcttecetta
ttcattatgg
gttggcceag
atcttecgte
aggttaatgt
tgcgegeceg
cgtcagcage
attcaacggc
ctettggget
aggctcatac
aacgegettt
gaccgcttge
cgectgaaty
ggccacagcg
ctcecttggec
gctggtttceg

cagccacttg

taaaacttgt
gtctggttat
cattgggata
getectgaaa
tgaaagttgg
ggctteccgg
acaggtattt
catgataata
cgttcectget
ttttegecea
cccagggegt
tgateggeet
ccectgecgaa
gagattccca
gggctgatgg
cgegtgtgac
gccgeaaacg
gacagcctge
tcacggtgga

tgcgeettot

gettattttt
aggtacattg
tatcaacggt
atctcgataa
aacctcttac
tatcaacagg
attcgaagac
atggtttctt
ggcgetggge
cggcettgat
ccagaacggqg
tettgegeat
cegettttgt
gettttegge
tgacgtggee
gtgecettget
tggtctggtc
cgtcectgegt
tgctggeegt

cgaagaacgae

ctttacggte
agcaactgac
ggtatatcca
ctcaaaaaat
gtgccgatca
gacaccagga
gaaagggcct
agacgtcagg
ctgtttetgg
gatecgcggeg
cttcaggege
ctcacgeget
cagceeggteg
caatecctge
cactggtggc
gecctegatg
gcgggtcate
cagcggcacc
cacgatgcga

cgectgetgt

780

840

200

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860

1920

anan
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60

120

180

240

300

360

420

480

540

600

660

720



tcottggetgg
acagcgtect
gtgetgetgg
tegegetege
ttgcatcgea

tcgacggggg
ctagactttg
cteotocggge
cgatggeccge
gacaagctga
ctacccagece

atcaattttt

tgeeggttgg
tggecettgac
cacgecegac
ccaccttggg
ttgceggagg
ggcaccaaag
aaggggggta
agaaaatctg
aagttgcagce
gcatggeccac
tgcaaacgga
cggcaatget
gocagaagac
aggacttggt
cggcectacgt
cggtgttcag
atggcgacct
coggegagga
tgaccgaaac
cgtgttttcet
ggtagcactt
cgectegeeg
gccacctega
ggctctggga
gagcaaactg

aaccggtaaa

ccgactreca
tgcgeccgett
cegeccagtyg
ggtaggogtyg
tgatcgegta
cagcgcaagg
cttegeaaag
ttegecatge
gagcggceac
tggacaggcet
ttegaccaca

ttaattttct

acaccaagtg
gcgectggaa
tgcccecacga
caaggccgaa
gggagcegeg
aactagatat
cgcaacagcet
taattgactg
tgattgcegceca
gcagtccaga
acgcaaagcg
gctgecatcac
actttecaag
ggccgagcge
ggtcaatgac
tgcegeegtyg
gcgecgeatce
gocgeecage
ggaggaatgg
ggacgatggc
gggttgegea
cectatacct
cctgaatgga
ggcagaataa
gectecaggea

ccagcaatag

ccattccggg
ctctggcage
ctegttetet
cttgagactg
tgccgeccatg
cggtgectec
tegtgacege
geggtegotg
cggctggctc
gcgecetgece
tacccaccegg

ctggggaaaa

gaaggegggt
cgacccaagc
gectcacgge
ggccgegeag
ccgaaggegt
agggcgaaat
cattgcggea
ccacttttac
tggtgeccgeca
gaaatcggca
catgaggegt
ctegtggege
ctcateggac
tggatctccg
cgegtggegt
gtggttgatc
ccgaccetgt
cagcccggea
gaacggcgeg
gagccgttgg
gcaacccegta
tgtetgeete
agccggeggce
atgatcatat
tttgagaage

acataagcgg

ctggccgtca
aactcgcgea
ggcgtectge
geegecacgt
cctgeccoecte
ggcgggecac
ctacggegge
cgetecettg
gecttcgeteg
acgagcettga
ctocaactge

gccteoeoggec

tgacgtactc
gtcggecccat
tggcgtcage
tgcceecatttt
ccttttggtg
tcaatgettg
tgeggegecca
cecagecegtg
gccecgtggac
ccacagggat
gceggectgoeg

tgcggeetge

gaccgccaac
cgcttcatecg
gttgggcegtce
cgecagette
tccaaccgge
agtatactca
tacgggcettg
gatatgtgga
aaccctgctg
tgcccaccgyg
gecttgecec

gegetteget

caaggctcge
ctatgegagt
ggcgagtgeg
tcgatcaaca
gggggaaccc
gcgaaagact
ccceccgcaa
gcaacgcata
accgtgegge
ttcaagccaa
gggccgggcet
agatgggcca
gttetttgeg
tcgtgaagcet
ggggccagce
acgacgacca
atccgggega
ttcecgggeat
ggcagcagceg
agccgecgac
agtgcgetgt
cecgegttge
acctcgctaa
cgtcaattat
acacggtcac

ctatttaacg

gcagcgaccy
gggggcagte
ggggttccaa
agccocecggayg
cgcaggggtg
taaaaatcaa
tagctcattg
attgttgteg
accctaccge
gaacaagccc
tattgcgagg
ccagaacgcc
gacggtccaa
caacggccce
ccgegaccag
ggacgaatcg
gcagcaacta
ggaaccagac
cctgccgatyg
acgggtcacg
tccagactat
gtegeggtge
cggattcacce
tacctccacg
actgcttecg

accctgceect

cgcagegget
gaaggcgaag
gggggcagceyg
gggccacttt
cccttetttg
caacttaaaa
cgtaggttaa
cgctgccgaa
atggagataa
ggtcactggg
aaacccacgg
gtggtggtca
tacgecagtca
ggcaccgtgt
ttgegectgt
ctgttgggge
ccgaccggcec
ctgccagect
cccgatgage
ctgccgegec
cggctgtage
atggagccgg
gtttttatca
gggagagcct
gtagtcaata

gaaccgacga

DK/EP 3467100 T3

LYBU
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580

2640

2700
2760
2820
2880
23540
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140

4200



ccgggtcegaa
gtagcaccag
cactcatcge

aattttaaca

gggaagggcyg

ctgcaaggeg
cggccagtga
gcggecgete
ataccgtcga
tctttggttt
ttatattgect
tetgttcaac
ttaaaaaatg
ttaaaatata
aaggatattc
ttagaatttt
aaagattaaa
aaactacatc
tggtatcatc
cataatttaa
ttagtgecage
tatttttaat
cttaaaaact
taattttgag
agtgttaata
gccaagtett
ctcttttaaa
aaaatactca
atageotttge
tttattactt
ttcagttgta
tttttttget
tatgataaaa
atcatttact
agttcctgaa
aatagctget

ctcatttgea

atatttatca taatttataa attcataaat atttttaaag ccatttttat aaagttcttt

tttgetttcg aatttctgece
gegtttaagg gcaccaataa
agteggecta ttggttaaaa
aaatattaac gcttacaatt

atcggtgcgg goctettege

attaagttgg gtaacgeccag

attcatcege
ctgecettaaa
aatgagctga
tccattcgce

tattacgcca

ggttttecca

ttattatcac
aaaattacgce
tttaacaaaa
attcaggctg

gctggecgaaa

ttattcaggce
ccegecctge
atttaacdgeg
cgcaactgtt

gggggatgtyg

gtcacgacgt tgtaaaacga

gegegegtaa
tagaactagt
cctegagtta
ttagtcttga
ttaataaatt
cttttttaaa
cttggttttg
aattgcacca
atcattacaa
attatcacat
agcttcatta
ttcataatct
ttgtgcaagg
aatttcatca
tttgategtg
accctttgag
ttttgtgtgc
ctatctaaaa
gettttagta
ccattttgte
atacaacttg
aatctaageg
aagattaatt
tgtatcagtg
acaggatgaa
tcgetaagtg
atagattttt
aaatgaatat
atctctccge
gotaaagget

taccttgaaa

tacgactcac
ggatcccceg
agtctctaat
aaatcttcta
taatatattt
tcctecaaac
ctttgtaaaa
ttgctcatat
atccectgeta
tegettacge
atatgaatat
ttataaaatt
ctaattgggc
ctatcactgc
tagtaaatta
ccaccacgag
tgagtttaaa
tctctaactt
tttcatcact
ttgagccaac
aattacctat
atggaaaaag
caaaacctaa
cttttactaa
acataagcaa
aaattttatt
catcettetee
gagctagttt
cttcaatatg
caattctatc

atccatcaat

tatagggcga
ggctgeagga
cgattgtttt
ggattttcta
ttattgcatt
agtcaatatc
agctaggatt
aagttttagg
aatcgecaca
taattaggge
ttgttettag
ttagagcatg
gttttaaaat
ttacaacaac
aaggtttatt
cagggattat
aaaatctccecg
agcgctaaat
atttgcatta
taaaatccct
tataaaatca
cttaaatcta
atcattattt
attgtetget
agcgtagttt
atcgtttaaa
aagctgecatt
tgatatagcg
cgctactaag
tccatgtact

tgtagtaget

attggagcte
attcgatatc
ccaatggaat
tgtaagtttt
ttaaggttat
taaacttgag
gtttaaaaat
caatttttge
atcattacaa
atttgcattg
cggtgaagtg
taacagcact
atcaacattt
tttactaatg
gtttaataaa
tgctaagetce
ctttgtaaat
aaatcttgtt
acttttagtg
gctgttttta
gcatttttta
gggttatttt
ggataaataa
tgatttttaa
tcataattta
agttctaaat
aaacgcottt
tggecgtaage
atattattta
acgattaaat

aaagecttat

caccgeggtyg
aagcttateg
ggttataaaa
tgtataaata
tttttccata
ctttogtoca
tcttttatcet
cttggcataa
acaaaggcett
ctatttttat
ggttgtaaaa
ttatcgettg
tgactttttg
cttttagcat
accaaatttt
attttatatce
attcaaaaaa
ttttatgaat
tattttecatt
agtataaggc
acaaagttat
taaactctte
caatataatt
tgectagtaat
tatcataata
caggcgaacce
ttgcaaacte
tatcgtcaat
atgctccaac
caggttttag

cagtttgata

DK/EP 3467100 T3

4260
4320
4380
4440

4500

4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360

6420

6480



aactgtatag
ttegettgag
gcctgttata
tctatatctce
ccaagtccag
tctttaatge
gcttttttac
tcottttaaag
tcagtaaaat
ttatctgttg
atagegttta
acaaaaggaa
ttecattectyg
taattattac
ttcgecacctyg
totttaagtyg
cttatttttg
atatgagttt
ttagctagtt
ttttcttecac
<210>6

<211> 4426
<212> DNA

ccaaaatttt
ttttgcacee
aaaaggattt
ttaatgcttt
gtcttttaac
taactacact
tttcattatt
cctttgtate
gtetttecaag
tgtggtcgcet
atcttacaaqg
tttcattgte
tgctaactat
actcacctga
cacgagaaaa
ctagctcatce
cattaccagg
gatgctttat
ctaaactgcc

ttatgattat

tacttaagtg
tgtacattaa
ttttecacgea
tttgcctaaa
ccaaatatta
tgcaaaggca
tcctettatt
catagaacaa
cacacaagct
taagcctacc
attatgcggg
taataagatt
cataggettt
accaatctta
aggtgtgcecta
tttataatcce
aattactttt
aatcttagca
attatgatta

attttgtatt

<213> Artificial Sequence

<220>

<223> engineered plasmid

<400> 6
ctaaattgta

attttttaac
gatagggttyg
caacgtcaaa

ctaatcaagt

ccececegattt agagettgac ggggaaagec
agcgaaagga gcgggcgcta gggegctgge
cacacoccgec gegettaatg cgecgetaca

caactgttgg gaagggegat cggtgcggge

agegttaata
caataggceg
agtgttgtte
gggcgaaaaa

tttttggggt

ttttgttaaa
aaatcggcaa
cagtttggaa
ccagtetatea

cgaggtgeceg

cattcctgtt
agatttaatc
aaatcctcat
atattttcaa
tccatagata
aaatcaattg
atagccattt
actatatcag
ccaagtacaa
atacaagaaa
gttgggtaaa
tttacagttg
ttaaaggctg
aaagcactaa
agataaacaa
aaagcacatt
ttagcggect
cctgecgcectaa
atgcctattt

tttatttett

attegegtta
aatceccttat
caagagtcca
gggcgatgge

taaagcacta

gcaaagatgt
ttagaataat
agcttaactg
attcagccge
aaacttcgcc
taacttgttc
gctcactttg
ggccacttet
ctgcacctaa
attctttttt
gattggtegt
gttttatact
ctatgtgttt
cteeccatate
gacctaattt
tttgcataat
tactcatcte
aggctgcatc
caggtacgac

tcatttattt

aatttttgtt
aaatcaaaag
ctattaaaga
ccactacgtg

aatcggaacce

aaagttcaaa
cagccctaga
agcatcattt
actaattcca
ttttttaata
ttgtttagee
tataattage
atgcatacta
acacgcaaga
taactcaagc
gtgcattaaa
ttcaatacta
aataagcgga
ttetaagegyg
ttctgtgtat
ctcataaatg
atcttcaaca
taccataatt
taagggtgct

tecctecttag

aaatcagctc
aatagaccga
acgtggactc
aaccatcacc

ctaaagggag

ggcgaacgtyg gcgagaaagg aagggaagaa
aagtgtagcg gtcacgctgc gcgtaaccac
gggcgegtee cattcogccat tecaggctgeg

ctettegeta ttacgecage tggegaaagg
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360

420

480

540

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

60

120

180

240

300



gggatgtgct
taaaacgacg
cegeggtgge
cacaatttgg
tcattacttg
atgtaaaaac
taccagcaac
atggaatatc
cagggtgacc
taattgecatt
cagcccatac
tttgtaattt
tgaatttttt
actcatgtaa
gatatagttt
taccattaat
atgtatctct
tatttgttac
caaatgaatg
gcttaacaat
taatatttaa
tttgtgotgt
gaagagatgc
ttgttatata
cgtcatctaa
atagttgttg
gattaattgg

taataataga

gtacccaget
tagetgttte
agcataaagt
cgectcactge
caacgcgegg
tcgctgeget
cggttatcca
aaggccagga
gacgagcatc

agataccagg

gcaaggcgat
gccagtgage
ggccgctcota
cagatcagcc
aactaaagga
tataaattta
tgcatcagga
aaccattgaa
tttgaagaac
attaatgaca
agtcgtacct
ttgtttgtca
gaaaccatecce
tgatggttct
ttgeocagtta
gacatcectca
ccagttatat
cgtaacgtta
agcagtgtta
ttecttgtact
ctettteoatt
aggattttct
atgatcaaca
tttttcacct
tegtggegec
cgtaccacaa
ctctaaatta

ttgtgtattt

tttgttecct
ctgtgtgaaa
gtaaagcctg
cogettteca
ggagaggagyg
cggtcgttcg
cagaatcagg
accgtaaaaa
acaaaaatcg

cgtttececec

taagttgggt
gcgcegtaata
gaactagtgg
caaaaaagta
cttectcaaag
attttttcag
agcatatctg
ggatagtttt
aaatcataac
ttaatttgtt
gtaaacacaa
aaattaacaa
cattgcattt
aaagttaaat
taaacagatg
agataatctt
aaatttacat
ttaaacgaat
gagctaagtt
aagtcagetg
tgctcatcag
tcottocgatt
taaacctcta
ttattactaa
actacagata
gtttgtaccc
acatactcct

tecttetgaca

ttagtgaggyg
ttgttatececg
gggtgcctaa
gtcgggaaac
tttgegtatt
gctgcggcga
ggataacgeca
ggcegegttyg
acgctcaagt

tggaagctcce

aacgccaggg
cgactcacta
atcectagac
cattctette
cagtttcacg
ctggtatcgt
tcatcatcaa
gcattattaa
tattgectaa
gtttcegecata
agtttggtaa
tcgataagaa
gctttaaact
aatcttttect
atgttoctgt
taccaatttt
attetgcetga
ttaattcttt
taacattcaa
gtgtatggtt
tceggaactat
taataatatc
aagatggagc
caccattaaa
atgatattga
aagagtgttt
catcaataat

tggtctgttt

tttteccagt
tagggcgaat
tgcaatacaa
ttttacaata
atcagttata
gaaatataaa
aacttcaaat
tgtattaatg
ataatgtggg
atactctctt
attagatgaa
taattcttgt
atcaccaata
taaaaaatgg
atttgaagtg
taaattatct
accatcatca
tagtattgge
tetatgettt
atttatcaat
tctecceocaa
cattagctge
cactacgttt
atcaaagecag
ctetttattt
tgtaaaagag
agttttatta

cctectegag

cacgacgttg
tggagctcca
acacctgttt
cctagtttta
gtttetgteg
gagctcgeta
gatatttttg
ataccgccac
ctcgattcat
tcatggttac
ttatattecat
tgtttgetat
tagtctegta
tagttagetg
tottcattga
gttttattta
tataaatcta
actaaattat
gtttgtgett
gcaaacgatg
gctatatate
tgaagagttg
aatgttactt
tacttttcat
tgttcetgtta
atgtttgatt

atatcatttt

ggggggcecey

ttaattgecge
ctcacaatte
tgagtgagcect
ctgtcegtgee
gggcgetett
gcggtatcag
ggaaagaaca
ctggegtttt
cagaggtggce

ctegtgeget

gcttggegta
cacacaacat
aactcacatt
agctgeatta
cagcettacte
ctcactcaaa
tgtgagcaaa
tacatagget
gaaacccgac

ctecetgttee

atcatggtca
acgagccgga
aattgcgttg
atgaatcgge
getecactgac
ggcggtaata
aggccagcaa
caegeacaeact
aggactataa

gaccctgeceg

DK/EP 3467100 T3

600

660

720

780

840

200

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1820
1980
2040
2100
2160

2220

2280
2340
2400
2460
2520
2580
2640
2700
2760

2820



cttaccggat
cgcetgtaggt
cccececgtte
gtaagacacqg
tatgtaggeg
acagtatttg
tcttgatceg
attacgcgea
gctcagtgga
ttcacctaga
taaacttggt
ctatttegtt
ggcttaccat
gatttatcag
ttatcegecet
gttaatagtt
tttggtatgg
atgttgtgeca
gccgecagtgt
tcecgtaagat

atgcggegac

agaactttaa
ttaccgetgt
tettttactt
aagggaataa
tgaagcattt
aataaacaaa

<210>7
<211> 22

<212> DNA

acctgtecge
atctcagttce
agcccgaccg
acttatcgec
gtgctacaga
gtatctgege
gcaaacaaac
gaaaaaaagg
acgaaaactc
tccttttaaa
ctgacagtta
catccatagt
ctggecececag
caataaacca
ccatccagte
tgcgcaacgt
cttcattcag
aaaaagcggt
tatcactcat
gettttetgt

