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CAMPYLOBACTER GLYCOSYLTRANSFERASES FOR
BIOSYNTHESIS OF GANGLIOSIDES AND GANGLIOSIDE MIMICS

CROSS-REFERENCE TO RELATED APPLICATIONS

“ This application claims benefit of US Provisional Application No.
60/118,213, which was filed on February 1, 1999, and is a continuation-in-part of US
Application No. 09/495,406 filed January 31, 2000, both of which are incorporated herein by

reference for all purposes.

BACKGROUND OF THE INVENTION

Field of the Invention

This invention pertains to the field of enzymatic synthesis of

oligosaccharides, including gangliosides and ganglioside mimics.

Background

Gangliosides are a class of glycolipids, often found in cell membranes, that
consist of three elements. One or more sialic acid residues are attached to an oligosaccharide
or carbohydrate core moiety, which in turn is attached to a hydrophobic lipid (ceramide)
structure which generally is embedded in the cell membrane. The ceramide moiety includes
a long chain base (LCB) portion and a fatty acid (FA) portion. Gangliosides, as well as other
glycolipids and their structures in general, are discussed in, for example, Lehninger,
Biochemistry (Worth Publishers, 1981) pp. 287-295 and Devlin, Textbook of Biochemistry
(Wiley-Liss, 1992). Gangliosides are classified according to the number of monosaccharides
in the carbohydrate moiety, as well as the number and location of sialic acid groups present
in the carbohydrate moiety. Monosialogangliosides are given the designation “GM”,
disialogangliosides are designated “GD”, trisialogangliosides “GT”, and
tetrasialogangliosides are designated “GQ”. Gangliosides can be classified further depending
on the position or positions of the sialic acid residue or residues bound. Further classification
is based on the number of saccharides present in the oligosaccharide core, with the subscript

“1” designating a ganglioside that has four saccharide residues (Gal-GalNAc-Gal-Gle-
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Ceramide), and the subscripts “2”, “3” and “4” representing trisaccharide (GalNAc-Gal-Glc-
Ceramide), disaccharide (Gal-Glc-Ceramide) and monosaccharide (Gal-Ceramide)
gangliosides, respectively. |

Gangliosides are most abundant in thé brain, particularly in nerve endings.
They are believed to be present at receptor sites for neurotransmitters, including
acetylcholine, and can also act as specific receptors for other biological macromolecules,
including interferon, hormones, viruses, bacterial toxins, and the like. Gangliosides are have
been used for treatment of nervous system disorders, including cerebral ischemic strokes.
See, e.g., Mahadnik et al. (1988) Drug Development Res. 15: 337-360; US Patent Nos.
4,710,490 and 4,347,244; Horowitz (1988) Adv. Exp. Med. and Biol. 174: 593-600; Karpiatz
et al. (1984) Adv. Exp. Med. and Biol. 174: 489-497. Certain gangliosides are found on the
surface of human hematopoietic cells (Hildebrand ez al. (1972) Biochim. Biophys. Acta 260:
272-278; Macher et al. (1981) J. Biol. Chem. 256: 1968-1974; Dacremont et al. Biochim.
Biophys. Acta 424: 315-322; Klock et al. (1981) Blood Cells 7: 247) which may play a role
in the terminal granulocytic differentiation of these cells. Nojiri ez al. (1988) J. Biol. Chem.
263: 7443-7446. These gangliosides, referred to as the “neolacto” series, have neutral core
oligosaccharide structures having the formula [GalP-(1,4)GleNAcB(1,3)] 1GalB(1,4)Gle,
where n = 1-4. Included among these neolacto series gangliosides are 3’-nLM;
(NeuAco(2,3)Galp(1,4)GlcNAcf(1,3)Galp(1,4)-Glep(1,1)-Ceramide) and 6’-nLM,;
(NeuAco(2,6)Galp(1,4)GlcNAcB(1,3)Galp(1,4)-Glep(1,1)-Ceramide).

Ganglioside “mimics” are associated with some pathogenic organisms. For
example, the core oligosaccharides of low-molecular-weight LPS of Campylobacter jejuni
0:19 strains were shown to exhibit molecular mimicry of gangliosides. Since the late 1970s,
Campylobacter jejuni has been recognized as an important cause of acute gastroenteritis in
humans (Skirrow (1977) Brit. Med. J. 2: 9-11). Epidemiological studies have shown that
Campylobacter infections are more common in developed countries than Salmonella
infections and they are also an important cause of diarrheal diseases in developing countries
(Nachamkin et al. (1992) Campylobacter jejuni: Current Status and Future Trends.
American Society for Microbiology, Washington, DC.). In addition to causing acute

gastroenteritis, C. jejuni infection has been implicated as a frequent antecedent to the
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development of Guillain-Barré syndrome, a form of neuropathy that is the most common
cause of generalyzed paralysis (Ropper (1992) N. Engl. J. Med. 326: 1130-1136). The most
common C. jejuni serotype associated with Guillain-Barré syndrome is O:19 (Kuroki (1993)
Ann. Neurol. 33: 243-247) and this prompted detailed study of the lipopolysaccharide (LPS)
structure of strains belonging to this serotype (Aspinall et al. (1994a) Infect. Immun. 62
2122-2125; Aspinall et al. (1994b) Biochemistry 33: 241-249; and Aspinall et al. (1994c)
Biochemistry 33: 250-255):

Terminal oligosaccharide moieties identical to those of GD1a, GD3, GM1
and GT1a gangliosides have been found in various C. jejuni O:19 strains. C. jejuni OH4384
belongs to serotype 0:19 and was isolated from a patient who developed the Guillain-Barré
syndrome following a bout of diarrhea (Aspinall ez al. (1994a), supra.). It was showed to
possess an outer core LPS that mimics the tri-sialylated ganglioside GT1a. Molecular
mimicry of host structures by the saccharide portion of LPS is considered to be a virulence
factor of various mucosal pathogens which would use this strategy to evade the immune
response (Moran et al. (1996a) FEMS Immunol. Med. Microbiol. 16: 105-115; Moran et al.
(1996b) J. Endotoxin Res. 3: 521-531).

Consequently, the identification of the genes involved in LPS synthesis and
the study of their regulation is of considerable interest for a better understanding of the
pathogenesis mechanisms used by these bacteria. Moreover, the use of gangliosides as
therapeutic reagents, as well as the study of ganglioside function, would be facilitated by
convenient and efficient methods of synthesizing desired gangliosides and ganglioside
mimics. A combined enzymatic and chemical approach to synthesis of 3°-nLM, and 6’-
nLM]; has been described (Gaudino and Paulson (1994) J. Am. Chem. Soc. 116: 1149-1150).
However, previously available enzymatic methods for ganglioside synthesis suffer from
difficulties in efficiently producing enzymes in sufficient quantities, at a sufficiently low
cost, for practical large-scale ganglioside synthesis. Thus, a need exists for new enzymes
involved in ganglioside synthesis that are amenable to large-scale production. A need also
exists for more efficient methods for synthesizing gangliosides. The present invention fulfills

these and other needs.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A-1C show lipooligosaccharide (LOS) outer core structures from C.
Jjejuni O:19 strains. These structures were described by Aspinall et al. (1994) Biochemistry
33, 241-249, and the portions showing similarity with the oligosaccharide portion of
gangliosides are delimited by boxes. Figure 1A: LOS of C. jejuni O:19 serostrain (ATCC
#43446) has structural similarity to the oligosaccharide portion of ganglioside GD1a. Figure
1B: LOS of C. jejuni O:19 strain OH4384 has structural similarity to the oligosaccharide
portion of ganglioside GT1a. Figure 1C: LOS of C. jejuni OH4382 has structural similarity
to the oligosaccharide portion of ganglioside GD3.

Figures 2A-2B show the genetic organization of the csz-I locus from OH4384
and comparison of the LOS biosynthesis loci from OH4384 and NCTC 11168. The distance
between the scale marks is 1 kb. Figure 2A shows a schematic representation of the OH4384
cst-I locus, based on the nucleotide sequence which is available from GenBank
(#AF130466). The partial pr/B gene is somewhat similar to a peptide chain release factor
(GenBank #AE000537) from Helicobacter pylori, while the cysD gene and the partial cysN
gene are similar to E. coli genes encoding sulfate adenylyltransferase subunits (GenBank
#AE000358). Figure 2B shows a schematic representation of the OH4384 LOS biosynthesis
locus, which is based on the nucleotide sequence from GenBank (#AF130984). The
nucleotide sequence of the OH4382 LOS biosynthesis locus is identical to that of OH4384
except for the cgtd gene, which is missing an “A” (see text and GenBank #AF167345). The
sequence of the NCTC 11168 LOS biosynthesis locus is available from the Sanger Centre
(URL:http//www.sanger.ac.uk/Projects/C_jejuni/). Corresponding homologous genes have

the same number with a trailing “a” for the OH4384 genes and a trailing “b” for the NCTC
11168 genes. A gene unique to the OH4384 strain is shown in black and genes unique to NCTC
11168 are shown in grey. The OH4384 ORF’s #5a and #10a are found as an in-frame fusion
ORF (#5b/10b) in NCTC 11168 and are denoted with an asterisk (*). Proposed functions for
each ORF are found in Table 4.

Figure 3 shows an alignment of the deduced amino acid sequences for the
sialyltransferases. The OH4384 cst-I gene (first 300 residues), OH4384 cst-II gene (identical
to OH4382 cst-II), 0:19 (serostrain) cst-IT gene (GenBank #AF167344) , NCTC 11168 cst-11
gene and an H. influenzae putative ORF (GenBank #U32720) were aligned using the
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ClustalX alignment program (Thompson et al. (1997) Nucleic Acids Res. 25,4876-82). The
shading was produced by the program GeneDoc (Nicholas, K. B., and Nicholas, H. B. (1997)
URL: http://www.cris.com/~ketchup/genedoc.shtml).

Figure 4 shows a scheme for the enzymatic synthesis of ganglioside mimics
using C. jejuni OH4384 glycosyltransferases. Starting from a synthetic acceptor molecule, a
series of ganglioside mimics was synthesized with recombinant o-2,3-sialyltransferase (Cst-
1), B-1,4-N-acetylgalactosaminyltransferase (CgtA), B-1,3-galactosyltransferase (CgtB), and
a bi-functional a-2,3/a-2,8-sialyltransferase (Cst-IT) using the sequences shown. All the
products were analyzed by mass spectrometry and the observed monoisotopic masses
(shown in parentheses) were all within 0.02 % of the theoretical masses. The GM3, GD3,
GM2 and GM1a mimics were also analyzed by NMR spectroscopy (see Table 4).

SUMMARY OF THE INVENTION
The present invention provides prokaryotic glycosyltransferase enzymes and
nucleic acids that encode the enzymes. In one embodiment, the invention provides isolated
and/or recombinant nucleic acid molecules that include a polynucleotide sequence that
encodes a polypeptide selected from the group consisting of:

a) apolypeptide having lipid A biosynthesis acyltransferase activity,
wherein the polypeptide comprises an amino acid sequence that is at least about 70%
identical to an amino acid sequence encoded by nucleotides 350-1234 (ORF 2a) of
the LOS biosynthesis locus of C. jejuni strain OH4384 as shown in SEQ ID NO:1;

b) apolypeptide having glycosyltransferase activity, wherein the
polypeptide comprises an amino acid sequence that is at least about 70% identical to
an amino acid sequence encoded by nucleotides 1234-2487 (ORF 3a) of the LOS
biosynthesis locus of C. jejuni strain OH4384 as shown in SEQ ID NO:1;

c) apolypeptide having glycosyltransferase activity, wherein the
polypeptide comprises an amino acid sequence that is at least about 50 % identical to
an amino acid sequence encoded by nucleotides 2786-3952 (ORF 4a) of the LOS
biosynthesis locus of C. jejuni strain OH4384 as shown in SEQ ID NO:1 over a

region at least about 100 amino acids in length;
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d) apolypeptide having B1,4-GalNAc transferase activity, wherein the
GalNAc transferase polypeptide has an amino acid sequence that is at least about
77% identical to an amino acid sequence as set forth in SEQ ID NO:17 over a regibn
at least about 50 amino acids in length;

e) apolypeptide having B1,3-galactosyltransferase activity, wherein
the galactosyltransferase polypeptide has an amino acid sequence that is at least
about 75% identical to an amino acid sequence as set forth in SEQ ID NO:27 or SEQ
ID NO:29 over a region at least about 50 amino acids in length;

f) apolypeptide having either 02,3 sialyltransferase activity or both
02,3- and 2,8 sialyltransferase activity, wherein the polypeptide has an amino acid
sequence that is at least about 66% identical over a region at least about 60 amino
acids in length to an amino acid sequence as set forth in one or more of SEQ ID
NO:3, SEQ ID NO:5, SEQ ID NO:7 or SEQ ID NO:10;

g) apolypeptide having sialic acid synthase activity, wherein the
polypeptide comprises an amino acid sequence that is at least about 70% identical to
an amino acid sequence encoded by nucleotides 6924-7961 of the LOS biosynthesis
locus of C. jejuni strain OH4384 as shown in SEQ ID NO:1;

h) a polypeptide having sialic acid biosynthesis activity, wherein the
polypeptide comprises an amino acid sequence that is at least about 70% identical to
an amino acid sequence encoded by nucleotides 8021-9076 of the LOS biosynthesis
locus of C. jejuni strain OH4384 as shown in SEQ ID NO:1;

i) apolypeptide having CMP-sialic acid synthetase activity, wherein
the polypeptide comprises an amino acid sequence that is at least about 65% identical
to an amino acid sequence encoded by nucleotides 9076-9738 of the LOS
biosynthesis locus of C. jejuni strain OH4384 as shown in SEQ ID NO:1;

j) apolypeptide having acetyltransferase activity, wherein the
polypeptide comprises an amino acid sequence that is at least about 65% identical to
an amino acid sequence encoded by nucleotides 9729-10559 of the LOS biosynthesis
locus of C. jejuni strain OH4384 as shown in SEQ ID NO:1; and
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k) apolypeptide having glycosyltransferase activity, wherein the
polypeptide comprises an amino acid sequence that is at least about 65% identical to
an amino acid sequence encoded by a reverse complement of nucleotides 10557-
11366 of the LOS biosynthesis locus of C. jejuni strain OH4384 as shown in SEQ ID
NO:1.

In presently preferred embodiments, the invention provides an isolated
nucleic acid molecule that includes a polynucleotide sequence that encodes one or more
polypeptides selected from the group consisting of: a) a sialyltransferase polypeptide that
has both an 2,3 sialyltransferase activity and an «2,8 sialyltransferase activity, wherein the
sialyltransferase polypeptide has an amino acid sequence that is at least about 76% identical
to an amino acid sequence as set forth in SEQ ID NO:3 over a region at least about 60 amino
acids in length; b) a GalNAc transferase polypeptide that has a B1,4-GalNAc transferase
activity, wherein the GalNAc transferase polypeptide has an amino acid sequence that is at
least about 75% identical to an amino acid sequence as set forth in SEQ ID NO:17 over a
region at least about 50 amino acids in length; and ¢) a galactosyltransferase polypeptide
that has B1,3-galactosyltransferase activity, wherein the galactosyltransferase polypeptide
has an amino acid sequence that is at least about 75% identical to an amino acid sequence as
set forth in SEQ ID NO:27 over a region at least about 50 amino acids in length.

Also provided by the invention are expression cassettes and expression
vectors in which a glycosyltransferase nucleic acid of the invention is operably linked to a
promoter and other control sequences that facilitate expression of the glycosyltransferases in
a desired host cell. Recombinant host cells that express the glycosyltransferases of the
invention are also provided.

The invention also provides isolated and/or recombinantly produced
polypeptides selected from the group consisting of:

a) apolypeptide having lipid A biosynthesis acyliransferase activity,
wherein the polypeptide comprises an amino acid sequence that is at least about 70%
identical to an amino acid sequence encoded by nucleotides 350-1234 (ORF 2a) of
the LOS biosynthesis locus of C. jejuni strain OH4384 as shown in SEQ ID NO:1;
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b) apolypeptide having glycosyltransferase activity, wherein the
polypeptide comprises an amino acid sequence that is at least about 70% identical to
an amino acid sequence encoded by nucleotides 1234-2487 (ORF 3a) of the LOS
biosynthesis locus of C. jejuni strain OH4384 as shown in SEQ ID NO:1;

¢) apolypeptide having glycosyltransferase activity, wherein the
polypeptide comprises an amino acid sequence that is at least about 50 % identical to
an amino acid sequence encoded by nucleotides 2786-3952 (ORF 4a) of the LOS
biosynthesis locus of C. jejuni strain OH4384 as shown in SEQ ID NO:1"over a
region at least about 100 amino acids in length; '

d) apolypeptide having $1,4-GalNAc transferase activity, wherein the
GalNACc transferase polypeptide has an amino acid sequence that is at least about
77% identical to an amino acid sequence as set forth in SEQ ID NO:17 over a region
at least about 50 amino acids in length;

e) apolypeptide having B1,3-galactosyltransferase activity, wherein
the galactosyltransferase polypeptide has an amino acid sequence that is at least
about 75% identical to an amino acid sequence as set forth in SEQ ID NO:27 or SEQ
ID NO:29 over a region at least about 50 amino acids in length;

f) apolypeptide having either 2,3 sialyltransferase activity or both
02,3 and o2,8 sialyltransferase activity, wherein the polypeptide has an amino acid
sequence that is at least about 66% identical to an amino acid sequence as set forth in
SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7 or SEQ ID NO:10 over a region at least
about 60 amino acids in length;

g) apolypeptide having sialic acid synthase activity, wherein the
polypeptide comprises an amino acid sequence that is at least about 70% identical to
an amino acid sequence encoded by nucleotides 6924-7961 of the LOS biosynthesis
locus of C. jejuni strain OH4384 as shown in SEQ ID NO:1;

h) apolypeptide having sialic acid biosynthesis activity, wherein the
polypeptide comprises an amino acid sequence that is at least about 70% identical to
an amino acid sequence encoded by nucleotides 8021-9076 of the LOS biosynthesis
locus of C. jejuni strain OH4384 as shown in SEQ ID NO:1;
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i) apolypeptide having CMP-sialic acid synthetase activity, wherein
the polypeptide comprises an amino acid sequence that is at least about 65% identical
to an amino acid sequence encoded by nucleotides 9076-9738 of the LOS
biosynthesis locus of C. jejuni strain OH4384 as shown in SEQ ID NO:1;

j) apolypeptide having acetyltransferase activity, wherein the

- polypeptide comprises an amino acid sequence that is at least about 65% identical to
an amino acid sequence encoded by nucleotides 9729-10559 of the LOS biosynthesis
locus of C. jejuni strain OH4384 as shown in SEQ ID NO:1; and

k) apolypeptide having glycosyltransferase activity, wherein the
polypeptide comprises an amino acid sequence that is at least about 65% identical to
an amino acid sequence encoded by a reverse complement of nucleotides 10557-
11366 of the LOS biosynthesis locus of C. jejuni strain OH4384 as shown in SEQ ID
NO:1.

In presently preferred embodiments, the invention provides
glycosyltransferase polypeptides including: a) a sialyltransferase polypeptide that has both
an 02,3 sialyltransferase activity and an a2,8 sialyltransferase activity, wherein the
sialyltransferase polypeptide has an amino acid sequence that is at least about 76% identical
to an amino acid sequence as set forth in SEQ ID NO:3 over a region at least about 60 amino
acids in length; b) a GalNAc transferase polypeptide that has a $1,4-GalNAc transferase
activity, wherein the GalNAc transferase polypeptide has an amino acid sequence that is at
least about 75% identical to an amino acid sequence as set forth in SEQ ID NO:17 over a
region at least about 50 amino acids in length; and ¢) a galactosyltransferase polypeptide
that has p1,3-galactosyltransferase activity, wherein the galactosyltransferase polypeptide
has an amino acid sequence that is at least about 75% identical to an amino acid sequence as
set forth in SEQ ID NO:27 or SEQ ID NO:29 over a region at least about 50 amino acids in
length.

The invention also provides reaction mixtures for the synthesis of a sialylated
oligosaccharide. The reaction mixtures include a sialyltransferase polypeptide which has
both an a2,3 sialyltransferase activity and an o2,8 sialyltransferase activity. Also present in

the reaction mixtures are a galactosylated acceptor moiety and a sialyl-nucleotide sugar. The
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sialyltransferase transfers a first sialic acid residue from the sialyl-nucleotide sugar (e.g.,
CMP-sialic acid) to the galactosylated acceptor moiety in an 2,3 linkage, and further adds a
second sialic acid residue to the first sialic acid residue in an 2,8 linkage.

In another embodiment, the invention provides methods for synthesizing a
sialylated oligosaccharide. These methods involve incubating a reaction mixture that
includes a sialyltransferase polypeptide which has both an 02,3 sialyltransferase activity and
an 2,8 sialyltransferase activity, a galactosylated acceptor moiety, and a sialyl-nucleotide
sugar, under suitable conditions wherein the sialyltransferase polypeptide transfers a first
sialic acid residue from the sialyl-nucleotide sugar to the galactosylated acceptor moiety in
an 02,3 linkage, and further transfers a second sialic acid residue to the first sialic acid

residue in an 2,8 linkage.

DETAILED DESCRIPTION

Definitions

The glycosyltransferases, reaction mixtures, and methods of the invention are
useful for transferring a monosaccharide from a donor substrate to an acceptor molecule. The
addition generally takes place at the non-reducing end of an oligosaccharide or carbohydrate
moiety on a biomolecule. Biomolecules as defined here include, but are not limited to,
biologically significant molecules such as carbohydrates, proteins (e.g., glycoproteins), and
lipids (e.g., glycolipids, phospholipids, sphingolipids and gangliosides).

The following abbreviations are used herein:

Ara = arabinosyl;

Fru = fructosyl;

Fuc = fucosyl;

Gal = galactosyl,

GalNAc = N-acetylgalactosaminyl;
Glc = glucosyl;

GleNAc = N-acetylglucosaminyl;

Man = mannosyl; and

NeuAc = sialyl (N-acetylneuraminyl).

10
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The term “sialic acid” refers to any member of a family of nine-carbon
carboxylated sugars. The most common member of the sialic acid family is N-acetyl-
neuraminic acid (2-keto-5-acetamindo-3,5-dideoxy-D-glycero-D-galactononulopyranos-1-
onic acid (often abbreviated as Neu5Ac, NeuAc, or NANA). A second member of the
family is N-glycolyl-neuraminic acid (Neu5Gc or NeuGc), in which the N-acetyl group of
NeuAc is hydroxylated. A third sialic acid family member is 2-keto-3-deoxy-nonulosonic
acid (KDN) (Nadano et al. (1986) J. Biol. Chem. 261: 11550-11557; Kanamori ef al. (1990)
J. Biol. Chem. 265: 21811-21819. Also included are 9-substituted sialic acids such as a 9-O-
C1-Cs acyl-NeuSAc like 9-O-lactyl-Neu5Ac or 9-O-acetyl-NeuSAc, 9-deoxy-9-fluoro-
Neu5Ac and 9-azido-9-deoxy-NeuSAc. For review of the sialic acid family, see, e.g., Varki
(1992) Glycobiology 2: 25-40; Sialic Acids: Chemistry, Metabolism and Function, R.
Schauer, Ed. (Springer-Verlag, New York (1992); Schauer, Methods in Enzymology, 50: 64-
89 (1987), and Schaur, Advances in Carbohydrate Chemistry and Biochemistry, 40: 131-
234.The synthesis and use of sialic acid compounds in a sialylation procedure is disclosed in
international application WO 92/16640, published October 1, 1992.

Donor substrates for glycosyltransferases are activated nucleotide sugars.
Such activated sugars generally consist of uridine and guanosine diphosphates, and cytidine
monophosphate derivatives of the sugars in which the nucleoside diphosphate or ‘
monophosphate serves as a leaving group. Bacterial, plant, and fungal systems can
sometimes use other activated nucleotide sugars.

Oligosaccharides are considered to have a reducing end and a non-reducing
end, whether or not the saccharide at the reducing end is in fact a reducing sugar. In
accordance with accepted nomenclature, oligosaccharides are depicted herein with the non-
reducing end on the left and the reducing end on the right.

All oligosaccharides described herein are described with the name or
abbreviation for the non-reducing saccharide (e.g., Gal), followed by the configuration of the
glycosidic bond (o or B), the ring bond, the ring position of the reducing saccharide involved
in the bond, and then the name or abbreviation of the reducing saccharide (e.g., GlcNAc).
The linkage between two sugars may be expressed, for example, as 2,3, 2—3, or (2,3). Each

saccharide is a pyranose or furanose.
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The term “nucleic acid” refers to a deoxyribonucleotide or ribonucleotide
polymer in either single- or double-stranded form, and unless otherwise limited,
encompasses known analogues of natural nucleotides that hybridize to nucleic acids in
manner similar to naturally occurring nucleotides. Unless otherwise indicated, a particular
nucleic acid sequence includes the complementary sequence thereof.

The term “operably linked” refers to functional linkage between a nucleic
acid expression control sequence (such as a promoter, signal sequence, or array of
transcription factor binding sites) and a second nucleic acid sequence, wherein the
expression control sequence affects transcription and/or translation of the nucleic acid
corresponding to the second sequence.

A “heterologous polynucleotide” or a “heterologous nucleic acid”, as used
herein, is one that originates from a source foreign to the particular host cell, or, if from the
same source, is modified from its original form. Thus, a heterologous glycosyltransferase
gene in a host cell includes a glycosyltransferase gene that is endogenous to the particular
host cell but has been modified. Modification of the heterologous sequence may occur, e.g.,
by treating the DNA with a restriction enzyme to generate a DNA fragment that is capable of
being operably linked to a promoter. Techniques such as site-directed mutagenesis are also
useful for modifying a heterologous sequence.

The term “recombinant” when used with reference to a cell indicates that the
cell replicates a heterologous nucleic acid, or expresses a peptide or protein encoded by a
heterologous nucleic acid. Recombinant cells can contain genes that are not found within
the native (non-recombinant) form of the cell. Recombinant cells also include those that
contain genes that are found in the native form of the cell, but are modified and re-
introduced into the cell by artificial means. The term also encompasses cells that contain a
nucleic acid endogenous to the cell that has been modified without removing the nucleic acid
from the cell; such modifications include those obtained by gene replacement, site-specific
mutation, and related techniques known to those of skill in the art.

A “recombinant nucleic acid” is a nucleic acid that is in a form that is altered
from its natural state. For example, the term “recombinant nucleic acid” includes a coding

region that is operably linked to a promoter and/or other expression control region,

12



10

15

20

25

30

WO 02/074942 PCT/CA02/00229

processing signal, another coding region, and the like., to which the nucleic acid is not linked
in its naturally occurring form. A “recombinant nucleic acid” also includes, for example, a
coding region or other nucleic acid in which one or more nucleotides have been substituted,
deleted, inserted, compared to the corresponding naturally occurring nucleic acid. The
modifications include those introduced by in vitro manipulation, iz vivo modification,
synthesis methods, and the like.

A “recombinantly produced polypeptide” is a polypeptide that is encoded by
a recombinant and/or heterologous nucleic acid. For example, a polypeptide that is expressed
from a C. jejuni glycosyltransferase-encoding nucleic acid which is introduced into E. coli is
a “recombinantly produced polypeptide.” A protein expressed from a nucleic acid that is

operably linked to a non-native promoter is one example of a “recombinantly produced

polypeptide. Recombinantly produced polypeptides of the invention can be used to

synthesize gangliosides and other oligosaccharides in their unpurified form (e.g., as a cell
lysate or an intact cell), or after being completely or partially purified.

A “recombinant expression cassette” or simply an “expression cassette” is a
nucleic acid construct, generated recombinantly or synthetically, with nucleic acid elements
that are capable of affecting expression of a structural gene in hosts compatible with such
sequences. Expression cassettes include at least promoters and optionally, transcription
termination signals. Typically, the recombinant expression cassette includes a nucleic acid to
be transcribed (e.g., a nucleic acid encoding a desired polypeptide), and a promoter.
Additional factors necessary or helpful in effecting expression may also be used as described
herein. For example, an expression cassette can also include nucleotide sequences that
encode a signal sequence that directs secretion of an expressed protein from the host cell.
Transcription termination signals, enhancers, and other nucleic acid sequences that influence
gene expression, can also be included in an expression cassette.

A “subsequence” refers to a sequence of nucleic acids or amino acids that
comprise a part of a longer sequence of nucleic acids or amino acids (e.g., polypeptide)
respectively.

The term “isolated” is meant to refer to material that is substantially or

essentially free from components which normally accompany the material as found in its
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native state. Typically, isolated proteins or nucleic acids of the invention are at least about
80% pure, usually at least about 90%, and preferably at least about 95% pure. Purity or
homogeneity can be indicated by a number of means well known in the art, such as agarose
or polyacrylamide gel electrophoresis of a protein or nucleic acid sample, followed by
visualization upon staining. For certain purposes high resolution will be needed and HPLC
or a similar means for purification utilized. An “isolated” enzyme, for example, is one which
is substantially or essentially free from components which interfere with the activity of the
enzyme. An “isolated nucleic acid” includes, for example, one that is not present in the
chromosome of the cell in which the nucleic acid naturally occurs.

