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What is Claimed is: 

1. An engineered Gram-negative bacterium for the production of a polysaccharide, 

wherein the Gram-negative bacterium comprises a regulatory gene of a capsular 

polysaccharide gene cluster of a Gram-positive bacterium. 

2. The Gram-negative bacterium of claim 1, wherein the Gram-negative ba 	erium 

comprises at least 25%, 50%, 75%, 85%, 90%, or at least 95% of the open re:ling frames of 

the capsular polysaccharide gene cluster. 

3. The Gram-negative bacterium of claim 1, wherein the Gram-ne ative bacterium 

comprises the complete capsular polysaccharide gene cluster. 

4. The Gram-negative bacterium of claim 1, wherein the po 	sacchEuide comprises an 

epitope of the capsular polysaccharide. 

5. The Gram-negative bacterium of claim 1, wherein .. id Gram-negative bacterium is 

selected from the group consisting of Escherichia spec' ..,N , E. coli, Shigella species, Klebsiella 

species, Salmonella species, Yersinia species, Neisse w species, Vibrio species and 

Pseudomonas species. 

6. The Gram-negative bacterium of claim 	, wherein said Gram-negative bacterium is E. 

coli. 

7. The Gram-negative bacterium of . ny one of the preceding claims, wherein said 

regulatory gene is a Streptococcus pi ,umonine regulatory gene. 

8. The Gram-negative bacter d IT1 of claim 7, wherein said S. pneumoniae regulatory gene 

is from S. pneumoniae Type 1. 

9. The Gram-negative 	1 cteritirn of claim 7, wherein said S. pneumoniae regulatory gene 

is from S. pneumoniae T, pc 4. 

10. The Gram-nes =five bacterium of any one of the preceding claims, wherein said 

regulatory gene is 	Staphylococcus aureus regulatory gene. 

11. The Gr. 	-negative bacterium of any one of the preceding claims, wherein said 

regulatory _= e is a Staphylococcus agalactiae regulatory gene. 

12. T 	Gram-negative bacterium of any one of the preceding claims, wherein said 

regula 	ry gene is an Enterococcus faecalis regulatory gene. 

13. The Gram-negative bacterium of any one of the preceding claims, further comprising 

. n oligosaccharyl transferase. 

14. The Gram-negative bacterium of claim 13, wherein said oligosaccharyl transferase is 

heterologous to the Gram-negative bacterium. 
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15. The Gram-negative bacterium of any one of the preceding claims, further comprising 

at least one heterologous glycosyltransferase. 

16. The Gram-negative bacterium of claim 15, wherein said heterologous 

glycosyltransferase is a prokaryotic glycosyltransferase. 

17. The Gram-negative bacterium of claim 16, wherein the glycosyltransferase is 	mil:led 

from the same Gram-positive bacterium as the regulatory gene. 

18. The Gram-negative bacterium of any one of the preceding claims, where] 	one or 

more genes native to the Gram-negative bacterium have been deleted or inactivlted. 

19. The Gram-negative bacterium of claim 18, wherein said one or more *eleted genes 

comprise the waaL gene. 

20. The Gram-negative bacterium of claim 18, wherein said one or i • ore deleted genes 

comprise all genes associated with 0 antigen biosynthesis in the Gra 	-negative bacterium. 

21. The Gram-negative bacterium of any one of the preceding c :ims, wherein said 

regulatory gene is wzg, wzh, wzd, wze, capA, capB , or capC. 

22. The Gram-negative bacterium of any one of the preced 	g claims, further comprising a 

nucleic acid encoding a carrier protein comprising a eons= 	s sequence for glycosylation. 

23. The Gram-negative bacterium of claim 22, whom* the nucleic acid encoding the 

carrier protein is heterologous to the Gram-negative ba 	eriurn. 

