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What is Claimed is: 

1. An immunogenic polysaccharide-protein conjugate comprising a Staphylococcus a . reus 

capsular polysaccharide conjugated to a carrier protein, wherein the polysaccharide has a mo : ular 

weight of between 70 kDa and 800 kDa. 

2. The immunogenic conjugate of claim 1, wherein the immunogenic co 	ugate has a 

molecular weight of between 200 kDa and 5000 kDa or between 500 kDa and 2505 	Da.  

3. The immunogenic polysaccharide protein conjugate of claim 	or 2, wherein the 

capsular polysaccharide is a serotype 5 or a serotype 8 capsular polysacch• ide. 

4. The immunogenic conjugate of any one of claims 1-3 	herein the polysaccharide has a 

molecular weight range of between 70 kDa and 300 kDa. 

5. The immunogenic conjugate of any one of cl 	ms 1-4, wherein the polysaccharide has a 

degree of 0-acetylation between 10-100%, between 50- !0%, or between 75-100%. 

6. The immunogenic conjugate of any a 	claims 1-5, wherein the carrier protein is CRM197 

or pneumolysin. 

7. The immunogenic conjugate .f claim 6, wherein the CRM197 is covalently linked to the 

polysaccharide through a carbamate linkage, an amide linkage, or both. 

8. The immunogenic conjugate of claim 6 or 7, wherein the molar ratio of conjugated 

lysines to CRM197 is about 10:1 t. about 25:1. 

9. The immuno 	nic conjugate of claim 8, wherein at least one covalent linkage between 

CRM197 and polysacchari. • occurs at least at every 5 to 10 saccharide repeat units of the 

polysaccharide or eve 	saccharide repeat units of the polysaccharide. 

10. Th 	immunogenic conjugate of any of claims 6-9, wherein the CRM197 comprises 5 to 

25, 5 to 20, or 	5 to 25 lysines covalently linked to the polysaccharide. 

11. An immunogenic composition comprising the immunogenic conjugate of any of claims 

1-10 an 	at least one of an adjuvant, diluent, or carrier. 
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12. 	The immunogenic composition of claim 11, wherein the immunogenic composition 

comprises less than 30% or less than 20% free type 5 or 8 polysaccharide compared to the total amoint  

of type 5 or 8 polysaccharide. 

13. 	A method of producing the immunogenic conjugate of any of claims 1-10 co 	prising the 

steps of; 

a) 	reacting an isolated S. oureus capsular polysaccharide with c. 	fonyl ditriazole 

(CDT) in an organic solvent to produce an activated polysaccharide; 

b) reacting the activated polysaccharide with a carrier pr• ein in an organic solvent 

to produce a polysaccharide-carrier protein conjugate; and 

c) isolating the capsular polysaccharide-carrier pr • e n conjugate. 

14. 	The method of claim 13, which further comprises I • philizing the isolated 

polysaccharide and re-suspending the lyophilized polysaccharid• in an organic solvent. 

15. 	The method of claim 13 or 14, wherein the activated polysaccharide is isolated from the 

activation reaction prior to reacting with the carrier pr. ein. 

16. 	The method of claim 15, wherein 	ep b) comprises: 

i) lyophilizing the activatE • isolated polysaccharide to produce a lyophilized 

activated isolated polysaccharide; 

ii) lyophilizing the 	.rrier protein to produce a lyophilized carrier protein; and 

iii) re-suspendin 	the lyophilized activated isolated polysaccharide and the 

lyophilized carrier protein in an o E .nic solvent to produce an activated isolated polysaccharide mixed 

with a carrier protein. 

17. 	The meths. of any of claims 13-16, which further comprises dilution of the reaction 

mixture of step b) into . • uffer and maintaining a pH of about 8.8 to about 9.2, such as about 9.0, for at 

least 4 hours at abo 	20°C to about 26°C, such as about 23°C. 

18. 	he method of any of claims 13-17 wherein the step of reacting the polysaccharide with 

CDT compri 	s determining the water present in the S. oureus serotype 8 capsular polysaccharide and 

adjustin: 	e CDT concentration to about 1:1, about 0.5:1, or about 0.75:1 molar ratio of CDT:water in 

the organic solvent. 
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19. 	The method of any of claims 13-17, wherein the step of reacting the S. aureus serotype 

5 polysaccharide with CDT comprises providing about 20-fold molar excess of CDT compared to the 

polysaccharide. 

20. 	The method of any of claims 13-17 or 19, wherein the serotype 5 polysaccha de CDT in 

an organic solvent mixture is adjusted to a water concentration between 0.1 and 0.3%, s 	as 0.2%. 

