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CLAIMS 

 

1. A process for purifying recombinant P. falciparum circumsporozoite protein (rCSP), said 

process comprising: 

(a) obtaining a bacterial cell lysate preparation comprising recombinant P. falciparum 

circumsporozoite protein dimer; 

(b) separating the bacterial cell lysate preparation of step (a) into a soluble fraction comprising 

the recombinant P. falciparum circumsporozoite protein dimer, and an insoluble fraction; 

(c) separating the recombinant P. falciparum circumsporozoite protein dimer in the soluble 

fraction of step (b) from host cell proteins in the soluble fraction; and 

(d) subjecting the recombinant P. falciparum circumsporozoite protein dimer obtained in step (c) 

to preferential reducing conditions, wherein the preferential reducing conditions reduce 

intermolecular disulfide bonds and preserve intramolecular disulfide bonds in the rCSP; thereby 

obtaining purified recombinant rCSP, without a denaturation or refolding step, wherein the 

recombinant P. falciparum circumsporozoite protein  obtained includes the most N-terminal 

cysteine, said most N-terminal cysteine corresponding to  the cysteine at position 25 as set forth in 

SEQ ID NO: 1, and wherein not more than about 10%  of the purified recombinant P. falciparum 

circumsporozoite protein obtained is dimerized, and not more than about 10% of the purified 

recombinant P. falciparum circumsporozoite protein obtained is present as high molecular weight 

aggregates. 

2. The process of claim 1, further comprising: 

(e) separating the recombinant P. falciparum circumsporozoite protein obtained in step (d) from 

host cell proteins. 

3. The process of claim 1, wherein the purified recombinant P. falciparum circumsporozoite 

protein is obtained at an overall purification yield of about 10% to about 75%. 

4. The process of claim 1, wherein not more than about 10% of the purified recombinant P. 

falciparum circumsporozoite protein obtained is degraded at the N-terminus. 

5. The process of claim 1, wherein not more than about 5% of the purified recombinant P. 

falciparum circumsporozoite protein obtained is dimerized. 

6. The process of claim 1, wherein not more than about 5% of the purified recombinant P. 

falciparum circumsporozoite protein obtained is present as high molecular weight aggregates. 



- 130 - 

 

7. The process of claim 1, wherein not more than about 10% of the purified recombinant P. 

falciparum circumsporozoite protein obtained is denatured. 

4.8. The process of claim 1, wherein the purified recombinant P. falciparum circumsporozoite 

protein obtained comprises at least about 90% P. falciparum circumsporozoite protein monomer. 

9. The process of claim 1, wherein the bacterial cell lysate is a Pseudomonad cell lysate. 

10. The process of claim 9, wherein the Pseudomonad cells are Pseudomonas cells. 

11. The process of claim 10, wherein the Pseudomonas cells are Pseudomonas fluorescens. 

12. The process of claim 1, wherein the separating of step (b) comprises disk-stack 

centrifugation. 

13. The process of claim 1, wherein the separating of step (b) comprises depth filtration. 

14. The process of claim 1, wherein the separating of step (c) comprises chromatography, and 

wherein the chromatography comprises anion-exchange chromatography and mixed mode 

chromatography. 

15. The process of claim 14, wherein the separating of step (c) comprises mixed mode 

chromatography, and wherein the mixed mode chromatography is hydroxyapatite chromatography. 

16. The process of claim 2, wherein the separating of step (e) comprises hydrophobic interaction 

chromatography. 

17. The process of claim 1, wherein the preferential reducing conditions comprise a mild 

reducing agent. 

18.  The process of claim 17, wherein the mild reducing agent is dithiothreitol (DTT), cysteine, 

acetylcysteine, glutathione, monothioglycerol (MTG), thioglycolate, dithioerythritol, 2-

Mercaptoethanol (B-mercaptoethanol), TCEP-HCl (pure, crystalline Tris(2-carboxyethyl)phosphine 

hydrochloride), or 2-Mercaptoethylamine-HCl (2-MEA). 