24. The Gram-negative bacterium of claim 22, vvl 	rein said carrier protein is detoxified 

exotoxin A from P. aeruginosa, CRM197, Diphth 	la toxoid, tetanus toxoid, detoxified 

hemolysin A of S. aureus, clumping factor A, el 	ping factor B, E. coli FimH, E. coli 

FimHC, E. coli heat labile enterotoxin, &taxi ed variants of E. coli heat labile enterotoxin, 

Cholera toxin B subunit (CTB), cholera tox 	, detoxified variants of cholera toxin, E. coli sat 

protein, the passenger domain of E. coli s: t protein, C. jejuni AcrA, C. jejuni natural 

glycoproteins, S. pneumoniae pneumol sin, S. pneumoniae NOX, S. pneumoniae PspA, S. 

pneumoniae PcpA, S. pneumoniae P1 ❑, S. pneumoniae PhtE, S. pneumoniae Ply, or S. 

pneumoniae LytB. 

25. The Gram-negative barn 	um of claim 22, wherein said carrier protein is an S. 

pneumoniae protein. 

26. The Gram-negative , aeterium of claim 22 or 24, wherein said carrier protein is 

conjugated to the polysa 	halide by an oligosaccharyl transferase. 

27. The Gram-neg. 've bacterium of any one of the preceding claims, wherein the 

capsular polysaccha de is S. pneumoniae CPS1, CPS2, CPS3, CP4, CPS5, CPS6 (A and B), 

CPS7 (A,B, C), C S8, CPS9 (A, L,N, V), CPS I 0 (A,B,C,F), CPS11 (A, B,C,D,F), 
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CPS12(A,B,F), CPS13, CPS14 CPS15(A,B,C,F), CPS16(A,F), CPS17(A,F), 

CPS18(A,B,C,F), CPS19(A,B,C,F), CPS20,CPS21, CPS22(A,F), CPS23(A,B,F), 

CPS24(A,B,F), CPS25(A,F), CPS26, CPS27,CPS28(A,F), CPS29, CPS31, CPS32(A,F), 

CPS33(A,B,C,D,F), CPS34, CPS35(A,B,C,D,F), CPS36, CPS37, CPS38, CPS39, CPS40, 

CPS41(A,F), CPS42, CPS43, CPS44, CPS45, CPS46, CPS47(A,F), or CPS48; or 

Staphylococcus aureus CPS5, or CPS8; Streptococcus agalactiae (group B, GBS) CPS 

CPSIb, CPSII, CPSIII, CPSIV, CPSV, CPSVI, CPSVII, or CPSVIII; or Enterococe . filecalis 

CPSA, CPSB, CPSC, or CPSD. 

28. A vector capable of replication in a Gram-negative bacterium, wherein 	id vector 

comprises a regulatory gene associated with capsular polysaccharide biosynt esis in a Gram-

positive bacterium. 

29. The Gram-negative bacterium of any one of claims 1 to 27, who - -in the expression 

and activity of UDP-glucose:undecaprenyl phosphate glucose-phospl ; to transferase activity 

is increased. 

30. The Gram-negative bacterium of any one of claims 1 to 	, wherein the Gram- 

negative bacterium expresses WcaJ encoded by colanic acid 	a operon of an 

enterocommonbacteriae (e.g., E. coli W3110). 

31. An engineered Gram-negative bacterium for the r oduction of a polysaccharide, 

wherein a gene encoding a Gtr enzyme of the Gram-n - _Wive bacterium is functionally 

inactivated. 

32. The Gram-negative bacterium of claim 31 	herein the functional inactivation of the 

gene encoding a Gtr enzyme results in elimina on of Und-P linked glucose. 

33. The Gram-negative bacterium of clai 131 wherein the gene encoding a Gtr enzyme of 

the Gram-negative bacterium is deleted. 

34. The Gram-negative bacterium o' claim 31 or 33 wherein the genes encoding GtrA, 

GtrB, and/or GtrS are functionally ii .ctivated. 

35. The Gram-negative bacteri m of claim 34 wherein the genes encoding GtrA, GtrB, 

and/or GtrS are deleted. 

36. The Gram-negative b 	terium of any one of claims 1 to 27 wherein the gene encoding 

a Gtr enzyme of the Gram- egative bacterium is functionally inactivated. 

37. The Gram-negat 	c bacterium of claim 36 wherein the gene encoding a Gtr enzyme of 

the Gram-negative bar crium is deleted. 