cgagttgecte

aagtgctcat
tgagatccag
tcaccagegt
gggcgacacg
atcagggtta

taggggttcc

ctttctecct
ggtgtaggtc
ctgegectta
actggecagca
gttettgaag
tetgetgaag
cacecgetggt
atctcaagaa
acgttaaggg
ttaaaaatga
ccaatgetta
tgcctgacte
tgctgecaatg
gccagocgga
tattaattgt
tgttgccatt
ctecggttec
tagctecette
ggttatggca
gactggtgag

ttgeceeggeg

cattggaaaa
ttcgatgtaa
ttetgggtga
gaaatgttga
ttgtctcatg

gcgcacattt

<213> Artificial Sequence

<220>

tcgggaageg
gttegeteca
tccggtaact
gceactggta
tggtggccta
ccagttacct
agcggtggtt
gatcctttga
attttggtca
agttttaaat
atcagtgagg
cccgtegtgt
ataccgcgag
agggccgagce
tgcecgggaag
gctacaggca
caacgatcaa
ggtcctecga
gcactgcata
tactcaacca

tcaatacggy

cgttcttegg ggcgaaaact
cccactegtg cacccaactg
gcaaaaacag gaaggcaaaa
atactcatac tcttcctttt

agcggataca tatttgaatg

tggegettte
agctgggetg
atcgtcttga
acaggattag
actacggceta
tecggaaaaag
tttttgtttg
tettttctac
tgagattatc
caatctaaag
cacctatete
agataactac
acceacgcete
gcagaagtgg
ctagagtaag
tcgtggtgte
ggcgagttac
tcgttgtcag
attctettac
agtcattctg

ataataccge

ccccgaaaag tgccac

<223> chemically synthesized oligonucleotide

<400> 7

ctcgaggagg aaacagacca tg 22

<210> 38

tcatagctcea
tgtgcacgaa
gtccaaccceg
cagagegagy
cactagaagg
agttggtage
caagcagcag
ggggtctgac
aaaaaggatc
tatatatgag
agogatctgt
gatacgggag
accggctcea
tectgecaact
tagttcgeca
acgctegteg
atgatccccc
aagtaagttg
tgtcatgccea
agaatagtgt

gccacatage

ctcaaggatc
atcttcagca
tgececgcaaaa
tcaatattat

tatttagaaa

DK/EP 3467100 T3

2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020

4080

4140
4200
4260
4320
4380

4426



<211> 28

<212> DNA

<213> Artificial Sequence

<220>

<223> chemically synthesized oligonucleotide

<400> 8

ctcgaggaaa gaggggacaa actagatg 28

<210>9

<211> 4432
<212> DNA

<213> Artificial Sequence

<220>

<223> engineered plasmid

<400> 9
ctaaattgta

attttttaac
gatagggttg
caacgtcaaa
ctaatcaagt
cccecgattt
agcgaaagga
cacacccgec

caactgttgg

gggatgtgcet
taaaacgacg
ccgeggtgge
cacaatttgg
tcattacttg
atgtaaaaac
taccagcaac
atggaatatc
cagggtgacc
taattgecatt
cagcccecatac
tttgtaattt
tgaatttttt

actcatataa

agcegttaata
caataggccg
agtgttgttc
gggcgaaaaa
tttttggggt
agagcttgac
gcgggegceta
gcgcttaatg

gaagggcgat

gcaaggcgat
gccagtgage
ggccgctcta
cagatcagcc
aactaaagga
tataaattta
tgcatcagga
aaccattgaa
tttgaagaac
attaatgaca
agtcgtacct
ttgtttgtca
gaaaccatcc

taataattct

ttttgttaaa
aaatcggcaa
cagtttggaa
ccegtetateca
cgaggtgccg
ggggaaagcc
gggcgetgge
cgccgctaca

cggtgeggge

taagttgggt
gegegtaata
gaactagtgg
caaaaaagta
cttetcaaag
attttttcag
agcatatctg
ggatagtttt
aaatcataac
ttaatttgtt
gtaaacacaa
aaattaacaa
cattgecattt

aaacttaaat

attcgcgtta
aatceccttat
caagagtcca
gggcgatgge
taaagcacta
ggcgaacgtg
aagtgtagcecg
gggegegtce

ctcttegeta

aacgccaggg
cgactcacta
atcecctagac
cattctcttc
cagtttcacg
ctggtategt
tcatcatcaa
gcattattaa
tattgectaa
gtttegecata
agtttggtaa
tcgataagaa
gctttaaact

aatcttttet

aatttttgtt
aaatcaaaag
ctattaaaga
ccactacgtg
aatcggaacc
gcgagaaagg
gtcacgetge
cattcgecat

ttacgececage

ttttcccagt
tagggcgaat
tgcaatacaa
ttttacaata
atcagttata
gaaatataaa
aacttcaaat
tgtattaatg
ataatgtggg
atactctcett
attagatgaa
taattcttgt
atcaccaata

taaaaaataa

aaatcagcte
aatagaccga
acgtggactc
aaccatcacc
ctaaagggag
aagggaagaa
gcgtaaccac
tcaggctgeg

tggcgaaagqg

cacgacgttg
tggagetceca
acacctgttt
cctagtttta
gtttetgteg
gagctegcta
gatatttttg
ataccgecac
ctagattcat
tcatggttac
ttatattcat
tgtttgectat
tagtetegta

taottaacta

DK/EP 3467100 T3

60
120
180
240
300
360
420
480

540

600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320

1380



g

gatatagttt
taccattaat
atgtatctcect
tatttgttac
caaatgaatg
gcttaacaat
taatatttaa
tttgtgetgt
gaagagatgce
ttgttatata
cgtcatctaa
atagttgttg
gattaattgg
taataataga
ggeceggtac
tggtcatage

gccggaagea

gcgttgeget
atcggccaac
actgactcge
gtaatacggt
cagcaaaagg
ccccctgacg
ctataaagat
ctgecgetta
agctcacget
cacgaaccec
aacccggtaa
gcgaggtatg
agaaggacag
ggtagectcett
cagcagatta
tctgacgectc
aggatcttca
tatgagtaaa

atctgtctat

cgggaggget

ttgeccagtta
gacatcctca
ccagttatat
cgtaacgtta
agcagtgtta
ttecttgtact
ctcttteatt
aggattttet
atgatcaaca
tttttcacct
tegtggegec
cgtaccacaa
ctctaaatta
ttgtgtattt
ccagettttg
tgtttcetgt

taaagtgtaa

taaacagatg
agataatctt
aaatttacat
ttaaacgaat
gagctaagtt
aagtcagctg
tgctcatcag
tetteegatt
taaacctcta
ttattactaa
actacagata
gtttgtacecce
acatactcct
tottctgaca
ttcectttag
gtgaaattgt

agcctggggt

atgttectgt
taccaatttt
attctgetga
ttaattcttt
taacattcaa
gtgtatggtt
tcggaactat
taataatatc
aagatggagce
caccattaaa
atgatattga
aagagtgttt
catcaataat
totagtttgt
tgagggttaa
tatccgetca

gectaatgag

atttgaagtg
taaattatct
accatcatca
tagtattgge
tctatgcttt
atttatcaat
tctcececcaa
cattagcectge
cactacgttt
atcaaagcag
ctectttattt
tgtaaaagag
agttttatta
ccectettte
ttgegegett
caattccaca

tgagctaact

PR

tcttcattga
gttttattta
tataaatcta
actaaattat
gtttgtgctt
gcaaacgatg
gctatatatc
tgaagagttg
aatgttactt
tacttttcat
tgttetgtta
atgtttgatt
atatcatttt
ctcgaggggy
ggcgtaatca
caacatacga

cacattaatt

cactgccege tttccagtcg ggaaacctgt cgtgeccagct gcattaatga

gcgcggggag
tgcgeteggt
tatccacaga
ccaggaaccyg
agcatcacaa
accaggegtt
ccggataccet
gtaggtatct
cegttcagee
gacacgactt
taggeggtge
tatttggtat
gatccggcaa
cgcgcagaaa
agtggaacga
cctagatect
cttggtctga
ttegtteate

taccatctgg

aggcggtttg
cgtteggetg
atcaggggat
taaaaaggcece
aaatcgacgc
tccccctgga
gtccgecttt
cagtteggtg
cgaccgetge
ategocactg
tacagagttc
ctgcgetctg
acaaaccacc
aaaaggatct
aaactcacgt
tttaaattaa
cagttaccaa
catagttgec

ccecagtget

cgtattggge
cggcgagegyg
aacgcaggaa
gegttgetgg
tcaagtcaga
agctcoctcog
cteoecttegg
taggtegttce
gccttateeg
goagcagoca
ttgaagtggt
¢tgaagecag
gctggtageg
caagaagatc
taagggattt
aaatgaagtt
tgcttaatca
tgactceeeg

gcaatgatac

gectettecge
tatcagctca
agaacatgtyg
cgttttteea
ggtggcgaaa
tgegetetea
gaagcgtgge
getcocaaget
gtaactatcg
ctggtaacag
ggcctaacta
ttaccttegy
gtggtttttt
ctttgatett
tggtcatgag
ttaaatcaat
gtgaggcace
tegtgtagat

cgecgagacee

ttectegete
ctcaaaggeg
agcaaaaggce
taggectecge
cccgacagga
tgtteecgace
getttetcat
gggctgtgtyg
teottgagtec
gattagcaga
cggctacact
aaaaagagtt
tgtttgcaag
ttetacgggg
attatcaaaa
ctaaagtata
tatctcageg
aactacgata

acgctcaceg
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1440
1500
1560
1620
1680
1740
1800
1860
1920
1580
2040
2100
2160
2220
2280
2340

2400

2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540

3600
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gctecagatt tatcagcaat aaaccagcoca gocggaaggyg ccgagcgcag aagtggtcoct 3660
gcaactttat ccgecctccat ccagtctatt aattgttgecc gggaagctag agtaagtagt 3720
tecgecagtta atagtttgeg caacgttgtt gecattgeota caggeatcgt ggtgtcacge 3780
tegtegtttg gtatggettce attcagetec ggttcccaac gatcaaggeg agttacatga 3840
tcccccatgt tgtgcaaaaa ageggttage tcctteggbtce ctecgatcgt tgtcagaagt 3900
aagttggccg cagtgttatc actcatggtt atggcagcac tgcataattc tcttactgte 3960
atgccatceg taagatgett ttetgtgact ggtgagtact caaccaagte attctgagaa 4020
tagtgtatge ggecgaccgag ttgetecttge cecggegtcaa tacgggataa taccgegeca 4080
catagcagaa ctttaaaagt gctcatcatt ggaaaacgtt ctteggggeg aaaactcetca 4140
aggatcttac cgetgttgag atccagtteg atgtaaccca ctegtgcace caactgatet 4200
tcagcatett ttactttcac cagegtttet gggtgagcaa aaacaggaag gcaaaatgece 4260
gcaaaaaagg gaataagggc gacacggaaa tgttgaatac tcatactett cctttttcaa 4320
tattattgaa gcatttatca gggttattgt ctcatgageg gatacatatt tgaatgtatt 4380
tagaaaaata aacaaatagg ggttccgcge acatttccecc gaaaagtgee ac 4432
<210>10

<211>19

<212> DNA

<213> Artificial Sequence

<220>
<223> chemically synthesized oligonucleotide

<400> 10
ctttattaaa cctactatg 19

<210> 11

<211> 19

<212>DNA

<213> Artificial Sequence

<220>
<223> chemically synthesized oligonucleotide

<400> 11
ctttcttcaa cctactatg 19

<210>12

<211> 7916

<212>DNA

<213> Artificial Sequence

<220>
<223> engineered plasmid



<400> 12
tegagegttt

cagettgtet
ttggegggtyg
accatatatg
ccactagtgt
gagtgcaaaa
gtgattttga
taaaggtaag
cggtcacaac
tccatcaggt
toccggeecgeg

gcgtetgetg

cgecgegtgag
tgcttatgaa
aacctteget
ctacaaagct
catcctgact
cgatttegtce
teccgtacgta
ceccgegttat
aggtccogtte
cgaattagge
tegteogtgeg
ggatggcctg
gactaccact
gccgggctgyg
gctgaactat
cggtcoggat
cgectggcag
ccattacgct
cattcgeccat
ttacgocage
ttttececcagt
aaaggcacgt
cgacttaatt
gcgcaaaage

tgcgaaacgce

cggtgatgac
gtaagcggat
teggggetgg
cggtgtgaaa
tgaggaaaac
agtgctgtaa
aaaatgggta
atcgtcgatc
gcaggccata
attctccgeg
ctgatgaaag

ctgtctgaag

aaagecgegtyg
gataaagtag
gaaaaactga
gaagcggttg
tctatggtgg
atgtttgaag
acttetteca
gttgattacg
cegaccgaac
gcaactacgg
gtacagectga
aaagaggtta
ccgetggeag
tetgaatcca
atcaagcgta
cgtactgaaa
atattttgee
atccgacaca
tcaggctgeg
tggcgaaagg
cacgacgttg
catctgacgt
ttccagcaaa
gacgattgec

cttcagegee

ggtgaaaacc
gccgggagea
cttaactatg
taccgcacag
gattggetga
ctctgaaaaa
acaacgtcgt
ttctgactga
ctctegtaat
agaatgtaac
agatgaaaga

catgteocget

tetgacacat
gacaagccceg
cggcatcaga
atgcgtaagg
acaaaaaaca
gagatggtag
cgtactggge
acgggctaaa
caacggtgaa
cagcatcatc
actggaagac

gatccttgat

gcagctcoceg
tcagggegeg
gcagattgta
agaaaatacc
gactgatcga
aatcecatttt
acccaatggg
tatgttgtac
aaaaccgttc
ggtaacggtg
cgtggcatcc

tatcacgttg

gagacggteca
tcagegggtyg
ctgagagtge
gcatcaggcg
ggtcattttt
taagcaaacg
gtgacgaagg
gctaccaggg
tccatcttat
ttgtgctgtc
ccgttegtga

cgetggataa

gcgcgaaage
cacgtcgegg
aagaagtgat
attaccagaa
ttgacgttte
gtgcgcaggg
acaccactgc
ttctgggtat
tgtttgatga
ggcegtegteg
acteccectgte
aactectgegt
ctgacgactg
cctteggegt
ttgaagagct
ccatgattet
tgeccgggega
gtgttaaatc
caactgttgg
gggatgtget
taaaacgacg
gcetttttta
tgctggagea
gagcggtgat

tgggtattaa

gatcggeace
tctgegtgtt
ggaatatcac
agttctggat
tgacctgecte
tacgctgetg
tggtggegtg
cctcaaagect
aactggcgag
tegtaccgge
tggcttetge
ggcttacegt
gaaaggtgta
gaaagatcgt
gactggtgtg
gegegaceeg
acagtgtgat
ctecgettttt
gaagggcgat
gcaaggcgat
gccagtgcca
tttgtactac
aaataccgtt
ccagcetcaga

tgcagettte

accggtegtg
ggcgaccttt
aacttccagt
gatacgatgg
gaccaggcge
gatatcgace
gegacoggtt
tactccactc
ttectetgea
tggctggaca
ctgactaaac
atgecggatg
gagccgattt
agcggcctge
ccgatcgata
ttcgacgegt
acattgetgt
tccttcecca
cggtgcggge
taagttgggt
agcttactge
cctgtacgat
gagcatggcg
acgtaccacce

aatagcaggg

gtatcgggee
tcgacaaaga
tggttaacta
ctgttgeega
gtcagegtgg
acggtactta
ceggectggg
gtgtaggtgc
agcagggtaa
cegttgecgt
tggacgttct
gtcgegaagt
acgaaaccat
cgcaggeggce
tcatctctac
aattetggta
gtcgggtaag
gatctggecge
ctcttecgeta
aacgecaggyg
tcacaagaaa
tactgcaggt
cgttttacca
ggcagattag

agcagcactt

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1380
2040
2100
2160

2220

DK/EP 3467100 T3

60

120

180

240

300

360

420

480

540

600

660

720



tatcggette
caatggegat
tatecgeottt
ggctctggta
cgatagttte
gaatatggece

taatccegge

ttgcaccgaa
tcactttaaa
gcatgtaatg
cgatcagcte
gggcatgttc
ctttgectget
ttgcgtggaa
cetgetgatce
cgetggeggg
ggtcaatcag
tctgagcecttg
ctcgagatta
ctttgatcag
caatcacctc
ccgcatectg
tggatttcag
catcaattag
tgtaagagat
ggcccaggaa
tgtcctgaga
catgttcaat
gcacagttaa
tggtcattag
ccagtgaacc
tttegecaga
agcggaattc
agcgggaaac
ccttegacag
tgatgegtec

tgtagtgacg

ggtgatttca
ggttttacece
gttegegget
gecctgettt
caggcagcca
aatttcaceg

ccecggtteag

gtagtgetece
acgttcttec
aattttgceg
gcgcagtttg
cagcgtttge
gagatcaaac
attgegggtt
aacttetttg
ggcaagctgg
gcgataaacce
tcecgeectggt
ctcaaccgta
cgcgacatgg
ttccacatgce
atcggegaag
ttttteccage
cgccagcegga
ctecttteaac
cagcgcgtga
cagcatctgce
ggaggcatcc
ctgagtggtg
cgeccagateg
aaggtaaccc
ctgtgacaag
agaggcgatt
cataccggag
cagttegteg
ggtaagggtg

gtaaatgcct

ccggcaataa
agatgacgac
ttgcagatag
aacagattca
aagttgecege
acgttgeoegt

cgatggacac

gccagegeca
agagcttcta
ctgtcegggt
cgcetggtage
tgggtacgtt
agagtgatgg
teggtgacga
atcagcecge
ctttgetegg
geegegetgt
gtcatatgta
accgattttg
taagccagca
ggcatctcga
acatacaact
aattcgttgt
ccgtgtttca
ttcaatgcge
tgtttgtcag
tcaatacggc
agacctttca
aatgctttag
gattcgegea
agctcttteg
gtgatcateca
tegacgtege
ttataagaag
gegtteggte
tttttgateg

ttatcgeeceg

caattttttg
cgacatacte
ttttgatggt
acacccgttg
agtggcagceg
tgeggecaat

gcaccagaat

cggattaaat
aattacttee
geagtegtea
ttcaatggca
ttcacccage
aaaaatgege

ggagtctteg

aagttgatag
gacgacagac
ageggcacgce
gcgttggeag
ggttegaccet
cegttagaga

caatcctgac

gactacggat
ccagcececa
caacaagccc
tatcaataaa
ccggcagegyg
tggcgtcatg
tggagatage
gttcgataag
caatctgaat
taagctgttt
tatctceccttc
ccaggttacg
getgcagegy
tgatgtgcat
gaccgccacg
teggtgcaac
gttcgecage
ctteocagege
agaaatcttc
tcggcagecge
ggcgagacag
tggatgccac
ccagagaaga
acagacgcag
ggctgttacyg
acggaatace
taccacaggc
ccagcteget
cgttcggetyg

