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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-Gr-am-positive bacterium S. pneumoniae CPS1. CPS2, C'PS3, 

CPS4. CPS5, CPS6 (A and B), CPS7 (A.B.. C>. CPS8. CPS9 (A, L.N. VV CPS1Q (A.B.C.FI 

CPS 11 (A. B.CD.F). CPS12CA.B.F), CPS 13, CPS14 CPS15fA.B.C.F). CPS16(A.F1 

CPS17fA,F). CPS18(A,B,C.Fl. CPS19(A.B.C.FV CPS20.CPS21. CPS22fA.F), 

CPS23TA.B.F1 CPS24(A,B.F), CPS25(A,F). CPS26. CPS27,CPS28fA,FV C-PS29, C-PS31, 

CPS32( A.F). CPS33(A.B.C,D.F). CPS34. CPS35< A.B.C.D.F). CPS36. CPS37, CPS38. 

CPS39. CPS40, CPS4KA.F1 CPS42, CPS43. CPS44. CPS45. CPS46. CPS47fA.F). or 

CPS48: or Staphylococcus aureus CPS5, or CPS8; Streptococcus agalactiae furoup B, GBS) 

CP SI a. CPS lb. CPS 11. CPSIU. CPSIV- CPSV. CPSVI. CPSV1I. or CPSVIII: or Enter oeoccm 

faecalis CPSA, CPSB, CPSC. or CPSD. 

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 gencT-optii-fflal l-y^rem S.-

5. The Gram-negative bacterium of claim 4. wherein said regulatory gene is from S. 

pneumoniae Type 1 or S. pneumoniae Type 4. 

5T6. The Gram-negative bacterium of any one of the-pr-eeeding-claims 1-3, wherein said 

regulatory gene is a Staphylococcus aureus regulatory gene. 
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& The Gram-negative bacterium of any one of the-preceding claims 1-3, wherein said 

regulatory gene is a Staphylococcus agalactiae regulatory gene. 

The Gram-negative bacterium of any one i 

regulatory gene is an Enterococcus faecalis regulatory gene. 

1-3, wherein said 

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

Gram-negative bacterium. 

10. The Gram-negative bacterium of claim 9, wherein said oligosaccharyl transferase is 

heterologous 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^ 
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sis-in-the 

12. The Gram-negative hactcrium of claim 11, wherein said one or more deleted genes 

comprise the waaL gene. 

13. The Gram-negative bacterium of claim 12, wherein said one or more deleted genes 

comprise all genes associated with O antigen biosynthesis in the Gram-negative bacterium. 

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

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

44T1 5. 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 glycosylating 

exotoxin A fowftr-!~aerugineA~<?--GR-M-j-97, Diphtheria toxoid, tetanus toxoid, detoxified 

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

FimHG^-E-ee//--heat-kibil e-enlero t ox i n. detoxified variants of E. coli heat labile enterotoxin, 

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

glycoproteins, S. pneumoniae-pneumelysi-n, S. pneumoniae NQX, S. pneumoniae PspA, S. 

pneumoniae Pep A, S^mewntmkie-l^tQy-Srimeimwnitfe P-hiti-S;-fmeHmoniae Ply, or £ 

16. The Gram-negative bacterium of claim 15 wherein the carrier protein comprising a 

consensus sequence for glycosylation is heterologous to the Gram-negative bacterium. 

17. The Gram-negative b_acterium of claim 15 wherein the carrier protein comprising a 

consensus sequence for glycosylation is detoxified exotoxin A from P. aeruginosa, CRM 197, 

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 pneumolysis S. 
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pneumoniae NOX, S, pneumoniae PspA, S. pneumoniae PcpA. S. pneumoniae PhtD 

S. pneumoniae PhlE, S. pneumoniae Ply, or S. pneumoniae LytB. 

4-2.- The Gram negative bacterium-ol:-a«y one of ihe preceding claims, wherein the 

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

CPS7 (A,B, C)r€PS8, CPS9 (A, L,N-V), CPS 10 (A,B,C,F), CPS 11 (A—B,C,D,F), 

CPS12(A,B,F), CPS 13, CPSH CPS15(A,e^Br^PS4^A;F)rCPS17(A,F), 

ePS18(A,B,C,F), CPS^-ATB^F-), CPS20,CPS21, CPS22(A,F), CPS23(A,B,F), 

GPS34(A,B,F), CPS25(A,F), CPS26, CPS2^€PS38(A^r^PS29, CPS31, CPS32(A,F), 

CPS33(A,B)C,D,F), ePS34r€PS^A,B.C1P,F), CPS36, CPS37, CPS38, CPS39, CPS4QT 

CPS11 (A.F), CPS42, CPS'13, CPS44, GPS45rePS46rgPS47tA,F), or CPS-18; or 

Slaphylococcm-aur-eitsGf S5, or CPS8; Streptococcus agalactia^ (group B, GBS}-GPSfe; 

CPSIb, CPS11, CPSIII, CPSlV^gPSVrGPSV], CPSVII, or CPSVI1I; or Rntcraeoccus faccalis 

GPSATGPSBTCPSC, or CPSD. 

4-3T18. A recombinant glycoprotein produced by the Gram-negative bacterium of any one of 

claims 1 12 1 7 
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4-4? 19. A method of producing a recombinant glycoprotein comprising culturing the Gram-

negative bacterium of any one of claims 1 -12 1-17 under conditions suitable for the 

20. A method of producing a recombinant glycoprotein according to claim 19. further 

comprising purifying the recombinant glycoprotein, 

21. A method of producing a glycoconiugale vaccine which comprises pneumococcal 

polysaccharides, comprising producing recombinant glycoproteins by culturing the Gram-

negative bacterium of any one of claims 1-17 under conditions suitable for the production of 

recombinant glycoproteins, wherein the recombinant glycoproteins comprise capsular 

polysaccharides selected from S. pneumoniae CPS1, CTS2, CPS3, CPS4, CPS5, CPS6 (A and 

BI CPS7 (A.B.CI CPS8. CPS9 CA.L.N.V). CPS 10 (A.B.C.F). CPS11 (A.B.C.D.R CPS 12 

(A.B,R CPS13- CPS14, CPS15 (A.B.C.F). CPS 16 (A.F), CPS17 (A.F), CPS 18 (A.B.C.F). 

CPS 19 (A.B.C.F). CPS20. CPS21. CPS22 (A.F). CPS23 (A.B.F). CPS24 (A,B,F), CPS25 

(A.F). C-PS26, 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. 

22. Ajnethod of producing a glvcoconjugate vaccine according to claim 21 further 

comprising purifying the recombinant glycoproteins. 

23. The method of producing a glvcoconjugate vaccine of claim 21 or claim 22 wherein 

the recombinant glycoproteins comprise capsular polysaccharides selected from S. 

pneumoniae CPS1. CPS4 and CPSH. 