38. The Gram- 	_ative bacterium of claim 36 or 37 wherein the genes encoding GtrA, 

GtrB, and/or Car: are functionally inactivated. 
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39. The Gram-negative bacterium of claim 38 wherein the genes encoding GtrA, GtrB, 

and/or GtrS are deleted. 

40. The Gram-negative bacterium of claim 31, wherein said Gram-negative bacterium is 

selected from the group consisting of Escherichia species, E. coli, Shigella species, Klebsiella 

species, Salmonella species, Yersinia species, and Pseudomonas species. 

41. The Gram-negative bacterium of any one of claims 31 to 40, further comprising at 

oligosaccharyl transferase. 

42. The Gram-negative bacterium of claim 41, wherein said oligosaccharyl transfo ase is 

heterologous to the Gram-negative bacterium. 

43. The Gram-negative bacterium of any one of claims 31 to 40, further corn I ising at 

least one glycosyltransferase that is heterologous to the Gram-negative bacteri in. 

44. The Gram-negative bacterium of claim 43, wherein said glycosyltrai 	ferase is a 

prokaryotic glycosyltransferase. 

45. The Gram-negative bacterium of any one of claims 31 to 40, fur ier comprising a 

nucleic acid encoding a carrier protein comprising a consensus segue . ce for glycosylation. 

46. The Gram-negative bacterium of claim 45, wherein the nuc is acid encoding the 

carrier protein is heterologous to the Gram-negative bacterium. 

47. The Gram-negative bacterium of claim 45, wherein sato carrier protein is detoxified 

exotoxin A from P. auruginosa, CRM197, Diphtheria toxoi , tetanus toxoid, detoxified 

hemolysin A of S. aureus, clumping factor A, clumping fa,  tor B, E. coli FimH, E. coli 

FimHC, E. coli heat labile enterotoxin, detoxified varia 	s of E. coli heat labile enterotoxin, 

Cholera toxin B subunit (CTB), cholera toxin, detoxif d variants of cholera toxin, E. coli sat 

protein, the passenger domain of E. coli sat protein 	. jejuni AcrA, and C. jejuni natural 

glycoproteins. 

48. The Gram-negative bacterium of claim 	5, wherein said carrier protein is conjugated 

to the polysaccharide by the oligosaccharyl t.ansferase. 

49. The Gram-negative bacterium of c 	im 31 wherein the polysaccharide is a capsular 

polysaccharide of Streptococcus pnewn nine. 

50. The Gram-negative bacteriun of any one of claims 31 to 48, wherein the 

polysaccharide is an 0 antigen of E coli (01, 02, 03, 04, 05, 06, 07, 08, 09, 010, 011, 

012, 013, 014, 015, 016, 017, fa 18, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 

029, 030, 032, 033, 034, 03', 036, 037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 

048, 049, 050, 051, 052, II: 3, 054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064, 

065, 066, 068, 069, 070 071, 073, 074, 075, 076, 077, 078, 079, 080, 081, 082, 083, 
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084, 085, 086, 087, 088, 089, 090, 091, 092, 093, 095, 096, 097, 098, 099, 0100, 

0101, 0102, 0103, 0104, 0105, 0106, 0107, 0108, 0109, 0110, 0111, 0112, 0113, 

0114, 0115, 0116, 0117, 0118, 0119, 0120, 0121, 0123, 0124, 0125, 0126, 0127, 

0128, 0129, 0130, 0131, 0132, 0133, 0134, 0135, 0136, 0137, 0138, 0139, 0140 

0141, 0142, 0143, 0144,0145, 0146, 0147, 0148, 0149, 0150, 0151, 0152, 01 	, 0154, 

0155, 0156, 0157, 0158, 0159, 0160, 0161, 0162, 0163, 0164, 0165, 0166, f 167, 

0168, 0169, 0170, 0171, 0172, 0173, 0174, 0175, 0176, 0177, 0178, 017 , 0180, 

0181, 0182, 0183, 0184, 0185, 0186, 0187), Salmonella sp (S. enterica St Isp. Enterica, S. 

enterica subsp. Salamae, S. enterica subsp. arizonae, S. enterica subsp. Di: izonae, S. 

enterica subsp. Houtenae, S. bongori, and S. enterica subsp. Indica, and a types 1-67, 