cgtcatattg

atcgtgacca
gttttctace
tggecaggatc
ctgagcaatg
gtaatgttct
acgaccaagc
gcggeggeec
ctgacgcgta
ccgegagatt
tacgagatca
ttgtcgactc
cggctggtca
aacggtgtag
gttatcgceta
cgcgegaact
aacaataacc
agcgtagget
gattgggtac
tgccagecgct
ctgcagacca
cttegecace
gccgatttet
accecggaacyg
gccagccagyg
acgcacggca
tgctagegat
gaggatctga
taaatcaacce
ttegtagate

cagattggat

acgaaacagg
tgaatatgcg
accgaaatcg
gcattcaaca
tctgeccagea
cgtacgacga
ceggtggagy
attttggtta
ggccegtact
acattaccta
tagatgcatg
acgteggtge
aagatcggtg
cttacaaaac
tettecaatgt
ggcatatcgg
tcagcgtgaa
tgategceocac
tcaatgegtt
tgcacgatgt
agcatcaaca
gtacecegegt
ttacagattg
gtatcegegg
gatttgegat
tcaaaccagt
atatgctcaa
tgacegtgge
tetttetgea

tcgatatcet

DK/EP 3467100 T3

2280
2340
2400
2460
2520
2580

2640

2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380

4440

PN



gacgrtttac

caatatcgee
cagaagcgat
ccegecagcag
gctgegggat
tcaccagatg
ttagctette
gttcagaaac
tgtgagcaat
ggactttacc
cggcagagtc
catcacgttg
taacaattga
gcececttttte
actcgggaag
aatctttcgg
gagcectgttt
tgtcagttag
ggcacattgg
accccaaagc
accttecatgg
tgtcaacacc
aatttatttt
ateggccaac
gtgtatactg
aggagaaaaa
tcctegetea
gaacggggcyg
ccgeggcaaa
gctcaaatca
gcggetecet
tatggceogeg

aagctggact

ttccogegeoca grtttatcga agatgtttac cgaacggcega gtgatttecg

ctcttecaagg
aaagtttteg
ggtatccggg
agcacgcaga
ggcaatcact
acgcageggt
atgcggatge
accagtgeccg
gaggcgacge
atatccgegg
cgegatogeg
ttgaatgtat
agggctggaa
ggctttacct
aactggtttt
ctetgegega
ctttggtggt
cagctaatcc
cttctgettt
tggtcagtge
gccagagata
ttgcaggggag
gcgeggggag
gettactatg
aggctgcacc
ctgactecget
gagatttect
gocgttttte
gtggtggcga
cgtgcgetct
tttgtecteat

gtatgcacga

aagataaagc
cccatcceca
tgacgggagt
acggcctcac
teggtgtcgg
tcatggtttt
gcattcactt
ccatgcagag
aggcgggtca
tatteocagac
ccaacaattc
gcaaataaat
tgtgtaagag
cttcegcata
gcgcttacce
cgttegegge
gtgtggcagt
ggaatcgcac
gaatgctgce
gtcctgetga
atttatcacc
gcattgtttg
aggcggtttg
ttggcactga
ggtgcgtcag
acgectcggtce
ggaagatgec
cataggetec
aacccgacag
cctgtteectg
tecacgectg

acccccegtt

gacgggtcac
ggccaatcac
ccatgatcace
gcagagtcee
tttcagaaac
cgatgatgec
ctgaaggtte
gatgttcttc
tatgaccttc
gacgtaaacc
cacacatatg
gcatacacca
cggggttatt
aacgcttceca
caaccaacag
ggegtgtttg
tgtagtecctg
ttacggccaa
cttctteagg
tgtgcetcagt
gcagatggtt
gtaggtgaga
cgtattggge
tgagggtgte
cagaatatgt
gttcgactge
aggaagatac
geccccctga
gactataaag
ccttteggtt
acactcagtt

cagtccgaca

cggcaacage
cagcggacta
tgtaccgtac
gecttgttte
gaaggtatag
gttatgeacc
accgtgggte
cgctgectgt
tgcatcaaca
ttcaagaagg
tatatcteoct
taggtgtggt
tatgetgttg
tcagegttta
gggatttgct
tgcatccate
aacgaaaacc
tgcttcgttt
gcttaatttt
atcaccgecca
atctgtatgt
gatcaattct
getettecge
agtgaagtge
gatacaggat
ggcgagcgga
ttaacaggga
caagcatcac
ataccaggcg
taccggtgtc
cegggtagge

getgagaoctt

gecagcetggt
ccagaacgtg
gcaccacgca
agetoccagt
ccacgegett
accacaatgt
goccagegag
gccagcatct
acggccagac
atttctgcta
tettgaatte
ttaatttgat
tttttttgtt
tagttaaaaa
gctttccatt
tggattctee
cocegegatt
cgtatcacac
taagagcgtce
gtggtattta
tttttatatg
gcattaatga
tgctagegga
ttecatgtgge
atatteeget
aatggcttac
agtgagaggyg
gaaatctgac
tttececceetyg
attccgectgt
agttegetec

atccggtaac

tatcgtcttyg agtccaaccc ggaaagacat gcaaaagcac
aattgattta gaggagttag tcttgaagtc atgcgccggt
aagttttggt gactgecgctc ctccaagcca gttacctcegg
gagaaccttc gaaaaaccgce cctgcaagge ggtttttteg

gcgcagacca aaacgatctc aagaagatca tecttattaat

cactggcagc
taaggctaaa
ttcaaagagt
ttttcagage

cagataaaat

agccactggt
ctgaaaggac
tggtagctca
aagagattac

atttctagge

DK/EP 3467100 T3

40UU

4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360

6420

6480

6540

6600

6660

6720



ggccgcgaac
cacctagatc
aacttggtcet
atttegttea
cttaccatct
tttatcagca
atccgecctcec
taatagtttg
tggtatggcet
gttgtgcaaa
cgcagtgtta
cgtaagatge
gcggcgaceg
aactttaaaa
accgctgttg
ttttactttce
gggaataagg
aagcatttat
taaacaaata
cattattatc
<210> 13

<211> 372
<212> PRT

gaaaactcac
cttttaaatt
gacagttacc
tccatagttg
ggccccagtg
ataaaccagc
atccagtcta
cgcaacgttg
tcattcaget
aaagcggtta
tcactcatgg
ttttetgtga
agttgetcett
gtgctcatca
agatccagtt
accagcgttt
gcgacacgga
cagggttatt

ggggttccge

atgacattaa

gttaagggat
aaaaatgaag
aatgcettaat
cctgactece
ctgcaatgat
cagccggaag
ttaattgttg
ttgeccattge
ccggttecca
gctecttegg
ttatggcage
ctggtgagta
gcceggegte
ttggaaaacg
cgatgtaacc
ctgggtgage
aatgttgaat
gtctcatgag
gcacatttace

cctataaaaa

<213> Campylobacter jejuni

<400> 13

tttggtecatg
ttttaaatca
cagtgaggca
cgtagtgtag
accgcgagac
ggccgagege
ccgggaagct
tacaggcatc
acgatcaagyg
tecctecgate
actgcataat
ctcaaccaag
aatacgggat
ttcttcgggy
cactcgtgca
aaaaacagga
actcatacte
cggatacata
ccgaaaagtg

taggegtate

agattatcaa
atctaaagta
cctatctcag
ataactacga
ccacgctcac
agaagtggtc
agagtaagta
gtggtgtcac
cgagttacat
gttgtcagaa
tectettactyg
tcattctgag
aataccgege
cgaaaactct
cccaactgat
aggcaaaatg
ttecttttte
tttgaatgta
ccacectgacyg

acgaggecct

aaaggatctt
tatatgagta
cgatetgtet
tacgggaggg
cggctccaga
ctgcaacttt
gttcgccagt
gctegtegtt
gatcccecat
gtaagttggc
tcatgeecate
aatagtgtat
cacatagcag
caaggatctt
cttcagcatc
ccgcaaaaaa
aatattattg
tttagaaaaa
tctaagaaac

ttegte

Met Lys Lys Ile Leu Phe Ile Thr Gly Ser Arg Ala Asp Tyr Ser Lys

1

Tle Lys Ser

Ile Phe

35

Tyr

val Lys Glu

50

Asn
65

Tyr Asp

Asp Gly Phe

Val Hie Rlvw

5

Leu Met

20

Ala Thr

Leu Tyr

Lys Tyr

Ser Arg

85

Aan Arrr

Tyr

Gly

Lys

Tyr

70

Tyr

Tla

Arg Val

Met His

40

Asn
55

Gly

Gln Thr

Ala Asn

=111 Pra

Gln

25

Leu

Phe

Asp

Glu

T.an

10

Asn Ser

Ser

Lys

Lys Asn

Ser

Asn

Ile

Glu Phe

Phe
45

Gly

Tyr Glu

60

Ala
75

Lys

Leu
20

Lys

Ala Ala

Leu

Pro

Ala

Ala Thr

Asp Leu

Tla Val

15

Glu Leu

Tyr Thr

Phe Ile

Thr Ile

80

Ile
95

val

1w Aln

DK/EP 3467100 T3

6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860

7916



Leu

Thr

His

145

Glu

Leu

Ile

Glu

Ile

225

Gly

Arg

Leu

Glu

Asn

305

Asp

Phe

Tyr

Lys

Pre)

Asn

Ile

130

Leu

Asp

Asn

Asn

Ile

210

Gln

Phe

Phe

Lys

Ala

290

Gly

Glu

Ser

Leu

Asp
370

Asn

115

Asp

Val

Glu

Asp

Tyr

195

Thr

Ser

Glu

Lys

Asn

275

Leu

Arg

Ile

Ala

Gln

355

Ile

<210> 14
<211> 346
<212> PRT

ames

100

Ile

Asp

Asn

Lys

Asn

180

Glu

Ser

Asn

Leu

Leu
260

Ala

Tyr

Leu

Leu

Lys

340

Ser

Lys

onang

Leu

Ser

Asp

Ser

165

Lys

Asn

Ile

Lys

Ile

245

Phe

Asp

Leu

Gly

Lys

325

Leu

Gly

val

Leu

Glu

150

Ile

Tle

Tyr

Lys

Asn

230

Leu

Pro

Phe

Lys

Asn

310

Ala

Glu

Asp

Ala

Arg

135

Phe

Phe

Ser

Ala

Asn

215

Tyr

Gln

Ser

Ile

Thr

295

Glu

Ile

Ile

Phe

His

120

His

Ala

Ile

Leu

Leu

200

Gln

Ile

Ser

Leu

Ile Gly Asn

280

Ala

Asn

Asn

Leu

Phe
360

———

105

Ile

Ala

Lys

Ile

Ser

185

Leu

Ala

val

Tyx

Arg
265

Gly

Thr

Thr

Asp

345

Lys

PPRTN

Glu

Ile

Arg

Gly

170

Glu

Met

Asp

Ile

Glu

250

Phe

Ile

Leu

Ile

PSRN

Gly

Ser

Arg

155

Ser

Ala

Phe

Asn

Tyr

235

Glu

Glu

Ser

Leu

Lys

e

Gly

Lys

140

Leu

Pro

Lys

His

Leu

220

Pro

Phe

Tyr

Ser

Val

Glu

125

Leu

Met

Asp

Lys

Pro

205

vVal

Asn

Lys

Phe

¥ e

110

Ile

Ala

Gln

Leu

Tyr

190

val

Lys

Asn

Asn

Ile
270

285

300

315

330

Ser

Leu

His

Ser

Ser

val

Lys

Lys

Thr

Gly

Asn

Lys

Leu

Gln

Ser

Ala

Gln

Phe

Ser

His

Leu

Glu

175

Tyr

Thr

Ala

Asp

Asn

255

Thr

PrSaoN

Gly

Ile

Gly

160

Leu

Asp

Thr

Leu

Leu

240

Pro

Leu

Cys Ile Leu Lys

Arg Gln

Asn Ser

320

Asp Leu

335

350

365

Lys

Phe Glu

Val Phe
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<213> Campylobacter jejuni

<400> 14

Met Lys Glu

1

Pro

Leu

Ile

Lys

65

Gln

Thr

Gly

Ser

Lys

145

Lys

Met

Asn

Ser

Gly

225

Gly

Ile

Lys

Leu

Ala

Lys

50

Lys

Lys

Glu

Ala

Gly

130

Lys

Pro

His

Ala

Asp

210

Ala

Pro

Ile

Lys

Val

Lys

35

His

Val

Cys

Lys

Asn

115

Glu

Pro

Thr

Thr

Met

195

His

Cys

Asp

Gln

Ala

2R

Ile

Val

20

Ile

Gln

Ile

Ala
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35 40 45

Leu Asp Ile Leu Ile Val Asp Asp Gly Ser Thr Asp Gly
50 55 60

Ile Ala Gln Arg Phe Gln Glu Gln Asp Gly Arg Ile Arg
65 70 75

Gln Pro Arg Asn Ser Gly Leu Ile Pro Ser Leu Asn Ile

Glu Leu Ala Lys Ser Gly Gly Gly Gly Glu Tyr Ile Ala
100 105

Ala Asp Asp Ile Ala Ala Pro Asp Trp Ile Glu Lys Ile
115 120 125

Met Glu Lys Asp Arg Ser Ile Ile Ala Met Gly Ala Trp
130 135 140

Leu Ser Glu Glu Lys Asp Gly Asn Arg Leu Ala Arg His
145 150 155

Gly Lys Ile Trp Lys Lys Pro Thr Arg His Glu Asp Ile
165 170

Phe Pro Phe Gly Asn Pro Ile His Asn Asn Thr Met Ile
180 185

Ser Val Ile Asp Gly Gly Leu Arg Tyr Asn Thr Glu Arg
195 200 205

Glu Asp Tyr Gln Phe Trp Tyr Asp Val Ser Lys Leu Gly
210 215 220

Glu

val

30

Trp

Thr

Ile

Gly

Arg

110

Val

Leu

His

Ala

Met

190

Asp

Arg

Asn

15

Glu

Arg

Leu

Leu

Leu

Thr

Gly

Glu

Glu

Asp

175

Arg

Trp

Leu

Lys

Lys

Asn

Ala

Ala

80

Asp

Asp

Glu

Vval

His

160

Phe

Arg

Ala

Ala

DK/EP 3467100 T3



Tyr
225

Ser

Lys

Phe

Leu

Leu

305

Leu

Gln

Tyr

Ser

Thr

Asp

Glu

290

Tyr

Asp

Tyr

Pro

Lys

Ala

Ser

275

Lys

Gln

Phe

Phe

<210> 17

<211> 273
<212> PRT
<213> Helicobacter pylori

<400> 17

Met Arg Val

1

Gly

Thr

Glu

Ile

65

Glu

Ser

Lys

Thr

Leu

His

Gly

50

Thr

Val

Leu

Cys

Leu
130

Val

His
35

Gly

Gln

Ser

Gly

Ile
115

Lys

Glu

Tyr

Arg

260

Leu

His

Cys

Ala

Gly
340

Phe

Phe

20

Gln

Leu

Asn

Lys

Glu
100

Glu

Glu

Ala

Ser

245

Asn

Glu

Leu

Phe

Ala

325

Ile

Ala

Arg

Ala

His

Ile

Phe

85

Leu

Leu

Asp

Leu
230

Ile

Asp

Tyr

Pro

Lys

310

Asp

Leu

Ile

Asp

Gln

Pro

Lys

70

Tyr

Gly

Asn

Phe

Val

Arg

Phe

Arg

Glu

295

Arg

Gly

His

Ser

Thr

Ile

Leu

55

Asp

Tyr

Cys

Glu

Lys
135

Lys

Gln

Leu

Gln

280

Glu

Thr

Arg

Arg

Leu

Thr

Phe

40

val

Met

Ala

Tyr

Ala
120

Glu

Tyxr

His

Gln

265

Ile

Asp

Asp

Met

Leu
345

Asn

Thr

25

Asp

Lys

Gly

Leu

Ala
105

Ile

Gly

Arg

Glu

250

Ser

Lys

Phe

Thr

Arg

330

Leu

Gln

10

Leu

Ala

Lys

Ile

Lys

90

Ser

Cys

Leu

Leu
235

Ile

Met

Ala

Glu

Leu

315

Arg

Lys

Lys

Leu

Ile

His

Thr

75

Tyr

His

Ile

Asp

His

Ala

Gly

val

Arg

300

Pro

Leu

Asn

Val

Asn

Tyr

Leu

60

Thr

His

Tyr

Leu

Phe
140

Ala

Gln

Phe

Ala

285

Ala

Ala

Phe

Arg

Cys

Ser

Ser

45

His

Asn

Ala

Ser

Glu
125

Leu

Asn

Gly

Lys

270

Tyr

Gly

Thr

Asp

Ile

30

Lys

Pro

Leu

Lys

Leu
110

Asp

Glu

Gln

Ile

255

Thr

Glu

Arg

Ala

Leu
335

Thr
15

Agn

Thr

Tyr

Ile

Phe

95

Trp

Asp

Lys

vVal
240

Gln

Arg

Leu

Phe

Trp

320

Arg

Phe

Ala

Phe

Phe

Ser

80

Met

Glu

Ile

His

DK/EP 3467100 T3



Ile

145

Ser

Arg

Tyr

Lys

Gly

225

Gln

Ala

val

Gln

val

val

Val

Trp

210

val

Ile

Leu

Glu

Lys

Gly

Ile

195

Val

Lys

Ser

Met

<210> 18

<211> 265
<212> PRT
<213> Escherichia coli

<400> 18
Met Tle Tle

1

Ser

Ile

Val

val

65

Tyr

Arg

72

Val

Asn

Ala

50

Asn

Ser

Met

- Y-1.9

Ile

Ser
35

Asn

Asp

Leu

Asp

Dha

Leu

Ser

Ile

180

Thr

Val

Asn

Thr

Arg
260

Asp

Leu
20

Ile

Cys

Lys

Asn

Ser
100

T.an

Gly

Glu

165

Ile

Pro

Pro

Leu

Ile

245

Glu

Glu

Pro

Leu

Cys

Ile

Lys
85

Asp

Tare

Tyr

150

Pro

Lys

Lys

Val

vVal

230

Ala

Leu

Ala

val

Ser

Thr

Lys

70

Ala

Asp

Ile

Leu

Ala

Ile

Asp

215

Leu

Arg

His

Glu

Asn

Gln

Asp

55

Leu

Ile

Ile

Arg

Ser

Tyr

Ala

200

Thr

Gln

Lys

Phe

Ser

Lys

Thr
40

Asp

Ile

Asp

Ser

Dy~

Leu

His

Ser

185

Lys

Ile

Pro

Glu

Lys
265

Ala

Lys
25

Phe

Phe

Arg

Leu

His

105

Mery

Met

Lys
170

Glu

val

Met

Phe

Glu
250

Tyr

Glu
10

Asn

Ser

Tyr

Thr

Ser
90

Pro

=1

Hisg

155

Asn

Gly

Phe

Asp

val

235

Pro

Leu

Ser

Pro

Ser

Asn

Asn

75

Asn

Asp

Ao

Leu

His

val

Leu

Ala

220

Ile

Tyr

Lys

Thr

Phe

Phe

Glu

60

Ile

Gly

Arg

721

Leu

Glu

Gly

Lys

205

Thr

Ala

Ser

Tyr

His

Leu

Glu
45

Leu

Ala

Glu

Phe

7al

Tyr

Ile

Thr

190

Cys

Phe

Asp

Pro

Trp
270

Pro

Asp

Ile

Lys

Tyr

Phe

Thr
110

2T «r

Asp

Gln
175

Gln

Ser

Ile

Asp

Lys

255

Gln

Val
15

Glu

Ile

His

Leu

Ile
95

Lys

L

Ala

160

Glu

Gly

Arg

His

Glu

240

Ile

Phe

vVal

Ala

Ile

Lys

Pro
80

Ala

Gln

DK/EP 3467100 T3



v

Ala

Pro

145

Ile

Gly

Arg

Phe

Tyr

225

Leu

Ser

D

Ile

130

Glu

Val

Gly

Leu

Tyr

210

Met

Thr

Phe

s

115

Phe

Glu

His

Tyr

Ser

195

Tyr

Val

Gly

Ile

<210>19

<211> 406
<212> PRT
<213> Escherichia coli

<400> 19

Met

1

Gln

Ile

val

val

65

Thr

Asp

Thr

Leu

Ser

Thr

50

Asp

Glu

Ala

Pro

Asn

Arg

Lys

Gln

Thr

Thr

rou

Ile

Asn

Pro

Met

180

Leu

Arg

Met

Asn

Tyr
260

sy o

Asp

Leu

Ser

165

Phe

Ala

Leu

Val

Ile

245

Cys

Lo

Asp

Asp

150

Val

Ser

Lys

His

Asn

230

Asn

Lys

Gly Gly Gln

Ser

20

Ile

Ile

Gln

Arg

Ile
100

5

Ala

Gln

Thr

Ala

Asn

Thr

Ala

Ile

aArg

Ser

70

Phe

Leu

no

Lys

135

Ile

Met

Asn

Ile

Glu

215

Asp

Tyr

Tyr

Ala

VvVal

Ala

Gln

55

Thr

His

Phe

FF V]

