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Claims

1. A recombinant N-glycosylated protein comprising:
one or more of an introduced consensus sequence, D/E — X — N # Z-
S/T, wherein X and Z can be any natural amino acid except proline; and
a glycan having N-acetylgalactosamine at the reducing termginus linked
to at Jeast said one or more introduced consensus sequences by an N-gl tosidic

linkage.

2. The recombinant N-glycosylated protein of claim 1, whepéin said protein is P.

aeruginosa exoprotein,

3. The recombinant N-glycosylated protein of ciaim wherein said glycan

comprises an oligo- or polysaccharide from a Gram-negative bacterium.

4. The recombinant N-glycosylated protein of/claim 3, wherein said oligo- or

polysaccharide is from Shigella flexneri.

5. The recombinant N—glycosyiatea prd fein of claim 4, wherein said oligo- or
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9. The recombinant N-glycosylated protein of claim 1, wherein said glycan
comprises an oligo- or polysaccharide comprising a structure, o-D-PerNAc-a-L-Fugl

B-D-Gic-a-D-GalNAc.

10. A bioconjugate vaccine comprising a recombinant N-glycosylated profein of

claim 1 and an adjuvant.

11. A recombinant prokaryotic biosynthetic system comprising nuéleic acids
encoding: |
an epimerase that synthesizes N-acetylgalactosamine on undecaprenyl
pyrophosphate;
glycosyitransferases that assemble an oligo- polysaccharide on a
lipid carrier; g
an oligosaccharyl transferase; and
a protein comprising one or more of 4n introduced consensus
sequence, D/E — X~-N- Z — S/T, wherein X and Z/can be any natural amino acid

except proline.

thetic system of claim 11, wherein said
nprise SEQ ID NO. 1.

12.  The recombinant prokaryotic biosyf

nucleic acids encoding the epimerase cof

13, The recombinant prokaryotj¢ biosynthetic system of claim 11, wherein said

oligosaccharyl transferase is froCampylobacter Jejuni.

14.  The recombinant praryotic biosynthetic system of claim 11, wherein said

protein is P, aeruginosa e

15. The recombis 4nt prokaryetic biosynthetic system of claim 11, wherein said

oligo- or polysaccharide is from a Gram-negative bacterium.

16.  The re; ombinant prokaryotic biosynthetic system of claim 15, wherein said

oligo- or psaccharide is from Shigella flexneri.

17.

1 or polysaccharide is from Shigella flexneri 6.

The recombinant prokarvotic biosynthetic systern of claim 16, wherein said
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19. The recombinant prokaryotic biosynthetic system of claim 15, wheret
oligo- or polysaccharide is from E. coli.
20. The recombinant prokaryotic biosynthetic system of claim 19, wherein said

oligo- or polysaccharide is from E. coli O157.

21. The recombinant prokaryotic biosynthetic system of €laim 11, wherein said
oligo- or polysaccharide comprises a structure, ¢-D-PerNA —0:~L—Fuc~{3~D—Glc—a-D-

GalNAc.

undecaprenyl p phosphate;

i1.) glycosyltraf sferases that assemble an oligo- or
polysaccharide on a lipid carrier; |

iii.) an oMgosaccharyl transferase; and

iv.) arotein comprising one or more of an introduced
consensus sequence, D E £ -N— Z - ST, wherein X and Z can be any natural amino

acid except proline; and’

turing said host organism until at least one N-glycosylated

23. The picthod of claim 22, wherein said nucleic acids encoding the epimerase
comprise SEQ ID NO. 1.
24, The method of claim 22, wherein said oligosaccharyl transferase is from

Cdmpylobacter jejuni.
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25.  The method of claim 22, wherein said protein is P. aeruginosa exoprotein.

26.  The method of claim 22, wherein said oligo- or polysaccharide is from a

Gram-negative bacterium.

27.  The method of claim 26, wherein said oligo- or bolysaccham’de is fro

Shigella flexneri.

28.  The method of claim 27, wherein said oligo- or polysaccharid¢ is from

Shigella flexneri 6.

29.  The method of claim 22, wherein said oligo- or polysacéharide comprises a

structure:

& o o
T«[L-R!;aﬁL-Rhawn-GalA—l%»ﬁ-GamAc

QOAc

30.  The method of claim 26, wherein said/Oligo- or polysaccharide is from E. coli.

31.  The method of claim 30, wherein/aid oligo- or polysaccharide is from E. coli
0157.

32, The method of claim 22, wherein said oligo- or polysaccharide comprises a

structure, o-D-PerNAc-o-L-Fyt-B-D-Gle-o-D-GalNAc.
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Claims

1. A recombinant N-glycosylated protein comprising: (i) one or more of an introduced
consensus sequence, D/E — X —~N -7 — §/T, wherein X and Z can be any natural amino acid
except proline; and (ii) a glycan having N-acetylgalactosamine at the reducing terminus
linked to at least said one or more introduced consensus sequences by an N-glycosidic
linkage,

wherein said recombinant N-glycosylated protein is produced in a host cell
comprising an epimerase that synthesizes N-acetylgalactosamine on undecaprenyl
pyrophosphate, wherein said epimerase is encoded by a nucleic acid that is at least 95%

identical to SEQ ID NO: 1.

2. The recombinant N-glycosylated protein of claim 1, wherein said protein is P.

aeruginosag exoprotein,

3. The recombinant N-glycosylated protein of claim 1, wherein said glycan comprises an

oligo- or polysaccharide from a Gram-negative bacterium.