Pseudomonas sp (P. aeruginosa 0 serotypes 1-20), Klebsiella sp. (pal cularly K. pneumonia 

serotypes 01, 02 (and subserotypes), 03, 04, 05, 06, 07, 08, 09 010, 011, 012), 

Acinetobacter 0 antigens (in particular A. baumannii 0 antigens , Chlamydia trachomatis 0 

antigens (serotypes A, B, C, D, E, F, G, H, I J, K, Ll, L2, L3), 	'brio cholera 0 antigens 01 

to 155, Listeria sp., in particular L. monocytogenes type 1, 2 3, 4 and subserotypes thereof, 

Legionella pneumophila serotypes 1 to 15 0 antigens, Bo derella parapertussis 0 antigens, 

Burkholderia mallei and pseudomallei 0 antigens, Fra cisella tularensis, Campylobacter sp. 

(C. jejuni); Capsular polysaccharides of Clostridium Vficile (serotypes A, G, H, K, Si, S4, 

D, Cd-5, and C. perfringens serotypes A, B, C, D 	lid E), Staphylococcus aureus type 5 and 

8, Streptococcus pyrogenes (group B streptoco 	us capsular serotype polysaccharides), E. 

coli, Streptococcus agalacticae (group A stre tococcal capsular polysaccharides), Neisseria 

meningitidis (serotypes A, B, C, W, Y, X) 	andida albicans, Haemophilus influenza, 

Enterococcus faecalis capsular polysacc aides type I-V; and other surface polysaccharide 

structures, e.g. the Borrelia burgdoil i glycolipids), Neisseria meningitidis pilin 0 glycan 

and lipooligosaccharide (LOS), Ha mophilus influenza LOS, Leishmania major 

lipophosphoglycan, tumor assoc 	ted carbohydrate antigens, malaria glycosyl 

phosphatidylinositol, or myco racteriurn tuberculosis arabinomannan. 

51. A recombinant glyc 	rotein produced by the Gram-negative bacterium of any one of 

claims 1-27 and 29-50_ 

52. A method of priducing a recombinant glycoprotein comprising culturing the Gram- 

negative bacterium 	any one of claims 1-27 and 29-50 under conditions suitable for the 

production of pro 	ins. 

53. The me 	od of claim 52 further comprising purifying the recombinant glycoprotein. 
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54. An engineered E. coli cell comprising a Plesiomonas shigelloides 0 antigen gene 

cluster wherein the wbgW gene of the 0 antigen gene cluster is inactivated and wherein th 	E. 

coli cell produces Und-PP-D-FucNAc4N. 

55. An engineered E. coli cell comprising a Shigella sonnei or Plesiomonas shigel °Ides 

017 0 antigen gene cluster wherein the wbgW gene of the 0 antigen gene cluster i 

inactivated and wherein the E. coli cell produces Und-PP-D-FucNAc4N. 



37 

What is Claimed is: 

1. An engineered Gram-negative bacterium for the production of a polysaccharide, 

wherein the Gram-negative bacterium comprises a regulatory gene of a capsular 

polysaccharide gene cluster of a Gram-positive bacterium. 

2. The Gram-negative bacterium of claim 1, wherein the Gram-negative bacterium 

comprises at least 25%, 50%, 75%, 85%, 90%, or at least 95% of the open reading frames of 

the capsular polysaccharide gene cluster. 

3. The Gram-negative bacterium of claim 1, wherein said Gram-negative bacterium is 

selected from the group consisting of Escherichia species, E. coli, Shigella species, Klebsiella 

species, Salmonella species, Yersinia species, Neisseria species, Vibrio species and 

Pseudomonas species. 

4. The Gram-negative bacterium of any one of the preceding claims, wherein said 

regulatory gene is a Streptococcus pneumoniae regulatory gene, optionally from S. 

pneumoniae Type 1 or S. pneumoniae Type 4. 

5. The Gram-negative bacterium of any one of the preceding claims, wherein said 

regulatory gene is a Staphylococcus aureus regulatory gene. 

6. The Gram-negative bacterium of any one of the preceding claims, wherein said 

regulatory gene is a Staphylococcus agalactiae regulatory gene. 