120

Gly

val

Phe

Tyr

Lys

200

Gly

Leu

Leu

Ile

Gln

Tyr

Glu

40

Leu

Gly

Ala

Asp

ry+

Arg

Lys

Arg

Ser

185

Phe

Gln

val

Phe

Lys
265

Ile

Arg

25

Gln

Ile

Gly

Ile

Leu
105

va.L

Glu

Asn

Lys

170

Glu

Gln

Ser

Ile

Gly
250

Gly Asn

10

Lau

Ser

Qa0 p

Ile

Leu

155

Lys

Asp

Asn

Thr

Lys

235

Gly

Ile Asp

Gln Leu

Glu Arg

Arg Arg

Gly Val

Ser

75

Ser Lys

Val

Gly

Arg

va.

Asn

140

Pro

Val

Tyr

Leu

Ala

220

Met

Ile

va. wgay

125

Lys Thr

Tyr Lys

Ile Ala

Glu Leu

FRTYIN. I

Lys Leu

Cys Cys

160

Ser Ile

175

190

Pro Glu

205

Lys Lys

Lys Cys

Arg Thr

Asp Leu

Gln Tyr

30

Ala Pro

45

60

Ala

Leu Ile

Ile Ser

Leu Gly

Val Leu

110

Trp Asn

Tyr Leu

Asn Leu

Phe Phe

240

Ile Ala

255

val

15

Gly

Ala

Lys

Ile

Arg

Ala

Lys

Pro

Ser

Glu

val

80

His

Glu

DK/EP 3467100 T3



Glu

Leu

Arg

145

Asp

Gly

Gly

Ser

Gly

225

Asn

Cys

Ala

Arg

Asn

305

His

Lys

Pro

Thr

Gly
385

His

Leu

130

Glu

Ser

Leu

His

Gln

210

Ala

vVal

His

Ile

val

290

Lys

Leu

Ile

Ala

Asn

370

Ala

Tyr

115

Asn

Leu

Gly

val

Asp

195

Asp

Gly

Gly

Cys

Glu

275

Pro

Gly

Gly

val

Ile

355

Leu

Phe

Pro

Ala

Ile

Lys

Glu

180

Ile

Cys

Ile

Glu

Gly

260

Gln

Leu

Asp

Lys

Ile

340

Glu

Pro

Ala

Leu

Ile

Ala

Ile

165

Ala

Arg

Glu

Ile

Ile

245

Asn

Arg

Asp

Ser

Thr

325

Ala

Ser

Val

Leu

Pro

Ala

Ile

150

His

Leu

Ser

Asp

Ser

230

Gly

Phe

val

Asp

Leu

310

Ile

Gly

Cys

Vval

val
390

Glu

Gln

135

Ser

Tyr

Glu

Leu

Ser

215

Asn

His

Gly

Leu

Cys

295

Ala

Ala

Glu

Ile

Arg

375

Lys

Arg

120

Fhe

val

Met

Glu

Ala

200

Ile

Gly

Ile

Cys

Asn

280

Thr

Ser

Ile

Ile

Asn

360

Ser

Arg

Thr

Ile

Ile

Pro

Arg

185

Leu

Leu

Arg

Gln

Leu

265

Leu

Ile

Glu

Ala

Thr

345

Thr

Glu

Ala

Gln

Asp

Leu

His

170

Phe

Ala

Val

Ile

Val

250

Glu

Leu

Lys

val

Ile

330

Glu

Gln

Leu

Met

Gln

Ser

Pro

155

Ile

Lys

Glu

Arg

Phe

235

Glu

Thr

Lys

Thr

Ile

315

Asn

Ala

Ala

Asp

Leu
395

Thr Leu

Tyr Gln

140

Gly Leu

Gln Val

val

His

Val
220

Ile Gly

Pro Leu

Ile

Gln

Ile

300

Glu

Leu

Asp

Leu

His

380

Asn

125

Thr

Tyr

205

His

Ala

Gly

285

Cys

Tyr

Phe

Lys

Lys

365

Arg

Gly

Glu His

Arg Lys

Val Asp

Glu Asn

175

Cys Phe

190

Phe Gly

Arg Gly

Arg Asn

Gly Glu

Ala

Leu

Pro

160

Trp

Vval

Ala

Thr

Gly

240

Arg

255

Ala Asn Ala

270

Tyr Gln Ser

Lys Ala Ala

Val Gly Arg

320

Asn Pro Gln
335

Val Leu Leu

350

Ala Phe Arg

Ser Ala Ile

Ile Leu Leu

400

DK/EP 3467100 T3



Gln His Leu Leu Glu Asn

<210> 20

<211>609
<212> PRT
<213> Escherichia coli

<400> 20
Met Cys Gly

1

Leu

Gly

Leu

His

65

Pro

Val

Lys

Ala

Ala

145

Ile

Ser

Asp

Glu

Lys
225

Leu

Leu

Gly

50

Gly

Ser

His

Ala

His

130

val

Met

Pro

Gln

Gly

210

Thr

Glu

Ala

35

Lys

Gly

Glu

Asn

Arg

115

Leu

Leu

Asp

Leu

Leu

195

Asp

Gly

405

Ile Val Gly Ala Ile Ala Gln
5 10

Gly Leu Arg Arg Leu Glu Tyr
20 25

val Val Asp Ala Glu Gly His
40

Val Gln Met Leu Ala Gln ARla

55

Thr Gly Ile Ala His Thr Arg
70

Val Asn Ala His Pro His Val

Gly Ile Tle Glu Asn His Glu
100 105

Gly Tyr Thr Phe Val Ser Glu
120

Val Asn Trp Glu Leu Lys Gln
135

Arg Ala Ile Pro Gln Leu Arg
150

Ser Arg His Pro Asp Thr Leu
165 170

Val Ile Gly Leu Gly Met Gly
180 185

Ala Leu Leu Pro Val Thr Arg
200

Ile Ala Glu Ile Thr Arg Arg
215

Ala Glu Val Lys Arg Gln Asp
230

Arg Asp Val Ala Glu Ile
15

Arg Gly Tyr Asp Ser Ala
30

Met Thr Arg Leu Arg Arg
45

Ala Glu Glu His Pro Leu

60

Trp Ala Thr His Gly Glu
75 80

Ser Glu His Ile Vval val
95

Pro Leu Arg Glu Glu Leu
110

Thr Asp Thr Glu Val Ile
125

Gly Gly Thr Leu Arg Glu
140

Gly Ala Tyr Gly Thr Val
155 160

Leu Ala Ala Arg Ser Gly
175

Glu Asn Phe Ile Ala Ser
1390

Arg FPhe Ile Phe Leu Glu
205

Ser Val Asn Ile Phe Asp
220

Ile Glu Ser Asn Leu Gln
235 240

DK/EP 3467100 T3



Tyr

Ile

Ser

Leu

Tyr

305

Tle

Ala

Thr

Leu

Glu

385

Ala

Val

Asp

Leu

Lys

465

Leu

Ala

Ala

Lys

Asp

Tyr

His

Leu
230

Asn

Pro

Val

Ala

Gly

370

Ser

Ser

Ala

Ile

Ser

450

His

Glu

Tyr

Asp

Leu
530

Ala

Glu

Gly

275

Ser

Ser

Cys

Arg

Asp

355

Ser

Asp

Thr

Lys

Val

435

Gln

His

Gly

Ala

Met

515

Lys

Gly

Gln

260

Gln

Lys

Gly

Asp

Arg

340

Thr

Leu

Leu

Lys

Leu

420

His

Asp

Ala

Ala

Ala

500

Pro

Ser

Asp

245

Pro

Vval

val

Met

Val

325

Asn

Leu

Ala

Ala

Ala

405

Ser

Gly

Lys

Leu

Leu

485

Gly

Val

Asn

Lys

Asn

Asp

Glu

Val

310

Glu

Ser

Ala

Ile

Leu

390

Phe

Arg

Leu

Arg

Phe

470

Lys

Glu

Ile

Ile

Gly

Ala

Leu

His

295

Ser

Ile

Leu

Gly

Cys

375

Met

Thr

Leu

Gln

Ile

455

Leu

Leu

Leu

Val

Glu
535

Ile Tyr Arg His Tyr
250

Ile Lys Asn Thr Leu
265

Ser Glu Leu Gly Pro
280

Ile Gln Ile Leu Ala
300

Arg Tyr Trp Phe Glu
315

Ala Ser Glu Phe Arg
330

Met Ile Thr Leu Ser
345

Leu Arg Leu Ser Lys
360

Asn Val Pro Gly Ser
380

Thr Asn Ala Gly Thr
395

Thr Gln Leu Thr Val
410

Lys Gly Leu Asp Ala
425

Ala Leu Pro Ser Arg
440

Glu Ala Leu Ala Glu
460

Gly Arg Gly Asp Gln
475

Lys Glu Ile Ser Tyr
490

Lys His Gly Pro Leu
505

Val Ala Pro Asn Asn
520

Glu Val Arg Ala Arg
540

Met

Gln

Thr Gly

270

Asn Ala

285

Cys

Ser

Tyr

Gln

Glu

365

Ser

Glu

Leu

Ser

Ile

445

Asp

Tyr

Ile

Ala

Glu

525

Gly

Gly

Leu

Arg

Ser

350

Leu

Leu

Ile

Leu

Ile

430

Glu

Phe

Pro

His

Leu

510

Leu

Gly

Lys
255

Glu

Arg Ile

Asp Glu

Thr Ser

Ala

Lys

335

Gly

Gly

Val

Gly

Met

415

Glu

Gln

Ser

Ile

Ala

495

Ile

Leu

Gln

Gly

320

Ser

Glu

Tyr

Arg

Val

400

Leu

His

Met

Asp

Ala

480

Glu

Asp

Glu

Leu
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Tyr
545

His

Tyr

Gly

Glu

Val Phe Ala Asp Gln Asp Ala Gly Phe Val Ser Ser Asp Asn Met
555

550

Tle Ile Glu Met Pro His Val Glu

565

Thr Val Pro Leu Gln Leu Leu Ala

580

585

Thr Asp Val Asp Gln Pro Arg Asn

595

<210=> 21

<211> 514
<212> PRT
<213> Photobacterium sp

<400> 21

Met Lys Asn

1

Asn

Thr

Asn

Gln

65

Ala

Val

val

Leu

Ala
145

Met

Pro

Ser

Ile

Ile

50

Leu

Pro

Ser

Ala

Gln

130

Gln

Lys

Ala

Glu

Ile

35

Ser

Leu

Arg

Asn

Pro

115

Gln

Arg

Glu

Asp

Phe

Glu

20

Asp

Phe

Thr

Leu

Lys

100

Ser

Leu

Tyr

Leu

Asn

Glu

Thr

Glu

Asp

85

Gly

Leu

Met

Ile

Leu

Thr

Glu

Lys

Gln

70

Asp

Glu

Glu

Asp

Ala
150

600

.JT-ISH-224

Leu

Gln

Tyr

His

55

Asn

Asp

Lys

val

Ile

135

Trp

Thr

Ser

val

40

Ser

Lys

Glu

Tyr

Tyr

120

Ile

Gly

Leu

Ile

25

Asn

Trp

Glu

Lys

Ile

105

val

Lys

Arg

560

Glu Val TIle Ala Pro Ile Phe

570

Tyr

Leu

Ile

10

Ile

Leu

Val

Ser

Tyr

90

Thr

Asp

Ser

Ile

575

His Val Ala Leu Ile Lys

Ala Lys Ser

Leu

Lys

Glu

Gln

Ile

75

Cys

Lys

His

Glu

val
155

Leu

Asn

Pro

Thr

60

Ser

Phe

val

Ala

Glu

140

Pro

605

Thr

Asp

Ile

45

Cys

Leu

Asp

Thr

Ser

125

Glu

Thr

590

Val Thr Val

Ala

Ile

30

Asn

Gly

Ser

Phe

Leu

110

Leu

Asn

Asp

Cys

15

Asn

Gln

Thr

val

Asn

95

Asn

Pro

Pro

Glu

Asn

Lys

Ser

Gln

val

80

Gly

val

Thr

Thr

Gln
160

Leu Asn Ile Thr Ser Phe Ala Leu Ile Asn Asn His Thr
175

165

170

Leu Val Gln Glu Ile Val Lys Gln Ala Gln Thr Lys His
190

180

185
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Arg

Leu

Thr

225

Tyr

Lys

Asn

Asn

His

305

Asp

Ile

Asn

His

Ala

385

Phe

Gln

val

Ser

Phe

465

Pro

Leu

val

210

Asn

Asn

Asp

Thr

Tyr

2390

Glu

Gly

Val

Leu

Glu

370

Tle

Phe

Asn

Leu

Ser

450

Thr

Leu

Asn

195

Pro

Ile

Trp

Tyr

Gly

275

His

Leu

Phe

Asn

Pro

355

Arg

Asn

Lys

Tyr

Met

435

Leu

Ser

Val

Val

Ile

Asp

Arg

Leu

260

Thr

Phe

Arg

Lys

Phe

340

Asn

Glu

Glu

Gly

Pro

420

Met

Tyr

Thr

Gln

Lys

Leu

Leu

Asp

245

Glu

Ser

Leu

Asp

Lys

325

Asp

Phe

Tyr

Ser

His

405

Ser

Thr

Phe

Glu

Val
485

Leu

Lys

Tyr

230

Thr

Asp

Ser

Arg

Tyr

310

Phe

Lys

Val

Tyr

Ser

390

Pro

Met

Asp

Thr

Thr

470

Met

Ser

Glu

215

Asp

Leu

val

Val

Lys

295

Ile

Asn

Gln

Phe

Ala

375

Pro

Gly

val

Met

Ile

455

Ile

Ile

Ser

200

Leu

Asp

Asn

Ile

Tyr

280

Asp

Gly

Ser

Lys

Thr

360

Lys

His

Gly

Asp

Leu

440

Pro

Thr

Lys

Agn Thr

Asn Ser

Gly Ser

Lys Thr

250

Asn Gly
265

Asn Trp

Tyr Leu

Asp Ser

Lys Gln

330

Leu Gln

345

Gly Thr

Gln Gln

Tyr Leu

Gly Ile
410

Ala His Ser

205

Phe Asn Asn
220

Ala Glu Tyr

235

Asp Asn Leu

Ile Asn Glu

Gln Lys Leu

285

Thr Leu Glu
300

Leu Lys Gln

315

Gln Glu Leu

Asn Glu Tyr

Thr Val Trp

365

Ile Asn Val
380

Gly Asn Ser

3385

Ile Asn Thr

Ile Pro Ser

425

Pro Asp Ala

Ala Glu Lys

Asp Arg Glu

475

Leu Gly Ile
490

Phe Asp Asn

Val Thr Vval

Val Asn Leu
240

Lys Ile Gly
255

Asp Thr Ser
270

Tyr Pro Ala

Prc Ser Leu

Met Gln Trp
320

Phe Leu Ser
335

Asn Ser Ser
350

Ala Gly Asn

Ile Asn Asn

Tyr Asp Leu
400

Leu Ile Met
415

Lys Ile Ser Phe Glu

430

Val Ala Gly Ile Ala
445

Ile Lys Phe Ile Val

460

Thr Ala Leu Arg Ser

480

Val Lys Glu Glu Asn

495
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Val Leu Phe Trp Ala Asp Leu Pro Asn Cys Glu Thr Gly Val Cys Ile
500 505 510

Ala Vval

<210> 22

<211> 156

<212> PRT

<213> Escherichia coli

<400> 22
Met Lys Thr Gln Arg Gly Tyr Thr Leu Ile Glu Thr Leu Val Ala Met
1 5 10 15