The terms “identical” or percent “identity,” in the context of two or more
nucleic acids 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.

The phrase “substantially identical,” in the context of two nucleic acids or
polypeptides, refers to two or more sequences or subsequences that have at least 60%,
preferably 80%, most preferably 90-95% nucleotide or amino acid residue identity, when
compared and aligned for maximum correspondence, as measured using one of the following
sequence comparison algorithms or by visual inspection. Preferably, the substantial identity
exists over a region of the sequences that is at least about 50 residues in length, more
preferably over a region of at least about 100 residues, and most preferably the sequences are
substantially identical over at least about 150 residues. In a most preferred embodiment, the
sequences are substantially identical over the entire length of the coding regions.

For sequence comparison, typically 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 algorithm then calculates the percent sequence identity for the test

sequence(s) relative to the reference sequence, based on the designated program parameters.
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Optimal alignment of sequences for comparison can be conducted, e.g., by
the local homology algorithm of Smith & Waterman, Adv. Appl. Math. 2:482 (1981), by the
homology alignment algorithm of Needleman & Wunsch, J. Mol. Biol. 48:443 (1970), by the
search for similarity method of Pearson & Lipman, Proc. Nat’l. Acad. Sci. USA 85:2444
(1988), by computerized implementations of these algorithms (GAP, BESTFIT, FASTA,
and TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group, 575
Science Dr., Madison, WI), or by visual inspection (see generally, Current Protocols in
Molecular Biology, F.M. Ausubel et al., eds., Current Protocols, a joint venture between
Greene Publishing Associates, Inc. and John Wiley & Sons, Inc., (1995 Supplement)
(Ausubel)).

Examples of algorithms that are suitable for determining percent sequence
identity and sequence similarity are the BLAST and BLAST 2.0 algorithms, which are
described in Altschul et al. (1990) J. Mol. Biol. 215: 403-410 and Altschuel ez al. (1977)
Nucleic Acids Res. 25: 3389-3402, respectively. Software for performing BLAST analyses
is publicly available through the National Center for Biotechnology Information
(http://www.ncbi.nlm.nih.gov/). For example, the comparisons can be performed using a
BLASTN Version 2.0 algorithm with a wordlength (W) of 11, G=5, E=2, q=-2,andr= 1.,
and a comparison of both strands. For amino acid sequences, the BLASTP Version 2.0
algorithm can be used, with the default values of wordlength (W) of 3, G=11, E=1, and a
BLOSUMBS62 substitution matrix. (see Henikoff & Henikoff, Proc. Natl. Acad. Sci. US4
89:10915 (1989)).

In addition to calculating percent sequence identity, the BLAST algorithm
also performs a statistical analysis of the similarity between two sequences (see, e.g., Karlin
& Altschul, Proc. Nat’l. Acad. Sci. USA 90:5873-5787 (1993)). One measure of similarity
provided by the BLAST algorithm is the smallest sum probability (P(N)), which provides an
indication of the probability by which a match between two nucleotide or amino acid
sequences would occur by chance. For example, a nucleic acid is considered similar to a
reference sequence if the smallest sum probability in a comparison of the test nucleic acid to
the reference nucleic acid is less than about 0.1, more preferably less than about 0.01, and

most preferably less than about 0.001.
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The phrase “hybridizing specifically to”, refers to the binding, duplexing, or
hybridizing of a molecule only to a particular nucleotide sequence under stringent conditions
when that sequence is present in a complex mixture (e.g., total cellular) DNA or RNA. The
term “stringent conditions” refers to conditions under which a probe will hybridize to its
target subsequence, but to no other sequences. Stringent conditions are sequence-dependent
and will be different in different circumstances. Longer sequences hybridize specifically at
higher temperatures. Generally, stringent conditions are selected to be about 5°C lower than
the thermal melting point (Tm) for the specific sequence at a defined ionic strength and pH.
The Tm is the temperature (under defined ionic strength, pH, and nucleic acid concentration)
at which 50% of the probes complementary to the target sequence hybridize to the target
sequence at equilibrium. (As the target sequences are generally present in excess, at Tm,
50% of the probes are occupied at equilibrium). Typically, stringent conditions will be those
in which the salt concentration is less than about 1.0 M Na ion, typically about 0.01 to 1.0 M
Na ion concentration (or other salts) at pH 7.0 to 8.3 and the temperature is at least about
30°C for short probes (e.g., 10 to 50 nucleotides) and at least about 60°C for long probes
(e.g., greater than 50 nucleotides). Stringent conditions may also be achieved with the
addition of destabilizing agents such as formamide.

A further indication that two nucleic acid sequences or polypeptides are
substantially identical is that the polypeptide encoded by the first nucleic acid is
immunologically cross reactive with the polypeptide encoded by the second nucleic acid, as
described below. Thus, a polypeptide is typically substantially identical to a second
polypeptide, for example, where the two peptides differ only by conservative substitutions.
Another indication that two nucleic acid sequences are substantially identical is that the two
molecules hybridize to each other under stringent conditions, as described below.

The phrases “specifically binds to a protein” or “specifically immunoreactive
with”, when referring to an antibody refers to a binding reaction which is determinative of
the presence of the protein in the presence of a heterogeneous population of proteins and
other biologics. Thus, under designated immunoassay conditions, the specified antibodies
bind preferentially to a particular protein and do not bind in a significant amount to other

proteins present in the sample. Specific binding to a protein under such conditions requires
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an antibody that is selected for its specificity for a particular protein. A variety of
immunoassay formats may be used to select antibodies specifically immunoreactive with a
particular protein. For example, solid-phase ELISA immunoassays are routinely used to
select monoclonal antibodies specifically immunoreactive with a protein. See Harlow and
Lane (1988) Antibodies, A Laboratory Manual, Cold Spring Harbor Publications, New York,
for a description of immunoassay formats and conditions that can be used to determine
specific immunoreactivity.

“Conservatively modified variations” of a particular polynucleotide sequence
refers to those polynucleotides that encode identical or essentially identical amino acid
sequences, or where the polynucleotide does not encode an amino acid sequence, to
essentially identical sequences. Because of the degeneracy of the genetic code, a large
number of functionally identical nucleic acids encode any given polypeptide. For instance,
the codons CGU, CGC, CGA, CGG, AGA, and AGG all encode the amino acid arginine.
Thus, at every position where an arginine is specified by a codon, the codon can be altered to
any of the corresponding codons described without altering the encoded polypeptide. Such
nucleic acid variations are “silent variations,” which are one species of “conservatively
modified variations.” Every polynucleotide sequence described herein which encodes a
polypeptide also describes every possible silent variation, except where otherwise noted.
One of skill will recognize that each codon in a nucleic acid (except AUG, which is
ordinarily the only codon for methionine) can be modified to yield a functionally identical
molecule by standard techniques. Accordingly, each “silent variation” of a nucleic acid
which encodes a polypeptide is implicit in each described sequence.

Furthermore, one of skill will recognize that individual substitutions,
deletions or additions which alter, add or delete a single amino acid or a small percentage of
amino acids (typically less than 5%, more typically less than 1%) in an encoded sequence are
“conservatively modified variations” where the alterations result in the substitution of an
amino acid with a chemically similar amino acid. Conservative substitution tables providing
functionally similar amino acids are well known in the art. One of skill will appreciate that
many conservative variations of the fusion proteins and nucleic acid which encode the fusion

proteins yield essentially identical products. For example, due to the degeneracy of the
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genetic code, “silent substitutions™ (i.e., substitutions of a nucleic acid sequence which do
not result in an alteration in an encoded polypeptide) are an implied feature of every nucleic
acid sequence which encodes an amino acid. As described herein, sequences are preferably
optimized for expression in a particular host cell used to produce the enzymes (e.g., yeast,
human, and the like). Similarly, “conservative amino acid substitutions,” in one or a few
amino acids in an amino acid sequence are substituted with different amino acids with highly
similar properties (see, the definitions section, supra), are also readily identified as being
highly similar to a particular amino acid sequence, or to a particular nucleic acid sequence
which encodes an amino acid. Such conservatively substituted variations of any particular
sequence are a feature of the present invention. See also, Creighton (1984) Proteins, W.H.
Freeman and Company. In addition, individual substitutions, deletions or additions which
alter, add or delete a single amino acid or a small percentage of amino acids in an encoded

sequence are also “conservatively modified variations”.

Description of the Preferred Embodiments

The present invention provides novel glycosyltransferase enzymes, as well as
other enzymes that are involved in enzyme-catalyzed oligosaccharide synthesis. The
glycosyltransferases of the invention include sialyltransferases, including a bifunctional
sialyltransferase that has both an 02,3 and an 2,8 sialyltransferase activity. Also provided
are B1,3-galactosyltransferases, B1,4-GalNAc transferases, sialic acid synthases, CMP-sialic
acid synthetases, acetyltransferases, and other glycosyltransferases. The enzymes of the
invention are prokaryotic enzymes, include those involved in the biosynthesis of
lipooligosaccharides (LOS) in various strains of Campylobacter jejuni. The invention also
provides nucleic acids that encode these enzymes, as well as expression cassettes and
expression vectors for use in expressing the glycosyltransferases. In additional embodiments,
the invention provides reaction mixtures and methods in which one or more of the enzymes
is used to synthesize an oligosaccharide.

The glycosyltransferases of the invention are useful for several purposes. For
example, the glycosyltransferases are useful as tools for the chemo-enzymatic syntheses of
oligosaccharides, including gangliosides and other oligosaccharides that have biological

activity. The glycosyltransferases of the invention, and nucleic acids that encode the
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glycosyltransferases, are also useful for studies of the pathogenesis mechanisms of
organisms that synthesize ganglioside mimics, such as C. jejuni. The nucleic acids can be
used as probes, for example, to study expression of the genes involved in ganglioside
mimetic synthesis. Antibodies raised against the glycosyltransferases are also useful for
analyzing the expression patterns of these genes that are involved in pathogenesis. The
nucleic acids are also useful for designing antisense oligonucleotides for inhibiting
expression of the Campylobacter enzymes that are involved in the biosynthesis of
ganglioside mimics that can mask the pathogens from the host’s immune system.

The glycosyltransferases of the invention provide several advantages over
previously available glycosyltransferases. Bacterial glycosyltransferases such as those of the
invention can catalyze the formation of oligosaccharides that are identical to the
corresponding mammalian structures. Moreover, bacterial enzymes are easier and less
expensive to produce in quantity, compared to mammalian glycosyltransferases. Therefore,
bacterial glycosyltransferases such as those of the present invention are attractive
replacements for mammalian glycosyltransferases, which can be difficult to obtain in large
amounts. That the glycosyltransferases of the invention are of bacterial origin facilitates
expression of large quantities of the enzymes using relatively inexpensive prokaryotic
expression systems. Typically, prokaryotic systems for expression of polypeptide products
involves a much lower cost than expression of the polypeptides in mammalian cell culture
systems.

Moreover, the novel bifunctional sialyltransferases of the invention simplify
the enzymatic synthesis of biologically important molecules, such as gangliosides, that have
a sialic acid attached by an 2,8 linkage to a second sialic acid, which in turn is o2,3-linked
to a galactosylated acceptor. While previous methods for synthesizing these structures
required two separate sialyltransferases, only one sialyltransferase is required when the
bifunctional sialyltransferase of the present invention is used. This avoids the costs |
associated with obtaining a second enzyme, and can also reduce the number of steps

involved in synthesizing these compounds.
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A. Glycosyltransferases and associated enzymes

The present invention provides prokaryotic glycosyltransferase polypeptides,
as well as other enzymes that are involved in the glycosyltransferase-catalyzed synthesis of
oligosaccharides, including gangliosides and ganglioside mimics. In presently preferred
embodiments, the polypeptides include those that are encoded by open reading frames within
the lipooligosaccharide (LOS) locus of Campylobacter species (Figure 1). Included among
the enzymes of the invention are glycosyltransferases, such as sialyltransferases (including a
bifunctional sialyltransferase), p1,4-GalNAc transferases, and 1,3-galactosyltransferases,
among other enzymes as described herein. Also provided are accessory enzymes such as, for
example, CMP-sialic acid synthetase, sialic acid synthase, acetyltransferase, an
acyltransferase that is involved in lipid A biosynthesis, and an enzyme involved in sialic acid
biosynthesis.

The glycosyltransferases and accessory polypeptides of the invention can be
purified from natural sources, e.g., prokaryotes such as Campylobacter species. In presently
preferred embodiments, the glycosyltransferases are obtained from C. jejuni, in particular
from C. jejuni serotype O:19, including the strains OH4384 and OH4382. Also provided are
glycosyltransferases and accessory enzymes obtained from C. jejuni serotypes O:10, O:41,
and O:2. Methods by which the glycosyltransferase polypeptides can be purified include
standard protein purification methods including, for example, ammonium sulfate
precipitation, affinity columns, column chromatography, gel electrophoresis and the like
(see, generally, R. Scopes, Protein Purification, Springer-Verlag, N.Y. (1982) Deutscher,
Methods in Enzymology Vol. 182: Guide to Protein Purification., Academic Press, Inc.
N.Y. (1990)).

In presently preferred embodiments, the glycosyltransferase and accessory
enzyme polypeptides of the invention are obtained by recombinant expression using the
glycosyltransferase- and accessory enzyme-encoding nucleic acids described herein.
Expression vectors and methods for producing the glycosyltransferases are described in
detail below.

In some embodiments, the glycosyltransferase polypeptides are isolated from
their natural milieu, whether recombinantly produced or purified from their natural cells.

Substantially pure compositions of at least about 90 to 95% homogeneity are preferred for
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some applications, and 98 to 99% or more homogeneity are most preferred. Once purified,
partially or to homogeneity as desired, the polypeptides may then be used (e.g., as
immunogens for antibody production or for synthesis of oligosaccharides, or other uses as
described herein or apparent to those of skill in the art). The glycosyltransferases need not,
however, be even partially purified for use to synthesize a desired saccharide structure. For
example, the invention provides recombinantly produced enzymes that are expressed in a
heterologous host cell and/or from a recombinant nucleic acid. Such enzymes of the
invention can be used when present in a cell lysate or an intact cell, as well as in purified

form.

1. Sialyltransferases

In some embodiments, the invention provides sialyltransferase polypeptides.
The sialyltransferases have an a2,3-sialyltransferase activity, and in some cases also have an
2,8 sialyltransferase activity. These bifunctional sialyltransferases, when placed in a
reaction mixture with a suitable saccharide acceptor (e.g., a saccharide having a terminal
galactose) and a sialic acid donor (e.g., CMP-sialic acid) can catalyze the transfer of a first
sialic acid from the donor to the acceptor in an ¢2,3 linkage. The sialyltransferase then
catalyzes the transfer of a second sialic acid from a sialic acid donor to the first sialic acid
residue in an a:2,8 linkage. This type of Siac2,8-Siaa2,3-Gal structure is often found in
gangliosides, including GD3 and GT1a as shown in Figure 4.

Examples of bifunctional sialyltransferases of the invention are those that are
found in Campylobacter species, such as C. jejuni. A presently preferred bifunctional
sialyltransferase of the invention is that of the C. jejuni serotype O:19. One example of a
bifunctional sialyltransferase is that of C. jejuni strain OH 4384; this sialyltransferase has an
amino acid sequence as shown in SEQ ID NO:3. Other bifunctional sialyltransferases of the
invention generally have an amino acid sequence that is at least about 76% identical to the
amino acid sequence of the C. jejuni OH4384 bifunctional sialyltransferase over a region at
least about 60 amino acids in length. More preferably, the sialyltransferases of the invention
are at least about 85% identical to the OH 4384 sialyltransferase amino acid sequence, and
still more preferably at least about 95% identical to the amino acid sequence of SEQ ID

NO:3, over a region of at least 60 amino acids in length. In presently preferred embodiments,
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the region of percent identity extends over a region longer than 60 amino acids. For example,
in more preferred embodiments, the region of similarity extends over a region of at least
about 100 amino acids in length, more preferably a region of at least about 150 amino acids
in length, and most preferably over the full length of the sialyltransferase. Accordingly, the
bifunctional sialyltransferases of the invention include polypeptides that have either or both
the 02,3- and a2,8-sialyltransferase activity and are at least about 65% identical, more
preferably at least about 70% identical, more preferably at least about 80% identical, and
most preferably at least about 90% identical to the amino acid sequence of the C. jejuni OH
4384 CstlI sialyltransferase (SEQ ID NO:3) over a region of the polypeptide that is required
to retain the respective sialyltransferase activities. In some embodiments, the bifunctional
sialyltransferases of the invention are identical to C. jejuni OH 4384 CstlI sialyltransferase
over the entire length of the sialyltransferase.

The invention also provides sialyltransferases that have a2,3 sialyltransferase
activity, but little or no 02,8 sialyltransferase activity. For example, Cstll sialyltransferase of
the C. jejuni O:19 serostrain (SEQ ID NO:9) differs from that of strain OH 4384 by eight
amino acids, but nevertheless substantially lacks «2,8 sialyltransferase activity (Figure 3).
The corresponding sialyltransferase from the O:2 serotype strain NCTC 11168 (SEQ ID
NO:10) is 52% identical to that of OH4384, and also has little or no a2,8-sialyltranfserase
activity. Sialyltransferases that are substantially identical to the CstlI sialyltransferase of C.
Jejuni strain O:10 (SEQ ID NO:5) and 0:41 (SEQ ID NO:7) are also provided. The
sialyltransferases of the invention include those that are at least about 65% identical, more
preferably at least about 70% identical, more preferably at least about 80% identical, and
most preferably at least about 90% identical to the amino acid sequences of the C. jejuni
0:10 (SEQ ID NO:5), 0:41 (SEQ ID NO:7), 0:19 serostrain (SEQ ID NO:9), or O:2
serotype strain NCTC 11168 (SEQ ID NO:10). The sialyltransferases of the invention, in
some embodiments, have an amino acid sequence that is identical to that of the O:10, O:41,
0:19 serostrain or NCTC 11168 C. jejuni strains.

The percent identities can be determined by inspection, for example, or can be

determined using an alignment algorithm such as the BLASTP Version 2.0 algorithm using
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the default parameters, such as a wordlength (W) of 3, G=11, E=1, and a BLOSUM62
substitution matrix.

Sialyltransferases of the invention can be identified, not only by sequence
comparison, but also by preparing antibodies against the C. jejuni OH4384 bifunctional
sialyltransferase, or other sialyltransferases provided herein, and determining whether the
antibodies are specifically immunoreactive with a sialyltransferase of interest. To obtain a
bifunctional sialyltransferase in particular, one can identify an organism that is likely to
produce a bifunctional sialyltransferase by determining whether the organism displays both
a2,3 and o2,8-sialic acid linkages on its cell surfaces. Alternatively, or in addition, one can
simply do enzyme assays of an isolated sialyltransferase to determine whether both

sialyltransferase activities are present.

2. BIl,4-GalNAc transferase
The invention also provides B1,4-GalNAc transferase polypeptides (e.g.,

CgtA). The B1,4-GalNAc transferases of the invention, when placed in a reaction mixture,
catalyze the transfer of a GalNAc residue from a donor (e.g., UDP-GalNAc) to a suitable
acceptor saccharide (typically a saccharide that has a terminal galactose residue). The
resulting structure, GalNAcP1,4-Gal-, is often found in gangliosides and other sphingoids,
among many other saccharide compounds. For example, the CgtA transferase can catalyze
the conversion of the ganglioside GM3 to GM2 (Figure 4).

Examples of the B1,4-GalNAc transferases of the invention are those that are
produced by Campylobacter species, such as C. jejuni. One example of a $1,4-GalNAc
transferase polypeptide is that of C. jejuni strain OH4384, which has an amino acid sequence
as shown in SEQ ID NO:17. The B1,4-GalNAc transferases of the invention generally
include an amino acid sequence that is at least about 75% identical to an amino acid
sequence as set forth in SEQ ID NO:17 over a region at least about 50 amino acids in length.
More preferably, the $1,4-GalNAc transferases of the invention are at least about 85%
identical to this amino acid sequence, and still more preferably are at least about 95%
identical to the amino acid sequence of SEQ ID NO:17, over a region of at least 50 amino
acids in length. In presently preferred embodiments, the region of percent identity extends

over a longer region than 50 amino acids, more preferably over a region of at least about 100
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amino acids, and most preferably over the full length of the GalNAc transferase.
Accordingly, the p1,4-GalNAc transferases of the invention include polypeptides that have
B1,4-GalNAc transferase activity and are at least about 65% identical, more preferably at
least about 70% identical, more preferably at least about 80% identical, and most preferably
at least about 90% identical to the amino acid sequence of the C. jejuni OH 4384 1,4~
GalNAc transferases (SEQ ID NO:17) over a region of the polypeptide that is required to
retain the B1,4-GalNAc transferase activity. In some embodiments, the p1,4-GalNAc
transferases of the invention are identical to C. jejuni OH 4384 B1,4-GalNAc transferase
over the entire Iength of the §1,4-GalNAc transferase.

Again, the percent identities can be determined by inspection, for example, or
can be determined using an alignment algorithm such as the BLASTP Version 2.0 algorithm
with a wordlength (W) of 3, G=11, E=1, and a BLOSUMG62 substitution matrix.

One can also identify f1,4-GalNAc transferases of the invention by
immunoreactivity. For example, one can prepare antibodies against the C. jejuni OH4384
B1,4-GalNAc transferase of SEQ ID NO:17 and determine whether the antibodies are

specifically immunoreactive with a $1,4-GalNAc transferase of interest.

3. Bl,3-Galactosyltransferases

Also provided by the invention are B1,3-galactosyltransferases (CgtB). When
placed in a suitable reaction medium, the B1,3-galactosyltransferases of the invention
catalyze the transfer of a galactose residue from a donor (e.g., UDP-Gal) to a suitable
saccharide acceptor (e.g., saccharides having a terminal GalNAc residue). Among the
reactions catalyzed by the p1,3-galactosyltransferases is the transfer of a galactose residue to
the oligosaccharide moiety of GM2 to form the GM1a oligosaccharide moiety.

Examples of the B1,3-galactosyltransferases of the invention are those
produced by Campylobacter species, such as C. jejuni. For example, one p1,3-galactosyl-
transferase of the invention is that of C. jejuni strain OH4384, which has the amino acid
sequence shown in SEQ ID NO:27.

Another example of a B1,3-galactosyltransferase of the invention is that of the
C. jejuni O:2 serotype strain NCTC 11168. The amino acid sequence of this
galactosyltransferase is set forth in SEQ ID NO:29. This galactosyltransferase expresses well
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in E. coli, for example, and exhibits a high amount of soluble activity. Moreover, unlike the
OH4384 CgtB, which can add more than one galactose if a reaction mixture contains an
excess of donor and is incubated for a sufficiently long period of time, the NCTC 11168
B1,3-galactose does not have a significant amount of polygalactosyltransferase activity. For
some applications, the polygalactosyltransferase activity of the OH4384 enzyme is desirable,
but in other applications such as synthesis of GM1 mimics, addition of only one terminal
galactose is desirable.

The B1,3-galactosyltransferases of the invention generally have an amino acid
sequence that is at least about 75% identical to an amino acid sequence of the OH 4384 or
NCTC 11168 CgtB as set forth in SEQ ID NO:27 and SEQ ID NO:29, respectively, over a
region at least about 50 amino acids in length. More preferably, the B1,3-
galactosyltransferases of the invention are at least about 85% identical to either of these
amino acid sequences, and still more preferably are at least about 95% identical to the amino
acid sequences of SEQ ID NO:27 or SEQ ID NO:29, over a region of at least 50 amino acids
in length. In presently preferred embodiments, the region of percent identity extends over a
longer region than 50 amino acids, more preferably over a region of at least about 100 amino
acids, and most preferably over the full length of the galactosyltransferase. Accordingly, the
B1,3-galactosyltransferases of the invention include polypeptides that have $1,3-
galactosyltransferase activity and are at least about 65% identical, more preferably at least
about 70% identical, more preferably at least about 80% identical, and most preferably at
least about 90% identical to the amino acid sequence of the C. jejuni OH4384 $1,3-
galactosyltransferase (SEQ ID NO:27) or the NCTC 11168 galactosyltransferase (SEQ ID
NO:29) over aregion of the polypeptide that is required to retain the p1,3-
galactosyltransferase activity. In some embodiments, the B1,3-galactosyltransferase of the
invention are identical to C. jejuni OH 4384 or NCTC 11168 p1,3-galactosyltransferase over
the entire length of the B1,3-galactosyltransferase.

The percent identities can be determined by inspection, for example, or can be
determined using an alignment algorithm such as the BLASTP Version 2.0 algorithm with a
wordlength (W) of 3, G=11, E=1, and a BLOSUMS62 substitution matrix.
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The B1,3-galactosyltransferases of the invention can be obtained from the
respective Campylobacter species, or can be produced recombinantly. One can identify the
glycosyltransferases by assays of enzymatic activity, for example, or by detecting specific
immunoreactivity with antibodies raised against the C. jejuni OH4384 (1,3-
galactosyltransferase having an amino acid sequence as set forth in SEQ ID NO:27 or the C.

Jjejuni NCTC 11168 B1,3 galactosyltransferase as set forth in SEQ ID NO:29.

4. Additional enzymes involved in LOS biosynthetic pathway

The present invention also provides additional enzymes that are involved in
the biosynthesis of oligosaccharides such as those found on bacterial lipooligosaccharides.
For example, enzymes involved in the synthesis of CMP-sialic acid, the donor for
sialyltransferases, are provided. A sialic acid synthase is encoded by open reading frame
(ORF) 8a of C. jejuni strain OH 4384 (SEQ ID NO:35) and by open reading frame 8b of
strain NCTC 11168 (see, Table 3). Another enzyme involved in sialic acid synthesis is
encoded by ORF 9a of OH 4384 (SEQ ID NO:36) and 9b of NCTC 11168. A CMP-sialic
acid synthetase is encoded by ORF 10a (SEQ ID NO:37) and 10b of OH 4384 and NCTC
11168, respectively.

The invention also provides an acyltransferase that is involved in lipid A
biosynthesis. This enzyme is encoded by open reading frame 2a of C. jejuni strain OH4384
(SEQ ID NO:32) and by open reading frame 2B of strain NCTC 11168. An acetyltransferase
is also provided; this enzyme is encoded by ORF 11a of strain OH 4384 (SEQ ID NO:38);
no homolog is found in the LOS biosynthesis locus of strain NCTC 11168.

Also provided are three additional glycosyltransferases. These enzymes are
encoded by ORFs 3a (SEQ ID NO:33), 4a (SEQ ID NO:34), and 12a (SEQ ID NO:39) of
strain OH 4384 and ORFs 3b, 4b, and 12b of strain NCTC 11168.

The invention includes, for each of these enzymes, polypeptides that include
an an amino acid sequence that is at least about 75% identical to an amino acid sequence as
set forth herein over a region at least about 50 amino acids in length. More preferably, the
enzymes of the invention are at least about 85% identical to the respective amino acid
sequence, and still more preferably are at least about 95% identical to the amino acid

sequence, over a region of at least 50 amino acids in length. In presently preferred

26



10

15

20

25

30

WO 02/074942 PCT/CA02/00229

embodiments, the region of percent identity extends over a longer region than 50 amino
acids, more preferably over a region of at least about 100 amino acids, and most preferably
over the full length of the enzyme. Accordingly, the enzymes of the invention include
polypeptides that have the respective activity and are at least about 65% identical, more
preferably at least about 70% identical, more preferably at least about 80% identical, and
most preferably at least about 90% identical to the amino acid sequence of the corresponding
enzyme as set forth herein over a region of the polypeptide that is required to retain the
respective enzymatic activity. In some embodiments, the enzymes of the invention are
identical to the corresponding C. jejuni OH 4384 enzymes over the entire length of the

enzyme.

B. Nucleic acids that encode glycosyltransferases and related enzymes

The present invention also provides isolated and/or recombinant nucleic acids
that encode the glycosyltransferases and other enzymes of the invention. The
glycosyltransferase-encoding nucleic acids of the invention are useful for several purposes,
including the recombinant expression of the corresponding glycosyltransferase polypeptides,
and as probes to identify nucleic acids that encode other glycosyltransferases and to study
regulation and expression of the enzymes.

Nucleic acids of the invention include those that encode an entire
glycosyltransferase enzyme such as those described above, as well as those that encode a
subsequence of a glycosyltransferase polypeptide. For example, the invention includes
nucleic acids that encode a polypeptide which is not a full-length glycosyltransferase
enzyme, but nonetheless has glycosyltransferase activity. The nucleotide sequences of the
LOS locus of C. jejuni strain OH4384 is provided herein as SEQ ID NO:1, and the respective
reading frames are identified. Additional nucleotide sequences are also provided, as
discussed below. The invention includes not only nucleic acids that include the nucleotide
sequences as set forth herein, but also nucleic acids that are substantially identical to, or
substantially complementary to, the exemplified embodiments. For example, the invention
includes nucleic acids that include a nucleotide sequence that is at least about 70% identical
to one that is set forth herein, more preferably at least 75%, still more preferaibly at least

80%, more preferably at least 85%, still more preferably at least 90%, and even more
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preferably at least about 95% identical to an exemplified nucleotide sequence. The region of
identity extends over at least about 50 nucleotides, more preferably over at least about 100
nucleotides, still more preferably over at least about 500 nucleotides. The region of a
specified percent identity, in some embodiments, encompasses the coding region of a
sufficient portion of the encoded enzyme to retain the respective enzyme activity. The
specified percent identity, in preferred embodiments, extends over the full length of the
coding region of the enzyme.