21. 	The method of any of claims 13-20, wherein the isolated S. aureus s 	otype capsular 

polysaccharide is mixed with imidazole or triazole prior to mixing with CDT in an . ganic solvent. 

22. 	The method of any of claims 13-21, which further comprise 	ydrolyzing the serotype 

polysaccharide-carrier protein conjugate to remove unreacted activation :roups. 

23. 	A method of producing the immunogenic conjugate •f any of claims 1-10 comprising the 

steps of: 

a) 	reacting a 5. aureus polysaccharide w* h 3 (2 pyridyldithio) propionyl hydrazide 

(PDPH) and a carbodiimide in an organic solvent to produ 	a PDPH linked polysaccharide; 

b) reacting the PDPH-linked poly :ccharide with a reducing agent to produce an 

activated polysaccharide; 

c) isolating the activated p•. ysaccharide to produce an isolated activated 

polysaccharide; 

d) providing an activ 	ed carrier protein; 

e) reacting the is. ated activated polysaccharide with the activated carrier protein 

to produce the polysaccharide-cam r protein conjugate; and 

0 	isolatin: 	he polysaccharide-carrier protein conjugate. 

24. 	The metho. of claim 23, wherein the activated carrier protein is isolated prior to 

reacting the activated ca 	ier protein with the activated polysaccharide. 

25. 	The 	ethod of claim 23 or 24, wherein step c) further comprises lyophilizing the 

isolated activate. polysaccharide to produce a lyophilized activated polysaccharide. 

26. 	The method of any of claims 13-25, wherein the organic solvent is a polar a protic 

solvent. 
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27. The method of claim 26, wherein the polar aprotic solvent is selected from the group 

consisting of dimethyl sulfoxide (DMSO), dimethylformamide (DMF), dimethylacetamide, N methyl 2 

pyrrolidone, and hexamethylphosphoramide (HMPA). 

28. The method of any of claims 23-27, wherein the carbodiimide is 1 Ethyl 3 (3 

dimethylaminopropyl) carbodiimide (EDAC). 

29. The method of claim 28, wherein the step of reacting the serotype c. esular 

polysaccharide with PDPH and EDAC in an organic solvent comprises maintaining 

polysaccharide:PDPH:EDAC ratio by weight of about 1:5:3. 

30. The method of any of claims 23-29, wherein the reducin• .gent is dithiothreitol (DTT). 

31. The method of any of claims 23-30, wherein activati. 	of the carrier protein comprises 

reacting the carrier protein with a bromoacetic acid. 

32. The method of any of claims 23-31, which f 	her includes the step of hydrolyzing the 

serotype polysaccharide carrier protein conjugate to rem 	e unreacted activation groups. 

33. The method of claim 32, wherein th r step of hydrolyzing the serotype polysaccharide 

carrier protein conjugate comprises the addition 	f cysteamine hydrochloride. 
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What is Claimed is: 

1. 	A method of producing an immunogenic polysaccharide-protein conjugate comprising 

the steps of: 

a) reacting an isolated Staphylococcus aureus capsular polysaccharide with carbonyl 

ditriazole (CDT) in an organic solvent to produce an activated polysaccharide; 

b) reacting the activated polysaccharide with a carrier protein in an organic solvent to 

produce a polysaccharide-carrier protein conjugate; and 

c) isolating the polysaccharide-carrier protein conjugate, 

wherein the polysaccharide has a molecular weight of between 70 kDa and 800 kDa. 

2. The method of claim 1, wherein the conjugate has a molecular weight of between 200 

kDa and 5000 kDa or between 500 kDa and 2500 kDa. 

3. The method of claim 1 or 2, wherein the capsular polysaccharide is a serotype 5 or a 

serotype 8 capsular polysaccharide. 

4. The method of any one of claims 1-3, wherein the polysaccharide has a molecular 

weight range of between 70 kDa and 300 kDa. 

5. The method of any one of claims 1-4, wherein the polysaccharide has a degree of 0-

acetylation between 10-100%, between 50-100%, or between 75-100%. 

6. The method of any one of claims 1-5, wherein the carrier protein is CRM197  or 

pneumolysin. 

7. The method of claim 6, wherein the CRM197  is covalently linked to the polysaccharide 

through a carbamate linkage, an amide linkage, or both. 

8. The method of claim 6 or 7, wherein the molar ratio of conjugated lysines to CRM197  is 

about 10:1 to about 25:1. 

9. The method of claim 8, wherein at least one covalent linkage between CRM197  and 

polysaccharide occurs at least at every 5 to 10 saccharide repeat units of the polysaccharide or every 5 

saccharide repeat units of the polysaccharide. 
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10. 	The method of any one of claims 6-9, wherein the CRivi197  comprises 5 to 25, 5 to 20, or 

10 to 25 lysines covalently linked to the polysaccharide. 