Leu Ile Leu Val Met Leu Ser Ala Ser Gly Leu Tyr Gly Trp Gln Tyr
20 25 30

Trp Gln Gln Ser Gln Arg Leu Trp Gln Thr Ala Ser Gln Ala Arg Asp
35 40 45

Tyr Leu Leu Tyr Leu Arg Glu Asp Ala Asn Trp His Asn Arg Asp His
50 55 60

Ser Ile Ser Val Ile Arg Glu Gly Thr Leu Trp Cys Leu Val Ser Ser
65 70 75 80

Ala Ala Gly Ala Asn Thr Cys His Gly Ser Ser Pro Leu Val Phe Val
85 90 95

Pro Arg Trp Pro Glu Val Glu Met Ser Asp Leu Thr Pro Ser Leu Ala
100 105 110

Phe Phe Gly Leu Arg Asn Thr Ala Trp Ala Gly His Ile Arg Phe Lys
115 120 125

Asn Ser Thr Gly Glu Trp Trp Leu Val Val Ser Pro Trp Gly Arg Leu
130 135 140

Arg Leu Cys Gln Gln Gly Glu Thr Glu Gly Cys Leu
145 150 155
<210> 23

<211> 37

<212> DNA

<213> Escherichia coli

<400> 23
cagtcagtca ggcgccttcg ggaaggcegtc tcgaaga 37

<210> 24
<211> 84
<212> DNA



<213> Escherichia coli

<400> 24
ggcgtegget ctggcaggat gttteogtaat tagatageca ccggegettt aggaaaccta

ctatgaccat gattacggat tcac

<210> 25

<211> 84

<212> DNA

<213> Escherichia coli

<400> 25
ggcgtegget ctggcaggat gtttegtaat tagatageca ccggegettt attaaaccta

ctatgaccat gattacggat tcac

<210> 26

<211> 84

<212> DNA

<213> Escherichia coli

<400> 26
ggcgtegget ctggcaggat gtttegtaat tagatageca ccggegettt cttcecaaccta

ctatgaccat gattacggat tcac

<210> 27

<211> 84

<212> DNA

<213> Escherichia coli

<400> 27
ggegtegget ctggcaggat gttteogtaat tagatageca ccggegettt aggaaaccta

ctatgaccat gattacggat tcac

<210> 28

<211>68

<212> DNA

<213> Escherichia coli

<400> 28
cggetetgge aggatgtttce gtaattagat agccaccgge getttattaa acctactatg

accatgat

<210> 29

<211> 1024

<212> PRT

<213> Escherichia coli

<400> 29

Met Thr Met Tle Thr Asp Ser Len Ala Val Val Len Gln Ara Ara Aso
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84

60
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60

84

60

84

60
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Trp

Pro

Ser

Pro

Glu

Asp

Pro

Asn

Asp

145

Gly

Phe

Ser

Ile

Asp

225

Leu

val

Ala

Arg

Glu

Phe

Gln

50

Ala

Ala

Ala

Phe

Val

130

Gly

Tyr

Leu

Asp

Phe

210

Phe

Glu

Thr

Pro

val

AsSn

Ala

35

Gln

Pro

Asp

Pro

Val

115

Asp

Val

Gly

Arg

Gly

1985

Arg

His

Ala

val

Phe

275

Thr

Pro

20

Ser

Leu

Glu

Thr

Ile

100

Pro

Glu

Asn

Gln

Ala

180

Ser

Asp

Val

Glu

Ser

260

Gly

Leu

Gly

Trp

Arg

Ala

Val

85

Tyr

Thr

Ser

Ser

Asp

165

Gly

Tyr

Val

Ala

Val

245

Leu

Gly

Arg

——r

Val

Arg

Ser

val

70

Val

Thr

Glu

Trp

Ala

150

Ser

Glu

Leu

Ser

Thr

230

Gln

Trp

Glu

Leu

Thr

Asn

Leu

55

Pro

Val

Asn

Asn

Leu

135

Phe

Arg

Asn

Glu

Leu

215

Arg

Met

Gln

Ile

Asn

Gln Leu
25

Ser Glu
40

Asn Gly

Glu Ser

Pro Ser

Val Thr
105

Pro Thr
120

Gln Glu

His Leu

Leu Pro

Arg Leu
185

Asp Gln
200

Leu His

Phe Asn

Cys Gly

Gly Glu
265

Tle Asp
280

val Glu

10

Asn

Glu

Glu

Trp

Asn

90

Tyr

Gly

Gly

Trp

Ser

170

Ala

Asp

Lys

Asp

Glu

250

Thr

Glu

Asn

Arg

Ala

Trp

Leu
75

Trp

Pro

Cys

Gln

Cys

155

Glu

Val

Pro

Asp

235

Leu

Gln

Arg

Pro

Leu

Arg

Arg

Glu

Gln

Ile

Tyr

Thr

140

Asn

Phe

Met

Trp

Thr

220

Phe

Arg

val

Gly

Lys

Ala

Thr

45

Phe

Cys

Met

Thr

Ser

125

Arg

Gly

Asp

Val

Arg

205

Thr

Ser

Asp

Ala

Gly

285

Leu

-——3

Ala

30

Asp

Ala

Asp

His

Val

110

Leu

Ile

Arg

Leu

Leu

130

Met

Gln

Arg

Tyr

Ser

270

Tyr

Trp

-——

15

His

Arg

Trp

Leu

Gly

95

Asn

Thr

Ile

Trp

Ser

175

Arg

Ser

Ile

Ala

Leu

255

Gly

Ala

Ser

-———

Pro

Pro

Phe

Pro

80

Tyr

Pro

Phe

Phe

Val

160

Ala

Trp

Gly

Ser

Val

240

Arg

Thr

Asp

Ala
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Glu

305

Gly

Arg

Arg

Asp

Phe

385

Thr

Glu

Trp

Arg

His

465

Pro

Thr

Phe

Gly

Asn

545

Pro

Ile

Phe

290

Ile

Thr

Ile

Gly

Glu

370

Asn

Leu

Thr

Leu

Asn

450

Gly

Ser

Asp

Pro

Glu

530

Ser

Arg

Lys

Gly

Pro

Leu

Glu

vVal

355

Gln

Ala

Cys

His

Pro

435

His

Ala

Arg

Ile

Ala

515

Thr

Leu

Leu

Tyr

Asp

Asn

Ile

Asn

340

Asn

Thr

Val

Asp

Gly

420

Ala

Pro

Asn

Pro

Ile

500

val

Arg

Gly

Gln

Asp

580

Thr

Leu

Glu

325

Gly

Arg

Met

Arg

Arg
405

Met

Met

Ser

His

val

485

Cys

Pro

Pro

Gly

Gly

565

Glu

Pro

Tyr

310

Ala

Leu

His

val

Cys

380

Tyr

Val

Ser

val

Asp

470

Gln

Pro

Lys

Leu

Phe

550

Gly

Asn

Asn

295

Arg

Glu

Leu

Glu

Gln

375

Ser

Gly

Pro

Ile

455

Ala

Tyr

Met

Trp

Ile

535

Ala

Phe

Gly

Asp

Ala Val

Ala Cys

Tieu Leu
345

His His
360

Asp Tle

His Tyr

Leu Tyr

Met Asn
425

Arg Val
440

Ile Trp

Leu Tyr

Glu Gly

Tyr Ala

505

Ser Ile
520

Leu Cys

Lys Tyr

Val Trp

Asn Pro

585

Arg Gln

Val

Asp

330

Asn

Pro

Leu

Pro

val
410

Arg

Thr

Ser

Arg

Gly

490

Arg

Lys

Glu

Trp

Asp

570

Trp

Phe

Glu

315

Val

Gly

Leu

Leu

Asn

395

val

Leu

Arg

Leu

Trp

475

Gly

Val

Lys

Tyr

Gln

555

Trp

Ser

Cys

300

Leu

Gly

Lys

His

Met

380

His

Asp

Thr

Met

Gly

460

Ile

Ala

Asp

Trp

Ala

540

Ala

val

Ala

Met

His

Phe

Pro

Gly

365

Lys

Pro

Glu

Asp

val

445

Asn

Lys

Asp

Glu

Leu

525

His

Phe

Asp

Tyr

Asn

Thr

Arg

Leu

350

Gln

Gln

Leu

Ala

Asp

430

Gln

Glu

Ser

Thr

Asp

510

Ser

Ala

Arg

Gln

Gly

590

Gly

Ala Asp
320

Glu Val
335

Leu Ile

Val Met

Asn Asn

Trp Tyr
400

Asn Ile
415

Pro Arg

Arg Asp

Ser Gly

Val Asp
480

Thr Ala
495

Gln Pro

Leu Pro

Met Gly

Gln Tyr

560

Ser Leu
575

Gly Asp

Leu Val
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Phe

Gln

625

Ser

val

Vval

Pro

Asn

705

Trp

Ala

Gly

Met

Phe

785

Arg

Tyxr

Asp

Thr

Met

865

Ala

Asn

Ala

610

Gln

Glu

Ala

Ala

Glu

690

Ala

Arg

Ile

Asn

Trp

770

Thr

Ile

Gln

Ala

Leu

850

Ala

Arg

Trp

595

Asp

Phe

Tyr

Leu

Pro

675

Ser

Thr

Leu

Pro

Lys

755

Ile

Arg

Asp

Ala

val

835

Phe

Ile

Ile

Leu

Arg

Fhle

Leu

Asp
660

Gln

Ala

Ala

Ala

His

740

Arg

Gly

Ala

Pro

Glu

820

Leu

Ile

Thr

Gly

Gly

Thr

Gln

Phe

645

Gly

Gly

Gly

Trp

Glu

725

Leu

Trp

Asp

Pro

Asn

805

Ala

Ile

Ser

val

Leu

885

Leu

Pro

Phe

630

Arg

Lys

Lys

Gln

Ser

710

Asn

Thr

Gln

Lys

Leu

790

Ala

Ala

Thr

Arg

Asp

870

Asn

Gly

His

615

Arg

His

Pro

Gln

Leu

695

Glu

Leu

Thr

Phe

Lys

775

Asp

Trp

Leu

Thr

Lys

855

val

Cys

Pro

600

Pro

Leu

Ser

Leu

Leu

680

Trp

Ala

Ser

Ser

Asn

760

Gln

Asn

val

Leu

Ala

840

Thr

Glu

Gln

Gln

Ala

Ser

Asp

Ala
665

Ile

Leu

Gly

val

Glu

745

Arg

Leu

Asp

Glu

Gln

825

His

Tyr

val

Leu

Glu

Leu

Gly

Asn

650

Ser

Glu

Thr

His

Thr

730

Met

Gln

Leu

Ile

Arg

810

Cys

Ala

Arg

Ala

Ala

890

Asn

Thr

Gln

635

Glu

Gly

Leu

val

Ile

715

Leu

Asp

Ser

Thr

Gly

795

Trp

Thr

Trp

Ile

Ser

875

Gln

Tyxr

Glu

620

Thr

Leu

Glu

Pro

Arg

700

Ser

Pro

Phe

Gly

Pro

780

Val

Lys

Ala

Gln

Asp

860

Asp

Val

Pro

605

Ala

Ile

Leu

val

Glu

685

val

Ala

Ala

Cys

Phe

765

Leu

Ser

Ala

Asp

His

845

Gly

Thr

Ala

Asp

Lys

Glu

His

Pro
670

Leu

val

Trp

Ala

ILle

750

Leu

Arg

Glu

Ala

Thr

830

Gln

Ser

Pro

Glu

Arg

His

Val

Trp

655

Leu

Pro

Gln

Gln

Ser

735

Glu

Ser

Asp

Ala

Gly

815

Leu

Gly

Gly

His

Arg

895

Leu

Gln

Thr

640

Met

Asp

Gln

Pro

Gln

720

His

Leu

Gln

Gln

Thr

800

His

Ala

Lys

Gln

Pro

880

Val

Thr
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Ala

Pro

Leu

945

Ser

Leu

Gly

Gln

Lys

Ala

Tyr

930

Asn

Arg

His

Ile

Leu
1010

200

305

210

Cys Phe Asp Arg Trp Asp Leu Pro Leu Ser Asp Met Tyr Thr
925

915

Val Phe Pro

Tyr Gly Pro

Tyr Ser Gln

965

Ala Glu Glu

980

Gly Gly Asp

995

Ser Ala Gly Arg Tyr

<210> 30

<211> 264
<212> PRT
<213> Escherichia coli

<400> 30

Met Ile Glu

1

Glu

Asp

val

Ala

65

Leu

Val

Val

Arg

Ala

Lys

50

Arg

Asp

Pro

Ser

Leu

Ala

35

Thr

Leu

Val

Gly

Ile
115

Gln

Phe

20

val

Asp

Ser

Val

Gln
100

Met

Asp

Gly

Phe

Leu

Trp

Thr

85

Asp

Ala

Ser

His

950

Gln

Gly

Asp

Gly

Tyr

Arg

Ser

Leu

70

Glu

Leu

Asp

920

Glu Asn Gly Leu Arg Cys Gly Thr

935

Gln

Gln

Thr

Ser

940

Trp Arg Gly Asp Phe Gln Phe

955

Leu Met Glu Thr Ser His Arg

970

Trp Leu Asn Ile Asp Gly Phe

Trp
1000

1015

Leu

Asp

Leu

Gly

55

Ala

Ala

Leu

Ala

His

Trp

Ser

40

Ala

Thr

Gly

Ser

Met
120

985

Ser Pro Ser Val Ser Ala Glu Phe

Ala

Ala

25

Ala

Leu

Thr

Arg

Ser
105

Arg

Gly
10

Gln

Gln

Asn

Gly

Asp

90

His

Arg

Ser

Gln

Gly

Glu

Val

75

Trp

Leu

Leu

950

1005

1020

Pro

Thr

Arg

Leu

60

Pro

Leu

Ala

His

Ala

Ile

Pro

45

Gln

Cys

Leu

Pro

Thr
125

Ala

Gly

30

Vval

Asp

Ala

Leu

Ala
110

Leu

Arg Glu

Asn

Ile
960

His Leu

975

His Met

Trp
15

Cys

Leu

Glu

Ala

Gly

95

Glu

Asp

His Tyr Gln Leu Val Trp Cys Gln

val

Ser

Phe

Ala

Val

80

Glu

Lys

Pro
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Ala Thr Cys Pro Phe Asp His Gln Ala Lys His Arg Ile Glu Arg Ala
130 135 140

Arg Thr Arg Met Glu Ala Gly Leu Val Asp Gln Asp Asp Leu Asp Glu
145 150 155 160

Glu His Gln Gly Leu Ala Pro Ala Glu Leu Phe Ala Arg Leu Lys Ala
165 170 175

Arg Met Pro Asp Gly Glu Asp Leu Val Val Thr His Gly Asp Ala Cys
180 185 1380

Leu Pro Asn Ile Met Val Glu Asn Gly Arg Phe Ser Gly Phe Ile Asp
195 200 205

Cys Gly Arg Leu Gly Val Ala Asp Arg Tyr Gln Asp Ile Ala Leu Ala
210 215 220

Thr Arg Asp Ile Ala Glu Glu Leu Gly Gly Glu Trp Ala Asp Arg Phe
225 230 235 240

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

Tyr Arg Leu Leu Asp Glu Phe Phe
260

<210> 31

<211>70

<212> DNA

<213> Escherichia coli

<400> 31
tctgggcata tcgtcgcagc ccacagcaac acgtttccectg aggaaccatg attccgggga

tcocgtegace

<210> 32

<211> 291

<212> PRT

<213> Escherichia coli

<400> 32
Met Thr Ser Ser Tyr Leu His Phe Pro Glu Phe Asp Pro Val Ile Phe
1 5 10 15

Ser Ile Gly Pro Val Ala Leu His Trp Tyr Gly Leu Met Tyr Leu Val
20 25 30

Gly Phe Ile Phe Ala Met Trp Leu Ala Thr Arg Arg Ala Asn Arg Pro
35 40 45

Gly Ser Gly Trp Thr Lys Asn Glu Val Glu Asn Leu Leu Tyr Ala Gly
50 55 60

Thaoa Tawe MATee WmT Dlma Toae MTee MNTee Aamme TTm MATee Mecas IF2T Tomae Tilaa Maces

DK/EP 3467100 T3

60

70



rue

65

Asn

Asp

Met

Asp

Gly

145

Pro

Leu

Leu

Val

Gly

225

Tle

vVal

Ala

His

eu

Phe

Gly

Ile

Phe

130

Asn

Phe

Gln

Pro

Leu

210

Ala

Val

Gln

Gly

val
290

oLy

Pro

Gly

Ile

115

Ile

Phe

Ala

Thr

Arg

195

Phe

Val

Glu

Tyr

Val
275

Ser

<210> 33
<211> 40
<212> DNA
<213> Escherichia coli

<400> 33

cagtcagtca ggcgcctcect caacctgtat attcgtaaac 40

<210> 34
<211> 5877
<212> DNA

val

Gln

Met

100

Phe

Ala

Ile

Met

Asn

180

Hisg

Ile

Ser

Phe

Ile
260

Ile Met Met Val Trp Ala Tyr Arg Arg Ser Pro Gln Gln

rue

Phe

85

Ser

Ala

Pro

Asn

Leu

165

Pro

Pro

Ile

Gly

Phe

245

Ser

eu

70

Met

Phe

Arg

Leu

Gly

150

Phe

Gln

Ser

Leu

Leu

230

Arg

Met

oLy

Ala

His

Arg

Ile

135

Glu

Pro

Trp

Gln

Asn

215

Phe

Gln

Gly

ULy

Asp

Gly

Thr

120

Pro

Leu

Gly

Gln

Leu

200

Leu

Leu

Pro

Gln

280

anLy

Pro

Gly

105

Lys

Phe

Trp

Ser

Ser

185

Tyr

Tyr

Ile

Asp

Ile
265

Lie

Leu

90

Leu

Arg

Gly

Gly

Arg

170

Ile

Glu

Ile

Gly

Ala

250

Leu

oLy

75

Tyr

Ile

Ser

Leu

Arg

155

Thr

Phe

Leu

Arg

Tyr

235

Gln

Ser

Lyt

Leu

Gly

Phe

Gly

140

Val

Glu

Asp

Leu

Lys

220

Gly

Phe

Ile

va.l

Phe

Val

Phe

125

Ala

Asp

Asp

Thr

Leu

205

Pro

Ala

Thr

Pro

Leu

Arg

Ile

110

Gln

Gly

DPre

Ile

Tyr

190

Glu

Arg

Phe

Gly

Met
270

285

e

Val

95

Val

val

Arg

Asn

Leu

175

Gly

Gly

Pro

Arg

Ala

255

Ile

LyL

80

Trp

Val

Ser

Leu

Phe

160

Leu

Val

Val

Met

Tle

240

Trp

Val

DK/EP 3467100 T3



<213> Escherichia coli

<400> 34

gcagcggaac
cggttatgece
gtttgecata
agcatgacca
ttcatgececgyg
gcgeatcette
cgaagaattt
tttecgtaatt
cactggccgt
gocttgeage
gcccttecca
cagaagcggt
taccectcaaa
ccattacggt
catttaatgt
ttaactcgge
gtttgeecgte
tgatggtgct

gcggeatttt

atgttgecac
tgtgecggcega
aggtcgecag
cegategegt
cgaatctcta
aagcctgega
gcaagcegtt
tcatggatga
ccgtgogetg
gcetgtatgt
tgaccgatga
gcgataegtaa
ctaatcacga
atgaaggcgg
tggatgaaga