The nucleic acids that encode the glycosyltransferases of the invention can be
obtained using methods that are known to those of skill in the art. Suitable nucleic acids
(e.g., cDNA, genomic, or subsequences (probes)) can be cloned, or amplified by in vitro
methods such as the polymerase chain reaction (PCR), the ligase chain reaction (LCR), the
transcription-based amplification system (TAS), the self-sustained sequence replication
system (SSR). A wide variety of cloning and in vitro amplification methodologies are well-
known to persons of skill. Examples of these techniques and instructions sufficient to direct
persons of skill through many cloning exercises are found in Berger and Kimmel, Guide to
Molecular Cloning Techniques, Methods in Enzymology 152 Academic Press, Inc., San
Diego, CA (Berger); Sambrook et al. (1989) Molecular Cloning - A Laboratory Manual
(2nd ed.) Vol. 1-3, Cold Spring Harbor Laboratory, Cold Spring Harbor Press, NY,
(Sambrook et al.); Current Protocols in Molecular Biology, F.M. Ausubel et al, eds.,
Current Protocols, a joint venture between Greene Publishing Associates, Inc. and John
Wiley & Sons, Inc., (1994 Supplement) (Ausubel); Cashion ef al., U.S. patent number
5,017,478; and Carr, European Patent No. 0,246,864. Examples of techniques sufficient to
direct persons of skill through in vitro amplification methods are found in Berger, Sambrook,
and Ausubel, as well as Mullis et al., (1987) U.S. Patent No. 4,683,202; PCR Protocols 4
Guide to Methods and Applications (Innis ef al., eds) Academic Press Inc. San Diego, CA
(1990) (Innis); Arnheim & Levinson (October 1, 1990) C&EN 36-47; The Journal Of NIH
Research (1991) 3: 81-94; (Kwoh et al. (1989) Proc. Natl. Acad. Sci. USA 86: 1173; Guatelli
et al. (1990) Proc. Natl. Acad. Sci. USA 87, 1874; Lomell et al. (1989) J. Clin. Chem., 35:
1826; Landegren et al., (1988) Science 241: 1077-1080; Van Brunt (1990) Biotechnology 8:
291-294; Wu and Wallace (1989) Gene 4: 560; and Barringer ef al. (1990) Gerne 89: 117.
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Improved methods of cloning in vitro amplified nucleic acids are described in Wallace et al.,
U.S. Pat. No. 5,426,039.

Nucleic acids that encode the glycosyltransferase polypeptides of the
invention, or subsequences of these nucleic acids, can be prepared by any suitable method as
described above, including, for example, cloning and restriction of appropriate sequences.
As an example, one can obtain a nucleic acid that encodes a glycosyltransferase of the
invention by routine cloning methods. A known nucleotide sequence of a gene that encodes
the glycosyltransferase of interest, such as are described herein, can be used to provide
probes that specifically hybridize to a gene that encodes a suitable enzyme in a genomic
DNA sample, or to a mRNA in a total RNA sample (e.g., in a Southern or Northern blot).
Preferably, the samples are obtained from prokaryotic organisms, such as Campylobacter
species. Examples of Campylobacter species of particular interest include C. jejuni. Many C.
Jejuni O:19 strains synthesize ganglioside mimics and are useful as a source of the
glycosyltransferases of the invention.

Once the target glycosyltransferase nucleic acid is identified, it can be
isolated according to standard methods known to those of skill in the art (see, e.g., Sambrook
et al. (1989) Molecular Cloning: A Laboratory Manual, 2nd Ed., Vols. 1-3, Cold Spring
Harbor Laboratory; Berger and Kimmel (1987) Methods in Enzymology, Vol. 152: Guide to
Molecular Cloning Techniques, San Diego: Academic Press, Inc.; or Ausubel et al. (1987)
Current Protocols in Molecular Biology, Greene Publishing and Wiley-Interscience, New
York).

A nucleic acid that encodes a glycosyltransferase of the invention can also be
cloned by detecting its expressed product by means of assays based on the physical,
chemical, or immunological properties. For example, one can identify a cloned bifunctional
sialyltransferase-encoding nucleic acid by the ability of a polypeptide encoded by the nucleic
acid to catalyze the coupling of a sialic acid in an a2,3-linkage to a galactosylated acceptor,
followed by the coupling of a second sialic acid residue to the first sialic acid in an «2,8
linkage. Similarly, one can identify a cloned nucleic acid that encodes a f1,4-GalNAc
transferase or a $1,3-galactosyltransferase by the ability of the encoded polypeptide to
catalyze the transfer of a GalNAc residue from UDP-GalNAc, or a galactose residue from
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UDP-Gal, respectively, to a suitable acceptor. Suitable assay conditions are known in the art,
and include those that are described in the Examples. Other physical properties of a
polypeptide expressed from a particular nucleic acid can be compared to properties of known
glycosyltransferase polypeptides of the invention, such as those described herein, to provide
another method of identifying nucleic acids that encode glycosyltransferases of the
invention. Alternatively, a putative glycosyltransferase gene can be mutated, and its role as a
glycosyltransferase established by detecting a variation in the ability to produce the
respective glycoconjugate.

In other embodiments, glycosyltransferase-encoding nucleic acids can be
cloned using DNA amplification methods such as polymerase chain reaction (PCR). Thus,
for example, the nucleic acid sequence or subsequence is PCR amplified, preferably using a
sense primer containing one restriction site (e.g., Xbal) and an antisense primer containing
another restriction site (e.g., HindIII). This will produce a nucleic acid encoding the desired
glycosyltransferase amino acid sequence or subsequence and having terminal restriction
sites. This nucleic acid can then be easily ligated into a vector containing a nucleic acid
encoding the second molecule and having the appropriate corresponding restriction sites.
Suitable PCR primers can be determined by one of skill in the art using the sequence
information provided herein. Appropriate restriction sites can also be added to the nucleic
acid encoding the glycosyltransferase of the invention, or amino acid subsequence, by site-
directed mutagenesis. The plasmid containing the glycosyltransferase-encoding nucleotide
sequence or subsequence is cleaved with the appropriate restriction endonuclease and then
ligated into an appropriate vector for amplification and/or expression according to standard
methods.

Examples of suitable primers suitable for amplification of the
glycosyltransferase-encoding nucleic acids of the invention are shown in Table 2; some of
the primer pairs are designed to provide a 5’ Ndel restriction site and a 3” Sall site on the
amplified fragment. The plasmid containing the enzyme-encoding sequence or subsequence
is cleaved with the appropriate restriction endonuclease and then ligated into an appropriate

vector for amplification and/or expression according to standard methods.
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As an alternative to cloning a glycosyltransferase-encoding nucleic acid, a
suitable nucleic acid can be chemically synthesized from a known sequence that encodes a
glycosyltransferase of the invention. Direct chemical synthesis methods include, for
example, the phosphotriester method of Narang et al. (1979) Meth. Enzymol. 68: 90-99; the
phosphodiester method of Brown et al. (1979) Meth. Enzymol. 68: 109-151; the
diethylphosphoramidite method of Beaucage et al. (1981) Tetra. Lett., 22: 1859-1862; and
the solid support method of U.S. Patent No. 4,458,066. Chemical synthesis produces a single
stranded oligonucleotide. This can be converted into double stranded DNA by hybridization
with a complementary sequence, or by polymerization with a DNA polymerase using the
single strand as a template. One of skill would recognize that while chemical synthesis of
DNA is often limited to sequences of about 100 bases, longer sequences may be obtained by
the ligation of shorter sequences. Alternatively, subsequences may be cloned and the
appropriate subsequences cleaved using appropriate restriction enzymes. The fragments can
then be ligated to produce the desired DNA sequence.

In some embodiments, it may be desirable to modify the enzyme-encoding
nucleic acids. One of skill will recognize many ways of generating alterations in a given
nucleic acid construct. Such well-known methods include site-directed mﬁtagenesis, PCR
amplification using degenerate oligonucleotides, exposure of cells containing the nucleic
acid to mutagenic agents or radiation, chemical synthesis of a desired oligonucleotide (e.g.,
in conjunction with ligation and/or cloning to generate large nucleic acids) and other well-
known techniques. See, e.g., Giliman and Smith (1979) Gene 8:81-97, Roberts et al. (1987)
Nature 328: 731-734.

In a presently preferred embodiment, the recombinant nucleic acids present in
the cells of the invention are modified to provide preferred codons which enhance translation
of the nucleic acid in a selected organism (e.g., E. coli preferred codons are substituted into a
coding nucleic acid for expression in E. coli).

The present invention includes nucleic acids that are isolated (i.e., not in their
native chromosomal location) and/or recombinant (i.e., modified from their original form,

present in a non-native organism, etc.).
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1. Sialyltransferases

The invention provides nucleic acids that encode sialyltransferases such as
those described above. In some embodiments, the nucleic acids of the invention encode
bifunctional sialyltransferase polypeptides that have both an 02,3 sialyltransferase activity
and an 02,8 sialyltransferase activity. These sialyltransferase nucleic acids encode a
sialyltransferase polypeptide that has an amino acid sequence that is at least about 76%
identical to an amino acid sequence as set forth in SEQ ID NO:3 over a region at least about
60 amino acids in length. More preferably the sialyltransferases encoded by the nucleic acids
of the invention are at least about 85% identical to the amino acid sequence of SEQ ID
NO:3, and still more preferably at least about 95% identical to the amino acid sequence of
SEQ ID NO:3, over a region of at least 60 amino acids in length. In presently preferred
embodiments, the region of percent identity extends over a longer region than 60 amino
acids, more preferably over a region of at least about 100 amino acids, and most preferably
over the full length of the sialyltransferase. In a presently preferred embodiment, the
sialyltransferase-encoding nucleic acids of the invention encode a polypeptide having the
amino acid sequence as shown in SEQ ID NO:3.

An example of a nucleic acid of the invention is an isolated and/or
recombinant form of a bifunctional sialyltransferase-encoding nucleic acid of C. jejuni
OH4384. The nucleotide sequence of this nucleic acid is shown in SEQ ID NO:2. The
sialyltransferase-encoding polynucleotide sequences of the invention are typically at least
about 75% identical to the nucleic acid sequence of SEQ ID NO:2 over a region at least
about 50 nucleotides in length. More preferably, the sialyltransferase-encoding nucleic acids
of the invention are at least about 85% identical to this nucleotide sequence, and still more
preferably are at least about 95% identical to the nucleotide sequence of SEQ ID NO:2, over
aregion of at least 50 amino acids in length. In presently preferred embodiments, the region
of the specified percent identity threshold extends over a longer region than 50 nucleotides,
more preferably over a region of at least about 100 nucleotides, and most preferably over the
full length of the sialyltransferase-encoding region. Accordingly, the invention provides
bifunctional sialyltransferase-encoding nucleic acids that are substantially identical to that of
the C. jejuni strain OH4384 cstII as set forth in SEQ ID NO:2 or strain O:10 (SEQ ID
NO:4).
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Other sialyltransferase-encoding nucleic acids of the invention encode
sialyltransferases have 02,3 sialyltransferase activity but lack substantial o2,8
sialyltransferase activity. For example, nucleic acids that encode a Cstl/ «2,3
sialyltransferase from C. jejuni serostrain 0:19 (SEQ ID NO:8) and NCTC 11168 are
provided by the invention; these enzymes have little or no o2,8-sialyltransferase activity
(Table 6).

To identify nucleic acids of the invention, one can use visual inspection, or
can use a suitable alignment algorithm. An alternative method by which one can identify a
bifunctional sialyltransferase-encoding nucleic acid of the invention is by hybridizing, under
stringent conditions, the nucleic acid of interest to a nucleic acid that includes a

polynucleotide sequence of a sialyltransferase as set forth herein.

2. Bl,4-GalNAc transferases

Also provided by the invention are nucleic acids that include polynucleotide
sequences that encode a GalNAc transferase polypeptide that has a B1,4-GalNAc transferase
activity. The polynucleotide sequences encode a GalNAc transferase polypeptide that has an
amino acid sequence that is at least about 70% identical to the C. jejurni OH4384 B1,4-
GalNAc transferase, which has an amino acid sequence as set forth in SEQ ID NO:17, over a
region at least about 50 amino acids in length. More preferably the GalNAc transferase
polypeptide encoded by the nucleic acids of the invention are at least about 80% identical to
this amino acid sequence, and still more preferably at least about 90% identical to the amino
acid sequence of SEQ ID NO:17, over a region of at least 50 amino acids in length. In
presently preferred embodiments, the region of percent identity extends over a longer region
than 50 amino acids, more preferably over a region of at least about 100 amino acids, and
most preferably over the full length of the GalNAc transferase polypeptide. In a presently
preferred embodiment, the GalNAc transferase polypeptide-encoding nucleic acids of the
invention encode a polypeptide having the amino acid sequence as shown in SEQ ID NO:17.
To identify nucleic acids of the invention, one can use visual inspection, or can use a suitable
alignment algorithm.

One example of a GalNAc transferase-encoding nucleic acid of the invention

is an isolated and/or recombinant form of the GalNAc transferase-encoding nucleic acid of
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C. jejuni OH4384. This nucleic acid has a nucleotide sequence as shown in SEQ ID NO:16.
The GalNAc transferase-encoding polynucleotide sequences of the invention are typically at
least about 75% identical to the nucleic acid sequence of SEQ ID NO:16 over a region at
least about 50 nucleotides in length. More preferably, the GalNAc transferase-encoding
nucleic acids of the invention are at least about 85% identical to this nucleotide sequence,
and still more preferably are at least about 95% identical to the nucleotide sequence of SEQ
ID NO:16, over a region of at least 50 amino acids in length. In presently préferred
embodiments, the region of percent identity extends over a longer region than 50
nucleotides, more preferably over a region of at least about 100 nucleotides, and most
preferably over the full length of the GalNAc transferase-encoding region.
To identify nucleic acids of the invention, one can use visual inspection, or

can use a suitable alignment algorithm. An alternative method by which one can identify a
GalNAc transferase-encoding nucleic acid of the invention is by hybridizing, under stringent
-conditions, the nucleic acid of interest to a nucleic acid that includes a polynucleotide

sequence of SEQ ID NO:16.

3. Bl,3-Galactosyltransferases

The invention also provides nucleic acids that include polynucleotide
sequences that encode a polypeptide that has B1,3-galactosyltransferase activity (CgtB). The
B1,3-galactosyltransferase polypeptides encoded by these nucleic acids of the invention
preferably include an amino acid sequence that is at least about 75% identical to an amino
acid sequence of a C. jejuni strain OH4384 B1,3-galactosyltransferase as set forth in SEQ ID
NO:27, or to that of a strain NCTC 11168 p1,3-galactosyltransferase as set forth in SEQ ID
NO:29, over a region at least about 50 amino acids in length. More preferably, the
galactosyltransferase polypeptides encoded by these nucleic acids of the invention are at
least about 85% identical to this amino acid sequence, and still more preferably are at least
about 95% identical to the amino acid sequence of SEQ ID NO:27 or SEQ ID NO:29, over a
region of at least 50 amino acids in length. In presently preferred embodiments, the region of
percent identity extends over a longer region than 50 amino acids, more preferably over a
region of at least about 100 amino acids, and most preferably over the full length of the

galactosyltransferase polypeptide-encoding region.
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One example of a B1,3-galactosyltransferase-encoding nucleic acid of the
invention is an isolated and/or recombinant form of the P1,3-galactosyltransferase-encoding
nucleic acid of C. jejuni OH4384. This nucleic acid includes a nucleotide sequence as shown
in SEQ ID NO:26. Another suitable p1,3-galactosyltransferase-encoding nucleic acid
includes a nucleotide sequence of a C. jejuni NCTC 11168 strain, for which the nucleotide
sequence is shown in SEQ ID NO:28. The B1,3-galactosyltransferase-encoding
polynucleotide sequences of the invention are typically at least about 75% identical to the
nucleic acid sequence of SEQ ID NO:26 or that of SEQ ID NO:28 over a region at least
about 50 nucleotides in length. More preferably, the f1,3-galactosyltransferase-encoding
nucleic acids of the invention are at least about 85% identical to at least one of these
nucleotide sequences, and still more preferably are at least about 95% identical to the
nucleotide sequences of SEQ ID NO:26 and/or SEQ ID NO:28, over a region of at least 50
amino acids in length. In presently preferred embodiments, the region of percent identity
extends over a longer region than 50 nucleotides, more preferably over a region of at least
about 100 nucleotides, and most preferably over the full length of the $1,3-
galactosyltransferase-encoding region.

To identify nucleic acids of the invention, one can use visual inspection, or
can use a suitable alignment algorithm. An alternative method by which one can identify a
galactosyltransferase polypeptide-encoding nucleic acid of the invention is by hybridizing,
under stringent conditions, the nucleic acid of interest to a nucleic acid that includes a

polynucleotide sequence of SEQ ID NO:26 or SEQ ID NO:28.

4. Additional enzymes involved in LOS biosynthetic pathway

Also provided are nucleic acids that encode other enzymes that are involved
in the LOS biosynthetic pathway of prokaryotes such as Campylobacter. These nucleic acids
encode enzymes such as, for example, sialic acid synthase, which is encoded by open
reading frame (ORF) 8a of C. jejuni strain OH 4384 and by open reading frame 8b of strain
NCTC 11168 (see, Table 3), another enzyme involved in sialic acid synthesis, which is
encoded by ORF 9a of OH 4384 and 9b of NCTC 11168, and a CMP-sialic acid synthetase
which is encoded by ORF 10a and 10b of OH 4384 and NCTC 11168, respectively.
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The invention also provides nucleic acids that encode an acyltransferase that
is involved in lipid A biosynthesis. This enzyme is encoded by open reading frame 2a of C.
Jejuni strain OH4384 and by open reading frame 2B of strain NCTC 11168. Nucleic acids
that encode an acetyltransferase are also provided; this enzyme is encoded by ORF 11a of
strain OH 4384; no homolog is found in the LOS biosynthesis locus of strain NCTC 11168.

Also provided are nucleic acids that encode three additional
glycosyltransferases. These enzymes are encoded by ORF's 3a, 4a, and 12a of strain OH

4384 and ORFs 3b, 4b, and 12b of strain NH 11168 (Figure 1).

C Expression Cassettes and Expression of the Glycosyltransferases

The present invention also provides expression cassettes, expression vectors,
and recombinant host cells that can be used to produce the glycosyltransferases and other
enzymes of the invention. A typical expression cassette contains a promoter operably linked
to a nucleic acid that encodes the glycosyltransferase or other enzyme of interest. The
expression cassettes are typically included on expression vectors that are introduced into
suitable host cells, preferably prokaryotic host cells. More than one glycosyltransferase
polypeptide can be expressed in a single host cell by placing multiple transcriptional
cassettes in a single expression vector, by constructing a gene that encodes a fusion protein
consisting of more than one glycosyltransferase, or by utilizing different expression vectors
for each glycosyltransferase. ‘

In a preferred embodiment, the expression cassettes are useful for expression
of the glycosyltransferases in prokaryotic host cells. Commonly used prokaryotic control
sequences, which are defined herein to include promoters for transcription initiation,
optionally with an operator, along with ribosome binding site sequences, include such
commonly used promoters as the beta-lactamase (penicillinase) and lactose (/ac) promoter
systems (Change et al., Nature (1977) 198: 1056), the tryptophan (#7p) promoter system
(Goeddel et al., Nucleic Acids Res. (1980) 8: 4057), the fac promoter (DeBoer, et al., Proc.
Natl. Acad. Sci. U.S.A. (1983) 80:21-25); and the lambda-derived Py, promoter and N-gene
ribosome binding site (Shimatake et al., Nature (1981) 292: 128). The particular promoter
system is not critical to the invention, any available promoter that functions in prokaryotes

can be used.
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Either constitutive or regulated promoters can be used in the present
invention. Regulated promoters can be advantageous because the host cells can be grown to
high densities before expression of the glycosyltransferase polypeptides is induced. High
level expression of heterologous proteins slows cell growth in some situations. Regulated
promoters especially suitable for use in E. coli include the bacteriophage lambda Py,
promoter, the hybrid #p-lac promoter (Amann et al., Gene (1983) 25: 167; de Boer et al.,
Proc. Natl. Acad. Sci. USA (1983) 80: 21, and the bacteriophage T7 promoter (Studier ef al.,
J. Mol. Biol. (1986); Tabor ef al., (1985). These promoters and their use are discussed in
Sambrook et al., supra. A presently preferred regulable promoter is the dual fac-gal
promoter, which is described in PCT/US97/20528 (Int’l. Publ. No. WO 9820111).

For expression of glycosyltransferase polypeptides in prokaryotic cells other
than E. coli, a promoter that functions in the particular prokaryotic species is required. Such
promoters can be obtained from genes that have been cloned from the species, or
heterologous promoters can be used. For example, a hybrid trp-lac promoter functions in
Bacillus in addition to E. coli. Promoters suitable for use in eukaryotic host cells are well
known to those of skill in the art.

A ribosome binding site (RBS) is conveniently included in the expression
cassettes of the invention that are intended for use in prokaryotic host cells. An RBS in E.
coli, for example, consists of a nucleotide sequence 3-9 nucleotides in length located 3-11
nucleotides upstream of the initiation codon (Shine and Dalgarno, Nature (1975) 254: 34,
Steitz, In Biological regulation and development: Gene expression (ed. R.F. Goldberger),
vol. 1, p. 349, 1979, Plenum Publishing, NY).

Translational coupling can be used to enhance expression. The strategy uses a
short upstream open reading frame derived from a highly expressed gene native to the
translational system, which is placed downstream of the promoter, and a ribosome binding
site followed after a few amino acid codons by a termination codon. Just prior to the
termination codon is a second ribosome binding site, and following the termination codon is
a start codon for the initiation of translation. The system dissolves secondary structure in the
RNA, allowing for the efficient initiation of translation. See Squires et. al. (1988) J. Biol.
Chem. 263: 16297-16302.
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The glycosyltransferase polypeptides of the invention can be expressed
intracellularly, or can be secreted from the cell; Intracellular expression often results in high
yields. If necessary, the amount of soluble, active glycosyltransferase polypeptides can be
increased by performing refolding procedures (see, e.g., Sambrook ef al., supra.; Marston et
al., Bio/Technology (1984) 2: 800; Schoner et al., Bio/Technology (1985) 3: 151). In
embodiments in which the glycosyltransferase polypeptides are secreted from the cell, either
into the periplasm or into the extracellular medium, the polynucleotide sequence that
encodes the glycosyltransferase is linked to a polynucleotide sequence that encodes a
cleavable signal peptide sequence. The signal sequence directs translocation of the
glycosyltransferase polypeptide through the cell membrane. An example of a suitable vector
for use in E. coli that contains a promoter-signal sequence unit is pTA1529, which has the E.
coli phoA promoter and signal sequence (see, e.g., Sambrook et al., supra.; Oka et al., Proc.
Natl. Acad. Sci. USA (1985) 82: 7212; Talmadge et al., Proc. Natl. Acad. Sci. US4 (1980)
77:3988; Takahara et al., J. Biol. Chem. (1985) 260: 2670).

The glycosyltransferase polypeptides of the invention can also be produced as
fusion proteins. This approach often results in high yields, because normal prokaryotic
control sequences direct transcription and translation. In E. coli, lacZ fusions are often used
to express heterologous proteins. Suitable vectors are readily available, such as the pUR,
pEX, and pMR 100 series (see, e.g., Sambrook et al., supra.). For certain applications, it
may be desirable to cleave the non-glycosyltransferase amino acids from the fusion protein
after purification. This can be accomplished by any of several methods known in the art,
including cleavage by cyanogen bromide, a protease, or by Factor X, (see, e.g., Sambrook et
al., supra.; Ttakura et al., Science (1977) 198: 1056; Goeddel et al., Proc. Natl. Acad. Sci.
USA4 (1979) 76: 106; Nagai et al., Nature (1984) 309: 810; Sung et al., Proc. Natl. Acad.
Sci. USA (1986) 83: 561). Cleavage sites can be engineered into the gene for the fusion
protein at the desired point of cleavage.

A suitable system for obtaining recombinant proteins from E. coli which
maintains the integrity of their N-termini has been described by Miller et al. Biotechnology
7:698-704 (1989). In this system, the gene of interest is produced as a C-terminal fusion to

the first 76 residues of the yeast ubiquitin gene containing a peptidase cleavage site.
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Cleavage at the junction of the two moieties results in production of a protein having an
intact authentic N-terminal residue.

Glycosyltransferases of the invention can be expressed in a variety of host
cells, including E. coli, other bacterial hosts, yeast, and various higher eukaryotic cells such
as the COS, CHO and HeLa cells lines and myeloma cell lines. Examples of useful bacteria
include, but are not limited to, Escherichia, Enterobacter, Azotobacter, Erwinia, Bacillus,
Pseudomonas, Klebsielia, Proteus, Salmonella, Serratia, Shigella, Rhizobia, Vitreoscilla,
and Paracoccus. The recombinant glycosyltransferase-encoding nucleic acid is operably
linked to appropriate expression control sequences for each host. For E. coli this includes a
promoter such as the T7, trp, or lambda promoters, a ribosome binding site and preferably a
transcription termination signal. For eukaryotic cells, the control sequences will include a
promoter and preferably an enhancer derived from immunoglobulin génes, SV40,
cytomegalovirus, etc., and a polyadenylation sequence, and may include splice donor and
acceptor sequences.

The expression vectors of the invention can be transferred into the chosen
host cell by well-known methods such as calcium chloride transformation for E. coli and
calcium phosphate treatment or electroporation for mammalian cells. Cells transformed by
the plasmids can be selected by resistance to antibiotics conferred by genes contained on the
plasmids, such as the amp, gpt, neo and hyg genes.

Once expressed, the recombinant glycosyltransferase polypeptides can be
purified according to standard procedures of the art, including ammonium sulfate
precipitation, affinity columns, column chromatography, gel electrophoresis and the like
(see, generally, R. Scopes, Protein Purification, Springer-Verlag, N.Y. (1982), Deutscher,
Methods in Enzymology Vol. 182: Guide to Protein Purification., Academic Press, Inc.
N.Y. (1990)). Substantially pure compositions of at least about 90 to 95% homogeneity are |
preferred, and 98 to 99% or more homogeneity are most preferred. Once purified, partially
or to homogeneity as desired, the polypeptides may then be used (e.g., as immunogens for
antibody production). The glycosyltransferases can also be used in an unpurified or semi-

purified state. For example, a host cell that expresses the glycosyltransferase can be used
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directly in a glycosyltransferase reaction, either with or without processing such as
permeabilization or other cellular disruption.

One of skill would recognize that modifications can be made to the
glycosyltransferase proteins without diminishing their biological activity. Some
modifications may be made to facilitate the cloning, expression, or incorporation of the
targeting molecule into a fusion protein. Such modifications are well known to those of skill
in the art and include, for example, a methionine added at the amino terminus to provide an
initiation site, or additional amino acids (e.g., poly His) placed on either terminus to create

conveniently located restriction sites or termination codons or purification sequences.

D. Methods and reaction mixtures for synthesis of oligosaccharides

The invention provides reaction mixtures and methods in which the
glycosyltransferases of the invention are used to prepare desired oligosaccharides (which are
composed of two or more saccharides). The glycosyltransferase reactions of the invention
take place in a reaction medium comprising at least one glycosyltransferase, a donor
substrate, an acceptor sugar and typically a soluble divalent metal cation. The methods rely
on the use of the glycosyltransferase to catalyze the addition of a saccharide to a substrate
(also referred to as an “acceptor”) saccharide. A number of methods of using
glycosyltransferases to synthesize desired oligosaccharide structures are known. Exemplary
methods are described, for instance, WO 96/32491, Tto et al. (1993) Pure Appl. Chem.
65:753, and U.S. Patents 5,352,670, 5,374,541, and 5,545,553.

For example, the invention provides methods for adding sialic acid in an o2,3
linkage to a galactose residue, by contacting a reaction mixture comprising an activated
sialic acid (e.g., CMP-NeuAc, CMP-NeuGe, and the like) to an acceptor moiety that
includes a terminal galactose residue in the presence of a bifunctional sialyltransferase of the
invention. In presently preferred embodiments, the methods also result in the addition of a
second sialic acid residue which is linked to the first sialic acid by an 2,8 linkage. The
product of this method is Siac2,8-Sian2,3-Gal-. Examples of suitable acceptors include a
terminal Gal that is linked to GIcNAc or Glc by a B1,4 linkage, and a terminal Gal that is
B1,3-linked to either GleNAc or GalNAc. The terminal residue to which the sialic acid is

attached can itself be attached to, for example, H, a saccharide, oligosaccharide, or an
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aglycone group having at least one carbohydrate atom. In some embodiments, the acceptor
residue is a portion of an oligosaccharide that is attached to a protein, lipid, or proteoglycan,
for example.