11. 	The method of any one of claims 1-10, which further comprises lyophilizing the isolated 

polysaccharide and re-suspending the lyophilized polysaccharide in an organic solvent. 

12. 	The method of any one of claims 1-11, wherein the activated polysaccharide is isolated 

from the activation reaction prior to reacting with the carrier protein. 

13. 	The method of claim 12, wherein step b) comprises: 

i) lyophilizing the activated isolated polysaccharide to produce a lyophilized 

activated isolated polysaccharide; 

ii) lyophilizing the carrier protein to produce a lyophilized carrier protein; and 

Hi) 	re-suspending the lyophilized activated isolated polysaccharide and the 

lyophilized carrier protein in an organic solvent to produce an activated isolated polysaccharide mixed 

with a carrier protein. 

14. 	The method of any one of claims 1-13, which further comprises dilution of the reaction 

mixture of step b) into a buffer and maintaining a pH of about 8.8 to about 9.2, such as about 9.0, for at 

least 4 hours at about 20°C to about 26°C, such as about 23°C. 

15. 	The method of any one of claims 1-14 wherein the step of reacting the polysaccharide 

with CDT comprises determining the water present in the S. aureus serotype 8 capsular polysaccharide 

and adjusting the CDT concentration to about 1:1, about 0.5:1, or about 0.75:1 molar ratio of CDT:water 

in the organic solvent. 

16. 	The method of any one of claims 1-15, wherein the step of reacting the S. aureus 

serotype 5 polysaccharide with CDT comprises providing about 20-fold molar excess of CDT compared to 

the polysaccharide. 

17. 	The method of any one of claims 1-14 or 16, wherein the serotype 5 polysaccharide CDT 

in an organic solvent mixture is adjusted to a water concentration between 0.1 and 0.3%, such as 0.2%. 

18. 	The method of any one of claims 1-17, wherein the isolated S. aureus serotype capsular 

polysaccharide is mixed with imidazole or triazole prior to mixing with CDT in an organic solvent. 



101 

19. 	The method of any one of claims 1-18, which further comprises hydrolyzing the 

serotype polysaccharide-carrier protein conjugate to remove unreacted activation groups. 

20. 	A method of producing an immunogenic conjugate comprising the steps of: 

a) 	reacting a S. aureus polysaccharide with 3 (2 pyridyldithio) propionyl hydrazide 

(PDPH) and a carbodiimide in an organic solvent to produce a PDPH linked polysaccharide; 

b) reacting the PDPH-linked polysaccharide with a reducing agent to produce an 

activated polysaccharide; 

c) isolating the activated polysaccharide to produce an isolated activated 

polysaccharide; 

d) providing an activated carrier protein; 

e) reacting the isolated activated polysaccharide with the activated carrier protein 

to produce the polysaccharide-carrier protein conjugate; and 

f) isolating the polysaccharide-carrier protein conjugate, 

wherein the polysaccharide has a molecular weight of between 70 kDa and 800 kDa. 

21. 	The method of claim 20, wherein the activated carrier protein is isolated prior to 

reacting the activated carrier protein with the activated polysaccharide. 

22. 	The method of claim 20 or 21, wherein step c) further comprises lyophilizing the 

isolated activated polysaccharide to produce a lyophilized activated polysaccharide. 

23. 	The method of any one of claims 1-22, wherein the organic solvent is a polar aprotic 

solvent. 

24. 	The method of claim 23, wherein the polar aprotic solvent is selected from the group 

consisting of dimethyl sulfoxide (DMSO), dimethylformamide (DMF), dimethylacetamide, N methyl 2 

pyrrolidone, and hexamethylphosphoramide (HMPA). 

25. 	The method of claim 24, wherein the polar aprotic solvent is DM50. 

26. 	The method of any of claims 20-25, wherein the carbodiimide is 1 Ethyl 3 (3 

dimethylaminopropyl) carbodiimide (EDAC). 
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27. The method of claim 26, wherein the step of reacting the serotype capsular 

polysaccharide with PDPH and EDAC in an organic solvent comprises maintaining a 

polysaccharide:PDPH:EDAC ratio by weight of about 1:5:3. 

28. The method of any of claims 20-27, wherein the reducing agent is dithiothreitol (DTT). 

29. The method of any of claims 20-28, wherein activation of the carrier protein comprises 

reacting the carrier protein with a bromoacetic acid. 

30. The method of any of claims 20-29, which further includes the step of hydrolyzing the 

serotype polysaccharide carrier protein conjugate to remove unreacted activation groups. 

31. The method of claim 30, wherein the step of hydrolyzing the serotype polysaccharide 

carrier protein conjugate comprises the addition of cysteamine hydrochloride. 