tacctggaga

tcacaaggca
agttggcatc
geegttgega
aaatcagcat
cagtatggag
cggactattt
aacggagggt
agatagccac
cgttttacaa
acatceccect
acagttgcge
gccggaaage
ctggcagatg
caatcegeeg
tgatgaaage
gtttcatctg
tgaatttgac
gcgectggagt

ccgtgacgte

tegetttaat
gttgegtgac
cggcaccgeg
cacactacgt
tcgtgaggtg
tgtcggtttc
gcetgattega
gecagacgatyg
ttcgcattat
ggtggatgaa
tcegegetgg
tcacccgagt
cgecgetgtat
cggagccgac
ccageectte

gacgegaceg

ccataacgtc
ttcacgtaaa
ctgetgecag
cgegaccage
cgaggagaaa
acgecegttge
aaaaaaaccg
cggegettta
cgtcgtgact
ttegeocaget
agcctgaatg
tggetggagt
cacggttacg
tttgtteocca
tggetacagy
tggtgcaacg
ctgagcgeat
gacggcagtt

tegttgetge

cactcoctga
tagagcaaat
tattgecage
gtttcaatca
aaaagacgag
aggacgttge
acgcacactg
ttaaacctac
gggaaaaccc
ggcgtaatag
gcgaatggcg
gcgatctteo
atgcgeceat
cggagaatce
aaggccagac
ggegetgggt
ttttacgege
atctggaaga

ataaaccgac

taacgctgat
agteccegege
catagagtce
gcgtataace
ggccagttte
aaaatttcgg
gcgtcggetce
tatgaccatg
tggcgttace
cgaagaggcc
ctttgectgg
tgaggcocgat
ctacaccaac
gacgggttgt
gcgaattatt
cggttacgge
cggagaaaac
tcaggatatg

tacacaaatc

actgtggteg
ctggctggeg
acttgegett
acgttgtgtt
tatttctteg
gaaggcgtcet
tggcaggatg
attacggatt
caacttaatc
cgeaccgatce
tttceggecac
actgtcgteg
gtgacctatce
tacteogetea
tttgatggeg
caggacagtc
cgectegegg
tggcggatga

agcgatttcc

gatgatttca
tacctacggg
ccttteggeg
ctgaacgteg
gttgaactgce
cgcgaggtge
ggcgttaacc
gtgeaggata
ccgaaccatc
gccaatattg
ctaccggecga
gtgatcatct
cgcetggatca
accacggcea
ceggetgtge

ctgatcettt

gecegegetgt
taacagtttc
gtgaaattat
aaaacccgaa
acaccgcecga
ggattgaaaa
gtcacgageca
tectgetgat
cgetgtggta
aaacccacgyg
tgagcgaacg
ggtegotggg
aatctgtega
ccgatattat
cgaaatggte

gegaatacge

actggaggct
tttatggcag
cgatgagcgt
actgtggage
cggcacgetg
tggtctgetg
tcatectetg
gaagcagaac
cacgetgtge
catggtgcca
cgtaacgcga
gaatgaatca
tacttecocge
ttgcecgatg
catcaaaaaa

ccacgegatg

gaagttcaga
ggtgaaacgc
ggtggttatg
geccegaaatee
attgaagcag
ctgctgaacyg
catggtcagg
aactttaacyg
gaccgctacg
atgaatcgtc
atggtgcagc
ggccaecggeyg
ccggtgcagt
tacgcgegeg
tggetttege

ggtaacagte

DK/EP 3467100 T3

1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040

2100

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140



ttggeggttt
tcgtctggga
cggcttacgg
tggtctttge
tttteccagtt
atagcgataa
gtgaagtgcc
cgcagccgga
cegeatggte
tecagtgtgac
atttttgecat
cacagatgtg
gtgcaceget
gggtcgaacg
cggcagatac

ggaaaacctt

ttacegttga
gccagcetgge
atccecgaccg
ataccecegta
atggeccceaca
aactgatgga
tcgacggttit
aattccagct
ccgectttatg
cggaatagga
gatgcgetge
gccgecaage
cacacceage
cggcaagcag
gagcctggeg
atcgacaaga
gtcgaatggg
ggatactttc
caatagcagc
gcecgtegtg
ggacaggtcg

ggcatcagag

cgctaaatac
ctgggtggat
cggtgatttt
cgaccgeacy
cegtttatec
cgagctcctg
tctggatgte
gagcgccggg
agaagccggg
gctecacgce
cgagetgggt
gattggcgat
ggataacgac
ctggaaggeg
acttgctgat

atttatcage

tgttgaagtyg
gcaggtagca
ccttactgece
cgtetteceg
ccagtggege
aaccagecat
ccatatgggg
gagegeeggt
taggctggag
acttcaagat
gaatcgggag
tecttcagcaa
cggccacagt
gcatcgecat
aacagttcgg
caggetteca
caggtagcecg
teggcaggag
cagtcccttce
gccagacacg
gtcttgacaa

cagcegattg

tggcaggegt
cagtcgctga
ggcgatacge
cegeatccag
gggcaaacca
cactggatgg
gctccacaag
caactctggc
cacatcageg
gcgteccacg
aataagecgtt
aaaaaacaac
attggcgtaa
gcegggecatt
gcggtgetga

cggaaaacct

gegagegata
gagcgggtaa
gectgttttg
agcgaaaacg
ggcgacttee
cgcecatetge
attggtggcg
cgctaccatt
ctgettegaa
cecettatta
cggegatace
tatcacgggt
cgatgaatcc
gggtcacgac
ctggcgegag
tecgagtacg
gatcaagcgt
caaggtgaga
ccgcttcocagt
atagecegege
aaagaaccgg

tetgttgtge

ttcgtcagta
ttaaatatga
cgaacgatcg
cgctgacgga
tcgaagtgac
tggcgetgga
gtaaacagtt
tcacagtacg
cetyggecagea
ccatccegea
ggcaatttaa
tgttgacgec
gtgaagegac
accaggccga
ttacgaccge

accggattga

tccecegttta
tgaaaacggc
ccagttotgt
agcaaaacac
cagcgaatac
tggtaagccg
gattgaactg
cgtagtgcaa
gtggegtctg
tctgaccacc
cegecagtea
gctgegegat
cegeattgac
agcagcegttg
tcacgegtgg

tggtagtggt

cagggcggct
aacccgtggt
atgaacggte
cagcagcagt
ctgttecegte
ctggcaagcg
cctgaactac
ccgaacgcga
gcggaaaace
agcegaaatgg
ggetttettt
cagttcaccc
cctaacgceet
ttgcagtgca
cagcatcagg

caaatggcga

caccgcatcc
actggetcgg
accgctggga
gtetgegetyg
agttcaacat
tgcacgecgga
acgactcetg
accagttgot
gttectatac
gaagaactcg
gtaaagcacg
agccaacgcet
tgaaaagcgg
gagatcctceg
cccectgatge
tgctegeteg
atgcagccge
tgacaggaga
gacaacgtcg
tgcetegtee
gcgececectge

ccagtcatag

ggcgceggatt
attagggcceg
tctgeccattg
cgggacgege
cagecgectac
agaaggcaca
gagccegtca
ctggtgtcaa
tttctagaga
tcaagaagge
aggaagcggt
atgtcectgat
ccatttteca
cegtegggea
tcttegteca
atgagatgtt
cgcattgcat
tcctgececg
agcacagctg
tgcagttcat
gctgacagce

ccgaatagee

ggcctgaact
caagaaaact
tcagacatgt
gaattgaatt
agtcaacage
tggctgaata
gtatcggegg
aaataagcgyg
ataggaactt
gatagaaggce
cagcccattc
agcggtecge
ccatgatatt
tgcgegectt
gatcatcctg
tegettggtyg
cagccatgat
gcacttecgec
cgcaaggaac
tcagggcacc
ggaacacggc

tcteccaccea
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2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000

3060

3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3300
3960
4020
4080
4140
4200
4260
4320

4380



ageggcecegga
tgtetcttga
ccagtttact
ttegettget
tacctgettt
catceggggt
geecttgege
actttctaga

tcaggaaacg

gacaatcatc
aaactgegeg
caggaacaaa
aataaacage
cacaccgtaa
ttetgtacgyg
caattcaceg
tgcgataaaa
caccacgata
cagatacagc
teccececgagy
ccagecgetyg
caccagatac
atcaaactcc
togeotgaaag
gaataatagc
<210> 35

<211> 455
<212> PRT

gaacctgagt
tcagatcttg
ttgcagggcet
gtccataaaa
ctctttgege
cagcaccgtt
cctgagtget
gaataggaac

tgttgctgtg

gggatggaaa
tegggctgge
cctgagacag
accacacctt
gtgtcgaaaa
gagccaggga
ttaataaagt
tcagagacct
acgccaatca
ggatcggcca
aagacgccga
cccggacgat
atcaggcegt
ggaaaatgca
agaacagcga

acaaggggac

<213> Escherichia coli

<400> 35

Met Phe Gly

1

Leu Ile Leu

Ile Phe Leu

35

Asp Pro Thr

Ile Ile

Lys Asn

20

Met Met

Lvs Ser

Ile

Tyr

Cys

Ser

gcaatccatc
atccecctgeg
tcceaacctt
ccgeccagte
ttgcgtttte
tectgeggact
tgeggeageg
ttegaactge

ggctgcgacg

gaatttgecac
ggaaaaactc
ctcecattgg
ccagcagcag
tggattgecca
acagcatgge
tgeeccagacg
ggaagaagga
ggcegacgtg
taaactgcgg
ggaagcccge
tegecegteg
accagtgaag
gatagctact
ttgaaatgceg

ctggctggtt

Ser Val

Pro

Lys

val
40

Gly

Glv Tvr

ttgttcaatc
ccatcagatce
accagagggc
tagctatcge
ccttgtccag
ggctttctac
tgagcttcaa
aggtcgacgy

atatgcccag

catgctgatg
aacaatgatg
gegtggttta
ctecgtaaage
ctgegggttg
aaacgggaag
ccecggeacca
acgtttagta
gaaagacatg
gaaattgtag
atagagtaag
tgttgecage
cgccacgggt
ggtcatctgt
cgccogecaggt

gccggatacce

Ile Val Leu

10

Gln
25

Vval val
Leu Gly

Trp

Leu Ile Val

atgcgaaacyg
cttggecggcea
gceccecagetg
catgtaagce
atagcccagt
gtgttceget
aagcgcetetg
atccceggaa

accatcatga

tactgcacce
cgaaacgcegc
cgaatataca
tgtgatgggt
gtttgecagea
ttegggtcaa
agaccaaacg
cggcgggega
ccegaagteea
aacagaacat
ttttcaactt
cacattgcaa
cctattgaga
caccacaagt
ttcaggaget

gttaaaagat

Ile

Leu
30

Phe
45

Asp

atccteatce
agaaagccat
gcaatteegg
cactgcaagce
agctgacatt
tcectttagea
aagttcctat
tcatggttee

tcacacccge

aggcaccggt
cgtaaccaat
ggttgaggat
ggcgeggeag
gcaaaatate
cgoggoacoa
gaatgagtgg
agataatcat
agacacggaa
aaccaatacg
catttttggt
aaatgaaacc
aaatgaccgg
tcttgttatt

ccaaaggtge

atgtata

Thr Met Gly Tyr

15

Ala Ala Ala Gly

Gly Gly Val Leu

Ile Tvr Asn Glu
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4440
4500
4560
4620
4680
4740
4800
4860

4920

4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820

5877



Ile
65

Met

Arg

Pro

Gln

Leu

145

Ala

Asn

Phe

Ala

Asn

225

Pro

Gly

Leu

Phe

Phe

305

Val

Asp

Val

50

Leu Arg Met Leu Ser Asn Arg Ile Ala Gly Leu Gly Leu Ser Ile

Ala

Ala

Tyr

Phe

130

Phe

Val

Ser

Phe

Tle

210

Tle

Leu

Ser

Val

Phe

290

Phe

Ala

Ala

Met

Val

Met

Ile

115

Ile

Pro

Ile

Ile

His

195

Ser

Asn

Tyr

Leu

Val

275

Arg

Asp

Gly

Val

Ile

70

75

Gly Gly Tyr Ala Arg Tyr Met Glu Arg Ile Gly Ala Ser

Val

100

Ile

Thr

Thr

Ala

Phe

180

Tyr

His

His

Tyr

Phe

260

Val

Lys

Gly

Glu

Ile
340

85

Ser

Leu

Ser

Leu

Thr

165

Ala

Gln

Phe

Glu

Ala

245

Leu

Met

His

Met

Ile

325

Arg

Leu

Ser

Ala

Val

150

Thr

Ala

Leu

Phe

Gln

230

Ile

Ala

Leu

Asn

Gly

310

Phe

Gly

Leu

Ala

Ser

135

Ser

Met

Gln

Pro

Val

215

Ala

Leu

His

Leu

Leu

295

Thr

Ala

Ala

Ser

Thr

120

Gly

Leu

Ser

Val

Val

200

Gln

Glu

Pro

Val

Ser

280

Arg

Gln

Lys

Glu

90

Arg Pro
105

Tyr Val

Leu Gly

Gly val

Ile Glu
170

Ala Gly
185

Ala Ser

Arg Ala

Gln Lys

Val Met
250

Gly Leu
265

Leu Thr

Glu Thr

Phe Ala

Gly Leu

330

His Ser
345

Leu

ITle

Met

Ser

155

Trp

Met

Cys

Phe

Ala

235

Pro

Met

Val

Met

Asn

315

Thr

Gly

Lys

Gly

Leu

140

Arg

Gly

Lys

val

Asp

220

Leu

Leu

Gln

Thr

Asp

300

Val

Thr

Leu

Leu

Gln

125

Leu

Leu

Ile

Ile

Ile

205

Lys

Asp

Ile

Ser

Met

285

Asp

Val

Ile

Gly

Ile

110

Ile

Met

Ser

Leu

Ala

190

Ile

Lys

Asn

Leu

Glu

270

Phe

Val

Thr

Gly

Gly
350

95

Arg

Met

Val

Ala

Glu

175

Thr

Ser

Asp

Val

Met

255

Leu

Val

Gln

Leu

Thr

335

Ile

Ser

Ala

Thr

val

160

Thr

Tyr

val

Lys

Pro

240

Leu

His

Glu

Ala

Val

320

Val

Gly

Ile Met Ala Leu Val Ile Ala Ile Cys Ala TIle Val Met
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300