In some embodiments, the invention provides reaction mixtures and methods
for synthesis of gangliosides, lysogangliosides, ganglioside mimics, lysoganglioside mimics,
or the carbohydrate portions of these molecules. These methods and reaction mixtures
typically include as the galactosylated acceptor moiety a compound having a formula
selected from the group consisting of Gal4Gle-R! and Gal3GalNAc-R?; wherein R' is
selected from the group consisting of ceramide or other glycolipid, R? is selected from the
group consisting of Gal4GlcCer, Neu5Ac3)Gal4GlcCer, and
(Neu5Ac8Neu5c¢3)Gal4GleCer. For example, for ganglioside synthesis the galactosylated
acceptor can be selected from the group consisting of Gal4GlcCer,
Gal3GalNAc4(Neu5Ac3)Gal4GlcCer, and Gal3GalNAc4(NeuSAc8NeuSc3) Gal4GleCer.

The methods and reaction mixtures of the invention are useful for producing
any of a large number of gangliosides, lysogangliosides, and related structures. Many
gangliosides of interest are described in Oettgen, H.F., ed., Gangliosides and Cancer, VCH,
Germany, 1989, pp. 10-15, and references cited therein. Gangliosides of particular interest
include, for example, those found in the brain as well as other sources which are listed in

Table 1.

Table 1: Ganglioside Formulas and Abbreviations

Structure Abbreviation
Neu5Ac3Gal4GleCer GM3
GalNAc4(NeuSAc3)Gal4GleCer GM2
Gal3GalNAc4(Neu5Ac3)Gal4GleCer GMla
Neu5Ac3Gal3GalNAc4GaldGlcCer GM1b
Neu5Ac8Neu5Ac3Gal4GleCer GD3
GalNAc4(Neu5Ac8NeuSAc3)Gal4GleCer GD2
Neu5Ac3Gal3GalNAc4(Neu5Ac3)Gal4GlcCer GDla
Neu5Ac3Gal3(Neu5Ac6)GalNAc4Gal4GleCer GDla
Gal3GalNAc4(NeuSAc8NeuSAc3)Gal4GleCer GD1b
Neu5Ac8Neu5Ac3Gal3GalNAc4(NeuSAc3)Gal4GleCer GTla
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Structure Abbreviation
NeuSAc3Gal3GalNAc4(NeuSAc8NeuS5Ac3)Gal4GleCer GT1b
Gal3GalNAc4(NeuSAc8NeuSAc8Neu5Ac3)Gal4GleCer GTlc
NeuSAc8Neu5Ac3Gal3GalNAc4(NeuSAc8NeuSc3)Gal4GleCer GQl1b

Nomenclature of Glycolipids, [IUPAC-IUB Joint Commission on Biochemical Nomenclature
(Recommendations 1997); Pure Appl. Chem. (1997) 69: 2475-2487; Eur. J. Biochem (1998)
257: 293-298) (www.chem.qmw.ac.uk/iupac/misc/glylp.html).

The bifunctional sialyltransferases of the invention are particularly useful for
synthesizing the gangliosides GD1a, GD1b, GT1a, GT1b, GT1c, and GQ1b, or the
carbohydrate portions of these gangliosides, for example. The structures for these
gangliosides, which are shown in Table 1, requires both an a2,3- and an a2,8-
sialyltransferase activity. An advantage provided by the methods and reaction mixtures of
the invention is that both activities are present in a single polypeptide.

The glycosyltransferases of the invention can be used in combination with
additional glycosyltransferases and other enzymes. For example, one can use a combination
of sialyltransferase and galactosyltransferases. In some embodiments of the invention, the
galactosylated acceptor that is utilized by the bifunctional sialyltransferase is formed by
contacting a suitable acceptor with UDP-Gal and a galactosyltransferase. The
galactosyltransferase polypeptide, which can be one that is described herein, transfers the
Gal residue from the UDP-Gal to the acceptor.

Similarly, one can use the B1,4-GalNAc transferases of the invention to
synthesize an acceptor for the galactosyltransferase. For example, the acceptor saccharide for
the galactosyltransferase can formed by contacting an acceptor for a GalNAc transferase
with UDP-GalNAc and a GalNAc transferase polypeptide, wherein the GalNAc transferase
polypeptide transfers the GaINAc residue from the UDP-GalNAc to the acceptor for the
GalNAc transferase.

In this group of embodiments, the enzymes and substrates can be combined in
an initial reaction mixture, or the enzymes and reagents for a second glycosyltransferase
cycle can be added to the reaction medium once the first glycosyltransferase cycle has
neared completion. By conducting two glycosyltransferase cycles in sequence in a single
vessel, overall yields are improved over procedures in which an intermediate species is

isolated. Moreover, cleanup and disposal of extra solvents and by-products is reduced.
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The products produced by the above processes can be used without
purification. However, it is usually preferred to recover the product. Standard, well known
techniques for recovery of glycosylated saccharides such as thin or thick layer
chromatography, or ion exchange chromatography. It is preferred to use membrane filtration,
more preferably utilizing a reverse osmotic membrane, or one or more column

chromatographic techniques for the recovery.

E. Uses of Glycoconjugates Produced using Glycosyltransferases and Methods
of the Invention

The oligosaccharide compounds that are made using the glycosyltransferases
and methods of the invention can be used in a variety of applications, e.g., as antigens,
diagnostic reagents, or as therapeutics. Thus, the present invention also provides
pharmaceutical compositions which can be used in treating a variety of conditions. The
pharmaceutical compositions are comprised of oligosaccharides made according to the
methods described above.

Pharmaceutical compositions of the invention are suitable for use in a variety
of drug delivery systems. Suitable formulations for use in the present invention are found in
Remington's Pharmaceutical Sciences, Mace Publishing Company, Philadelphia, PA, 17th
ed. (1985). For a brief review of methods for drug delivery, see, Langer, Science 249:1527-
1533 (1990).

The pharmaceutical compositions are intended for parenteral, intranasal,
topical, oral or local administration, such as by aerosol or transdermally, for prophylactic
and/or therapeutic treatment. Commonly, the pharmaceutical compositions are administered
parenterally, e.g., intravenously. Thus, the invention provides compositions for parenteral
administration which comprise the compound dissolved or suspended in an acceptable
carrier, preferably an aqueous carrier, e.g., water, buffered water, saline, PBS and the like.
The compositions may contain pharmaceutically acceptable auxiliary substances as required
to approximate physiological conditions, such as pH adjusting and buffering agents, tonicity
adjusting agents, wetting agents, detergents and the like.

These compositions may be sterilized by conventional sterilization

techniques, or may be sterile filtered. The resulting aqueous solutions may be packaged for
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use as is, or lyophilized, the lyophilized preparation being combined with a sterile aqueous
carrier prior to administration. The pH of the preparations typically will be between 3 and
11, more preferably from 5 to 9 and most preferably from 7 and 8.

In some embodiments the oligosaccharides of the invention can be
incorporated into liposomes formed from standard vesicle-forming lipids. A variety of
methods are available for preparing liposomes, as described in, e.g., Szoka ef al., Ann. Rev.
Biophys. Bioeng. 9:467 (1980), U.S. Pat. Nos. 4,235,871, 4,501,728 and 4,837,028. The
targeting of liposomes using a variety of targeting agents (e.g., the sialyl galactosides of the
invention) is well known in the art (see, e.g., U.S. Patent Nos. 4,957,773 and 4,603,044).

The compositions containing the oligosaccharides can be administered for
prophylactic and/or therapeutic treatments. In therapeutic applications, compositions are
administered to a patient already suffering from a disease, as described above, in an amount
sufficient to cure or at least partially arrest the symptoms of the disease and its
complications. An amount adequate to accomplish this is defined as a "therapeutically
effective dose." Amounts effective for this use will depend on the severity of the disease and
the weight and general state of the patient, but generally range from about 0.5 mg to about
40 g of oligosaccharide per day for a 70 kg patient, with dosages of from about 5 mg to
about 20 g of the compounds per day being more commonly used.

Single or multiple administrations of the compositions can be carried out with
dose levels and pattern being selected by the treating physician. In any event, the
pharmaceutical formulations should provide a quantity of the oligosaccharides of this
invention sufficient to effectively treat the patient.

The oligosaccharides may also find use as diagnostic reagents. For example,
labeled compounds can be used to locate areas of inflammation or tumor metastasis in a
patient suspected of having an inflammation. For this use, the compounds can be labeled
with appropriate radioisotopes, for example, 1251, 14¢, or tritium.

The oligosaccharide of the invention can be used as an immunogen for the
production of monoclonal or polyclonal antibodies specifically reactive with the compounds
of the invention. The multitude of techniques available to those skilled in the art for

production and manipulation of various immunoglobulin molecules can be used in the
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present invention. Antibodies may be produced by a variety of means well known to those
of skill in the art.

The production of non-human monoclonal antibodies, e.g., murine,
lagomorpha, equine, efc., is well known and may be accomplished by, for example,
immunizing the animal with a preparation containing the oligosaccharide of the invention.
Antibody-producing cells obtained from the immunized animals are immortalized and
screened, or screened first for the production of the desired antibody and then immortalized.
For a discussion of general procedures of monoclonal antibody production, see, Harlow and

Lane, Antibodies, A Laboratory Manual Cold Spring Harbor Publications, N.Y. (1988).

EXAMPLE

The following example is offered to illustrate, but not to limit the present
invention.

This Example describes the use of two strategies for the cloning of four genes
responsible for the biosynthesis of the GT1a ganglioside mimic in the LOS of a bacterial
pathogen, Campylobacter jejuni OH4384, which has been associated with Guillain-Barré
syndrome (Aspinall et al. (1994) Infect. Immun. 62: 2122-2125). Aspinal et al. ((1994)
Biochemistry 33: 241-249) showed that this strain has an outer core LPS that mimics the tri-
sialylated ganglioside GT1a. We first cloned a gene encoding an o.-2,3-sialyltransferase (csz-
]) using an activity screening strategy. We then used raw nucleotide sequence information
from the recently completed sequence of C. jejuni NCTC 11168 to amplify a region involved
in LOS biosynthesis from C. jejuni OH4384. Using primers that are located in the heptosyl-
transferases I and II, the 11.47 kb LOS biosynthesis locus from C. jejuni OH4384 was
amplified. Sequencing revealed that the locus encodes 13 partial or complete open reading
frames (ORFs), while the corresponding locus in C. jejuni NCTC 11168 spans 13.49 kb and
contains 15 ORFs, indicating a different organization between these two strains.

Potential glycosyltransferase genes were cloned individually, expressed in
Escherichia coli and assayed using synthetic fluorescent oligosaccharides as acceptors. We
identified genes that encode a B-1,4-N-acetylgalactosaminyl-transferase (cgt4), a B-1,3-

galactosyltransferase (cgtB) and a bifunctional sialyltransferase (cst-II) which transfers sialic
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acid to O-3 of galactose and to O-8 of a sialic acid that is linked a-2,3- to a galactose. The
linkage specificity of each identified glycosyltransferase was confirmed by NMR analysis at
600 MHz on nanomole amounts of model compounds synthesized in vitro. Using a gradient
inverse broadband nano-NMR probe, sequence information could be obtained by detection
of 3J(C, H) correlations across the glycosidic bond. The role of cgt4 and cst-II in the
synthesis of the GT1a mimic in C. jejuni OH4384 were confirmed by comparing their
sequence and activity with corresponding homologues in two related C. jejuni strains that
express shorter ganglioside mimics in their LOS. Thus, these three enzymes can be used to

synthesize a GT1a mimic starting from lactose.

The abbreviations used are: CE, capillary electrophoresis; CMP-NeuSAc,
cytidine monophosphate-N-acetylneuraminic acid ; COSY, correlated spectroscopy;
FCHASE, 6-(5-fluorescein-carboxamido)-hexanoic acid succimidyl ester; GBS, Guillain-
Barré syndrome; HMBC, heteronuclear multiple bond coherence; HSQC, heteronuclear
single quantum coherence; LIF, laser induced fluorescence; LOS, lipooligosaccharide; LPS,
lipopolysaccharide; NOE, nuclear Overhauser effect; NOESY, NOE spectroscopy; TOCSY,

total correlation spectroscopy.

Experimental Procedures

Bacterial strains

The following C. jejuni strains were used in this study: serostain O:19 (ATCC
#43446); serotype 0:19 (strains OH4382 and OH4384 were obtained from the Laboratory
Centre for Disease Control (Health Canada, Winnipeg, Manitoba)); and serotype O:2 (NCTC
#11168). Escherichia coli DH50, was used for the Hindlll library while E. coli AD202 (CGSG

#7297) was used to express the different cloned glycosyltransferases.

Basic recombinant DNA methods.

Genomic DNA isolation from the C. jejuni strains was performed using
Qiagen Genomic-tip 500/G (Qiagen Inc., Valencia, CA) as described previously (Gilbert ef al.
(1996) J. Biol. Chem. 271: 28271-28276). Plasmid DNA isolation, restriction enzyme

digestions, purification of DNA fragments for cloning, ligations and transformations were
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performed as recommended by the enzyme supplier, or the manufacturer of the kit used for
the particular procedure. Long PCR reactions (> 3 kb) were performed using the ExpandTM
long template PCR system as described by the manufacturer (Boehringer Mannheim,
Montreal). PCR reactions to amplify specific ORFs were performed using the Pwo DNA
polymerase as described by the manufacturer (Boehringer Mannheim, Montreal). Restriction
and DNA modification enzymes were purchased from New England Biolabs Ltd.
(Mississauga, ON). DNA sequencing was performed using an Applied Biosystems
(Montreal) model 370A automated DNA sequencer and the manufacturer’s cycle sequencing

kit.

Activity screening for sialyltransferase from C. jejuni

The genomic library was prepared using a partial HindlII digest of the
chromosomal DNA of C. jejuni OH4384. The partial digest was purified on a QIAquick
column (QIAGEN Inc.) and ligated with HindllI digested pBluescript SK-. E. coli DH5c was

 electroporated with the ligation mixture and the cells were plated on LB medium with 150

pg/mL ampicillin, 0.05 mM IPTG and 100 pg/mL X-Gal (5-Bromo-4-chloro-indolyl-B-D-
galactopyranoside). White colonies were pickea in pools of 100 and were resuspended in 1 mL
of medium with 15% glycerol. Twenty pL of each pool were used to inoculate 1.5 mL of LB
medium supplemented with 150 pg/mL ampicillin. After 2 h of growth at 37 °C, IPTG was
added to 1 mM and the cultures were grown for another 4.5 h. The cells were recovered by
centrifugation, resuspended in 0.5 mL of 50 mM Mops (pH 7, 10 mM MgCl,) and sonicated for
1 min. The extracts were assayed for sialyltransferase activity as described below except that
the incubation time and temperature were 18 h and 32 °C, respectively. The positive pools
were plated for single colonies, and 200 colonies were picked and tested for activity in pools of
10. Finally the colonies of the positive pools were tested individually which led to the isolation
of a two positive clones, pCIH9 (5.3 kb insert) and pCJH101 (3.9 kb insert). Using several sub-
cloned fragments and custom-made primers, the inserts of the two clones were completely
sequenced on both strands. The clones with individual Hindlll fragmeﬁts were also tested for
sialyltransferase activity and the insert of the only positive one (a 1.1 kb Hind/II fragment
cloned in pBluescript SK-) was transferred to pUC118 using Kpnl and Psd sites in order to

obtain the insert in the opposite orientation with respect to the plac promoter.
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Cloning and sequencing of the LPS biosynthesis locus.
The primers vsed to amplify the LPS biosynthesis locus of C. jejuni OH4384

were based on preliminary sequences available from the website (URL:

http://www .sanger.ac.uk/Projects/C_jejuni/) of the C. jejuni sequencing group (Sanger -
Centre, UK) who sequenced the complete genome of the strain NCTC11168. The primers
CJ-42 and CJ-43 (all primers sequences are described in Table 2) were used to amplify an
11.47 kb locus using the Expand™ long template PCR system. The PCR product was
purified on a S-300 spin column (Pharmacia Biotech) and completely sequence on both
strands using a combination of primer walking and sub-cloning of HindIlI fragments.
Specific ORF’s were amplified using the primers described in Table 2 and the Pwo DNA
polymerase. The PCR products were digested using the appropriate restriction enzymes (see

Table 2) and were cloned in pCWori-+.

Table 2: Primers used for Amplification of Open Reading Frames

Primers used to amplify the LPS core biosynthesis locus

CJ42: Primer in heptosylTase-II

5’ GC CAT TAC CGT ATC GCC TAA CCA GG 3’ 25 mer

CJ43: Primer in heptosylTase-I

5 AAA GAA TAC GAA TTT GCT AAA GAG G 3’ 25 mer

Primers used to amplify and clone ORF 5a:
CJ-106 (3’ primer, 41 mer);
Sall
57 CCT AGG TCG ACT TAA AAC AAT GTT AAG AAT ATT TTT TTT AG 3/
CJ-157 (5’ primer, 37 mer):

Ndel
5/ CTT AGG AGG TCA TAT GCT ATT TCA ATC ATA CT'T TGT G 37/
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Primers used to amplify and clone ORF 6a:

CJ-105 (3’ primer, 37 mer):
Sall
5/ CCT AGG TCG ACC TCT AAA AAA AAT ATT CTT AAC ATT G 3

CJ-133 (5° primer, 39 mer):
Ndel
5/ CTTAGGAGGTCATATGTTTAAAATTTCAATCATCTTACC 3’

Primers used to amplify and clone ORF 7a:
CJ-131 (5’ primer, 41 mer):
Ndel
5/ CTTAGGAGGTCATATGAAAAAAGTTATTATTGCTGGAAATG 3
CJ-132 (3’ primer, 41 mer):

Sall
5/ CCTAGGTCGACTTATTTTCCTTTGAAATAATGCTTTATATC 3’

Expression in E, coli and glycosyltransferase assays.
The various constructs were transferred to E. coli AD202 and were tested for

the expression of glycosyltransferase activities following a 4 h induction with 1 mM IPTG.
Extracts were made by sonication and the enzymatic reactions were performed.overnight at
32°C. FCHASE-labeled oligosaccharides were prepared as described previously (Wakarchuk
et al. (1996) J. Biol. Chem. 271: 19166-19173). Protein concentration was determined using
the bicinchoninic acid protein assay kit (Pierce, Rockford, IL). For all of the enzymatic assays
one unit of activity was defined as the amount of enzyme that generated one umol of product
per minute.

The screening assay for o-2,3-sialyltransferase activity in pools of clones
contained 1 mM Lac-FCHASE, 0.2 mM CMP-Neu5Ac, 50 mM Mops pH 7, 10 mM MnCl,
and 10 mM MgCl; in a final volume of 10 pL. The various subcloned ORFs were tested for
the expression of glycosyltransferase activities following a 4 h induction of the cultures with

1 mM IPTG. Extracts were made by sonication and the enzymatic reactions were performed

overnight at 32°C.
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The B-1,3-galactosyltransferase was assayed using 0.2 mM GM2-FCHASE, 1
mM UDP-Gal, 50 mM Mes pH 6, 10 mM MnCl, and 1 mM DTT. The p-1,4-GalNAc
transferase was assayed using 0.5 mM GM3-FCHASE, 1mM UDP-GalNAc, 50 mM Hepes
pH 7 and 10 mM MnCl,. The a-2,3-sialyltransferase was assayed using 0.5 mM Lac-
FCHASE, 0.2 mM CMP-Neu5Ac, 50 mM Hepes pH 7 and 10 mM MgCl. The o-2,8-
sialyltransferase was assayed using 0.5 mM GM3-FCHASE, 0.2 mM CMP-Neu5Ac, 50 mM
Hepes pH 7 and 10 mM MnCl,.

The reaction mixes were diluted appropriately with 10 mM NaOH and
analyzed by capillary electrophoresis performed using the separation and detection conditions
as described previously (Gilbert et al. (1996) J. Biol. Chem. 271, 28271-28276). The peaks
from the electropherograms were analyzed using manual peak integration with the P/ACE
Station software. For rapid detection of enzyme activity, samples from the transferase
reaction mixtures were examined by thin layer chromatography on silica-60 TLC plates (E.

Merck) as described previously (/d.).

NMR spectroscopy
NMR experiments were performed on a Varian INOVA 600 NMR

spectrometer. Most experiments were done using a 5 mm Z gradient triple resonance probe.
NMR samples were prepared from 0.3-0.5 mg (200-500 nanomole) of FCHASE-glycoside.
The compounds were dissolved in H,O and the pH was adjusted to 7.0 with dilute NaOH.
After freeze drying the samples were dissolved in 600 pL D,O. All NMR experiments were
performed as previously described (Pavliak et al. (1993) J. Biol. Chem. 268: 14146-14152;
Brisson et al. (1997) Biochemistry 36: 3278-3292) using standard techniques such as
COSY, TOCSY, NOESY, 1D-NOESY, 1D-TOCSY and HSQC. For the proton chemical
shift reference, the methyl resonance of internal acetone was set at 2.225 ppm ("H). For the
B¢ chemical shift reference, the methyl resonance of internal acetone was set at 31.07 ppm
relative to external dioxane at 67.40 ppm. Homonuclear experiments were on the order of 5-
8 hours each. The 1D NOESY experiments for GD3-FCHASE ,[0.3 mM], with 8000 scans
and a mixing time of 800 ms was done for a duration of 8.5 h each and processed with a line
broadening factor of 2-5 Hz. For the 1D NOESY of the resonances at 4.16 ppm, 3000 scans

were used. The following parameters were used to acquire the HSQC spectrum: relaxation
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delay of 1.0 s, spectral widths in F, and F; of 6000 and 24147 Hz, respectively, acquisition
times in t, of 171 ms. For the t; dimension, 128 complex points were acquired using 256
scans per increment. The sign discrimination in F; was achieved by the States method. The
total acquisition time was 20 hours. For GM2-FCHASE, due to broad lines, the number of
scans per increment was increased so that the HSQC was performed for 64 hours. The
phase-sensitive spectrum was obtained after zero filling to 2048 x 2048 points. Unshifted
gaussian window functions were applied in both dimensions. The HSQC spectra were
plotted at a resolution of 23 Hz / point in the *C dimension and 8 Hz/ point in the proton
dimension. For the observation of the multiplet splittings, the "H dimension was reprocessed
at a resolution of 2 Hz / point using forward linear prediction and a n/4-shifted squared
sinebell function. All the NMR data was acquired using Varian’s standard sequences
provided with the VNMR 5.1 or VNMR 6.1 software. The same program was used for
processing.

A gradient inverse broadband nano-NMR probe (Varian) was used to perform
the gradient HMBC (Bax and Summers (1986) J. Am. Chem. Soc. 108, 2093-2094; Parella
et al. (1995) J. Mag. Reson. A 112, 241-245) experiment for the GD3-FCHASE sample. The
nano-NMR probe which is a high-resolution magic angle spinning probe produces high
resolution spectra of liquid samples dissolved in only 40 pL (Manzi et al. (1995) J. Biol.
Chem. 270, 9154-9163). The GD3-FCHASE sample (mass = 1486.33 Da) was prepared by
lyophilizing the original 0.6 mL sample (200 nanomoles) and dissolving it in 40 uL of D,O
for a final concentration of 5 mM. The final pH of the sample could not be measured.

The gradient HMBC experiment was done at a spin rate of 2990 Hz, 400
increments of 1024 complex points, 128 scans per increment, acquisition time of 0.21 s,

'J(C, H) = 140 Hz and "J(C, H) = 8 Hz, for a duration of 18.5 h.

Mass spectrometry

All mass measurements were obtained using a Perkin-Elmer Biosystems
(Fragmingham, MA) Elite-STR MALDI-TOF instrument. Approximately two pg of each
oligosaccharide was mixed with a matrix containing a saturated solution of
dihydroxybenzoic acid. Positive and negative mass spectra were acquired using the reflector

mode.
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RESULTS

Detection of glycosyltransferase activities in C. jejuni strains

Before the cloning of the glycosyltransferase genes, we examined C. jejuni
OH4384 and NCTC 11168 cells for various enzymatic activities. When an enzyme activity
was detected, the assay conditions were optimized (described in the Experimental
Procedures) to ensure maximal activity. The capillary electrophoresis assay we employed
was extremely sensitive and allowed detection of enzyme activity in the pU/ml range
(Gilbert et al. (1996) J. Biol. Chem. 271: 28271-28276). We examined both the sequenced
strain NCTC 11168 and the GBS-associated strain OH4384 for the enzymes required for the
GT1a ganglioside mimic synthesis. As predicted, strain OH4384 possessed the enzyme
activities required for the synthesis of this structure: -1,4-N-
acetylgalactosaminyltransferase, 3-1,3-galactosyltransferase, a-2,3-sialyltransferase and o-
2,8-sialyltransferase. The genome of the strain, NCTC 11168 lacked the 3-1,3-

galactosyltransferase and the o-2,8-sialyltransferase activities.

Cloning of an a-2,3-sialyltransferase (cst-I) using an activity screening strategy

A plasmid library made from an unfractionated partial HindlII digestion of
chromosomal DNA from C. jejuni OH4384 yielded 2,600 white colonies which were picked
to form pools of 100. We used a “divide and conquer” screening protocol from which two
positive clones were obtained and designated pCJH9 (5.3 kb insert, 3 Hindlll sites) and
pCJIH101 (3.9 kb insert, 4 Hindlll sites). Open reading frame (ORF) analysis and PCR
reactions with C. jejuni OH4384 chromosomal DNA indicated that pCJH9 contained inserts
that were not contiguous in the chromosomal DNA. The sequence downstream of nucleotide
#1440 in pCJH9 was not further studied while the first 1439 nucleotides were found to be
completely contained within the sequence of pCJH101. The ORF analysis and PCR reactions
with chromosomal DNA indicated that all of the pCIH101 HindIlI fragments were
contiguous in C. jejuni OH4384 chromosomal DNA.

Four ORFs, two partial and two complete, were found in the sequence of
pCJH101 (Figure 2). The first 812 nucleotides encode a polypeptide that is 69 % identical
with the last 265 a.a. residues of the peptide chain release factor RF-2 (pr/B gene, GenBank
#AE000537) from Helicobacter pylori. The last base of the TAA stop codon of the chain
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release factor is also the first base of the ATG start codon of an open reading frame that
spans nucleotides #812 to #2104 in pCJH101. This ORF was designated cst-/
(Campylobacter sialyltransferase I) and encodes a 430 amino acid polypeptide that is
homologous with a putative ORF from Haemophilus influenzae (GenBank #U32720). The
putative H. influenzae ORF encodes a 231 amino acid polypeptide that is 39 % identical to
the middle region of the Cst I polypeptide (amino acid residues #80 to #330). The sequence
downstream of cst-I includes an ORF and a partial ORF that encode polypeptides that are
homologous (> 60 % identical) with the two subunits, CysD and CysN, of the E. coli sulfate
adenylyltransferase (GenBank #AE000358).

In order to confirm that the cst-I ORF encodes sialyltransferase activity, we
sub-cloned it and over-expressed it in E. coli. The expressed enzyme was used to add sialic
acid to Gal-B-1,4-Glc-B-FCHASE (Lac-FCHASE). This product (GM3-FCHASE) was
analyzed by NMR to confirm the NeuSAc-a-2,3-Gal linkage specificity of Cst-I.

Sequencing of the LOS biosynthesis locus of C. jejuni OH4384

Analysis of the preliminary sequence data available at the website of the C.

Jjejuni NCTC 11168 sequencing group (Sanger Centre, UK (http://www.sanger.ac.uk/

Projects /C_jejuni/)) revealed that the two heptosyltransferases involved in the synthesis of
the inner core of the LPS were readily identifiable by sequence homology with other
bacterial heptosyltransferases. The region between the two heptosyltransferases spans 13.49
kb in NCTC 11168 and includes at least seven potential glycosyltransferases based on
BLAST searches in GenBank. Since no structure is available for the LOS outer core of
NCTC 11168, it was impossible to suggest functions for the putative glycosyltransferase
genes in that strain.

Based on conserved regions in the heptosyltransferases sequences, we
designed primers (CJ-42 and CJ-43) to amplify the region between them. We obtained a
PCR product of 13.49 kb using chromosomal DNA from C. jejuni NCTC 11168 and a PCR
product of 11.47 kb using chromosomal DNA from C. jejuni OH4384. The size of the PCR
product from strain NCTC 11168 was consistent with the Sanger Centre data. The smaller
size of the PCR product from strain OH4384 indicated heterogeneity between the strains in

the region between the two heptosyltransferase genes and suggested that the genes for some
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of the glycosyltransferases specific to strain OH4384 could be present in that location. We
sequenced the 11.47 kb PCR product using a combination of primer walking and sub-
cloning of HindIII fragments (GenBank #AF130984). The G/C content of the DNA was
27%, typical of DNA from Campylobacter. Analysis of the sequence revealed eleven
complete ORF's in addition to the two partial ORFs encoding the two heptosyltransferases
(Figure 2, Table 3). When comparing the deduced amino acid sequences, we found that the
two strains share six genes that are above 80% identical and four genes that are between 52
and 68% identical (Table 3). Four genes are unique to C. jejuni NCTC 11168 while one gene
is unique to C. jejuni OH4384 (Figure 2). Two genes that are present as separate ORFs (ORF
#5a and #10a) in C. jejuni OH4384 are found in an in-frame fusion ORF (#5b/10b) in C.
Jejuni NCTC 11168.