4. The recombinant N-glycosylated protein of claim 3, wherein said oligo- or

polysaccharide is from Shigella flexneri.

5. The recombinant N-glycosylated protein of claim 4, wherein said oligo- or

polysaccharide is from Shigella flexneri 6.

6. The recombinant N-glycosylated protein of claim 1, wherein said glycan

comprises an oligo- or polysaccharide comprising the following structure:

B o o
—Tu{L-R;haﬁL-RhawD-GaIAT%DaGa!Nﬁc]GT»
3

OAc

7. The recombinant N-glycosylated protein of claim 3, wherein said oligo- or

polysaccharide is from E. coli.

135



8. The recombinant N-glycosylated protein of claim 7, wherein said oligo- or

polysaccharide is from £. coli 0157.

9. The recombinant N-glycosylated protein of claim 1, wherein said glycan comprises an
oligo- or polysaccharide comprising a structure, o-D-PerNAc-a-L-Fuc-p-D-Gle-g-D-
GalNAc.

10. A bioconjugate vaccine comprising a recombinant N-glycosylated protein of claim 1

and an adjuvant.

11, A recombinant prokaryotic biosynthetic system comprising;

(i) a nucleic acid that encodes an epimerase that synthesizes N-acetylgalactosamine on
undecaprenyl pyrophosphate, wherein said nucleic acid is at least 95% identical to SEQ ID
NO: 1;

(i1} at least one nucleic acid that encodes a glycosyltransferase that is capable of
assembling an oligo- or polysaccharide on a lipid carrier;

(111) a nucleic acid that encodes an oligosaccharyl transferase; and

(iv) a nucleic acid that encodes a protein comprising one or more of an introduced
consensus sequence, D/E — X-N-Z — §/T, wherein X and Z can be any natural amino acid

except proline,

12. The recombinant prokaryotic biosynthetic system of claim 11, wherein said nucleic

acid-encoding the epimerase consists of SEQ ID NO. 1.

13. The recombinant prokaryotic biosynthetic system of claim 11, wherein said

oligosaccharyl transferase is from Campylobacter jejuni.

14, The recombinant prokaryotic biosynthetic system of claim 11, wherein said protein is

P. aeruginosa exoprotein.

15. The recombinant prokaryotic biosynthetic system of claim 11, wherein said oligo- or

polysaccharide is from a Gram-negative bacterium.
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16. The recombinant prokaryotic biosynthetic system of claim 15, wherein said oligo- or

polysaccharide is from Shigella flexneri.

17. The recombinant prokaryotic biosynthetic system of claim 16, wherein said oligo- or

polysaccharide is from Shigella flexneri 6.

18. The recombinant prokaryotic biosynthetic system of claim 11, wherein said oligo- or

polysaccharide comprises a structure:

B a a .
T:{L-Rha—i—?L-Rhamt?D-GaEAT??D-GalNAc]——-»

. 1
t3 :
OAc
9. The recombinant prokaryotic biosynthetic system of claim 15, wherein said oligo- or

polysaccharide is from . coli.

20. The recombinant prokaryotic biosynthetic system of claim 19, wherein said oligo- or

polysaccharide is from F. coli O157.

21. The recombinant prokaryotic biosynthetic system of claim 11, wherein said oligo- or

polysaccharide comprises a structure, a-D-PerNAc-a-L-Fue-B-D-Gle-a-D-GalNAc.

22 A method of producing an N-linked glycosylated protein, comprising:
a.) introducing into a host organism:

1) a nucleic acid that encodes an epimerase that synthesizes N-
acetylgalactosamine on undecaprenyl pyrophosphate, wherein said nucleic acid is at least
95% identical to SEQ ID NO: 1;

ii.) at least one nucleic acid that encodes a glycosyltransferase that is capable
of assembling an oligo- or polysaccharide on a lipid carrier;

iii.) a nucleic acid that encodes an oligosaccharyl transferase; and

v.) a nucleic acid that encodes a protein comprising one or more of an
introduced  consensus sequence, D/E — X-N- Z - S/T, wherein X and Z can be any

natural amino acid except proline; and
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b.) culturing said host organism until at least one N-glycosylated protein is produced.

23. The method of clainm 22, wherein said nucleic acid encoding the epimerase consists of
SEQ ID NO. 1.
24. The method of claim 22, wherein said oligosaccharyl fransferase is from

Campylobacter jejuni,

25. The method of claim 22, wherein said protein is P. aeruginosa exoprotein.

26. The method of claim 22, wherein said oligo- or polysaccharide is from a Gram-

negative bacterium.

27. The method of claim 26, wherein said oligo- or polysaccharide is from Shigella
flexneri.
28. The method of claim 27, wherein said oligo- or polysaccharide is from Shigella

flexneri 6.

The method of claim 22, wherein said oligo- or polysaccharide comprises a structure:

——’{ -Rha——i»L F{ha——?ﬁ GalA—La-GaINAc}—o
i

DAc

30. The method of claim 26, wherein said oligo- or polysaccharide is from E. coli.
31. The method of claim 30, wherein said oligo- or polysaccharide is from E. coli O157.

32. The method of claim 22, wherein said oligo- or polysaccharide comprises a structure,

a-D-PerNAc-o-L-Fuc-f-D-Gle-0-D-GalNAc.
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