Gly Ser Gly Asn Ala Pro
370

Ile Ala Ala Gly Leu His
385 3%0

His Phe Ala Thr Thr Leu
405

Val Val Val Thr Ser Gly
420

Lys Arg Thr Ala Ile Pro
435

Ala Thr Ile Thr I.eu Phe
450

<210> 36

<211> 263

<212> PRT

<213> Escherichia coli

<400> 36
Met Gly Leu Met Asn Ala
1 5

Ala Ile Gly Arg Asn Leu
20

Ser Glu Met Val Glu Glu
35

Phe Gly Glu Gly Glu Gln

Phe Asn Val Gly Arg Pro
65 70

Arg Lys Gly Leu Val Gln
85

Arg Pro Ser Ala Asp Thr
100

Asp Phe Leu Ser His Pro
115

Leu Phe Phe Glu Ser Ser
130

Asp Glu Gln Ile Asp Leu
145 150

Phe

375

val

Ala

Ile

Met

Tyr
455

Phe

Arg

Glu

Leu

55

Ser

Ile

Ile

Gly

Leu
135

Leu

1.1V

Met

Pro

Arg

Ala

Ala
440

Asp

Ser

Leu

40

Pro

Val

AsSn

Ile

Gly
120

Val

Ala

Ser

Ala

Ala

Gly

425

val

Ser

Arg

25

Glu

Ser

Arg

Asn

Gly
105

Ile

Arg

Lys

Phe

Val

Val

410

Val

Gly

Gln

10

Pro

Gln

Glu

Glu

Gly

30

Glu

Ala

Tyr

Ala

Ala

Val

395

Ser

Ser

Phe

Thr

Leu

Met

Arg

Ala

75

Glu

Leu

His

Ala

Leu
155

Ser

380

Met

Pro

Pro

Val

Glu

Ala

Ile

Glu

60

Leu

Arg

Ser

Phe

Ala
140

Glu

360

Leu

Ile

Ile

Phe

Val
445

Asp

Arg

Arg

45

Leu

Ala

Ala

Gly

Glu
125

Glu

Ile

Ile

Met

Thr

Ala

430

Asn

Ser

Lys

30

Arg

Met

Ala

Arg

Met
110

Gln

His

Asn

Pro

Pro

Ala

415

Val

Met

Ser

15

Lys

Arg

Ala

Leu

val

95

Ala

Leu

Ala

Ser

Asn

Met

400

Val

Val

Ile

Pro

Leu

Glu

Phe

Lys

80

Ser

Lys

Arg

Thr

Gln
160
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Ser

Arg

Val

Gln

Ile

225

Leu

Gln

Leu

val

Ala

Ala

210

vVal

Gln

Thr

Asp

Leu

Leu

195

Leu

Asp

Ser

Thr

<210> 37

<211> 297
<212> PRT
<213> Escherichia coli

<400> 37
Met Ala Thr

1

Asp

Phe

Gly

Ile

65

Gly

Arg

Phe

Ala

xr~1

Gln

Asn

Glu
50

val

Cys

Tyr

Ser

Asp
130

Foaem

Gln

Ile
35

Ala

Ala

val

Gly

Phe

115

Gly

T i~

Asn

Ala

180

Leu

His

Ala

His

Asn
260

Asn

Gln
20

Gln

Phe

Glu

Ser

Phe

100

Glu

Leu

Ml

Asn

165

Glu

Asp

Glu

Ile

Leu

245

Lys

Leu

Ala

Gln

Val

Glu

Thr

85

Asp

Glu

Pro

Ala

Ile

Trp

His

Arg

230

Asn

Lys

Arg

Leu

Gly

Gln

Ala

70

Ala

Ala

His

Met

Ala

Pro

Leu

Asn

215

Arg

Ser

Lys

Gly

Asp

Ile

Ser
55

Lys

Glu

vVal

Cys

val
135

T

Phe

Gly

Tle

200

Asn

His

Val

Val

Lys

Asp

40

Leu

Gly

Ser

Ser

Asp

120

Val

1~

Ile

Asn

185

Ala

val

Asp

Ser

Met

Ala
25

Gly

Ser

Lys

Gln

Ala

105

His

Tyr

Arg

170

Pro

Ala

Ser

Pro

Ala
250

Ala

10

Ser

Leu

Glu

Ile

Gln

90

val

Tyr

Asn

il e

Ser

Ile

Arg

Tyr

Asp

235

Thr

Ala

Leu

Tyr

Arg

Lys

75

Leu

Thr

Arg

Ile

T i

Asp

Phe

Pro

Gln

220

Glu

Trp

Leu

Arg

val

Glu

Leu

Ala

Pro

Ala

Pro
140

ra1

val

Met

Thr

205

Gln

Ala

His

Leu

Arg

Gly

45

Gln

Ile

Ala

Phe

Ile

125

Ala

L1} AN

Asp

Ala

190

Vval

His

Asp

Ala

Thr

Leu

30

Gly

Val

Ala

Ser

Tyr

110

Ile

Leu

Phe

175

Ile

Thr

Ile

Arg

Phe
255

Pro

15

Val

Ser

Leu

His

Ala

95

Tyr

Asp

Ser

His

His

Asp

Ala

Ala

240

Gly

Phe

Gln

Thr

Glu

val

80

Lys

Pro

Ser

Gly

1.
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veal

145

val

Ile

Ile

Thr

Lys

225

Lys

Thr

Pro

Ala

Lys

Gly

Arg

Phe

Tyr

210

Glu

Val

Val

Phe

Gln
290

e

Ala

Arg

Ala

195

Asn

Gly

Ile

Leu

Gly

275

Gln

<210> 38

<211> 496
<212> PRT
<213> Escherichia coli

<400> 38

Met Ser Thr

1

Ala

Gly

Glu

Phe

65

Arg

Ala

Gln

Phe

Phe

50

Ile

Tyr

Gly

Trp

Asp

35

Gly

Ser

Gly

Thr

Iir

Leu

Glu

180

Ser

Ile

Asp

Asp

His

260

Pro

Leu

Thr

Arg

20

Phe

Leu

Arg

Arg

Leu
100

L2

Lys

165

His

Gly

Met

Ile

Leu

245

Tyr

val

Met

Thr

Ala

val

Thr

Trp

Arg

85

Ala

nsp

150

Gln

Pro

Leu

Gly

Gln

230

Leu

Met

Asp

Gln

Gln

Phe

Leu

Thr

Phe

70

Leu

Cys

oL

Thr

Asp

Leu

Trp

215

Thr

Ile

Asp

Glu

Glu
295

Asn

Ser

Ile

Val

55

Gly

Ala

Gly

ie

Ser

Leu

Ala

200

Arg

Ala

Lys

Val

Lys

280

Arg

Ile

Ala

Ala

40

Gln

Gly

Met

Phe

£ADBLL

Gly

val

185

Gly

Tyr

Gln

Thr

val

265

Tyr

Gly

Pro

Ala

25

Leu

Ala

Leu

val

Ala
108

Lriur

Asp

170

Leu

Ala

Gln

Lys

Gly

250

Ser

Leu

Trp

10

Trp

val

Ala

Met

Thr

90

Pro

e

155

Leu

Tyr

Asp

Gly

Leu

235

val

val

Pro

Tyr

Leu

Leu

Ser

TLeu

75

Ser

Gly

val

Tyr

Asn

Gly

Ile

220

Gln

Phe

Pro

Glu

Arg

Gly

Thr

Leu

Gly

Ile

Tyr

a0

Gln

Gly

Gly

205

val

Thr

Arg

Leu

Leu
285

His

Tyr

Glu

45

Ile

Ala

val

Ile

Leu

Met

Tyr

130

Ile

Lys

Glu

Gly

Cys

270

Lys

Leu

Leu

val

Ser

Met

Leu

Thr
110

FLO

Glu

175

Asp

Gly

Ala

Cys

Leu

255

Arg

Ala

Asn

15

Leu

Gln

Ala

Gly

Phe

95

Met

Sy

160

Gln

Glu

Ser

Leu

Asn

240

Lys

Lys

Leu

Arg

Asp

Gly

Ala

Asp

80

Ser

Phe
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Ile

Ser

Ala

145

Ala

Phe

Asn

Pro

Ala

225

Phe

Leu

Arg

Leu

Asp

305

Gly

Trp

Leu

Leu

Gly
385

Ala

Ala

130

Ser

Gln

Phe

Ile

Val

210

Asn

Ala

Cys

Trp

Tyr

290

Leu

Phe

Leu

Leu

Gly

370

Ile

Arg

115

Thr

Gly

val

Ile

Pro

195

Arg

Ile

Gly

Ala

Pro

275

Ser

Ala

Gly

Gly

Ile

355

Leu

Leu

Leu

Tyr

Phe

Tyr

Gly

180

Glu

Thr

Val

Asn

Ala

260

Thr

Trp

Tyr

Ala

Thr

340

Ile

Leu

Pro

Val

Val

Leu

Ser

165

Ile

Ala

Met

Met

Leu

245

Ile

Gly

Pro

Asn

Ala

325

Arg

Pro

Leu

Lys

Ile Gly

Tle Glu
135

Ile Ser
150

Leu Val

Leu Pro

Glu Asp

Val Asp
215

Thr Leu

230

Gln Asn

Phe Ile

Val Met

Ile Gln
295

Pro His
310

Val Gly

Lys Ala

Val Phe

Phe Phe

375

Leu Ile
390

Met

120

Ser

Gly

val

Tle

Trp

200

Ile

Ala

Ala

Ser

Leu

280

Ala

Thr

Cys

Tyr

Ala

360

Gln

Gly

PRV

Gly

Trp

Phe

Pro

Ile

185

Lys

Leu

Ala

Ala

Phe

265

Met

Leu

val

Cys

val

345

Ile

Gln

Gly

Met Ala

Pro Lys

Ser val
155

Val Trp
170

Phe Ala

Glu Lys

Tyr Arg

Ala Thr

235

Ile Vval
250

Met Val

vVal val

Leu Pro

Ala Asn

315

Val Gly

330

Cys Ser

Gly Gly

Met Leu

Tyr Phe
395

Gly

His

140

Gly

Gly

Leu

His

Gly

220

Ala

Ala

Gln

val

Thr

300

val

Gly

Leu

Ala

Gly

380

Asp

Glu

125

Leu

Ala

Trp

Trp

Ala

205

Glu

Leu

Val

Ser

Leu

285

Tyr

Leu

Phe

Leu

Asn

365

Gln

Thr

Tyr

Arg

Val

Arg

Leu

190

Gly

His

Trp

Leu

Ala

270

Phe

Leu

Phe

Leu

Ala

350

vVal

Gly

Asp

Gly

Asn

val

Ala

175

Arg

Lys

Arg

Phe

Gly

255

Gly

Ala

Lys

Phe

Gly

335

Ser

Trp

Ile

Gln

Ser

Lys

Ala

160

Leu

Lys

Ala

Ile

Cys

240

Leu

Lys

Phe

Thr

Ser

320

Asp

Gln

val

Ala

Arg
400
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Ala

Leu

Thr

Leu

Glu
465

Ala

Ala

Ala

Ala

Ile

450

Ala

val

Gly

Pro

Leu

435

Gly

Leu

Pro

<210> 39

<211> 229
<212> PRT
<213> Escherichia coli

<400> 39

Met Ser Leu

1

Leu

Glu

Ala

Val

65

Pro

Ala

Val

Ala

Leu
145

Ile

Ile

Ile

50

Ser

Val

Gly

Pro

Met

130

Gly

Val

Val

35

Arg

Val

Arg

Ala

Val

115

Thr

Ala

Leu Gly Fhe
405

Ile Ile Gly
420

Ala Ser Leu

Leu Asp Met

Arg Thr His
470

Phe Gly Ser
485

Leu Ala Gln

Ser Cys Gln
20

Ala Ala Met

Ile Glu Gly

Pro Ile Ile
70

Ile Thr Ala
85

Asp Ile Ile
100

Glu Thr Leu

Asp Cys Ser

Glu Ile Ile
150

Thr

Ala

Ser

Pro

455

Asp

Ala

Leu

Pro

Ala

Val

55

Gly

Tyr

Ala

Leu

Thr

135

Gly

Tyr

Leu

Phe

440

Ser

Ala

Lys

Asp

val

Leu

40

Ala

Ile

Ile

Ile

Ala

120

Pro

Thr

Asn

Ile

425

Ser

Arg

Ile

val

410

Ala

Leu

Val

Asp

Gly

Gln

Thr

Gln

Gly
475

Ala

Arg

Phe

Arg

460

Lys

Leu

Leu

Val

445

Trp

Pro

Gly

Asp

430

Val

Leu

Phe

Gly

415

Leu

Ile

Arg

Ser

Ala

Gly

Leu

Pro

Gly
480

Asn Asp Leu Val Lys Thr Lys Ser

Gln

Pro

25

Ala

Asn

val

Glu

Asp

105

Arg

Glu

Thr

490

Lys

10

Asp

Ala

Leu

Lys

Asp

90

Gly

Ile

Asp

Leu

Ile

Ser

Glu

Gln

Arg

75

val

Thr

His

Gly

Ser
155

Ala

Pro

Gln

Ala

60

Asp

Asp

Asp

His

Leu

140

Gly

Ala

Leu

Ala

45

Thr

Leu

Ala

Arg

His

125

Ala

Tyr

Asn

Asp

Gly

Arg

Glu

Leu

Pro

110

Gly

Cys

Thr

435

Gly

15

Lys

Ala

Ala

Asp

Ala

95

Arg

Leu

Gln

Thr

Gly

Pro

vVal

vVal

Ser

80

Gln

Pro

Leu

Lys

Pro
160
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Glu Thr Pro

Ala Gly Cys

Ala Ala Asp

Ala

Lys
225

Ile
210

Lys

195

Thr

Ala

<210> 40
<211> 291
<212> PRT
<213> Escherichia coli

<400> 40
Met Thr Thr

1

Leu

Pro

Val

Gly

Gly

Asn

Glu

val

Thr

145

Pro

Ile

Ile

Ala

Ser

50

Ile

Gly

Leu

Phe

Ser

130

Gly

His

Ala

Gly

Ser

35

Pro

Ile

Leu

Pro

Gln

115

Thr

Pro

Gly

Ser

Glu

Arg

180

Ala

Arg

val

Leu

Ala

20

Gln

Leu

Arg

Leu

Thr

100

Ala

Gly

Gly

Pro

Gly

10N

Glu
165

vVal

Met

Leu

Leu

Ala

Asp

Thr

Gln

Asp

His

85

Ile

Leu

val

Gly

Val

165

Arg

Pro

Ile

Arg

Glu

Ile

Gly

Pro

Ala

Gly

70

Phe

Ala

Asp

Gly

Leu

150

Cys

Gly

Asp

Ala

His

His
215

Asp

Gln

Glu

His

55

Ser

Pro

Ile

Gly

Gly

135

Ala

Gly

Ile

Leu

Glu

Gly
200

Ile

Ile

Ile

Ala

40

Ala

Leu

Leu

Asn

Asp

120

Gly

Gly

Cys

Ala

Ala

Gly

185

Ala

Cys

Gly

Arg

25

Leu

Gln

Leu

Val

Asp

105

Ile

val

His

Gly

aAla

10K

Leu
170

Arg

Trp

Gln

Gly

10

Asp

Arg

Arg

Ala

Lys

90

Ala

Thr

Val

Ile

Arg

170

Ala

Val

Tyr

Ala

Trp

Thr

Arg

Asp

Val

Leu

75

Thr

Gln

Asp

Ser

Gly

155

Thr

Ala

Lys

Asn

Val

Tyr
220

Lys

Arg

Ala

Ala

60

Asn

Leu

Ala

Met

Gly

140

His

Gly

Gln

Thr

Thr

Thr
205

Asn

Leu

Glu

Leu

45

Ile

Pro

Glu

Ala

val

125

Cys

Thr

Cys

Gly

Leu

Pro

190

Val

Thr

Ala

Leu

30

Ser

Ala

His

Gln

Ala

110

Phe

Lys

Leu

Val

Glu

1 an

Ser
175

Ala

Gly

Ala

Ala

15

Pro

Ala

Ser

Asn

Leu

95

Trp

Ile

Leu

Ala

Glu

175

Leu

Asp

Gln

Ser

Met

Ala

Thr

Leu

Thr

Leu

80

Thr

Ala

Thr

Leu

Asp

160

Ala

Ala
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LoV

Gly Ala Asp Ala Lys Thr
195

Gln Ala Gln Gln Leu Ile
210

Ile Ala Asp Ile Lys Ala
225 230

Gly Ser Val Gly Leu Ala
245

Leu Ala Gln Glu Pro Ala
260

Tyr Arg His Asp Ala Gly
275

Glu Lys Leu
290
<210> 41
<211> 154
<212> PRT
<213> Escherichia coli

<400> 41
Met Met Met Gly Glu Val
1 5

Ala Leu Gln Asp Ala Leu
20

Lys Ala Pro Gly Arg Tyr
35

Val Met Thr Phe Agn Thr
50

His Glu Gln Tyr Ile Asp
65 70

Ile Leu Phe Gly Met Ala
85

His Glu Asp Asp Tyr Gln
100

Ile Ile Leu Lys Pro Gly
115

His Lys Pro Gly Cys Val
130

Ile

His

215

Thr

Glu

Ala

Leu

Gln

Thr

Glu

Gln

55

Ile

Gly

Leu

Met

val
135

Phe

200

Arg

Thr

Gly

Phe

Leu
280

Ser

Leu

Leu

40

Ser

Gln

Thr

Cys

Phe
120

Gly

100

Thr

Ser

Asp

Tyr

His

265

Gly

Leu

Ala

25

Gln

Pro

Leu

Ala

Ser
105

Ala

Glu

Arg

Ala

Cys

Leu

250

val

Ala

Pro

10

Leu

Gly

Val

Leu

Arg

Thr

Val

Pro

Ala

Arg

Gln

235

Ala

Asp

Ala

Ser

Ala

Asp

Glu

Leu

75

Gln

Ile

Phe

Gly

Gly

Thr

220

Cys

Leu

Leu

Leu

Ala

Ala

Asn

Lys

60

Asn

Cys

Asp

Met

Glu
140

Gln

205

Leu

Val

Val

Leu

Leu
285

Gly

Arg

Ile

45

Lys

Gly

Glu

Asn

Pro
125

Ile

LIV

Gly Asp

Ala Arg

Vval val

Glu Thr
255

Ala Ala
270

Ala Gln

Leu His
15

Pro Gln
30

Phe Met

Ala Glu

Glu Glu

Glu Phe

95

Glu Gln
110

Gly Glu

Lys Lys

Glu

Leu

Gly

240

Tyr

His

Gly

Pro

Glu

Asn

Leu

Arg

His

Ala

Pro

val
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Val Val Lys Val Lys Ala Asp Leu Met Ala
150

145

<210> 42
<211> 5861

<212> DNA

<213> Escherichia coli

<400> 42
gaacattgtt

acaacgatgt
aggtgaggtyg
ataatattca
gcgttacatt
caaagagaaa
atgttaatca
agattcttca
ctccgaaatg
tgaacaatta
gcgtgaageg
cagetegegte
agatttcctt
atccagtctg
adaagcactg
cgttgatttc
cgttgeocetg
cgaacataac
tgatcctgac
gcacgettte
cattataagce
atatcgttta

taatggctge

gtcgectggt
ccggcgagge
aagaggcgaa
gccaacaact
cgttctacta
cggcggatgg

ccctggatea

gaactcegtg
tatatttttt
atttttcatt
taatgctcegt
aatttttcge
accctgecat
cactgacctt
cctgcaattg
gtggaagaag
ccgtetgaac
ctggcagegt
tcgegtoctt
tctcateceeg
gtgcgetatg
gaaatcaaca
caccgcgtge
ctogactgge
aacgttagtt
gaagccgatc
ggtcagacca
tttctgtatg
tcagacaagc

actcctgact

tocagttcaat
ctttgtacaa
aggtaagatt
tgeggeateg
tectttecage
tttgccgatg

gatcaacaca

tcaaaagaaa
gcaaggctat
aaaaaatatg
gaatagtctt
aatagttaat
ttteeccctac
acagaatggg
gtcgcaactt
agctggaaca
gcgaactgat
taaaacgcaa
ctgcggacac
gtgggattge
cggctgaaca
gtcagtcgcet
tggcggagat
ttattgecge
atcaacagca
gtgegttgea
ccaacaaaaa
gggtgttget
atcacttcag

ccttttgace

attcagcagg
agcctttceg
aaactcatcg
gctaaacgtt
tttgaagaac

gtggtgtaca

cttgttacat

acggtcaatce
ttatggtgcg
cgcttatgat
ataaataatt
tattccgtta
tttcaatcct
ccttatgaac
gcgtagccge
gatgatccge
ggcgttettt
aggtctggtg
tatcatcggt
ccatttcgaa
tgccaccgat
ggataacaac
ccccggtaac
acgcccaacg
tattgecgate
atcgcatcte
gaaataatge
taattgatct
aggtatttat

daacaacaagc

gcatcgacgg
agcgtgaaca
cccacgtegg
atggcttega
actgcgatca
acattccage

tgcetggegt

ccataaacgg
gatgtcgtgt
tattttgtaa
caaacgggat
attatggtaa
gtgataggat
gcatttgatt
ccgctggege
cgtcgtgaat
aacgtcggge
caaataaaca
gagctttceg
caattacgtc
gagcaaatcg
gcggcattca
ccaatcttca
gttaccgatc
gttgatgcga
aacagcgtct
cactttagtg
ggtataacag
ggcaacgaat

actggataaa

tttatacgtg
ggtactggaa
ttgegtcage
tgcegtetee
ctatcgggca
cctgagtggy

aggtgegetg

cagattgaaa
ttttaattgt
gaacacattc
gtttttatct
tgatgaggca
gtecactgatg
cgcaaaccga
gtaaaaaact
ttggcgaagg
gtectteggt
acggcgaacg
gcatggcgaa
tgttetttga
atttgctgge
ttcgttcaga
tggcgatcca
aggecactgeca
tcegecgtcea
ctgctacctg
aagcagatcg
gtataaaggt
ttacgtggeg

gcgagtetge

ggtggttcega
atcgtcgecg
accgccgaaa
geagtceacge
attattgatt
gtaaaactga

aaacagacct

DK/EP 3467100 T3

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



ctggegatet
acggttacga
gtacctacaa
atatccagac
aaacgggcgt
cgctgtgeeg
tggcecagea
gtgaggggaa
cccaccgegg
tcaaccgtge
ttgatttegt
cggtgcaggc
tgecteggege
tettetegge
ctegtetggt
ttgaaagctg
ctgtgggggce
gtgecgetgtt
tecccggaage
tggatattct
ctactgegoet
ttgggetgtt

ggccaacggg

ttcaggeget

ccaatgtget
teggtgactg
tgattattec
tcttccagea
atttcgatac
gcggtgcact
cgetggeatc
tgeetteteg
acggtaaacc
ccaaaagtta
gtegttactt
ccagecggtt
ggcagaacag