Table 3
Location and description of the ORFs of the LOS biosynthesis locus from C. jejuni OH4384

Homologue
ORF | Location in Homologues found in Function®
# Strain GenBank
NCTC11168? | (% identity in the a.a
(% identity sequence)
in the
a.a.
sequence)

la 1-357 ORF #1b rfaC (GB #AE000546) | Heptosyltransferase I
(98%) from

Helicobacter pylori
(35%)

2a 350- ORF #2b | waaM (GB Lipid A biosynthesis
1,234 (96%) #AE001463) from acyltransferase
Helicobacter pylori
(25%)

3a 1,234- ORF #3b IgtF (GB #U58765) Glycosyltransferase
2,487 (90%) from

Neisseria meningitidis
(31%)
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Homologue ~
ORF | Location in Homologues found in Function”
# Strain GenBank
NCTC11168? | (% identity in the a.a
(% identity sequence)
in the
a.a.
sequence)
4a 2,786- ORF #4b cps14J (GB #X85787) | Glycosyltransferase
3,952 (80%) from
Streptococcus pneumoniae
(45% over first 100
a.a)
5a 4,025- | N-terminus of | ORF #HP0217 (GB B-1,4-N-acetylgalac-
5,065 | ORF #5b/10b | #AE000541) tosaminyltransferase
(52%) from Helicobacter (cgtA)
pylori (50%)
6a 5,057- OREF #6b cps23FU (GB B-1,3-Galactosyl-
5,959 (60%) #AF030373) from transferase (cgtB)
(comple Streptococcus
ment) preumoniae (23%)
Ta 6,048- ORF #7b ORF #HI0352 (GB Bi-functional o-
6,920 (52%) #U32720) from 2,3/02,8 sialyl-
Haemophilus transferase (cst-I1)
influenzae (40%)
8a 6,924- ORF #8b siaC (GB #U40740) Sialic acid synthase
7,961 (80%) from
Neisseria meningitidis
(56%)
9a 8,021- ORF#9b | siad (GB #M95053) Sialic acid biosynthesis
9,076 (80%) from
Neisseria meningitidis
(40%)
10a 9,076- | C-terminus of | neud (GB #U54496) CMP-sialic acid
9,738 | ORF #5b/10b | from synthetase
(68%) Haemophilus ducreyi
(39%)
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Homologue
ORF | Location in Homologues found in ~ Function”
# Strain GenBank
NCTC11168?* | (% identity in the a.a
(% identity sequence)
in the
a.a.
sequence)
l1a 9,729- No Putative ORF (GB Acetyltransferase
10,559 homologue | #AF010496) from
Rhodobacter
capsulatus (22%)
12a | 10,557- ORF #12b | ORF #HI0868 (GB Glycosyltransferase
11,366 (90%) #U32768) from
(comple Haemophilus
ment) influenzae (23%)

13a | 11,347- ORF #13b | rfaF (GB #AE000625) | Heptosyltransferase 11
11,474 (100%) from

Helicobacter pylori
(60%)

* The sequence of the C. jejuni NCTC 11168 ORFs can be obtained from the Sanger Centre

(URL:http//www.sanger.ac.uk/Projects/C_jejuni/ ).

P The functions that were determined experimentally are in bold fonts. Other functions are

based on higher score homologues from GenBank.

Identification of outer core glycosyltransferases

Various constructs were made to express each of the potential
glycosyltransferase genes located between the two heptosyltransferases from C. jejuni
OH4384. The plasmid pCJL-09 contained the ORF #5a and a culture of this construct
showed GalNAc transferase activity when assayed using GM3-FCHASE as acceptor. The
GalNAc transferase was specific for a sialylated acceptor since Lac-FCHASE was a poor
substrate (less than 2% of the activity observed with GM3-FCHASE). The reaction product
obtained from GM3-FCHASE had the correct mass as determined by MALDI-TOF mass
spectrometry, and the identical elution time in the CE assay as the GM2-FCHASE standard.
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Considering the structure of the outer core LPS of C. jejuni OH4384, this GalNAc
transferase (cgtA for Camplyobacter glycosyltransferase A), has a -1,4-specificity to the
terminal Gal residue of GM3-FCHASE. The linkage specificity of CgtA was confirmed by
the NMR analysis of GM2-FCHASE (see text below, Table 4). The in vivo role of cgtA in
the synthesis of a GM2 mimic is confirmed by the natural knock-out mutant provided by C.
Jjejuni OH4382 (Figure 1). Upon sequencing of the cgt4 homologue from C. jejuni OH4382
we found a frame-shift mutation (a stretch of seven A’s instead of 8 A’s after base #71)
which would result in the expression of a truncated cgtA version (29 aa instead of 347 aa).
The LOS outer core structure of C. jejuni OH4382 is consistent with the absence of -1,4-
GlaNAc transferase as the inner galactose residue is substituted with sialic acid only
(Aspinall et al. (1994) Biochemistry 33, 241-249).

The plasmid pCJL-04 contained the ORF #6a and an IPTG-induced culture of
this construct showed galactosyltransferase activity using GM2-FCHASE as an acceptor
thereby producing GM1a-FCHASE. This product was sensitive to -1,3-galactosidase and
was found to have the correct mass by MALDI-TOF mass spectrometry. Considering the
structure of the LOS outer core of C. jejuni OH4384, we suggest that this
galactosyltransferase (cgtB for Campylobacter glycosyltransferase B ) has B-1,3- specificity
to the terminal GalNAc residue of GM2-FCHASE. The linkage specificity of CgtA was
confirmed by the NMR analysis of GM1a-FCHASE (see text below, Table 4) which was
synthesized by using sequentially Cst-I, CgtA and CgtB.

The plasmid pCJL-03 included the ORF #7a and an IPTG-induced culture
showed sialyltransferase activity using both Lac-FCHASE and GM3-FCHASE as acceptors.
This second sialyltransferase from OH4384 was designated cst-II. Cst-II was shown to be
bi-functional as it could transfer sialic acid a-2,3 to the terminal Gal of Lac-FCHASE and
also a-2,8- to the terminal sialic acid of GM3-FCHASE. NMR analysis of a reaction
product formed with Lac-FCHASE confirmed the a-2,3-linkage of the first sialic acid on the
Gal, and the o-2,8-linkage of the second sialic acid (see text below, Table 4).

57



WO 02/074942 PCT/CA02/00229

Table 4
Proton NMR chemical shifis® for the fluorescent derivatives of the ganglioside mimics
synthesized using the cloned glycosyltransferases.

Chemical Shift (ppm)
Residue H Lac- GM3- GM2- GMla- GD3-
BGlc 1 4.57 4.70 4,73 4.76 4.76
a 2 3.23 3.32 3.27 3.30 3.38
3 3.47 3.54 3.56 3.58 3.57
4 3.37 3.48 3.39 3.43 3.56
5 3.30 3.44 3.44 3.46 3.50
6 3.73 3.81 3.80 3.81 3.85
6’ 3.22 3.38 3.26 3.35 3.50
BGal(1-4) 1 4.32 4.43 4.42 4.44 4.46
b 2 3.59 3.60 3.39 3.39 3.60
3 3.69 4.13 4.18 4.18 4.10
4 3.97 3.99 4.17 4.17 4.00
5 3.81 3.77 3.84 3.83 3.78
6 3.86 3.81 3.79 3.78 3.78
6’ 3.81 3.78 3.79 3.78 3.78
oNeu5Ac(2-3)  3a 1.81 1.97 1.96 1.78
c 3eq 2.76 2.67 2.68 2.67
4 3.69 3.78 3.79 3.60
5 3.86 3.84 3.83 3.82
6 3.65 3.49 3.51 3.68
7 3.59 3.61 3.60 3.87
8 3.91 3.77 3.77 4,15
9 3.88 3.90 3.89 4.18
9 3.65 3.63 3.64 3.74
NAc 2.03 2.04 2.03 2.07
BGalNAc(1-4) 1 4.71 4.81
d 2 3.94 4.07
3 3.70 3.82
4 3.93 4.18
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Chemical Shift (ppm)
Residue H Lac- GM3- GM2- GMla- GD3-
5 3.74 3.75
6 3.86 3.84
6’ 3.86 3.84
NAc 2.04 2.04
BGal(1-3) 1 4.55
e 2 3.53
3 3.64
4 3.92
5 3.69
6 3.78
6’ 3.74
oNeuSAc(2-8)  3x 1.75
f 3eq 2.76
4 3.66
5 3.82
6 3.61
7 3.58
8 3.91
9 3.88
9 3.64
NAc 2.02

*in ppm from HSQC spectrum obtained at 600 MHz, D,0, pH 7, 28°C for Lac-, 25°C for
GM3-, 16°C for GM2-, 24°C for GMla- and 24°C GD3-FCHASE. The methyl resonance
of 1nterna1 acetone is at 2.225 ppm (‘H). The error is + 0.02 ppm for 'H chemical shifts and

+ 5°C for the sample temperature. The error is + 0.1 ppm for the H-6 resonances of residue
a, b, d and e due to overlap.

Comparison of the sialyltransferases

The in vivo role of cst-II from C. jejuni OH4384 in the synthesis of a tri-
sialylated GT1a ganglioside mimic is supported by comparison with the cst-II homologue
from C. jejuni O:19 (serostrain) that expresses the di-sialylated GD1a ganglioside mimic.

There are 24 nucleotide differences that translate into 8 amino acid differences between
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these two csi-II homologues (Figure 3). When expressed in E. coli, the cst-Il homologue
from C. jejuni O:19 (serostrain) has a-2,3-sialyltransferase activity but very low o-2,8-
sialyltransférase activity (Table 5) which is consistent with the absence of terminal o-2,8-
linked sialic acid in the LOS outer core (Aspinall et al. (1994) Biochemistry 33, 241-249) of
C. jejuni O:19 (serostrain). The cst-I] homologue from C. jejuni NCTC 11168 expressed
much lower a-2,3-sialyltransferase activity than the homologues from O:19 (serostrain) or
OH4384 and no detectable a-2,8-sialyltransferase activity. We could detect an IPTG-
inducible band on a SDS-PAGE gel when cst-II from NCTC 11168 was expressed in E. coli
(data not shown). The Cst-II protein from NCTC 11168 shares only 52% identity with the
homologues from O:19 (serostrain) or OH4384. We could not determine whether the
sequence differences could be responsible for the lower activity expressed in E. coli.
Although cst-I mapped outside the LOS biosynthesis locus, it is obviously
homologous to cst-1I since its first 300 residues share 44% identity with Cst-II from either
C. jejuni OH4384 or C. jejuni NCTC 11168 (Figure 3). The two Cst-II homologues share
52% identical residues between themselves and are missing the C-terminal 130 amino acids
of Cst-I. A truncated version of Cst-I which was missing 102 amino acids at the C-terminus
was found to be active (data not shown) which indicates that the C-terminal domain of Cst-I
is not necessary for sialyltransferase activity. Although the 102 residues at the C-terminus
are dispensable for in vitro enzymatic activity, they may interact with other cell components
in vivo either for regulatory purposes or for proper cell localization. The low level of
conservation between the C. jejuni sialyltransferases is very different from what was
previously observed for the a-2,3-sialyltransferases from N. meningitidis and N.
gonorrhoeae, where the /st transferases are more than 90% identical at the protein level
between the two species and between different isolates of the same species (Gilbert et al.,

supra.).

Table 5
Comparison of the activity of the sialyltransferases from C. jejuni. The various
sialyltransferases were expressed in E. coli as fusion proteins with the maltose-binding
protein in the vector pPCWori+ (Wakarchuk et al. (1994) Protein. Sci. 3, 467-475). Sonicated
extracts were assayed using 500 uM of either Lac-FCHASE or GM3-FCHASE.

60



10

15

20

WO 02/074942 PCT/CA02/00229

Activity (WU/mg)*
Ratio (%)°

Sialyltr ansfera se Lac-FCHASE GM3-FCHASE
gene
cst-I (OH4384) 3,744 2.2 0.1
cst-I1 (OH4384) 209 350.0 167.0
cst-I1 (0O:19 serostrain) 2,084 1.5 0.1
est-II (NCTC 11168) 8 0 0.0

? The activity is expressed in pU (pmol of product per minute) per mg of total protein in the extract.

® Ratio (in percentage) of the activity on GM3-FCHASE divided by the activity on Lac-FCHASE.

NMR analysis on nanomole amounts of the synthesized model compounds.

In order to properly assess the linkage specificity of an identified
glycosyltransferase, its product was analyzed by NMR spectroscopy. In order to reduce the
time needed for the purification of the enzymatic products, NMR analysis was conducted on
nanomole amounts. All compounds are soluble and give sharp resonances with linewidths of
a few Hz since the H-1 anomeric doublets (J; 2 = 8 Hz) are well resolved. The only
exception is for GM2-FCHASE which has broad lines (~ 10 Hz), probably due to
aggregation. For the proton spectrum of the 5 mM GD3-FCHASE solution in the nano-NMR
probe, the linewidths of the anomeric signals were on the order of 4 Hz, due to the increased
concentration. Also, additional peaks were observed, probably due to degradation of the
sample with time. There were also some slight chemical shifts changes, probably due to a
change in pH upon concentrating the sample from 0.3 mM to 5 mM. Proton spectra were
acquired at various temperatures in order to avoid overlap of the HDO resonance with the
anomeric resonances. As can be assessed from the proton spectra, all compounds were pure
and impurities or degradation products that were present did not interfere with the NMR
analysis which was performed as previously described (Pavliak et al. (1993) J. Biol. Chem.
268, 14146-14152; Brisson et al. (1997) Biochemistry 36, 3278-3292).
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For all of FCHASE glycosides, the B assignments of similar glycosides
(Sabesan and Paulson (1986) J. Am. Chem. Soc. 108, 2068-2080; Michon et al. (1987)
Biochemistry 26, 8399-8405; Sabesan et al. (1984) Can. J. Chem. 62, 1034-1045) were
available. For the FCHASE glycosides, the BC assignments were verified by first assigning
the proton spectrum from standard homonuclear 2D experiments, COSY, TOCSY and
NOESY, and then verifying the °C assignments from an HSQC experiment, which detects
C-H correlations. The HSQC experiment does not detect quaternary carbons like C-1 and C-
2 of sialic acid, but the HMBC experiment does. Mainly for the Glc resonances, the proton
chemical shifts obtained from the HSQC spectra differed from those obtained from
homonuclear experiments due to heating of the sample during B¢ decoupling. From a series
of proton spectrum acquired at different temperatures, the chemical shifts of the Glc residue
were found to be the most sensitive to temperature. In all compounds, the H-1 and H-2
resonances of Glc changed by 0.004 ppm/ °C, the Gal(1-4) H-1 by 0.002 ppm / °C, and less
than 0.001 ppm / °C for the Neu5Ac H-3 and other anomeric resonances. For LAC-
FCHASE, the Glc H-6 resonance.changed by 0.008 ppm / °C.

The large temperature coefficient for the Glc resonances is attributed to ring
current shifts induced by the linkage to the aminophenyl group of FCHASE. The
temperature of the sample during the HSQC experiment was measured from the chemical
shift of the Gle H-1 and H-2 resonances. For GM1a-FCHASE, the temperature changed
from 12°C to 24°C due to the presence of the Na+ counterion in the solution and NaOH used
to adjust the pH. Other samples had less severe heating (< 5°C). In all cases, changes of
proton chemical shifts with temperature did not cause any problems in the assignments of
the resonances in the HSQC spectrum. In Table 4 and Table 6, all the chemical shifts are
taken from the HSQC spectra.

The linkage site on the aglycon was determined mainly from a comparison of
the 3C chemical shifts of the enzymatic product with those of the precursor to determine
glycosidation shifts as done previously for ten sialyloligosaccharides (Salloway et al. (1996)
Infect. Immun. 64, 2945-2949). Here, instead of comparing B¢ spectra, HSQC spectra are
compared, since one hundred times more material would be needed to obtain a B¢ spectrum.

When the *C chemical shifts from HSQC spectra of the precursor compound are compared
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to those of the enzymatic product, the main downfield shift always occurs at the linkage site
while other chemical shifts of the precursor do not change substantially. Proton chemical
shift differences are much more susceptible to long-range conformational effects, sample
preparation, and temperature. The identity of the new sugar added can quickly be identified
from a comparison of its '>C chemical shifts with those of monosaccharides or any terminal
residue, since only the anomeric chemical shift of the glycon changes substantially upon
glycosidation (Sabesan and Paulson, supra.).

Vicinal proton spin-spin coupling (Jyy) obtained from 1D TOCSY or 1D
NOESY experiments also are used to determine the identity of the sugar. NOE experiments
are done to sequence the sugars by the observation of NOEs between the anomeric glycon
protons (H-3s for sialic acid) and the aglycon proton resonances. The largest NOE is usually
on the linkage proton but other NOEs can also occur on aglycon proton resonances that are
next to the linkage site. Although at 600 MHz, the NOEs of many tetra- and
pentasaccharides are positive or very small, all these compounds gave good negative NOEs
with a mixing time of 800 ms, probably due to the presence of the large FCHASE moiety.

For the synthetic Lac-FCHASE, the B¢ assignments for the lactose moiety of
Lac-FCHASE were confirmed by the 2D methods outlined above. All the proton resonances
of the Glc unit were assigned from a 1D-TOCSY experiment on the H-1 resonance of Gle
with a mixing time of 180 ms. A ID-TOCSY experiment for Gal H-1 was used to assign the
H-1 to H-4 resonances of the Gal unit. The remaining H-5 and H-6s of the Gal unit were
then assigned from the HSQC experiment. Vicinal spin-spin coupling values (Jun) for the
sugar units were in accord with previous data (Michon et al., supra.). The chemical shifts
for the FCHASE moiety have been given previously (Gilbert ef al. (1996) J. Biol. Chem.
271,28271-28276).

Accurate mass determination of the enzymatic product of Cst-I from Lac-
FCHASE was consistent with the addition of sialic acid to the Lac-FCHASE acceptor
(Figure 4). The product was identified as GM3-FCHASE since the proton spectrum and Bc
chemical shifts of the sugar moiety of the product (Table 6) were very similar to those for
the GM3 oligosaccharide or sialyllactose, (aNeu5Ac(2-3)pGal(1-4)BGlc; Sabesan and
Paulson, supra.). The proton resonances of GM3-FCHASE were assigned from the COSY
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spectrum, the HSQC spectrum, and comparison of the proton and >C chemical shifts with
those of aNeuSAc(2-3)BGal(1-4)BGlcNAc-FCHASE (Gilbert ef al., supra.). For these two
compounds, the proton and B¢ chemical shifts for the NeuSAc and Gal residues were within
error bounds of each other (Id.). From a comparison of the HSQC spectra of Lac-FCHASE
and GM3-FCHASE, it is obvious that the linkage site is at Gal C-3 due to the large
downfield shift for Gal H-3 and Gal C-3 upon sialylation typical for (2-3)
sialyloligosaccharides (Sabesan and Paulson, supra.). Also, as seen before for aNeuSAc(2-
3)BGal(1-4)BGIcNAc-FCHASE (Gilbert ef al., supra.), the NOE from H-34 of sialic acid to
H-3 of Gal was observed typical of the aNeuSAc(2-3)Gal linkage.

Table 6
Comparison of the *C chemical shifts for the FCHASE glycosides® with those observed for
lactose® (Sabesan and Paulson, supra.), ganglioside oligosaccharidesb (Id., Sabesan et al.
(1984) Can. J. Chem. 62, 1034-1045) and (-8Neudc2-); (Michon et al. (1987) Biochemistry
26, 8399-8405). The chemical shifis at the glycosidation sites are underlined.
Chemical Shift (ppm)

Residue C Lac- Lactose GM3- GM30S GM2- GM20S GMla- GMla GD3- 8NeuAc2
ON]

BGlc 100.3 96.7 1003 96.8 100.1 96.6 1004 96.6 100.6
735 748 734 749 733 746 733 746 T35
752 753 750 754 753 752 750 752 5.0
794 794 790 794 795 795 795 795 7838
759 757 757 758 758 756 757 756 5.8
61.1 61.1 60.8 612 61.0 610 60.6 61.0 60.8

1

a 2

3

4

5

6
BGal(1-4) 1 104.1 103.8 103.6 103.7 103.6 103.5 103.6 103.5 103.6

2

3

4

5

6

3

b 720 719 703 704  71.0 709 709 709 703
73.5 735 764 766 753 75.6° 751 752° 763
69.7 695 684 685 783 78.0° 78.1 78.0° 68.5
764 763 760 762 750 749 749 750 76.1
62.1 620 62.1 620 622 614 62.0 615 62.0

oNeuSAc 404 407 377 379 378 379 404 417
2-3)
c 4 692 693 698 69.5 695 69.5 69.0 68.8°

52.6 527 527 525 526 525 530 532
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Chemical Shift (ppm)
Residue C Lac- Lactose GM3- GM30S GM2- GM20S GMla- GMla GD3- 8NeuAc2
6 73.7 739 740 739 738 7%—89 749  74.5°
7 690 692 69.0 688 69.0 689 703  70.0
8 726 728 733 731 731 731 791 9.1
9 63.4  63.7 639 637 637 637 625 62.1
NAc 229 231 232 229 233 229 232 232
BGalNAc 1 103.8 103.6 103.4 103.4
(1-4)
d 2 532 532 520 520
3 723 722 814 812
4 68.8 687 689 6838
5 756 752 751 752
6 618 620 615 62.0
NAc 232 235 234 235
BGal(1-3) 1 105.5 105.6
e 2 71.5 716
3 73.1 734
4 69.5 69.5
5 7577 758
6 619 618
aNeuSAc 3 412 41.2
-8
f 4 69.5 693
5 53.0 526
6 73.6 735
7 69.0 69.0
8 727 72.6
9 635 634
NAc 23.0 231

* in ppm from the HSQC spectrum obtained at 600 MHz, D,0O, pH 7, 28°C for Lac-, 25°C
for GM3-, 16°C for GM2-, 24°C for GM1a-, and 24°C GD3-FCHASE. The methyl
resonance of internal acetone is at 31.07 ppm relative to external dioxane at 67.40 ppm. The
error is + 0.2 ppm for *C chemical shifts and + 5°C for the sample temperature. The error is

+ 0.8 ppm for 6a, 6b, 6d, 6e due to overlap. ° A correction of +0.52 ppm was added to the
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chemical shifts of the reference compounds (25, 27) to make them relative to dioxane set at
67.40 ppm. Differences of over 1 ppm between the chemical shifts of the FCHASE
compound and the corresponding reference compound are indicated in bold. ¢ C-3 and C-4
assignments have been reversed. ¢ C-4 and C-6 assignments have been reversed.

Accurate mass determination of the enzymatic product of Cst-II from Lac-
FCHASE indicated that two sialic acids had been added to the Lac-FCHASE acceptor
(Figure 4). The proton resonances were assigned from COSY, 1D TOCSY and 1D NOESY
and comparison of chemical shifts with known structures. The Glc H-1 to H-6 and Gal H-1
to H-4 resonances were assigned from 1D TOCSY on the H-1 resonances. The NeuSAc
resonances were assigned from COSY and confirmed by 1D NOESY. The 1D NOESY of
the H-8, H-9 Neu5Ac resonances at 4.16 ppm was used to locate the H-9s and H-7
resonances (Michon et al, supra.). The singlet appearance of the H-7 resonance of
NeuS5Ac(2-3) arising from small vicinal coupling constants is typical of the 2-8 linkage (/d.).
The other resonances were assigned from the HSQC spectrum and 13C assignments for
terminal sialic acid (/d.). The proton and *C carbon chemical shifts of the Gal unit were
similar to those in GM3-FCHASE, indicating the presence of the aNeu5Ac(2-3)Gal linkage.
The Jyy values, proton and *C chemical shifts of the two sialic acids were similar to those of
aNeuSAc(2-8)NeuSAc in the o(2-8)-linked NeuSAc trisaccharide (Salloway et al. (1996)
Infect. Immun. 64,2945-2949) indicating the presence of that linkage. Hence, the product
was identified as GD3-FCHASE. Sialylation at C-8 of Neu5SAc caused a downfield shift of -
6.5 ppm in its C-8 resonance from 72.6 ppm to 79.1 ppm.

The inter-residue NOEs for GD3-FCHASE were also typical of the
aNeuSAc(2-8)aNeuSAc(2-3)BGal sequence. The largest inter-residue NOEs from the two
H-3 . resonances at 1.7 - 1.8 ppm of Neu5Ac(2-3) and NeuSAc(2-8) are to the Gal H-3 and
-8)Neu5SAc H-8 resonances. Smaller inter-residue NOEs to Gal H-4 and —8)NeuSAc H-7 are
also observed. NOEs on FCHASE resonances are also observed due the overlap of an
FCHASE resonance with the H-34 resonances (Gilbert et al., supra.). The inter-residue
NOE from H-3¢q of NeuSAc(2-3) to Gal H-3 is also observed. Also, the intra-residues
confirmed the proton assignments. The NOEs for the 2-8 linkage are the same as those
observed for the -8Neu5Aca2- polysaccharide (Michon et al., supra.).
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The sialic acid glycosidic linkages could also be confirmed by the use of the
HMBC experiment which detects 3J(C, H) correlations across the glycosidic bond. The
results for both a-2,3 and o-2,8 linkages indicate the *J(C, H) correlations between the two
NeuSAc anomeric C-2 resonances and Gal H-3 and -8)Neu5Ac H-8 resonances. The intra-
residue correlations to the H-3, and H-3¢q resonances of the two NeuSAc residues were also
observed. The Glc (C-1, H-2) correlation is also observed since there was partial overlap of
the crosspeaks at 101 ppm with the crosspeaks at 100.6 ppm in the HMBC spectrum.

Accurate mass determination of the enzymatic product of CgtA from GM3-
FCHASE indicated that a N-acetylated hexose unit had been added to the GM3-FCHASE
acceptor (Figure 4). The product was identified as GM2-FCHASE since the glycoside proton
and *C chemical shifts were similar to those for GM2 oligosaccharide (GM20S) (Sabesan
et al. (1984) Can. J. Chem. 62, 1034-1045). From the HSQC spectrum for GM2-FCHASE
and the integration of its proton spectrum, there are now two resonances at 4.17 ppm and
4,18 ppm along with a new anomeric "d1" and two NAc groups at 2.04 ppm. From TOCSY
and NOESY experiments, the resonance at 4.18 ppm was unambiguously assigned to Gal H-
3 because of the strong NOE between H-1 and H-3. For Bgalactopyranose, strong intra-
residue NOEs between H-1 and H-3 and H-1 and H-5 are observed due to the axial position
of the protons and their short interproton distances (Pavliak et al. (1993) J. Biol. Chem. 268,
14146-14152; Brisson et al. (1997) Biochemistry 36, 3278-3292; Sabesan et al. (1984) Can.
J. Chem. 62, 1034-1045). From the TOCSY spectrum and comparison of the H1 chemical
shifts of GM2-FCHASE and GM20S (Sabesan et al., supra.) the resonance at 4.17 ppm is
assigned as Gal H-4. Similarly, from TOCSY and NOESY spectra, the H-1 to H-5 of
GalNAc and Glc, and H-3 to H-6 of NeuSAc were assjgned. Due to broad lines, the
multiplet pattern of the resonances could not be observed. The other resonances were
assigned from comparison with the HSQC spectrum of the precursor and B¢ assignments for
GM20S (Sabesan et al., supra.). By comparing the HSQC spectra for GM3- and GM2-
FCHASE glycosides, a -9.9 ppm downfield shift between the precursor and the product
occurred on the Gal C-4 resonance. Along with intra-residue NOEs to H-3 and H-5 of
BGalNAc, the inter-residue NOE from GalNAc H-1 to Gal H-4 at 4.17 ppm was also
observed confirming the BGalNAc(1-4)Gal sequence. The observed NOEs were those

67



10

15

20

25

30

WO 02/074942 PCT/CA02/00229

expected from the conformational properties of the GM2 ganglioside (Sabesan et al.,
supra.).

Accurate mass determination of the enzymatic product of CgtB from GM2-
FCHASE indicated that a hexose unit had been added to the GM2-FCHASE acceptor
(Figure 4). The product was identified as GM1a-FCHASE since the glycoside 13C chemical
shifts were similar to those for the GM1a oligosaccharide (/d.). The proton resonances were
assigned from COSY, 1D TOCSY and 1D NOESY. From a 1D TOCSY on the additional
"e1" resonance of the product, four resonances with a mutltiplet pattern typical of B~
galactopyranose were observed. From a 1D TOCSY and 1D NOESY on the H-1 resonances
of BGalNAc, the H-1 to H-5 resonances were assigned. The fGalNAc H-1 to H-4 multiplet
pattern was typical of the B-galactopyranosyl configuration, confirming the identity of this
sugar for GM2-FCHASE. It was clear that upon glylcosidation, the major perturbations
occurred for the BGalNAc resonances, and there was —9.1 ppm downfield shift between the
acceptor and the product on the GalNAc C-3 resonance. Also, along with intra-residue
NOEs to H-3, H-5 of Gal, an inter-residue NOE from Gal H-1 to GalNAc H-3 and a smaller
one to GalNAc H-4 were observed, confirming the pGal(1-3)GalNAc sequence. The
observed NOEs were those expected from the conformational properties of the GM1a
ganglioside (Sabesan et al., supra.).