7. The Gram-negative bacterium of any one of the preceding claims, wherein said 

regulatory gene is an Enterococcus faecalis regulatory gene. 

8. The Gram-negative bacterium of any one of the preceding claims, further comprising 

an oligosaccharyl transferase, optionally said oligosaccharyl transferase is herologous to the 

Gram-negative bacterium. 

9. The Gram-negative bacterium of any one of the preceding claims, wherein one or 

more genes native to the Gram-negative bacterium have been deleted or inactivated, 

optionally wherein said one or more deleted genes comprise the waaL gene or wherein said 
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one or more deleted genes comprise all genes associated with 0 antigen biosynthesis in the 

Gram-negative bacterium. 

10. The Gram-negative bacterium of any one of the preceding claims, wherein said 

regulatory gene is wzg, wzh, wzd, wze, capA, capB, or capC. 

11. The Gram-negative bacterium of any one of the preceding claims, further comprising a 

nucleic acid encoding a carrier protein comprising a consensus sequence for glycosylation, 

which is optionally heterologous to the Gram-negative bacterium or is optionally detoxified 

exotoxin A from P. aeruginosa, CRM197, Diphtheria toxoid, tetanus toxoid, detoxified 

hemolysin A of S. aureus, clumping factor A, clumping factor B, E. coli FimH, E. coli 

FimHC, E. coli heat labile enterotoxin, detoxified variants of E. coli heat labile enterotoxin, 

Cholera toxin B subunit (CTB), cholera toxin, detoxified variants of cholera toxin, E. coli sat 

protein, the passenger domain of E. coli sat protein, C. jejuni AcrA, C. jejuni natural 

glycoproteins, S. pneumoniae pneumolysin, S. pneumoniae NOX, S. pneumoniae PspA, S. 

pneumoniae PcpA, S. pneumoniae PhtD, S. pneumoniae PhtE, S. pneumoniae Ply, or S. 

pneumoniae LytB. 

12. The Gram-negative bacterium of any one of the preceding claims, wherein the 

capsular polysaccharide is S. pneumoniae CPS1, CPS2, CPS3, CP4, CPS5, CPS6 (A and B), 

CPS7 (A,B, C), CPS8, CPS9 (A, L,N, V), CPS10 (A,B,C,F), CPS11 (A, B,C,D,F), 

CPS12(A,B,F), CPS13, CPS14 CPS15(A,B,C,F), CPS16(A,F), CPS17(A,F), 

CPS18(A,B,C,F), CPS19(A,B,C,F), CPS20,CPS21, CPS22(A,F), CPS23(A,B,F), 

CPS24(A,B,F), CPS25(A,F), CPS26, CPS27,CPS28(A,F), CPS29, CPS31, CPS32(A,F), 

CPS33(A,B,C,D,F), CPS34, CPS35(A,B,C,D,F), CPS36, CPS37, CPS38, CPS39, CPS40, 

CPS41(A,F), CPS42, CPS43, CPS44, CPS45, CPS46, CPS47(A,F), or CPS48; or 

Staphylococcus aureus CPS5, or CPS8; Streptococcus agalactiae (group B, GBS) CPSIa, 

CPSIb, CPSII, CPSIII, CPSIV, CPSV, CPSVI, CPSVII, or CPSVIII; or Enterococcus faecalis 

CPSA, CPSB, CPSC, or CPSD. 

13. A recombinant glycoprotein produced by the Gram-negative bacterium of any one of 

claims 1-12. 
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14. A method of producing a recombinant glycoprotein comprising culturing the Gram-

negative bacterium of any one of claims 1-12 under conditions suitable for the production of 

proteins, optionally further comprising purifying the recombinant glycoprotein. 

15. An engineered E. coli cell comprising a Plesiomonas shigelloides 0 antigen gene 

cluster wherein the wbgW gene of the 0 antigen gene cluster is inactivated and wherein the E. 

coli cell produces Und-PP-D-FucNAc4N. 

16. An engineered E. coli cell comprising a Shigella sonnei or Plesiomonas shigelloides 

017 0 antigen gene cluster wherein the wbgW gene of the 0 antigen gene cluster is 

inactivated and wherein the E. coli cell produces Und-PP-D-FucNAc4N. 