gcgtgeggty

ctatcagatg
cgaaatcttc
catcatgggce
cgcgcagaaa
attcegegge
caaaccgttt
gttgatgcaa
ataaacgcat
gagactcaca
acaatggcgce
tttaatcgee
ggcaagtctg
tatgggtgac
cgggacgetyg
catcggcatg
gccaaaacat
cgtegttgee
ctttatcgge
ggaagactgg
ctacegtggt
gtggttetge
atgcgeccogea
cgtaatgetg

gctgccaacg

gttetttagt
getgggaace
ggtatttgeg
aatgcttgga
cgaccagegt
ggccccaatc
getetegtte
cgttecagegt
attcageggt
atcctgttge
gecacaactgg
ccggacagce
gegggegegy

gtgagcgtge

gagcagatcc
gcctctggte
tggegetatce
ctgcaaactg
ctgaaaactg
ggaccggtag
gagcgegggt
ctgtacccta
atgagtacta
gcatttteecg
ctggtactca
atctctgcag
cgcetacggge
gectgegget
gggatggegy
ctgagtaaca
gotcaggtet
attttgeccaa
aaagagaaac
gaacatcgca
ttecgeeggta
atctttatca

atggtggteg

tatctgaaaa

ggctttggeg
cgcaaagegt
attggeggeg
caagggatcg
gcagcgggec
atcggegegt
agtctgacgt
tggttgegece
gcegtgeegt
ceggtetatg
atcaaaaaat
cgcetegataa
ttgecatteg

cgattattgg

gtegtgaaca
tgctggeggy
aggggatcgt
aatgcaataa
tcctecatta
atgaaaaata
gagttgttte
caattttcat
caacccagaa
ctgectggtt
ccgaagtaca
cctttatecte
gtegtetgge
ttgegecagy
gtgaatacgg
aagccagtgg
atagcetggt
tcatctttge
acgcaggtaa
ttgccaatat
acctgeaaaa
gctttatggt
tgttgtttge

ccgatetgge

tcctgatett
cgctgatggt
taaggegectg
agtcattgat
tatggatgtc
tcotgecagaa
cacctegeteg
accaaagcgt
tatccegtgg
gggatatetg
aggtgaattc
tcgetggttce
aatggtcace
ctacatcacc
ttccagcgee
ttttttgatt
ggttecggte
tctetggetyg
agcaccagta
cgtaatgaca
tgcegegate
gcagagtgca
tttcetctac

ttataacccg

gtgctectata
ggtatcggca
aaagaaggcg
ttactgatca
gtttctgtge
ctgaaggega
cccactacegg
gtgggcatcyg
tatcgecate
cttgacggtt
gggctgacga
ggcggcctga
agcatcgtte
atgtttateg
acctatgtca
tcaggettet
tggggetgge
cgtaaaaaca
cgcacaatgg
ctggcggcgy
gtegetgtte
ggcaaacgcet
tcatggeccega

catactgtag

cggeggtggg
acgtttgtag
caaacgtctg
ccgggatctt
tgggctttac
tgatcgctca
tegtggtgat
cggaagaegtt
ttggcagcge
taccgggccet
cgctgctaac
accegaaate
cattgaaggt

aattgtgaaa

atgctgegta
cctgetggee
ggtgetoggt
accaaaactg
ctacaacgtt
acgtctggat
coetgetgatt
gcegtactcat
caaaaacgat
ttecgetaagg
ggtggcctga
gtegecgeca
gtggcaaatc

cgcgatetgg

ggtggcettec
tegecagetge
ctgttactgt
attggeggtt
ggcgeattgyg
ctgggtactg
gggctggata
gacgcetateg
ttagtcaaaa
gaagatgtat
ttgtctectyg
tggcattage
tgcaagccac

aggattctcc
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1860
1320
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180

3240

3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020

4080



ggtacgcatce
tatcgecatt
tattcaccat
atgccaaaag
aacgccagaa
gattgocgaa
gtgggcggtg
cacagcgatg
cttgecgeeg
ccagcoagee
caagctcatg
ctggegetta
gaacaactta
gagtttecagg
gttggcggeg
catatcggge
tgcgtggaag

ggcgeggatg

ctgattcace
gattgecagt
gtggaaacgt
taccgecatg
tgatgggtga
taacgetggae
gogacaatat
cggaattgca
tgtttggeat
agctttgecag
tgtttatgce
aaaaggttgt
<210> 43

<211> 264
<212> PRT

acggcctata
gacggcacceg
cacggtttac
ctgggagccg
gagccggatce
gggcegttaca
acggtcggtt
aaaaaggcgg
cgetgattgg
agacaccaga
cgcagcgggt
atccgcataa
ccaatttgec
cgctggatgg
gtgtagtgag
atacgettge
cgattgeotte

cgaaaactat

gctecgeacyg
gegtggtggt
atctggcgca
atgcaggttt
agtacagtca
attagctgee
ctttatgaat
cgagcaatac
ggcaggcact
caccattgat
aggtgaaccg

ggtgaaggtt

<213> Escherichia coli

<400> 43

ttgaagatgt
accgacagag
tggcgatgac
aaattattgg
tggcgetggt
acacgectgce
ctgcaatcac
tgctatgacc
cgetgacggg
ageccttgegt
tgccatecget
tottggtgga
gaccattgec
cgatataacc
cggctgcaaa
cgatecacac
tggtegegge

tttcacgegce

tgatgegetg
taecggtgeet
cgactgctcea
cactacgctt
gaaaacgttg
tcaggeggeg
gcgtcttgag
acactggcga
cagatcecgeg
gatgccttat
tcgaccggga
ttgctacact
attaacgacg
gatatggtcet
ctgecttaceg
ggceccagtet
attgcagcgg

gccgggcagg

gegeaggegyg
gttgaaacge
acgccggaag
tctggctata
agcgacgcecg
gatgegatge
cacatttgtc
ttgatatcgg
atcgtegtga
ccgecattagt
taatccgtga
tteegttagt
cgecaggcage
ttatcaccgt
gecectggegy
geggcetgtgg
cagegeagag

gtgacgagca

gcgeggacat
tgetggcacg
acggectgge
ccacgcctga
gatgtegggt
gacacggaege
agtggtacaa
cggtactaaa
actteoctacg
ctecteegttg
cggcagcttg
caaaacgcetg
agcatgggeg
ttecacegge
tctggegggyg
acgcacaggt
ggagttgget

ggcgcageag

tacgettgeca aggetgatcg ctgatattaa agccacaact

cggtggeage
ggagccagceg
acttgggget
ttaccgtctg
agaccgcaag
gtcatgacgt
attgatatcc
gegegteagt
aacgagcaag
cataaaccag

aaggctgatt

gttggtetgy
gcatttcatg
gegetgttgg
ctgggttaca
aaaaagcgcc
ttaacactca
agctgttatt
gtgaagagtt
ceatcatett
gatgecgttgt

taatggctta

cagaagggta
ttgatttact
cccagggaga
tcectgegtta
gggtcgttac
atcgccecegte
aaacggtgag
ccaccatgag
aaaaccggga
cggcgagect

a

tetggegetyg
ggcggcgeat
aaaattatga
caggacgcgt
gaattacagg
gagaaaaaag
gaacggattce
gatgattatc
atgttecgeeg

ggagagatta

Met Lys Gln Tyr Leu Glu Leu Met Gln Lys Val Leu Asp Glu Gly Thr

1

5

10

15
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Arg
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Trp
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Val
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Ser

210

Pro
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His

Thr

Trp
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val
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Ala

Glu
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Arg

Lys
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Leu
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Ala

Ala

100

Leu

Ala
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Tyr

Ser
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vVal

His

Pro

Phe

Ala
260

Arg

Asn

Arg

Ile
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Trp

Asn

Trp

Phe

Gln
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Tyr

Gly

Met

Lys

Glu

245

Pro

Thr

Leu

Ser

Ala

70

Glu

Pro

Gln

Asn

Phe

150

Arg

Ala

Asp

Asp

Leu

230

Asp

val

Gly

Gln

Ile

55

Tyr

Asn

Thr

Leu

val

135

Gln

Ser

Leu

Phe

Gln

215

Ile

Phe

Ala

Thr

Asp

40

Ile

Leu

Gly

Pro

Lys
120

Gly

Phe

Cys

Leu

val

200

Thr

Ile

Glu

Ile

Gly

25

Gly

His

His

Asp

Asp

105

Asn

Glu

Tyr

Asp

Vval
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Trp

His
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Ile

Thr

Phe

Glu

Glu

Leu

90

Gly

Asp

Leu

val

val

170

His

Thr

Leu

Arg

Glu
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Leu

Pro

Leu

Asn

75

Gly

Arg

Pro

Asp

Ala

155

Phe

Met

Gly

Gln

Lys
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Gly

Ser

Leu

Leu

60

Asn

Pro

His

Asp

Lys

140

Asp

Leu

Met

Gly

Leu
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Pro

Tyr

Ile

Val

45

Trp

Val

val

Ile

Ser
125

Met

Gly

Gly

Ala

Asp

205

Ser

Glu

Asp

Phe

30

Thr

Phe

Thr

Tyr

Asp

110

Arg

Ala

Lys

Leu

Gln

130

Thr

Arg

Ser

Pro

Gly

Thr

Leu

Ile

Gly

85

Gln

Arg
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Leu

Pro
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Gln

His

Glu

Ile

His
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Lys

Gln

Trp

Lys

Ile

Ile

Ala

Ser
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Phe

Cys
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Pro
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Patentkrav

1. Fremgangsmade til fremstilling af et sialyleret oligosaccharid i en bakterie,

omfattende:
tilvejebringelse af en bakterie, hvilken bakterie omfatter en exogen
sialyltransferase, en deficient sialinsyre katabolisk proces, en sialinsyre-
syntetisk evne, og et funktionelt lactosepermeasegen, hvor naevnte
deficiente sialinsyre kataboliske proces omfatter et endogent N-
acetylneuraminatlyasegen (nanA) og et endogent N-acetylmannosamin-6-
phosphatepimerasegen (nank), som er muterede, og et endogent N-
acetylmannosaminkinasegen (nank) som ikke er muteret, og dyrkning af
navnte bakterie under tilstedevaerelse af lactose.

2. Fremgangsmaden ifglge krav 1, hvor naevnte deficiente sialinsyre kataboliske
proces yderligere omfatter en mutation i endogent N-acetylneuraminsyre-
transportergen (nanT).

3. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor
mutationen omfatter en null-mutation.

4. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor
neevnte sialinsyre-syntetiske evne omfatter et exogent CMP-Neu5Ac-syntetasegen
(neuA), et exogent sialinsyresyntasegen (neuB) og en exogen UDP-GlcNac 2-
epimerase (neuC).

5. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor
nevnte exogene sialyl-transferasegen er a(2,3)-sialyl-transferase, a(2,6)-sialyl-
transferase eller a(2,8)-sialyltransferase.

6. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor
neevnte sialylerede oligosaccharid omfatter 3'-sialyllactose (3'-SL) eller 6'-
sialyllactose (6'-SL).

7. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor
naevnte bakterie omfatter et fjernet eller inaktiveret endogent B-galactosidase-
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gen, isar hvor naevnte fjernede eller inaktiveret B-galactosidasegen omfatter E.
coli lacZ-genet.

8. Fremgangsmaden ifslge krav 1, hvor naevnte bakterie omfatter et rekombinant
5 B-galactosidasegen, som tilvejebringer et lavt men detekterbart niveau af -
galactosidaseaktivitet.

9. Fremgangsmaden ifslge et hvilket som helst af de foregdende krav, hvor
nevnte bakterie yderligere omfatter et fjernet, inaktiveret eller muteret /acA-gen.
10
10. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor
nevnte bakterie omfatter en forgget UDP-GIcNAc-produktionsevne, iszer
(a) hvor naevnte forggede UDP-GIcNAc-produktionsevne omfatter
overeksprimering af et nagC-gen, et gimS-gen, et gimY-gen, et gimzZ-gen
15 eller en hvilken som helst kombination deraf;
(b) hvor naevnte forggede UDP-GIcNAc-produktionsevne omfatter
overeksprimering af E. coli nagC-gen;
(¢) hvor naevnte forggede UDP-GIcNAc-produktionsevne omfatter
overeksprimering af nagC og gimSs;
20 (d) hvor naevnte forggede UDP-GIcNAc-produktionsevne omfatter
overeksprimering af nagC og gimyY; eller
(&) hvor naevnte forggede UDP-GIcNAc-produktionsevne omfatter
overeksprimering af nagC og gimZ.

25 11. Fremgangsmade til fremstilling af et N-acetylglucosamin-holdigt
oligosaccharid i en bakterie, omfattende:

tilvejebringelse af en bakterie, hvilken bakterie omfatter et exogent UDP-
GlcNAc:Gala/B-R B 3-N-acetylglucosaminyltransferasegen, et funktionelt
lactosepermeasegen; og

30 dyrkning af naevnte bakterie under tilstedeveaerelsen af lactose,
hvor naevnte bakterie omfatter overeksprimering af
(a) et nagC-gen, et gimS-gen, et gimY-gen, et gimzZ-gen eller en hvilken
som helst kombination deraf;
(b) E. coli nagC-gen;

35 (¢) nagC-gen og gimS-gen;
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(d) nagC-gen og gimY-gen; eller
(&) nagC-gen og gimZ-gen.

12. Fremgangsmaden ifglge krav 11, hvor naevnte bakterie omfatter en forgget
UDP-GIcNAc-produktionsevne.

13. Fremgangsmaden ifglge krav 11 eller 12, hvor naevnte N-acetylglucosamin-
holdige oligosaccharid omfatter et hvilket som helst valgt fra Lacto-N-triose 2
(LNT2), Lacto-N-tetraose (LNT), Lacto-N-neotetraose (LNnT), Lacto-N-
fucopentaose I (LNF I), Lacto-N-fucopentaose II (LNF II), Lacto-N-fucopentaose
ITI (LNF III), Lacto-N-fucopentaose V (LNF V), Lacto-N-difucohexaose I (LDFH I),
Lacto-N-difucohexaose II (LDFH II) og Lacto-N-neodifucohexaose II (LFNnDFH II).

14. Fremgangsmaden ifglge et hvilket som helst af kravene 1-13, hvor naevnte
bakterie er E. coli.

15. Fremgangsmaéde til oprensning af et sialyleret oligosaccharid fremstillet ved
fremgangsmaden ifglge et hvilket som helst af kravene 1-10, omfattende binding
af naevnte sialylerede oligosaccharid fra et bakteriecellelysat eller en bakteriecelle-
kultursupernatant af naevnte bakterie til en carbonsgjle, og eluering af naevnte
sialylerede oligosaccharid fra naevnte sgjle.

16. Fremgangsmade til oprensning af et N-acetylglucosamin-holdigt
oligosaccharid fremstillet ved fremgangsmaden ifalge et hvilket som helst af
kravene 11-14, omfattende binding af naevnte N-acetylglucosamin-holdige
oligosaccharid fra et bakteriecellelysat eller en bakteriecellekultursupernatant af
neevnte bakterie til en carbonsgjle, og eluering af naevnte N-acetylglucosamin-
holdige oligosaccharid fra naevnte sgjle.

17. Isoleret E. coli-bakterie omfattende et fjernet eller inaktiveret endogent B-
galactosidasegen, et exogent sialyl-transferasegen, en deficient sialinsyre
katabolisk proces, en sialinsyre-syntetisk evne og et funktionelt lactose-
permeasegen, hvor naevnte deficiente sialinsyre katabolisk proces omfatter et
endogent N-acetylneuraminatlyasegen (nanA) og et endogent N-



10

15

20

25

30

35

DK/EP 3467100 T3

4

acetylmannosamin-6-phosphatepimerasegen (nank), som er muterede, og et
endogent N-acetylmannosaminkinasegen (nank), som ikke er muteret, isaer
(a) hvor nzevnte bakterie yderligere omfatter et rekombinant B-
galactosidasegen, som tilvejebringer et lavt men detekterbart niveau af B-
galactosidaseaktivitet; eller
(b) et exogent UDP-GIcNAc:Gala/B-R B 3-N-acetylglucosaminyltransferase-
gen og et funktionelt lactosepermeasegen.

18. Isoleret bakterieveaertsstamme omfattende et nukleinsyrekonstrukt
omfattende et exogent sialyl-transferasegen, et fjernet eller inaktiveret endogent
B-galactosidasegen, en sialinsyresynteseproces, et funktionelt lactosepermease-
gen og et fjernet lactoseacetyltransferasegen, hvor bakterieveertsstammen
yderligere omfatter et endogent N-acetylneuraminatlyasegen (nanA) og et
endogent N-acetylmannosamin-6-phosphatepimerasegen (nank), som er
muterede, og et endogent N-acetylmannosaminkinasegen (nank), som ikke er
muteret, isaer hvor naevnte exogene sialyl-transferasegen koder for a(2,3) sialyl-
transferase eller a(2,6) sialyl-transferase.

19. Isoleret bakterieveaertsstamme omfattende et nukleinsyrekonstrukt
omfattende et exogent UDP-GIcNAc:Gala/-R B 3-N-acetylglucosaminyl-
transferasegen, et funktionelt lactosepermeasegen og et endogent N-
acetylmannosaminkinasegen (nank), som ikke er muteret, og hvor
bakterievaertsstammen omfatter overeksprimering af

(a) et nagC-gen, et gimS-gen, et gimY-gen, et gimzZ-gen eller en hvilken

som helst kombination deraf;

(b) E. coli nagC-gen;

(¢) nagC-gen og gimS-gen;

(d) nagC-gen og gimY-gen; eller

(&) nagC-gen og gimZ-gen.

20. Fremgangsmaden ifglge et hvilket som helst af kravene 1-10, yderligere
omfattende udvinding af naevnte sialylerede oligosaccharid fra naevnte bakterie
eller fra en kultursupernatant af naevnte bakterie; eller fremgangsmaden ifglge et
hvilket som helst af kravene 11-13, yderligere omfattende indvinding af naevnte
N-acetylglucosamin-holdige oligosaccharid fra naevnte bakterie eller fra en
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kultursupernatant af naevnte bakterie.

21. Fremgangsmaden ifglge et hvilket som helst af kravene 1-10, hvor naevnte
bakterie omfatter en forgget UDP-GlcNac-produktionsevne omfattende et eller
flere gim-gener valgt fra gruppen bestdende af: gimS, gimY og gimZ.

22. Fremgangsmade til fremstilling af et sialyleret oligosaccharid fra modermaelk i
en bakterie omfattende:
tilvejebringelse af en bakterie, hvilken bakterie omfatter en mutation i
endogent N-acetylneuraminatlyase- (nanA) gen, en mutation i endogent N-
acetylmannosamin-6-phosphatepimerasegen (nank), en mutation i
endogent N-acetylneuraminsyretransportergen (nanT) og et endogent N-
acetylmannosaminkinasegen (nank), som ikke er muteret, og

dyrkning af naevnte bakterie under tilstedeveerelsen af lactose.
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Pathway engineering for & -sialyliactose
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