There was some discrepancy with the assignment of the C-3 and C-4 BGal(1-
4) resonances in GM20S and GM10S which are reversed from the published data (Sabesan
et al., supra.). Previously, the assignments were based on comparison of 3¢ chemical shifts
with known compounds. For GM1a-FCHASE, the assignment for H-3 of Gal(1-4) was
confirmed by observing its large vicinal coupling, J, 3 = 10Hz, directly in the HSQC
spectrum processed with 2 Hz / point in the proton dimension. The H-4 multiplet is much
narrower (< 5 Hz) due to the equatorial position of H-4 in galactose (Sabesan et al., supra.).
In Table 6, the C-4 and C-6 assignments of one of the sialic acids in (-8Neu5Ac2-); also had
to be reversed (Michon et al., supra.) as confirmed from the assignments of H-4 and H-6.

The C chemical shifts of the FCHASE glycosides obtained from HSQC
spectra were in excellent agreement with those of the reference oligosaccharides shown in

Table 6. Differences of over 1 ppm were observed for some resonances and these are due to
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different aglycons at the reducing end. Excluding these resonances, the averages of the
differences in chemical shifts between the FCHASE glycosides and their reference
compound were less than + 0.2 ppm. Hence, comparison of proton chemical shifts, Juu
values and >C chemical shifts with known structures, and use of NOEs or HMBC were all
used to determine the linkage specificity for various glycosyltransferases. The advantage of
using HSQC spectra is that the proton assignment can be verified independently to confirm
the assignment of the C resonances of the atoms at the linkage site. In terms of sensitivity,
the proton NOEs are the most sensitive, followed by HSQC then HMBC. Using a nano-
NMR probe instead of a 5 mm NMR probe on the same amount of material reduced
considerably the total acquisition time, making possible the acquisition of an HMBC

experiment overnight.

Discussion

In order to clone the LOS glycosyltransferases from C. jejuni, we employed
an activity screening strategy similar to that which we previously used to clone the a-2,3-
sialyltransferase from Neisseria meningitidis (Gilbert et al., supra.). The activity screening
strategy yielded two clones which encoded two versions of the same a-2,3-sialyltransferase
gene (cst-I). ORF analysis suggested that a 430 residue polypeptide is responsible for the o-
2,3-sialyltransferase activity. To identify other genes involved in LOS biosynthesis, we
compared a LOS biosynthesis locus in the complete genome sequence of C. jejuni NCTC
11168 to the corresponding locus from C. jejuni OH4384. Complete open reading frames
were identified and analyzed. Several of the open reading frames were expressed
individually in E. coli, including a -1,4-N-acetylgalactosaminyl-transferase (cgt4), a $-1,3-
galactosyltransferase (cgtB) and a bifunctional sialyltransferase (cst-II).

The in vitro synthesis of fluorescent derivatives of nanomole amounts of
ganglioside mimics and their NMR analysis confirm unequivocally the linkage specificity of
the four cloned glycosyltransferases. Based on these data, we suggest that the pathway
described in Figure 4 is used by C. jejuni OH4384 to synthesize a GT1a mimic. This role for
cgtA is further supported by the fact that C. jejuni OH4342, which carries an inactive version
of this gene, does not have B-1,4-GalNAc in its LOS outer core (Figure 1). The cst-II gene
from C. jejuni OH4384 exhibited both a-2,3- and o-2,8-sialyltransferase in an in vitro assay
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while cst-II from C. jejuni O:19 (serostrain) showed only a-2,3-sialyltransferase activity
(Table 5). This is consistent with a role for ¢s#-I7 in the addition of a terminal o-2,8-linked
sialic acid in C. jejuni OH4382 and OH4384, both of which have identical cs#-II genes, but
not in C. jejuni O:19 (serostrain, see Figure 1). There are 8 amino acid differences between
the Cst-II homologues from C. jejuni O:19 (serostrain) and OH4382/84.

The bifunctionality of cs¢-II might have an impact on the outcome of the C.
Jjejuni infection since it has been suggested that the expression of the terminal di-sialylated
epitope might be involved in the development of neuropathic complications such as the
Guillain-Barré syndrome (Salloway et al. (1996) Infect. Immun. 64, 2945-2949). It is also
worth noting that its bifunctional activity is novel among the sialyltransferases described so
far. However, a bifunctional glycosyltransferase activity has been described for the 3-deoxy-
D-manno-octulosonic acid transferase from E. coli (Belunis, C. J., and Raetz, C. R. (1992) J.
Biol. Chem. 267, 9988-9997).

The mono/bi-functional activity of cst-II and the activation/inactivation of
cgtd seem to be two forms of phase variation mechanisms that allow C. jejuni to make
different surface carbohydrates that are presented to the host. In addition to those small gene
alterations that are found among the three O:19 strains (serostrain, OH4382 and OH4384),
there are major genetic rearrangements when the loci are compared between C. jejuni
OH4384 and NCTC 11168 (an O:2 strain). Except for the pr/B gene, the csz-I locus
(including cysN and cysD) is found only in C. jejuni OH4384. There are significant
differences in the organization of the LOS biosynthesis locus between strains OH4384 and
NCTC 11168. Some of the genes are well conserved, some of them are poorly conserved
while others are unique to one or the other strain. Two genes that are present as separate
ORFs (#5a: cgtA and #10a: NeuA) in OH4384 are found as an in-frame fusion ORF in
NCTC 11168 (ORF #5b/#10b). B-N-acetylgalactosaminyltransferase activity was detected in
this strain, which suggests that at least the cgz4 part of the fusion may be active.

In summary, this Example describes the identification of several open reading
frames that encode enzymes involved in the synthesis of lipooligosaccharides in

Campylobacter.
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It is understood that the examples and embodiments described herein are for
illustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included within the spirit and purview of
this application and scope of the appended claims. All publications, patents, and patent

applications cited herein are hereby incorporated by reference for all purposes.
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WHAT IS CLAIMED IS:

1.  Anisolated or recombinant nucleic acid molecule that comprises a
polynucleotide sequence that encodes a polypeptide selected from the group consisting of:

a) apolypeptide having lipid A biosynthesis acyltransferase activity,
wherein the polypeptide comprises an amino acid sequence that is at least about 70%
identical to an amino acid sequence encoded by nucleotides 350-1234 (ORF 2a) of the LOS
biosynthesis locus of C. jejuni strain OH4384 as shown in SEQ ID NO:1;

b) apolypeptide having glycosyltransferase activity, wherein the
polypeptide comprises an amino acid sequence that is at least about 70% identical to an
amino acid sequence encoded by nucleotides 1234-2487 (ORF 3a) of the LOS biosynthesis
locus of C. jejuni strain OH4384 as shown in SEQ ID NO:1;

¢) apolypeptide having glycosyltransferase activity, wherein the
polypeptide comprises an amino acid sequence that is at least about 50 % identical to an
amino acid sequence encoded by nucleotides 2786-3952 (ORF 4a) of the LOS biosynthesis
locus of C. jejuni strain OH4384 as shown in SEQ ID NO:1 over a region at least about 100
amino acids in length;

d) apolypeptide having p1,4-GalNAc transferase activity, wherein the
GalNAc transferase polypeptide comprises an amino acid sequence that is at least about 77%
identical to an amino acid sequence as set forth in SEQ ID NO:17 over a region at least
about 50 amino acids in length;

e) apolypeptide having p1,3-galactosyltransferase activity, wherein
the galactosyltransferase polypeptide comprises an amino acid sequence that is at least about
75% identical to an amino acid sequence as set forth in SEQ ID NO:27 or SEQ ID NO:29
over a region at least about 50 amino acids in length;

f) apolypeptide having a2,3 sialyltransferase activity, wherein the
sialyltransferase polypeptide comprises an amino acid sequence that is at least about 66%
identical over a region at least about 60 amino acids in length to an amino acid sequence as

set forth in one or more of SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7 or SEQ ID NO:10;
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g) apolypeptide having sialic acid synthase activity, wherein the
polypeptide comprises an amino acid sequence that is at least about 70% identical to an
amino acid sequence encoded by nucleotides 6924-7961 of the LOS biosynthesis locus of C.
Jejuni strain OH4384 as shown in SEQ ID NO:1;

h) a polypeptide having sialic acid biosynthesis activity, wherein the
polypeptide comprises an amino acid sequence that is at least about 70% identical to an
amino acid sequence encoded by nucleotides 8021-9076 of the LOS biosynthesis locus of C.
Jjejuni strain OH4384 as shown in SEQ ID NO:1;

i) apolypeptide having CMP-sialic acid synthetase activity, wherein
the polypeptide comprises an amino acid sequence that is at least about 65% identical to an
amino acid sequence encoded by nucleotides 9076-9738 of the LOS biosynthesis locus of C.
Jejuni strain OH4384 as shown in SEQ ID NO:1;

j) apolypeptide having acetyltransferase activity, wherein the
polypeptide comprises an amino acid sequence that is at least about 65% identical to an
amino acid sequence encoded by nucleotides 9729-10559 of the LOS biosynthesis locus of
C. jejuni strain OH4384 as shown in SEQ ID NO:1; and

k) apolypeptide having glycosyltransferase activity, wherein the
polypeptide comprises an amino acid sequence that is at least about 65% identical to an
amino acid sequence encoded by a reverse complement of nucleotides 10557-11366 of the

LOS biosynthesis locus of C. jejuni strain OH4384 as shown in SEQ ID NO:1.

2. The isolated or recombinant nucleic acid molecule of claim 1, wherein
the nucleic acid comprises a polynucleotide sequence that encodes one or more polypeptides
selected from the group consisting of:

a) a sialyltransferase polypeptide that has both an a2,3
sialyltransferase activity and an 02,8 sialyltransferase activity, wherein the sialyltransferase
polypeptide comprises an amino acid sequence that is at least about 75% identical to an
amino acid sequence as set forth in SEQ ID NO:3 over a region at least about 50 amino acids
in length;

b) a GalNAc transferase polypeptide that has a B1,4-GalNAc

transferase activity, wherein the GalNAc transferase polypeptide comprises an amino acid
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sequence that is at least about 75% identical to an amino acid sequence as set forth in SEQ
ID NO:17 over a region at least about 50 amino acids in length; and

¢) a galactosyltransferase polypeptide that has $1,3-
galactosyltransferase activity, wherein the galactosyltransferase polypeptide comprises an
amino acid sequence that is at least about 75% identical to an amino acid sequence as set

forth in SEQ ID NO:27 over a region at least about 50 amino acids in length.

3. The nucleic acid molecule of claim 1, wherein the sequence
comparisons are performed using a BLASTP Version 2.0 algorithm with a wordlength (W)
of 3, G=11, E=1, and a BLOSUMS62 substitution matrix.

4.  The nucleic acid molecule of claim 1, wherein the region extends the

full length of the amino acid sequence of the polypeptide.

5.  The nucleic acid molecule of claim 1, wherein:
a) the sialyltransferase polypeptide comprises an amino acid sequence
as set forth in SEQ ID NO:3, SEQ ID NO:5 SEQ ID NO:7 or SEQ ID NO:10;
b) the GaINAc transferase polypeptide comprises an amino acid
sequence as set forth in SEQ ID NO:17; and
¢) the galactosyltransferase polypeptide comprises an amino acid

sequence as set forth in SEQ ID NO:27 or SEQ ID NO:29.

6.  The nucleic acid molecule of claim 5, wherein:

a) the polynucleotide sequence that encodes the sialyltransferase
polypeptide is at least about 75% identical to a nucleic acid sequence as set forth in SEQ ID
NO:2, SEQ ID NO:4, or SEQ ID NO:6 over a region at least about 50 nucleotides in length;

b) the polynucleotide sequence that encodes the $1,4-GalNAc
transferase polypeptide is at least about 75% identical to a nucleic acid sequence as set forth
in SEQ ID NO:16 or over a region at least about 50 nucleotides in length; and

c) the polynucleotide sequence that encodes the $1,3-

galactosyltransferase polypeptide is at least about 75% identical to a nucleic acid sequence
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as set forth in SEQ ID NO:26 or SEQ ID NO:28 over a region at least about 50 nucleotides
in length.

7.  The nucleic acid molecule of claim 6, wherein the sequence
comparisons are performed using a BLASTN Version 2.0 algorithm with a wordlength (W)
of 11, G=5,E=2,q=-2,andr = 1.

8.  The nucleic acid molecule of claim 6, wherein:

a) the polynucleotide sequence that encodes the sialyltransferase
polypeptide has an nucleic acid sequence as set forth in SEQ ID NO:2, SEQ ID NO:4, or
SEQ ID NO:6;

b) the polynucleotide sequence that encodes the GalNAc transferase
polypeptide has a nucleic acid sequence as set forth in SEQ ID NO:16; and

¢) the polynucleotide sequence that encodes the galactosyltransferase

polypeptide has a nucleic acid sequence as set forth in SEQ ID NO:26 or SEQ ID NO:28.

9.  The nucleic acid molecule of claim 5, wherein the sialyltransferase is a
bifunctional sialyltransferase that has both an a2,3-sialyltransferase activity and an a2,8-
sialyltransferase activity and the polynucleotide sequence that encodes the sialyltransferase
polypeptide is at least about 75% identical to a nucleic acid sequence as set forth in SEQ ID
NO:2, SEQ ID NO:4.

10. An expression cassette that comprises a nucleic acid molecule of claim

11. An expression vector that comprises the expression cassette of claim 10.
12. A host cell that comprises the expression vector of claim 11.
13. Anisolated or recombinantly produced polypeptide selected from the

group consisting of:
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a) apolypeptide having lipid A biosynthesis acyltransferase activity,
wherein the polypeptide comprises an amino acid sequence that is at least about 70%
identical to an amino acid sequence encoded by nucleotides 350-1234 (ORF 2a) of the LOS
biosynthesis locus of C. jejuni strain OH4384 as shown in SEQ ID NO:1;

b) apolypeptide having glycosyltransferase activity, wherein the
polypeptide comprises an amino acid sequence that is at least about 70% identical to an
amino acid sequence encoded by nucleotides 1234-2487 (ORF 3a) of the LOS biosynthesis
locus of C. jejuni strain OH4384 as shown in SEQ ID NO:1;

¢) apolypeptide having glycosyltransferase activity, wherein the
polypeptide comprises an amino acid sequence that is at least about 50 % identical to an
amino acid sequence encoded by nucleotides 2786-3952 (ORF 4a) of the LOS biosynthesis
locus of C. jejuni strain OH4384 as shown in SEQ ID NO:1 over a region at least about 100
amino acids in length;

d) apolypeptide having B1,4-GalNAc transferase activity, wherein the
GalNAc transferase polypeptide comprises an amino acid sequence that is at least about 77%
identical to an amino acid sequence as set forth in SEQ ID NO:17 over a region at least
about 50 amino acids in length;

e) apolypeptide having B1,3-galactosyltransferase activity, wherein
the galactosyltransferase polypeptide comprises an amino acid sequence that is at least about
75% identical to an amino acid sequence as set forth in SEQ ID NO:27 or SEQ ID NO:29
over a region at least about 50 amino acids in length;

f) apolypeptide having a2,3 sialyltransferase activity, wherein the
sialyltransferase polypeptide comprises an amino acid sequence that is at least about 66%
identical to an amino acid sequence as set forth in SEQ ID NO:3, SEQ ID NO:5, SEQ ID
NO:7 or SEQ ID NO:10 over a region at least about 60 amino acids in length;

g) apolypeptide having sialic acid synthase activity, wherein the
polypeptide comprises an amino acid sequence that is at least about 70% identical to an
amino acid sequence encoded by nucleotides 6924-7961 of the LOS biosynthesis locus of C.
Jejuni strain OH4384 as shown in SEQ ID NO:1;
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h) a polypeptide having sialic acid biosynthesis activity, wherein the
polypeptide comprises an amino acid sequence that is at least about 70% identical to an
amino acid sequence encoded by nucleotides 8021-9076 of the LOS biosynthesis locus of C.
Jejuni strain OH4384 as shown in SEQ ID NO:1; .

i) apolypeptide having CMP-sialic acid synthetase activity, wherein
the polypeptide comprises an amino acid sequence that is at least about 65% identical to an
amino acid sequence encoded by nucleotides 9076-9738 of the LOS biosynthesis locus of C.
Jejuni strain OH4384 as shown in SEQ ID NO:1;

j)  apolypeptide having acetyltransferase activity, wherein the
polypeptide comprises an amino acid sequence that is at least about 65% identical to an
amino acid sequence encoded by nucleotides 9729-10559 of the LOS biosynthesis locus of
C. jejuni strain OH4384 as shown in SEQ ID NO:1; and

k) apolypeptide having glycosyltransferase activity, wherein the
polypeptide comprises an amino acid sequence that is at least about 65% identical to an
amino acid sequence encoded by a reverse complement of nucleotides 10557-11366 of the

LOS biosynthesis locus of C. jejuni strain OH4384 as shown in SEQ ID NO:1.

14. The isolated or recombinantly produced polypeptide of claim 13,
wherein the polypeptide is recombinantly produced and at least partially purified.

15. The isolated or recombinantly produced polypeptide of claim 13,

wherein the polypeptide is expressed by a heterologous host cell.

16. The isolated or recombinantly produced polypeptide of claim 15,

wherein the host cell is E. coli.

17. The isolated or recombinantly produced polypeptide of claim 13,
wherein the polypeptide is a C. jejuni serotype O:2 polypeptide.
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18. The isolated or recombinantly produced polypeptide of claim 13,
wherein the polypeptide is a sialyltransferase polypeptide according to g) and the
polypeptide is selected from the group consisting of:

a polypeptide has both an 02,3 sialyltransferase activity and an o.2,8
sialyltransferase activity and comprises an amino acid sequence that is at least 75% identical
to an amino acid sequence of a ¢st sialyltransferase encoded by ORF 7a of the LOS
biosynthesis locus from C. jejuni strain OH4384 as set forth in SEQ ID NO:3;

a polypeptide that has an a2,3 sialyltransferase activity and comprises
an amino acid sequence that is at least 75% identical to an amino acid sequence of a csfl
sialyltransferase from C. jejuni serotype 0:10 as set forth in SEQ ID NO:5;

a polypeptide that that has an 02,3 sialyltransferase activity and
comprises an amino acid sequence that is at least 75% identical to an amino acid sequence of
a cstl sialyltransferase from C. jejuni serotype O:41 as set forth in SEQ ID NO:7; and

a polypeptide that that has an a2,3 sialyltransferase activity and
comprises an amino acid sequence that is at least 75% identical to an amino acid sequence of

a cstll sialyltransferase of C. jejuni serotype O:2 as set forth in SEQ ID NO:10.

19. The isolated or recombinantly produced sialyltransferase polypeptide of
claim 18, wherein the sialyltransferase polypeptide has an amino acid sequence selected
from the group consisting of SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, and SEQ ID
NO:10.

20. The polypeptide of claim 13, wherein:
a) the sialyltransferase polypeptide of f) has an amino acid sequence
as set forth in SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7 or SEQ ID NO:10;
b) the 1,4-GalNAc transferase polypeptide of d) has an amino acid
sequence as set forth in SEQ ID NO:17; and
c) the B1,3-galactosyltiransferase polypeptide of €) has an amino acid
sequence as set forth in SEQ ID NO:27 or SEQ ID NO:29.
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21. A reaction mixture for synthesis of a sialylated oligosaccharide, the
reaction mixture comprising a sialyltransferase polypeptide which has both an a.2,3
sialyltransferase activity and an 02,8 sialyltransferase activity, a galactosylated acceptor
moiety, and a sialyl-nucleotide sugar;
wherein the sialyltransferase transfers a first sialic acid residue from the
sialyl-nucleotide sugar to the galactosylated acceptor moiety in an 02,3 linkage, and further

transfers a second sialic acid residue to the first sialic acid residue in an a2,8 linkage.

22. The reaction mixture of claim 21, wherein the sialyl-nucleotide sugar is

CMP-sialic acid.

23. The reaction mixture of claim 21, wherein the sialyltransferase
polypeptide has an amino acid sequence that is at least about 75% identical to an amino acid

sequence as set forth in SEQ ID NO:3 over a region at least about 50 amino acids in length.

24. The reaction mixture of claim 23, wherein the sialyltransferase

polypeptide has an amino acid sequence as set forth in SEQ ID NO:3.

25. The reaction mixture of claim 21, wherein the galactosylated acceptor
comprises a compound having the formula GalB1,4-R or Galp1,3-R, wherein R is selected
from the group consisting of H, a saccharide, oligosaccharide, or an aglycone group having

at least one carbohydrate atom.

26. The reaction mixture of claim 21, wherein the galactosylated acceptor is

attached to a protein, lipid, or proteoglycan.

27. The reaction mixture of claim 21, wherein the sialylated oligosaccharide

is a ganglioside, a ganglioside mimic, or a carbohydrate portion of a ganglioside.
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28. The reaction mixture of claim 21, wherein the sialylated oligosaccharide
is a lysoganglioside, a lysoganglioside mimic, or a carbohydrate portion of a

lysoganglioside.

29. The reaction mixture of claim 27, wherein the galactosylated acceptor
moiety comprises a compound having a formula selected from the group consisting of
Gal4Gle-R! and Gal3GalNAc-R?; wherein R’ is selected from the group consisting of
ceramide or other glycolipid, and R? is selected from the group consisting of Gal4GlcCer,

(Neu5Ac3)Gal4GlcCer, and (NeuSAc8Neu5c3)Gal4GleCer.

30. The reaction mixture of claim 29, wherein the galactosylated acceptor is
selected from the group consisting of Gal4GlcCer, Gal3GalNAc4(Neu5Ac3)Gal4GlcCer,
and Gal3GaINAc4(NeuSAc8NeuSc3)Gald4GlcCer.

31. The reaction mixture of claim 21, wherein the galactosylated acceptor is
formed by contacting an acceptor saccharide with UDP-Gal and a galactosyltransferase
polypeptide, wherein the galactosyltransferase polypeptide transfers the Gal residue from the
UDP-Gal to the acceptor.

32. The reaction mixture of claim 31, wherein the galactosyltransferase
polypeptide has B1,3-galactosyltransferase activity and has an amino acid sequence that is at
least about 75% identical to an amino acid sequence as set forth in SEQ ID NO:27 or SEQ

ID NO:29 over a region at least about 50 amino acids in length.

33. The reaction mixture of claim 32, wherein the galactosyltransferase has

an amino acid sequence as set forth in SEQ ID NO:27 or SEQ ID NO:29.

34. The reaction mixture of claim 31, wherein the acceptor saccharide

comprises a terminal GalNAc residue.
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35. The reaction mixture of claim 34, wherein the acceptor saccharide for
the galactosyltransferase is formed by contacting an acceptor for a GalNAc transferase with
UDP-GalNAc and a GalNAc transferase polypeptide, wherein the GalNAc transferase
polypeptide transfers the GalNAc residue from the UDP-GalNAc to the acceptor for the
GalNAc transferase.

36. The reaction mixture of claim 35, wherein the GalNAc transferase
polypeptide has a B1,4-GalNAc transferase activity and has an amino acid sequence that is at
least about 75% identical to an amino acid sequence as set forth in SEQ ID NO:17 over a

region at least about 50 amino acids in length.

37. The reaction mixture of claim 29, wherein the GalNAc transferase

polypeptide has an amino acid sequence as set forth in SEQ ID NO:17.

38. A method for synthesizing a sialylated oligosaccharide, the method
comprising incubating a reaction mixture that comprises a sialyltransferase polypeptide
which has both an 2,3 sialyltransferase activity and an o2,8 sialyltransferase activity, a
galactosylated acceptor moiety, and a sialyl-nucleotide sugar, under suitable conditions
wherein the sialyltransferase polypeptide transfers a first sialic acid residue from the sialyl-
nucleotide sugar to the galactosylated acceptor moiety in an 2,3 linkage, and further

transfers a second sialic acid residue to the first sialic acid residue in an a2,8 linkage.

39. The method of claim 38, wherein the sialylated oligosaccharide is a

ganglioside.

40. The method of claim 38, wherein the sialyltransferase polypeptide has
an amino acid sequence that is at least about 75% identical to an amino acid sequence as set

forth in SEQ ID NO:3 over a region at least about 50 amino acids in length.

41. The method of claim 40, wherein the sialyltransferase polypeptide has
an amino acid sequence as set forth in SEQ ID NO:3.
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42. The method of claim 38, wherein the sialylated oligosaccharide is a

ganglioside a lysoganglioside, a ganglioside mimic, or a lysoganglioside mimic.
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Figure 4
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SEQ ID NO: 2:

ATGAAAAAAG
TTATTCAAGA
ATTTTGAAGA
AATCCTATTC
AAATCAAGAA
CTCATCTAGA
GATGCTCATT
TTATTTTAAA
TTTATATGTG
TCGGGAATTG
ACAAAAAAAT
ACTATATCGG
GAAAAAACTT
AGCAAATTTT
AAGAAARAARAA
TATGGAAAAT
AAATATTTAT
TAAAGCATTA

SEQ ID NO: 3:

Nucleotide sequence that encodes bifunctional sialyltransferase cs¢l from C.

PCT/CA02/00229

Jejuni strain OH4384 (ORF 7a of LOS biosynthesis locus)

TTATTATTGC
CTACCAAATG
TAAATACTAT
TTTTTTTTGA
TATGAGACCG
AAATGAAAAT
TGGGATATGA
TTTCACGAAA
TGCAGTAGCC
ATTTTTATCA
CTTTTAAAAT
ACATAGTAAA
ACAAAATAAA
ATAGAACTAG
TAACTACACT
TTTCAAAAAA
TACAAGTTGA
TTTCAAAGGA

Amino acid sequence of bifunctional sialyltransferase Cs¢II from C. jejuni

TGGAAATGGA
ATTTTGATGT
CTTGGTAAAA
ACAATACTAC
AACTAATTAT
TTTGTAAAAA
TTTTTTCAAA
TTTATTTCAA
ATAGCCCTAG
AAATGGGTCA
TGGCTCCTAA
AATACAGATA
ACTATATTGC
CGCCAAATTT
AAAGATATAC
TATTAATTTT
TAAAAGATCT
AAATAA

CCAAGTTTAA
ATTTAGATGT
AATGCAAGGC
ACTTTAAAAC
GTGTTCTAAT
CTTTTTACGA
CAACTTAAAG
TCAAAGAATT
GATACAAAGA
TCTTATGCTT
TTTTAAAAAT
TAAAAGCTTT
TTATGTCCTA
AAATTCAAAT
TCATACCTTC
AAAADAATAA
ATTAAGATTA

AAGAAATTGA
AATCAATTTT
AGTATTTTAC
ATTTAATCCA
TACAACCAAG
TTATTTTCCT
ATTTTAATGC
ACCTCAGGGG
AATTTATCTT
TTGATACTAA
GATAATTCAC
AGAATTTCTA
ACAGTCTTTT
TTTATCATAC
TAGTGAGGCT
AAATTAAAGA
CCTAGTGATA

strain OH4384 (encoded by ORF 7a of LOS biosynthesis locus)

10

20

30

40

50
100
150
200
250
300
350
400
450
500
550
600
650
700
750
800
850
876

50

1 MKKVIIAGNG PSLKEIDYSR LPNDFDVFRC NQFYFEDKYY LGKKCKAVFY
51 NPILFFEQYY TLKHLIQNQE YETELIMCSN YNQAHLENEN FVKTFYDYFP
101 DAHLGYDFFK QLKDFNAYFK FHEIYFNQRI TSGVYMCAVA IALGYKEIYL
151 SGIDFYQNGS SYAFDTKOKN LLKLAPNFKN DNSHYIGHSK NTDIKALEFL
201 EXKTYKIKLYC LCPNSLLANF IELAPNLNSN FIIQEKNNYT KDILIPSSEA
251 YGKFSKNINF KKIKIKENIY YKLIKDLLRL PSDIKHYFKG K

SEQ ID NO: 4.

ATGAAAAAAG
TTATTCAAGG
ATTTTGAAGA
AATCCTGGTC
AAATCAAGAA
CTCATCTAGA
GATGCTCATT
TTATTTTARA
TCTATATGTG
TCTGGAATTG
ACAAGAAAAT
ACTATATCGG

Nucleotide sequence of bifunctional sialyltransferase-encoding cstZ/ (ORF7a)

from LOS biosynthesis locus of C. jejuni serotype O:10

TTATTATTGC
CTACCAAATG
TAAATACTAT
TTTTTTTTGA
TATGAGACCG
AAATGAAAAT
TGGGATATGA
TTTCACGAAA
TGCAGTAGCT
ATTTTTATCA
CTTTTAAAAC
ACATAGTAAA

TGGAAATGGA
ATTTTGATGT
CTTGGTAAAA
ACAATACTAC
AACTAATTAT
TTTGTAAAAA
TTTTTTTAAA
TTTATCTCAA
ATAGCCCTAG
AAATGGGTCA
TGGCTCCTGA
AATACAGATA

CCAAGTTTAA
ATTTAGATGC
AATTCAAAGC
ACTTTAAAAC
GTGTTCTAAT
CTTTTTACGA
CAACTTAAAG
TCAAAGAATT
GATACAAAGA
TCTTATGCTT
TTTTAAAAAT
TAAAAGCTTT

8/19
SUBSTITUTE SHEET (RULE 26)

AAGAAATTGA
AATCAATTTT
AGTATTTTAC
ATTTAATCCA
TACAACCAAG
TTATTTTCCT
AATTTAATGC
ACCTCAGGAG
AATTTATCTT
TTGATACCAA
GATCGCTCAC
AGAATTTCTA

50
100
150
200
250
300
350
400
450
500
550
600



WO 02/074942 PCT/CA02/00229
GAAAAAACTT ACAAAATAAA ACTATATTGC TTATGTCCTA ACAGTCTTTT 650
AGCAAATTTT ATAGAACTAG CGCCAAATTT AAATTCAAAT TTTATCATAC 700
AAGAAAAAAA TAACTACACT AAAGATATAC TCATACCTTC TAGTGAGGCT 750
TATGGAAAAT TTTCAAAAAA TATTAATTTT AAAAAAATAA AAATTAAAGA 800
AAATATTTAT TACAAGTTGA TAAAAGATCT ATTAAGATTA CCTAGTGATA 850
TAAAGCATTA TTTCAAAGGA AAATAA ' 876
SEQ ID NO: 5. Amino acid sequence of bifunctional sialyltransferase cst/I encoded by ORF

7a of LOS biosynthesis locus from C. jejuni serotype O:10
10 20 30 40 50

1 MKKVIIAGNG PSLKEIDYSR LPNDFDVFRC NQFYFEDKYY LGKKFKAVFY

51 NPGLFFEQYY TLKHLIQNQE YETELIMCSN YNQAHLENEN FVKTFYDYFP
101 DAHLGYDFFK QLKEFNAYFK FHEIYLNQRI TSGVYMCAVA IALGYKEIYL
151 SGIDFYQNGS SYAFDTKQEN LLKLAPDFKN DRSHYIGHSK NTDIKALEFL
201 EKTYKIKLYC LCPNSLLANF IELAPNLNSN FITQEKNNYT KDILIPSSEA
251 YGKFSKNINF KKIKIKENIY YKLIKDLLRL PSDIKHYFKG K
SEQ ID NO: 6. Nucleotide sequence of C. jejuni serotype O:41 cstll coding region
ATGAAAAAAG TTATTATTGC TGGAAATGGA CCAAGTTTAA AAGAAATTGA 50
TTATTCAAGA CTACCAAATG ATTTTGATGT ATTTAGATGC AATCAATTTT 100
ATTTTGAAGA TAAATACTAT CTTGGTAAAA AATGCAAAGC AGTATTTTAC 150
AATCCTAGTC TTTTTTTTGA ACAATACTAC ACTITTAAAAC ATTTAATCCA 200
AAATCAAGAA TATGAGACCG AACTAATCAT GTGTTCTAAT TTTAACCAAG 250
CTCATCTAGA AAATCAAAAT TTTGTAAAAA CTTTTTACGA TTATTTTCCT 300
GATGCTCATT TGGGATATGA TTTTTTCAAA CAACTTAAAG AATTCAATGC 350
TTATTTTAAA TTTCACGAAA TTTATTTCAA TCAAAGAATT ACCTCAGGGG 400
TCTATATGTG CACAGTAGCC ATAGCCCTAG GATACAAAGA AATTTATCTT 450
TCGGGAATTG ATTTTTATCA AAATGGATCA TCTTATGCTT TTGATACCAA 500
ACAAAAAAAT CTTTTAAAAT TGGCTCCTAA TTTTAAAAAT GATAATTCAC 550
ACTATATCGG ACATAGTAAA AATACAGATA TAAAAGCTTT AGAATTTCTA 600
GAAAAAACTT ACGAAATAAA GCTATATTGT TTATGTCCTA ACAGTCTTTT 650
AGCAAATTTT ATAGAACTAG CGCCAAATTT AAATTCAAAT TTTATCATAC 700
AAGAAAAAAA TAACTATACT AAAGATATAC TCATACCTTC TAGTGAGGCT 1750
TATGGAAAAT TTACAAAAAA TATTAATTTT AAAAAAATAA AAATTAAAGA 800
AAATATTTAT TACAAGTTGA TAAAAGATCT ATTAAGATTA CCTAGTGATA 850
TAAAGCATTA TTTCAAAGGA AAATAA 876
SEQ ID NO: 7. Amino acid sequence of Cs#/I from C. jejuni serotype 0:41

10 20 30 40 50

1 MKKVIIAGNG PSLKEIDYSR LPNDFDVFRC
NPSLFFEQYY TLKHLIQNQE YETELIMCSN
DAHLGYDFFK QLKEFNAYFK FHEIYFNQRI
SGIDFYQNGS SYAFDTKQKN LLKLAPNFKN
EKTYEIKLYC LCPNSLLANF IELAPNLNSN

51
101
151
201
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NQFYFEDKYY LGKKCKAVFY
FNQAHLENQN FVKTFYDYFP
TSGVYMCTVA IALGYKEIYL
DNSHYIGHSK NTDIKALEFL
FITIQEKNNYT KDILIPSSEA
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251 YGKFTKNINF KKIKIKENIY YKLIKDLLRL PSDIKHYFKG K

SEQ ID NO: 8. Nucleotide sequence of coding region for CstII from C. jejuni O:19.

1
51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851

atgaaaaaag
ttattcaagg
attttgaaga
acccctaatt
aaatcaagaa
ctcatctaga
gatgctcatt
ttattttaaa
tctatatgtg
tcgggaattg
acaagaaaat
actatatcgg
gaaaaaactt
agcaaatttt
aagaaaaaaa
tatggaaaat
aaatgtttat
taaagcatta

ttattattgc
ctaccaaatg
taaatactat
tcttetttga
tatgagaccg
aaatgaaaat
tgggatatga
tttcacgaaa
tgcagtagcc
atttttatca
cttttaaaac
acatagtaaa
acaaaataaa
atagaactag
taactacact
tttcaaaaaa
tacaagttga
tttcaaagga

tggaaatgga
attttgatgt

cttggtaaaa
gcaatactac
aactaattat
tttgtaaaaa
tttttttaaa
tttatttcaa
atagccctag
aaatgggtca
tagccectga
aatacagata
actatattgc
cgccaaattt
aaagatatac
tattaatttt
taaaagatct
aaataa

ccaagtttaa
atttagatgt
aatgcaaagc
actttaaaac
gtgttctaat
ctttttacga
caacttaaag
tcaaagaatt
gatacaaaga
tcttatgett
ttttaaaaat
taaaagcttt
ttatgtccta
aaattcaaat
tcataccttce
aaaaaaataa
attaagatta

SEQ ID NO: 9: Amino acid sequence of Cs¢lI from C. jejuni O:19.

1
51
101
151
201
251

MKKVIIAGNG
TPNFFFEQYY
DAHLGYDFFK
SGIDFYQNGS
EKTYKIKLYC
YGKFSKNINF

PSLKEIDYSR
TLKHLIQNQE
QLKEFNAYFK
SYAFDTKQEN
LCPNSLLANF
KKIKIKENVY

LPNDFDVERC
YETELIMCSN
FHEIYFNQRT
LLKLAPDFKN
IELAPNLNSN
YKLIKDLLRL

NQFYFEDKYY
YNQAHLENEN
TSGVYMCAVA
DRSHYIGHSK
FITQEKNNYT
PSDIKHYFKG

aagaaattga
aatcaatttt
agtgttttac
atttaatcca
tacaaccaag
ttattttect
aatttaatgc
acctcagggg
aatttatctt
ttgataccaa
gatcgectcege
agaatttcta
atagtctttt
tttatcatac
tagtgaggct
aaattaaaga
cctagtgata

LGKKCKAVFY
FVKTFYDYFP
IALGYKEIYL
NTDIKALEFL
KDILIPSSEA
K

SEQ ID NO: 10. Amino acid sequence of CstI from C. jejuni strain NCTC 11168

10 20 30 40 50

51
101
151
201
251

MSMNINALVC
VFFNPFVFFE
YFSDAFLGHE
IYISGIDFYQ
LDYLMKRYDV
AQERYYGKKS

GNGPSLKNID YKRLPKQFDV
QYYTSKKLIQ NEEYNIENIV
IIKKLKDFFA YIKYNEIYNR
DTNNLYAFDN NKKNLLNKCT
NIYSLNSDEY FKLAPDIGSD
RLKENLHYKL IKDLIRLPSD

FRCNQFYFED
CSTINLEYID
QRITSGVYMC
GFKNQKFKFI
FVLSKKPKKY
IKHYLKEKYA

RYFVGKDVKY
GFQFVDNFEL
ATAVALGYKS
NHSMACDLQA
INDILIPDKY
NKNR

SEQ. ID NO: 11. Nucleotide sequence for coding region for Cst II from C. jejuni 0:4

1 ATGAAAAAAG TTATTATTGC TGGAAATGGA CCAAGTTTAA AAGAAATTGA TTATTCAAGG
61 CTACCAAATG ATTTTGATGT ATTTAGATGT AATCAATTTT ATTTTGAAGA TAAATACTAT

10/19
SUBSTITUTE SHEET (RULE 26)



121
181
241
301
361
421
481
541
601
661
721
781
841

WO 02/074942

CTTGGTAAAA
ACTTTAAAAC
TACAACCAAG
GATGCTCATT
TTTCACGAAA
ATAGCCCTAG
TCTTATGCTT
GATCGCTCAC
GAAAAAACTT
ATAGAACTAG
AAAGATATAC
AAAANANTAA
CCTAGTGATA

AATGCAAAGC
ATTTAATCCA
CTCATCTAGA
TGGGATATGA
TTTATTTCAA
GATACAAAGA
TTGATACCAA
ACTATATCGG
ACAAAATAAA
CGCCAAATTT
TCATACCTTC
AAATTAAAGA
TAAAGCATTA

AGTGTTTTAC
AAATCAAGAA
AAATGAAAAT
TTTTTTTAAA
TCAAAGAATT
AATTTATCTT
ACAAGAAAAT
ACATAGTAAA
ACTATATTGC
AAATTCAAAT
TAGTGAGGCT
AAATGTTTAT
TTTCAAAGGA

ACCCCTGGTT
TATGAGACCG
TTTGTAAAAA
CAACTTAAAG
ACCTCAGGGG
TCGGGAATTG
CTTTTAAAAC
AATACAGATA
TTATGTCCTA
TTTATCATAC
TATGGAAAAT
TACAAGTTGA
AAA

TCTTCTTTGA
AACTAATTAT
CTTTTTACGA
AATTTAATGC
TCTATATGTG
ATTTTTATCA
TAGCCCCTGA
TAAAAGCTTT
ACAGTCTTTT
AAGAAAANAA
TTTCAAAAAD
TAAAAGATCT

PCT/CA02/00229

GCAATACTAC
GTGTTCTAAT
TTATTTTCCT
TTATTTTAAA
TGCAGTAGCC
AAATGGGTCA
TTTTAAAAAT
AGAATTTCTA
AGCAAATTTT
TAACTACACT
TATTAATTTT
ATTAAGATTA

SEQ ID NO:

MKKVIIAGNG
YTLKHLIQNQ
FKFHEIYFNQ
FKNDRSHYIG
NNYTKDILIP

SEQ ID NO:

ATGAAAAAAG
CTACCAAATG
CTTGGTAAAA
ACTTTAAAAC
TACAACCAAG
GATGCTCATT
TTTCACGAAA
ATAGCCCTAG
TCTTATGCTT
GATCGCTCAC
GAAAAAACTT
ATAGAACTAG
AAAGATATAC
AAAAANATAA
CCTAGTGATA

SEQ ID NO:

MKKVIIAGNG
YTLKHLIQNQ
FKFHEIYFNQ
FKNDRSHYIG
NNYTKDILIP

SEQ ID NO:

12. Amino acid sequence of Cst II from C. jejuni 0:4

PSLKEIDYSR LPNDFDVFRC NQFYFEDKYY LGKKCKAVFY TPGFFFEQY
EYETELIMCS NYNQAHLENE NFVKTFYDYF PDAHLGYDFF KQLKEFNAY
RITSGVYMCA VAIALGYKEI YLSGIDFYQN GSSYAFDTKQ ENLLKLAPD
HSKNTDIKAL EFLEKTYKIK LYCLCPNSLL ANFIELAPNL NSNFIIQEK
SSEAYGKFSK NINFKKIKIK ENVYYKLIKD LLRLPSDIKH YFKGK

13. Nucleotide sequence for coding region for Cst II from C. jejuni 0:36

TTATTATTGC
ATTTTGATGT
AATGCAAAAC
ATTTAATCCA
CTCATCTAGA
TGGGATATGA
TTTATTTCAA
GATACAAAGA
TTGATACCAA
ACTATATCGG
ACAAAATAAA
CGCCAAATTT
TCATACCTTC
AAATTAAAGA
TAAAGCATTA

14. Amino acid sequence of Cst II from C. jejuni 0:36.

TGGAAATGGA
ATTTAGATGT
AGTGTTTTAC
AAATCAAGAA
AAATGAAAAT
TTTTTTTAAA
TCAAAGAATT
AATTTATCTT
ACAAGAAAAT
ACATAGTAAA
ACTATATTGC
AAATTCAAAT
TAGTGAGGCT
AAATGTTTAT
TTTCAAAGGA

CCAAGTTTAA
AATCAATTTT
ACCCCTAATT
TATGAGACCG
TTTGTAAAAA
CAACTTAAAG
ACCTCAGGGG
TCGGGAATTG
CTTTTAAAAC
AATACAGATA
TTATGTCCTA
TTTATCATAC
TATGGAAAAT
TACAAGTTGA
AAA

AAGAAATTGA
ATTTTGAAGA
TCTTCTTTGA
AACTAATTAT
CTTTTTACGA
AATTTAATGC
TCTATATGTG
ATTTTTATCA
TAGCCCCTGA
TAAAAGCTTT
ATAGTCTTTT
AAGAAAARAAA
TTTCAARAAAL
TAAAAGATCT

PSLKEIDYSR LPNDFDVFRC NQFYFEDKYY LGKKCKTVFY
EYETELIMCS NYNQAHLENE NFVKTFYDYF PDAHLGYDFF
RITSGVYMCA VAIALGYKEI YLSGIDFYQN GSSYAFDTKQ
HSKNTDIKAL EFLEKTYKIK LYCLCPNSLL ANFIELAPNL
SSEAYGKFSK NINFKKIKIK ENVYYKLIKD LLRLPSDIKH

15: Nucleotide sequence of glycosyltransferase-encoding ORF 4a of LOS

biosynthesis locus from C. jejuni strain OH4384

TTATTCAAGG
TAAATACTAT
GCAATACTAC
GTGTTCTAAT
TTATTTTCCT
TTATTTTAAA
TGCAGTAGCC
AAATGGGTCA
TTTTAAAAAT
AGAATTTCTA
AGCAAATTTT
TAACTACACT
TATTAATTTT
ATTAAGATTA

TPNFFFEQY
KQLKEFNAY
ENLLKLAPD
NSNFIIQEK
YFKGK

ATGAAGAAAA TAGGTGTAGT TATACCAATC TATAATGTAG AAAAATATTT
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AAGAGAATGT
TCATACTTGT
AAAGAATATA
TGGGGGTTTA
AATATAAATT
GAATTTCAAT
AAGCTCTCAA
CTAGTATAGA
AACTGCATAG
GTTTGACCAT
AAACAAGGAT
AAAGAATATG
TGGATGGAAT
AATTTATAAA
TTTGCTAGTG
TCGTTTAAGA
CAAATGTGTC
GCTAAGGAAG
TTTAAAATTG
CTATAAAAGA
AAAAAATTTA
TAAACCTTTT
AAAAAATAAA

SEQ ID NO: 16: Nucleotide sequence of f1,4 GalNAc transferase-encoding ORF 5a of LOS
biosynthesis locus from C. jejuni strain OH4384

ATGCTATTTC
TAGAAAAATT
AACGAGATAA
AATAAATACA
GGAGGGGCAT
AATCTCCTTT
ACCTTAAAAG
TATAGGATAT
TTTGCAAACA
CAAATTCAAA
TTATGTTGCA
TGGATCATAT
AAAAACAAAT
TAATGATAAT
AACCAGGAGA
GTATTAATTG
TTTTTCTTCA
TATTATTTCA
CATAGAGCTC
TAAAAAATTC
TTTCAAAAGA

TTAGATAGCG
CAATGATGGT
CCTTAAAAGA
AGTTCAGCTA
AAADAACAAA
TGGATGGTAA
GCTTTTAATA
TTATATTATA
AAGAATGCGT
GATTGCACCT
GGAAATTTTT
CAAATCGAGC
GGAATGATTG
TTTTATTATC
CTAATAAAAT
GCAAACAGTA
AGAGTATTTT
CAAAAAATTA
ATAGAATTTT
AACATTTTTA
AAAAAGATCC
ATTCAAACAA
AAATATTTAA

AATCATACTT
AGACATAAAA
AATCGATTCT
ACAATGAAGA
AAAGGATATT
GAATCCTTGG
CTTCTCTTGA
AATGATTGTA
ATATCCTTCA
ACCCAAAATC
AGTTTTATAC
CTATGATGCT
ATGATGTAGT
TTTTTTCTTT
TTGCTTGCTT
ACAGAATCAA
AATATACACT
CACTGAATTA
AAGATATTTA
TATTTACAAA
AACTCTAARAA

TTATCAATCA
AGCACAGATG
TAAAAGAATA
GAAATATAGG
ACTCAACATA
TAATCCTTAT
ATGAAARAAGA
TTCTTAGATA
TATAAGAATG
ATGAAGACAA
GATTTTAAAA
ATTAAGTGTA
ATTTTAATTT
AATGAAGATA
TTATGTTTTA
TATCAAATCA
AAAGATATAT
TTTAAAAGCA
TTAAAGATCA
CCTTGCTATG
TTTAAATTTA
AACTTCCTTA

TGTGAAAATA
TAAAAAAANC
TATTTACCAA
TTTAATTAAA
TTAATTATGA
GCTTTTATAC
AAGCATATTG
CCGATGGAAG
TTTATACCAA
AGAAGAAAAT
CAAAAGATGA
AAAAAACTTT
TAGTTATTCA
GTAAAGATAA
ATCAATAATT
TAACAATTGG
CTTTAGAGCA
AATAATTATC
TAAATATAAT
ATATTAATCA
AAAATATTCT

AACTTATACT
AACACTCACT
ACTCTTTTTG
TATAGAATAC
TAAAAGAAAA
AATATATATA
TTTAACCAAT
GTGATAATTA
AAAAATGTGG
TATAAAAAAT
AAGAATGTAT
GGATCTAGAG
TTTAAAGCAA
TACACTTTGG
TCACAAAAGT
TGATAAGAAG
ATGAAACTTT
GCAAGCAGGG
AAAAAACGAA
CCAAAAANGC
AAGGAACAAT
TGATATTTGG

ATTTGCTTAT
ATTTTTACTA
AAAAAACTCT
CTTAATAAAG
TGAAAAATCT
GAGTAAAAAA
CCTGCTATCC
TGAAGAAATA
TAAAATATCC
AAACTCTATA
GTGGCTTATA
ATAAAAGCTT
AGGGTTGATA
TAATGGCAAT
ATAACTTAAA
AAAANAGCAA
ATTAAAGTAT
ATTTTCCTTT
TGGATAAGTA
TAAAATAGAA
TAACATTGTT

12/19
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AACTTAGAAA
CAATATTGCA
ATAAGAAAAA
TTTAGCGGGG
TTCTTTAATA
AAGCATATAA
TTTACTTACC
TTGGAAACTA
ATGTATTGTG
AAGCACAAAA
AATCACTCCA
ATATTTCTTT
ATTAAACTTA
GATAATTTTG
TGTATTTGTG
ATTACAAAAG
CGGGGAAAAC
TTATAACTGC
AATGCACTTG
TTTAATGATT
TAGTTTTAAT
AAATTTTGGC

TCATCCCTTT
AAMAAACATAC
TGTGCAAATT
CTATTATAGG
AAAGATCCAA
TGAAGCTATT
AAAGAGGTGT
ATTCTAGAAT
TTATGAAATT
GCTATTATAA
AAAATAGATG
CTATATACCA
TTCACTATTT
ATATTGAAAG
ATGGAAAGAA
CAAAACAAAG
AAACACAGGA
TTTAAAAAAA
TTGAAGAATT
CCTTCTATGA
TTAA

100
150
200
250
300
350
400
450
500
550
600
650
700
750
800
850
900
950
1000
1050
1100
1150
1170

50
100
150
200
250
300
350
400
450
500
550
600
650
700
750
800
850
900
950

1000
1044
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SEQ ID NO: 17: Amino acid sequence of B1,4 GalNAc transferase from C. jejuni strain
OH4384 (encoded by ORF 5a of LOS biosynthesis locus)

10
MLFQSYFVKI
NKYNNEDLIK
TLKASLESIL
QIQNPKSEEN
KNKYDVVSYS
VLIDRINNNW
HRAQDIYKYN

20 30
ICLFIPFRKI RHKIKKTFLL
LNKAIIGEGH KGYFNYDEKS
PAIQRGVIGY NDCTDGSEEI
KLYSYYNYVA SFIPKDEWLI
RVDIHYFNDN FFLCKDNNGN
KKATKQSFSS NIHSLEQLKY
WISIEEFKKF YLONINHKIE

40
KNIQRDKIDS
KDPKSPLNPW
ILEFCKQYPS
KIDVDHIYDA
ILKEPGDCLL
KHRILFHTEL
PSMISKETLK

50
YLPKKTLVQI
AFIRVKNEAT
FIPIKYPYET
KKLYKSFYIP
INNYNLKWKE
NNYHFPFLKK
KIFLTLF

51
101
151
201
251
301

SEQ. ID NO: 18. Nucleotide sequence of 3-1,4-GalNAc transferase from C. jejuni 0:1.

ATGACTTTGT
AAATTTGATA
GGTTTTTTTG
TTTATAAGAG
GCCATACAAA
TTGGAATTTT
ATTGAAAATC
TTTATACCGC
AAATTATATA
AATTTTTTAA
GGAGGGGATC
AAGCAAAGTC
ATTATACCCA
TTAAAATATC
AAAAAAATCC
AAAGTAATTC
ATAATACCTG
GATAGGCCTT
ATTGTTTTAA
GTGTTAAAAA
CATACCTTGA
TTAAGGACAA
GCATTAATAA
GGTAACTTAA
AAAACTTATA
CCAACTTTTC
ATAGATACAA

SEQ. ID NO: 19. Amino Acid sequence of B-1,4-GalNAc transferase from C. jejuni 0:1.

MTLFYKIIAF
AFIRVKNEAT
VQIENPQSEER
PRINFLILDK
SEQQIIPKHI
TMLDEKVIRE
SKYVDKIVLS
LLOPTSPLRT
FMPRQKLPKT

TTTATAAAAT
ATGAATATTT
ATTTTGATCC
TAAAAAATGA
GAGGTGTTAT
GCAAACAATA
CGCAAAGCGA
AAGATGAGTG
AGAGTTTTTA
TACTAGATAA
AATTGTTAAT
AGTGGATTGA
AACATATAAA
ATAGAAATGA
ATTATAGACA
GTGAAATATT
CTCGAGCTGG
TGTTGTATTA
GTAGTGATGG
GACCTAAAGA
GTTTTTATAA
ATGTACATAT
GTGTTGTAGA
AAGGAATTTG
TGAGTAATGG
TACAAGAAAA
CAGAGGATTT

LRLLKIDKKL
TLRVSLESML
NKLHSYYNYV
IVIQNIGECG
KILQAELLQW
ILDKFKLSGK
SDGDDILEYG
NVHIDEAFLK
YMSNGAIYIV

TATAGCTTTT
TTTAAACTTA
AAACTCAAARA
AGCCACTACT
AGGATATAAT
CCCTTCGTTT
AGAAAATAAL
GCTTATAAAA
TATGGCATCA
AATTGTAATT
TCAAAAGTGC
TCCTGAAAAA
AATCTTACAA
TTATCAAAAA
TAGAAAAATA
AGATAAATTT
TTCAAAAGGT
TACTATCAAT
CGATGATATA
ATTAGCGCTA
AGATTATGAA
AGATGAAGCT
ATGTGATAAT
TGATAACAAA
TGCAATTTAT
AACAAGTTGC
AAAAAGAGTT

KFDNEYFLNL
PAIQRGVIGY
ASFIPQDEWL
FIDGGDQLLI
HFPALKYHRN
KMTLAIIPAR
QTQGVDVLKR
FKNENSNALI
KSNLFLNNPT

TTAAGATTGC
AATAAAAAAA
GATACAAAAT
TTAAGAGTAT
GATTGTACTG
ATACCAGTAA
CTTCATAGTT
ATAGATGTGG
AAAAATACTG
CAAAATATAG
AATAGTGTAT
ACTGTGAAAG
GCAGAATTAC
CATTTGGATG
AAGAAAATAA
AAATTGAGTG
ATAAAAAATA
GCAGCAAAARA
TTAGAATATG
GATGATACAA
AATATTGTTT
TTTTTAAAAT
AAAATTTTAA
TATCCATTTA
ATAGTAAAGT
TATATAATGG
AATAATATAA

NKKIYNEKHK
NDCTDGSEEI
IKIDVDHYYD
QKCNSVFIER
DYQKHLDALT
AGSKGIKNKN
PKELALDDTT
SVVECDNKIL
FLOEKTSCYI

13/19

TTAAAATTGA
TCTACAATGA
CTCCTTTAAA
CACTTGAAAG
ATGGAAGTGA
AATATCCCCA
ATTATAACTA
ATCATTACTA
CTGTTAGATT
GAGAATGTGG
TTATAGAAAG
AATTGTATTC
TTCAATGGCA
CTTTAACTTT
ATTATACAAT
GTAAAAAAAT
AAAATTTAGC
ATTCAAAGTA
GACAAACTCA
CTAGTGATAA
TATTACAACC
TTAAAAATGA
AAGCTTTTAT
TGCCTAGACA
CAAATTTATT
ACGAAAAAGC
GCTTCTTA

GFFDFDPNSK
ILEFCKQYPS
AKKLYKSFYM
MVSKQSQWID
LEDFKKIHYR
LALLHDRPLL
SDKVVLHTLS
KAFIDDNGNL
MDEKASLDID

SUBSTITUTE SHEET (RULE 26)

TAAAAAATTA
AAAGCATAAA
TCCATGGGCT
TATGTTACCT
AGAAATTATT
TGAGGTGCAA
TGTAGCTAGT
TGATGCAAAA
TCCAAGAATT
TTTTATCGAT
AATGGTTTCA
TGAACAGCAA
TTTTCCTGCT
AGAAGATTTT
GCTTGATGAA
GACTTTAGCT
TCTTTTGCAT
TGTAGATAAA
AGGTGTAGAT
GGTTGTATTG
CACTTCTCCT
AAACTCAAAT
AGATGATAAT
AAAATTACCA
TTTAAATAAC
TAGTTTGGAT

DTKSPLNPW
FIPVKYPHE
ASKNTAVRF
PEKTVKELY
HRKIKKINY
YYTINAAKN
FYKDYENIV
KGICDNKYP

TTEDLKRVNNI SFL
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SEQ. ID NO: 20. Nucleotide sequence of 3-1,4-GalNAc transferase from C. jejuni 0:10.

ATGCTATTTC
AGACATAAAA
TATCTACCAA
CTTAATAAAG
AAAGATCCAA
ACCTTAAAAG
AATGATTGCA
TTTATACCAA
AAACTCTATA
AAAATAGATG
AGAAAAAATT
TTTTATGTTT
ATACAAAACA
AATACTGCAA
AGAATTTATT
AAAAATGATT
GAAAAATTAA
TACAAAAAGC

SEQ. ID NO: 21. Amino acid sequence of 3-1,4-GalNAc transferase from C. jejuni 0:1.

MLFQSYFVKI
KLNKAIIGGG
GYNDCTDGSE
WLIKIDVDHY
DCLAIQNTNL
IKNYRKNDYK

SEQ. ID NO: 22. Nucleotide sequence of 3-1,4-GalNAc transferase from C. jejuni 0:1.

0:36

DNA:

ATGCTTAAAA
GATAATGAGC
TTTGACTTTG
AGGGTTAAAA
CAAAGAGGAA
TTTTGCAAGC
AATCCTAAAA
CCCTTAGATG
TATAAGAGTT
TTTATAATCT
GGGGGGGATC
AAAANAGCCA
TCTTATCTCA
TAAAATACCG
AGGCCTTTCA
CTGTAATCGA

AATCATACTT
TAAAAAAAAC
AAAAAACTCT
CTATTATAGG
AATCTCCTTT
CTTCTCTTGA
CCGATGGAAG
TAAAATATCC
GCTATTATAA
TGGATCATTA
ATCATGTAAT
ATCGGAATAA
CTAACTTATT
AAAATAATAT
TTACTACAGA
ATAAGCAGTT
AAAATCAAAT
TTACATCTTC

ICLFIPFRKI
HKGYFNYDEK
EITILEFCKQY
YDAKKLYKSF
FWKEILIEDD
QLNWVSLDDF

AAATCATTTC
ATTTCATTAA
ATGAAAAGGC
ATGAAGCTTT
TTATAGCTTA
AATATCCCAA
ATGAAGAAAA
AGTGGTTTAT
TTTATAGGAT
TAAATGGAAA
AACTCTTGAT
ATGGATAGAT
AGGAGTGAAA
CCGAAACGAT
TCGTAAGAGC
GCAAATATTA

TGTGAAAATA
ATTTTTACTA
TATACAAATT
GGGGGGGCAT
GAATCCTTGG
AAGCATATTG
TGAAGAAATA
TTATGAAATT
TTATGTTGCA
TTATGATGCA
TAGTTACTCT
GGAGGGGGAG
TTGGAAAGAA
AGAGAATGCA
ACTTAATAAT
AAATTGGGTT
AGATTTTAAA
AGCAAGCGAT

RHKIKKTFLL
SKDPKSPLNP
PSFIPIKYPY
YIPRKNYHVI
TFKWNTAKNN
IKNYKEKLKN

TTTATATAAA
GGAAAATAAA
TAAGGATGTG
AACCCTAAGA
CAACGACTGT
CTTCATTGCT
TAAACTTTAC
AAAAATCGAT
TGATCAAGAA
TATTTATGTG
TAAAAGAAGA
CCTAAGGGAC
ATACTACAAG
TACCAACAAT
AAAGAGGCTA
AAGAAATTTC

ATTTGCTTAT
AAAAACATAC
AATAAATACA
AAAGGATATT
GCTTTTATAC
CCTGCTATTC
ATTCTAGAAT
CAAATTCAAA
AGTTTTATAC
AAAAAATTAT
AGGATAGATT
ATTTTAAAAG
ATACTTATTG
AAATCATATG
TATCATTTTC
AGCTTAGATG
ATGCTAGAAT
AAAATT

KNIQRDKIDS
WAFIRVKNEA
EIQIQNPKSE
SYSRIDFIFN
IENAKSYEIL
QIDFKMLEYK

AGATACTCGA
AACATCTATG
AAATCACCCC
GTTTCTTTAG
GATGATGGGA
AAAAAATATC
TCTTATTACA
GTGGATCATT
AATAAAGCCT
CAAAATAGTG
AATAGTAGCT
TTATAGAAGA
CTCCCCTACT
ATTTAGATAT
AAAAAATAGA
AAGGAGAGAT
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TCATCCCTTT
AACGAGATAA
ACAATGAAGA
TTAATTATGA
GAGTAAAAAA
AAAGAGGTGT
TTTGCAAACA
ACCCAAAATC
CAAAAGATGA
ATAAGAGTTT
TTATATTTAA
CTCCTGGAGA
AAGATGATAC
AAATTTTAAA
CATTTATAAA
ATTTTATTAA
ACAAAACATT

YLPKKTLIQI
ITLKASLESI
ENKLYSYYNY
EEKFYVYRNK
KVRNRIYFTT
TLKKVYKKLT

TTTCTAAAAA
GAAAAAAACA
TTAATCCTTG
AAAGTATACT
GTGAAGAGCT
CTTATAAAGT
ATTGGGCAGC
ACTACGATGC
TATGCTACCC
GAAATTATGG
TTATAGAAAG
ACTCTACTCC
TCAGTGGCAT
CTTGAGTTTA
CTTTGCCATG
AARMA

SUBSTITUTE SHEET (RULE 26)
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TAGAAAAATT
AATCGATTCT
TTTAATTAAA
TGAAAAATCT
TGAAGCTATT
TATAGGATAT
ATATCCTTCA
AGAAGAAAAT
GTGGCTCATA
TTATATACCT
TGAAGAAAAA
TTGTTTAGCA
ATTTAAGTGG
AGTTAGAAAT
AAATTATAGA
AAATTATAAR
AAAAAAAGTG

NKYNNEDLI
LPAIQRGVI
VASFIPKDE
EGEILKAPG
ELNNYHFPF
SSASDKI

ATTGGTTTTA
TAAGGGCTTT
GGGATTTATC
ACCTGCTTTA
TATTTTAGAA
AGATCTAGAA
ATCTTTTATA
CAAGAAGCTT
AAGAATTAAT
ATTCATAGGG
AAGGGTTTCA
GAGCAACAAG
TTTCCTGCCT
GAAGAATTTC
CTAAAACGCC
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SEQ. ID NO: 23. Amino acid sequence of 3-1,4-GalNAc transferase from C. jejuni 0:36.

MLKKIISLYK
KSPLNPWGFI
FCKQYPNFIA
VDHYYDAKKL
GGDQLLIKRR
APLLQWHFPA
PVIEQILKKF

RYSISKKLVL
RVKNEALTLR
KKYPYKVDLE
YKSFYRIDQE
NSSFIERRVS
LKYRRNDYQQ
QGEIK

DNEHFIKENK
VSLESILPAL
NPKNEENKLY
NKALCYPRIN
KKSQWIDPKG
YLDILSLEEF

NIYGKKHKGF
QRGIIAYNDC
SYYNWAASFTI
FITLNGNIYV
LIEELYSEQQ
QAFHRKSKEA

PCT/CA02/00229

FDFDEKAKDV
DDGSEELILE
PLDEWFIKID
ONSGNYGFIG
VLSQGVKILQ
KKIDFAMLKR

SEQ. ID NO: 24. Nucleotide sequence of 3-1,4-GalNAc transferase from C. jejuni

NCTC11168

ATGACTTTGT
AAATTTGATA
GGTTTTTTTG
TTTATAAGAG
GCCATACAAA
TTGGAATTTT
ATTGAAAATC
TTTATACCGC
AAATTATATA
AATTTTTTAA
GGAGGGGATC
AAGCAAAGTC
ATTATACCCA
TTAAAATATC
AAAAAAATCC
AAAGTAATTC
ATAATACCTG
GATAGGCCTT
ATTGTTTTAA
GTGTTAAAAA
CATACCTTGA
TTAAGGACAA
GCATTAATAA
GGTAACTTAA
AAAACTTATA
CCAACTTTTC
ATAGATACAA

SEQ. ID NO: 25. Amino Acid sequence of 3-1,4-GalNAc transferase from C. jejuni

NCTC11168

MTLFYKIIAF
AFTRVKNEAT
VQIENPQSEE
PRINFLILDK
SEQQIIPKHI
TMLDEKVIRE
SKYVDKIVLS
LLQPTSPLRT
FMPRQKLPKT

TTTATAAAAT
ATGAATATTT
ATTTTGATCC
TAAAAAATGA
GAGGTGTTAT
GCAAACAATA
CGCAAAGCGA
AAGATGAGTG
AGAGTTTTTA
TACTAGATAA
AATTGTTAAT
AGTGGATTGA
AACATATAAA
ATAGAAATGA
ATTATAGACA
GTGAAATATT
CTCGAGCTGG
TGTTGTATTA
GTAGTGATGG
GACCTAAAGA
GTTTTTATAA
ATGTACATAT
GTGTTGTAGA
AAGGAATTTG
TGAGTAATGG
TACAAGAAAA
CAGAGGATTT

LRLLKIDKKL
TLRVSLESML
NKLHSYYNYV
IVIQNIGECG
KILQAELLQW
ILDKFKLSGK
SDGDDILEYG
NVHIDEAFLK
YMSNGAIYIV

TATAGCTTTT
TTTAAACTTA
AAACTCAAAA
AGCCACTACT
AGGATATAAT
CCCTTCGTTT
AGAAAATAAA
GCTTATAAAA
TATGGCATCA
AATTGTAATT
TCAAAAGTGC
TCCTGAAAAA
AATCTTACAA
TTATCAAAAA
TAGAAAAATA
AGATAAATTT
TTCAAAAGGT
TACTATCAAT
CGATGATATA
ATTAGCGCTA
AGATTATGAA
AGATGAAGCT
ATGTGATAAT
TGATAACAAA
TGCAATTTAT
AACAAGTTGC
AAAAAGAGTT

KFDNEYFLNL
PAIQRGVIGY
ASFIPQDEWL
FIDGGDQLLI
HFPALKYHRN
KMTLAIIPAR
QTQGVDVLKR
FKNENSNALT
KSNLFLNNPT

TTAAGATTGC
AATAAAADAA
GATACAAAAT
TTAAGAGTAT
GATTGTACTG
ATACCAGTAA
CTTCATAGTT
ATAGATGTGG
AAAAATACTG
CAAAATATAG
AATAGTGTAT
ACTGTGAAAG
GCAGAATTAC
CATTTGGATG
AAGAAAATAA
AAATTGAGTG
ATAAAAAATA
GCAGCAAAAA
TTAGAATATG
GATGATACAA
AATATTGTTT
TTTTTAAAAT
AAAATTTTAA
TATCCATTTA
ATAGTAAAGT
TATATAATGG
AATAATATAA

NKKIYDEKHK
NDCTDGSEEI
IKIDVDHYYD
QKCNSVFIER
DYQKHLDALT
AGSKGIKNKN
PKELALDDTT
SVVECDNKIL
FLQEKTSCYI
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TTAAAATTGA
TCTACGATGA
CTCCTTTAAA
CACTTGAAAG
ATGGAAGTGA
AATATCCCCA
ATTATAACTA
ATCATTACTA
CTGTTAGATT
GAGAATGTGG
TTATAGAAAG
AATTGTATTC
TTCAATGGCA
CTTTAACTTT
ATTATACAAT
GTAAAAAAAT
AAAATTTAGC
ATTCAAAGTA
GACAAACTCA
CTAGTGATAA
TATTACAACC
TTAAAAATGA
AAGCTTTTAT
TGCCTAGACA
CAAATTTATT
ACGAAAAAGC
GCTTCTTA

GFFDFDPNSK
ILEFCKQYPS
AKKLYKSFYM
MVSKQSQWID
LEDFKKIHYR
LALLHDRPLL
SDKVVLHTLS
KAFIDDNGNL
MDEKASLDID

SUBSTITUTE SHEET (RULE 26)

TAAAAAATTA
AAAGCATAAA
TCCATGGGCT
TATGTTACCT
AGAAATTATT
TGAGGTGCAA
TGTAGCTAGT
TGATGCAAAA
TCCAAGAATT
TTTTATCGAT
AATGGTTTCA
TGAACAGCAA
TTTTCCTGCT
AGAAGATTTT
GCTTGATGAA
GACTTTAGCT
TCTTTTGCAT
TGTAGATAAA
AGGTGTAGAT
GGTTGTATTG
CACTTCTCCT
AAACTCAAAT
AGATGATAAT
AAAATTACCA
TTTAAATAAC
TAGTTTGGAT

DTKSPLNPW
FIPVKYPHE
ASKNTAVRF
PEKTVKELY
HRKIKKINY
YYTINAAKN
FYKDYENIV
KGICDNKYP

TTEDLKRVNN ISFL
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SEQ ID NO: 26: Nucleotide sequence of B1,3-galactosyltransferase-encoding ORF 6a of LOS
biosynthesis locus from C. jejuni strain OH4384

ATGTTTAAAA TTTCAATCAT CTTACCAACT TATAATGTGG AACAATATAT 50
AGCAAGGGCA ATAGAAAGCT GTATCAATCA GACTTTTAAA GATATAGAAA 100
TAATTGTAGT TGATGATTGT GGAAATGATA ATAGTATAAA TATAGCCAAA 150
GAATACTCTA AAAAAGACAA AAGAATAAAA ATAATCCACA ATGAAAAAAA 200
CTTAGGTCTT TTAAGAGCAA GATATGAAGG TGTGAAAGTA GCAAACTCTC 250
CTTATATAAT GTTTTTAGAT CCTGATGATT ATTTGGAACT AAATGCTTGT 300
GAAGAGTGTA TAAAAATTTT AGATGAACAG GATGAAGTTG ATTTAGTGTT 350
TTTCAATGCT ATTGTTGAAA GTAATGTTAT TTCATATAAA AAGTTTGACT 400
TTAATTCTGG TTTTTATAGC AAAAAAGAGT TTGTAAAAAA AATTATTGCA 450
AAGAAAAATT TATATTGGAC TATGTGGGGG AAACTTATAA GAAAGAAATT 500
GTATTTAGAA GCTTTTGCGA GTTTAAGACT CGAGAAAGAT GTTAAAATCA 550
ATATGGCTGA AGATGTATTG TTATATTATC CAATGTTAAG TCAAGCTCAA 600
AAAATAGCAT ATATGAACTG TAATTTATAT CATTACGTGC CTAATAATAA 650
TTCAATTTGT AATACTAAGA ATGAAGTGCT TGTTAAAAAT AATATTCAAG 700
AGTTGCAGTT GGTTTTAAAC TATTTAAGGC AAAATTATAT TTTAAACAAG 750
TATTGTAGCG TTCTCTATGT GCTAATTAAA TATTTGCTAT ATATTCAAAT 800
ATATAAAATA AAAAGAACAA AATTAATGGT TACATTATTA GCTAAAATAA 850
ATATTTTAAC TTTAAAAATT TTATTTAAAT ATAAAAAATT TTTAAAACAA 900
TGTTAA 906

SEQ ID NO: 27 Amino acid sequence of B1,3-galactosyltransferase encoded by ORF 6a of

LOS biosynthesis locus from C. jejuni strain OH4384

10

20

30

40

50

51
101
151
201
251

MFKISIILPT
EYSKKDKRIK
EECIKILDEQ
KKNLYWTMWG
KIAYMNCNLY
YCSVLYVLIK

YNVEQYIARA
I IHNEKNLGL
DEVDLVEFFNA
KLIRKKLYLE
HYVPNNNSIC
YLLYIQIYKI

IESCINQTFK
LRARYEGVKV
IVESNVISYK
AFASLRLEKD
NTKNEVLVKN
KRTKLMVTLL

DIEITIVVDDC
ANSPYIMFLD
KFDFNSGFYS
VKINMAEDVL
NIQELQLVLN
AKINILTLKI

GNDNSINIAK
PDDYLELNAC
KKEFVKKIIA
LYYPMLSQAQ
YLRONYILNK
LFKYKKFLKQ

301 C

SEQ ID NO: 28. Nucleotide sequence of CgtB B1,3 galactosyltransferase from C. jejuni
serotype O:2 (strain NCTC 11168).

ATGAGTCAAA TTTCCATCAT ACTACCAACT TATAATGTGG AAAAATATAT 50
TGCTAGAGCA TTAGAAAGTT GCATTAACCA AACTTTTAAA GATATAGAAA 100
TCATTGTAGT AGATGATTGT GGTAATGATA AAAGTATAGA TATAGCTAAA 150
GAGTATGCTA GTAAAGATGA TAGAATAAAA ATCATACATA ATGAAGAGAA 200
TTTAAAGCTT TTAAGAGCAA GATATGAAGG TGCTAAAGTA GCAACTTCAC 250
CTTATATCAT GTTTTTAGAT TCTGATGATT ATTTAGAACT TAATGCTTGC 300
GAAGAATGTA TTAAAATTTT GGATATGGGT GGGGGGGGTA AAATTGATTT 350
GTTGTGTTTT GAAGCTTTTA TTACCAATGC AAAAAAATCA ATAAAAAAAT 400
16/19
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TAAATATARAA
CTTAAAACTA
AGATATTTAT
AAATAAATAT
TCTAATGAAA
TAGCAATTCT
AACATAAAAT
CCTCTATATT
TGAACAAAAT
ATATTTTATA
TTAATTCCGT

ACAAGGAAAA
AAAATCCATT
TTAAAAGCCT
GGCAGAAGAT
TATTTTACTT
ATAACAAATA
TGTTTTAAAT
TTCTAATTAT
TTTAATAAAA
TCAAAAATAT
ARA

TACAACAACA
TTGGACAATG
TCAACATGTT
GCCTTATTAT
AACACAACCT
ATATTAATTC
GTTTTAAAAT
ATATTTATTA
GAAATATAAA
CAATTCAAAT

AAGAATTTAC
TGGGCTAAAA
AAATCTCAAA
ATTATCCTTT
TTGTATACCC
TTTAGAAGCT
CAATTAAAAA
AAAATTCAAT
TCTTATTTAT
GGAAAAAATT

PCT/CA02/00229
AATGCAAATA 450
TAATCAAAAA 500
AAAGAAATCA 550
GACAATATTA 600
AGCATGTAAA 650
AATATTCAAG 700
TAAAAAAACA 750
TATTGAAATA 800
TATAAAATAA 850
TTTATATAAT 900

912

SEQ ID NO: 29. Amino acid sequence of CgtB 1,3 galactosyltransferase from C. jejuni
serotype O:2 (strain NCTC 11168).

10

20

30

40

50

51
101
151
201
251

MSQISIILPT
EYASKDDRIK
EECIKILDMG
KTKNPFWTMW
NEIFYLTQPL
LYFLIIYLLK

YNVEKYIARA
ITHNEENLKL
GGGKIDLLCF
AKIIKKDIYL
YTQHVNSNSI
IQLLKYEQNF

LESCINQTFK
LRARYEGAKV
EAFITNAKKS
KAFNMLNLKK
TNNINSLEAN
NKRNINLIYY

DIEIIVVDDC
ATSPYIMFLD
IKKLNIKQGK
EIKINMAEDA
IQEHKIVLNV
KINILYQKYQ

GNDKSIDIAK
SDDYLELNAC
YNNKEFTMQL
LLYYPLTILS
LKSTIKNKKTP
FKWKKFLYNL

301 IP

SEQ ID NO.

ATGTTTAAAA
ATAGAAAGTT
GGAAGTGACA
ATCATACATA
GCAAACTCTC
GAAGAATGTA
GTATTGGAAA
AAAADNAGATT
AAAGTCATAA
AAAATAAATA
ATATTTCACT
ACATTAACAT
CTAAAGAAGA
TTTTTATTAA
AATATTTTTT

SEQ ID NO.

MFKISIILPT
KIIHNEENLK
AFVLENNNKI
ENAKINMAED
VLYLLKKMQY

30: Nucleotide sequence of 3-1,3-galactosyl transferase from C. jejuni O:10

TTTCAATCAT
GTATCAATCA
AAAGTATAGA
ATGAAGAARA
CTTATATAAT
TGAAAATTTT
ATAACAATAA
TTTTAAAAGA
AAAAAGAATT
TGGCTGAAGA
TGAGTAAAAA
TGCAAAATAT
TGCAATATAA
TTGAAAAATA
TTAAAAAAAT

CTTGCCAACT
GACTTTTAAA
TATAGTTAAA
TTTAAAACTT
GTTTTTAGAT
AAAAAACAAT
AATAGAAAGA
ACTATTAAAA
ATATCTCAAG
TGTTTTATTA
TTTATACAAT
AAAAACAAAT
TTACAATTTT
CTCATTATCA
CCAATTTAAA

TATAATGTGG
AATATAGAAA
GAATATGCCA
TTAAGAGCTA
CCTGATGATT
GAAATAGATT
AAGTTGAATT
ACTAAAAATT
GCTGTTGGTT
TATTACCCTT
TATCAAATARA
ATACAAGAAC
AACTTAACTT
AGCAAGCGAA
TTTTATCGCT

AACAATATAT
TAATTGTAGT
AAAAAGATGA
GATATGAAGG
ATTTAGAACT
TATTATTTTT
TTCAAGAAAA
TATTTTGGAC
TAATATCGCT
TGATAAATAT
ATAATTTCTC
AAGATAATGT
TGCTTAAATT
ATGTTCTTTG
TGCTGAAGAT

AGCAAGGGCA
TGATGATTGT
TAGAATAAAA
TGTAAAAGTA
TAATGCTTGT
TAATGCATTT
ATGTTATGTA
AGTGTGGGCA
AGAAAATGCT
TTCAAATACT
TATAACCAAA
TCTATATCTT
AATTGAGTAT
TTTTAAAATC
G

31: Amino acid sequence of B-1,3-galactosyl transferase from C. jejuni O:10

YNVEQYTIARA IESCINQTFK NIEIIVVDDC GSDKSIDIVK EYAKKDDRI
LLRARYEGVK VANSPYIMFL DPDDYLELNA CEECMKILKN NEIDLLFFN
ERKLNFQEKC YVKKDFLKEL LKTKNLFWIV WAKVIKKELY LKAVGLISL
VLLYYPLINI SNTIFHLSKN LYNYQINNFS ITKTLTLONI KTNIQEQDN

NYNEFNLTLLK LIEYFLLIEK YSLSSKRNVL CFKINIFFKK IQFKFYRLLK M
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SEQ ID NO: 32. Amino acid sequence of lipid A biosynthesis acyltransferase (C. jejuni
OHA4384).

51
101
151
201
251

SEQ ID NO: 33. Amino acid sequence of glycosyltransferase encoded by ORF 3a of C. jejuni

MKNSDRIYLS
TNLQICFPQY
INENFLIDAL
VMYEILSQSR
VRLKFFNKEV
NASLEELTLY

OH4384 LOS locus.

1
51
101
151
201
251
301
351
401

SEQ ID NO: 34. Amino acid sequence of glycosyltransferase encoded by ORF 4a of C. jejuni

MNLKQISVII
KKDFANLYTIY
KNLKLQEDNI
HESLVLPSNA
GVLKANLRAF
QROKPKTCAL
RLIEEYQKDF
LEKDFIKEHL
SSKNSFLAKI

OH4384 LOS locus.

1
51
101
151
201
251
301
351

SEQ ID NO: 35. Amino acid sequence of sialic acid synthase encoded by ORF 8a of C. jejuni

MKKIGVVIPI
KEYTLKDKRI
EFQLDGNNPY
NCIEECVIRM
KEYANRALSV
FASANKIYVL
AKEAKNYLKA
KKFKKDPLNL

OH4384 LOS locus.

1
51
101
151
201
251
301

MKEIKIQNII
KHQTHIVEDE
LGLVYLSTPF
VSTGMNSIES
KEFSCMVGLS
TQALKELIIQ
EVLSMDNIWV

LYYILKFEFVT
TQKERDKLSL
ALKRPIIFTT

TQFDIELIDK KGGIRQMLSA

NYQMGASLIA
QAQSCEEMIK

IVKNAEQTLL
HNAFIGFGAL
IALSRKNLYK
KKIYLKNGLK
WIFFRNYFLK
ITITYNQKER
PCPLKHIWQE
EFAQRKLFLQ
FYSLSKKR

YNVEKYLREC
TLFDKKNGGL
NIYKAYKSSQ
KNVDVLWFDH
GSRDISFGWN
SQKLYLCRLR
ASRVITALKL
KEQLVLIKPF

ISEEKAPLVV
MSKAAKKVIP
SRAGANRLED
IKPTVKILLD
DHTTDNLACL
SEQMAIMRGN
KRPGLGGISA

FMPDCILHFL
KIYENFAQFG
AHYGNWEILS

QRSNALIIPV
KRPWEYFFFH

ECLNSLKDFD
KNLALSYAKN
GEWIKACGWW
HYSYKDISHL
NGFLYGYKGF
LKLVLDSVKN
DEGFKLSKSR
GSRVILNKKE

LDSVINQTYT
SSARNIGIEY
AFNNEKDLTN
DCTYEDNIKN
GMIDFNFLKQ
ANSTISNHDKK
IEFFKDQKNE
IQTKLPYDIW

ALIVARIAFH
IDCLONQNTT
LAYAAKYGAT
LKKERALGIL
YAYKEGGKFC
RRFASYNEEI

EITLLNNESS
DWILSIDADE
PDYVLRIFNK
IDKMQYYSSL
IISVCSALGT
LAFLPNEVLI
NKTIKNADSE
SEEILNKDDY

NLEIILVNDG
FSGEYKLKNK
FTYPSIDYITI
KHKKTRMEIF
IKLKFINFII
ITKANVSEYF
NALAIKETFL
KFWQKIKNT

LNKKHRKIIN
KEKILNKVNF
SIVGKKLKSE
TDODCVENES
IEFFKAKDSQ
YKGAK

DNTLKIANEF
VLENECIKEL
NFTREFNDNLV
WAKQNIHKKS
FFKYMKLYEL
ADDGSKEDTA
YITVIDGDMI
RITFNKKDFK

STDEHSLNIA
TQHIKENSLI
FLDSDNYWKL
DFKKECIITP
NEDIHFGIIL
KDIYETFGEN
PCYAKKALMI

PEIGINHNG SLELAKIMVD AAFSTGAKII

GNAKISIYET
MGVSAFKIGS
NEIPFVLMHT
GAVALGACVL
NESKKAAKQE
AEFENILGKK
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MQKCALDYKD
GECNNYPLIK

ELALKEYTEK
HIAAFKKPMI

TNLYPTPHNL VRLNAMLELK

ERHFTDSMHR
QVTIDFAFAS
ALRDIENDTQ

SUBSTITUTE SHEET (RULE 26)

SGPDIVCSMD
VVSIKDIKKG
LSYEDFA
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SEQ ID NO: 36. Amino acid sequence of enzyme involved in sialic acid biosynthesis encoded

by ORF 9a of C. jejuni OH4384 LOS locus.

1
51
101
151
201
251
301
351

SEQ ID NO: 37. Amino acid sequence of CMP-sialic acid synthetase encoded by ORF 10a of

MYRVQNSSEF
STDKALATTI
IEGGEISGTI
SPDLELLNDN
VKALIQSNKN
TLLKNADFIT
DEILKAINTI
IK

ELYTFATGMH
DGFSRYVNEL
DDSLRHAISK
KISLNEAKKY
YIVIYPNNDL
GNSSCILKEA
HKKQDLFSAK

C. jejuni OH4384 LOS locus.

1
51
101
151
201

SEQ ID NO: 38. Amino acid sequence of acetyltransferase encoded by ORF 11a of C. jejuni

MSLAIIPARG
SDEILNYAKS
PTSPLRTNIH
ICNDEYPFMP
SSSLDIDCLE

OHA4384 LOS locus.

1
51
101
151
201
251

SEQ ID NO: 39. Amino acid sequence of glycosyltransferase encoded by ORF 12a of C. jejuni

MEKITLKCNK
LESVAGLGIE
SMFNFQHPMD
HLITIQDDVWI
IIKYRFDEKT
SISYYNPNKL

OH4384 LOS locus.

1
51
101
151
201
251

MPQLSIIIPL
EFAKKDPRIK
EIAFKEMKKG
HFCWSVWAKC
FKTCIYHYEF
HQKLFEVLKR

LSKNFGYTVK
KPDLIVVHGD
LAHIHLVNDE
YDINYENYAL
GFELILQSYE
LYLKTAGILV
LEILDSSKLF

ELYKNGFKNI
RIEPLAAATV
FAKRRLMQLG
LMFHPVTTEI
ELKNNPRFKL
GSRONGRLGN
FEYLQSGEFF

PCT/CA02/00229

YEFINYDKYF
GALNNILVAH
EDEKSIFIIG
TSIKNQADNL
FPSLRFEYFI
ENTLKVNANS
KLNTQKVFKD

GSKGIKNKNL VLLNNKPLIY YTIKAALNTK SISKVVVSSD
ONVDILKRPI SLAQDNTTSD KVLLHALKFY KDYEDVVEFLQ
IDEAFNLYKN SNANALISVS ECDNKILKAF VCNEYGDLAG
ROKLPKTYMS NGAIYILKIK EFLNNPSFLQ SKTKHFLMDE

DLKKAEQTIWK

NILNLLKQYN
EYCAFKFSNI
RISTASFTYE
GKDVLLKQGT
IERLLKIQWW
YFRDILELKS

FNSCDFISRA
IFQNEENLGT
FDLLCFDAFV
FKKDIILKSF
NPNGRYENKN
EEAGVKNRLK

K

IYTKTYIENP
LHEMDSFSFS
TNHSFINDAC
TLGTGCVIGQ
KYHFADFYDI
KKIFNLF

RRFSRLKTKD
GSFLPHYTKV

FITFPLENNQ
GRYCSISDGV

QNHINKTFPI VNHNPSSSIT

RAVVTKDVPP
DLNLKINQYL

YAIVAGIPAK
DLLEEKIIKK

LOSCINQTLK DIEILIIDDK SKDNSLNMVL
FASRNLGVLH SSSDFIMFLD SDDFLTPDAC
HRVKTKQFYR FKQDEVFNQK EFLEFLSKQR
EKIKIDERLN YGEDVLFCYI YFMFCEKIAV
KEILNQNYHD KKKSNEIIKK LSKEFAHDEF
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