19. The process of claim 18, wherein the mild reducing agent is DTT, MTG, acetylcysteine, 

glutathione, thioglycolate, or cysteine. 

20. The process of claim 19, wherein the mild reducing agent is DTT at a concentration of about 

0.01 to about 0.03 mM, or MTG at a concentration of about 0.5 mM to about 1.5 mM. 

21. The process of claim 17, wherein the preferential reducing conditions further comprise a 

disaggregating agent. 

22. The process of claim 21, wherein the disaggregating agent is urea, arginine, guanidine HCl, 

or a detergent. 

23. The process of claim 22, wherein the disaggregating agent is about 1.5 to about 2.5M urea. 
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24. The process of claim 1, wherein the preferential reducing conditions comprise about 0.05 to 

about 1 mM MTG and about 2M urea. 

25. The process of claim 2, further comprising preparing a stable liquid P. falciparum 

circumsporozoite protein formulation, comprising diafiltering about 1 mg/ml to about 50 mg/ml 

purified recombinant P. falciparum circumsporozoite protein into a formulation buffer comprising 

about 0.5 mM to about 1.5 mM MTG and about 10% to about 20% arginine. 

26. The process of claim 25, wherein the formulation buffer comprises 0.5x or 1x PBS. 

27. The process of claim 25, wherein the formulation buffer has a pH of about 6.0 to about 7.5. 

28. The process of claim 26, wherein the formulation buffer has a pH of about 6.0 to about 7.5. 

29. The process of claim 25, further comprising storing the stable liquid P. falciparum 

circumsporozoite protein formulation at a storage temperature of about 4° C to about 15° C. 

30. The process of claim 26, further comprising storing the stable liquid P. falciparum  

circumsporozoite protein formulation at a storage temperature of about 4° C to about 15° C. 

31. The process of claim 27, further comprising storing the stable liquid P. falciparum  

circumsporozoite protein formulation at a storage temperature of about 4° C to about 15° C. 

32. The process of claim 28, further comprising storing the stable liquid P. falciparum  

circumsporozoite protein formulation at a storage temperature of about 4° C to about 15° C. 

33. The process of claim 25, wherein the formulation buffer comprises about 1.0 mM MTG, 

about 10% to about 20% arginine, 1xPBS, has a pH of about 6.4 to about 6.0, and further comprising 

storing the stable liquid P. falciparum circumsporozoite protein formulation at a storage temperature 

of  about 4 °C to about 6 °C. 

34. The process of claim 25, wherein the stable liquid P. falciparum circumsporozoite protein 

formulation contains at least one of the following: not more than about 10% P. falciparum 

circumsporozoite protein dimer; not more than about 10% P. falciparum circumsporozoite protein 

high molecular weight aggregates; not more than about 10% denatured P. falciparum 

circumsporozoite protein; and, not more than about 10% P. falciparum circumsporozoite protein 

degradation products. 

35. The process of claim 1, wherein the process is scalable to a bacterial cell lysate preparation 

comprising about 1 gram to about 2000 grams rCSP. 

36. The process of claim 1, wherein the amount of rCSP in the bacterial lysate preparation is 

about 1 gram to about 2000 grams. 
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37. The process of claim 1, wherein the bacterial cell lysate is prepared from host cells 

transformed with an expression vector comprising a nucleic acid sequence encoding the recombinant 

P. falciparum circumsporozoite protein. 

38. The process of claim 37, wherein the host cells are Pseudomonas cells. 

39. The process of claim 38, wherein the Pseudomonas cells are Pseudomonas fluorescens. 

40. The process of claim 37, wherein the recombinant P. falciparum circumsporozoite protein 

encoded by the nucleic acid sequence has an amino acid sequence as set forth in SEQ ID NO: 3, or 

an amino acid sequence having at least 90% identity to the amino acid sequence set forth in SEQ ID 

NO: 3. 

41. The process of claim 39, wherein the P. fluorescens cells are a PyrF production host strain 

comprising ∆pyrF, lacIQ, and ∆htpX. 

42. The process of claim 40, wherein the nucleic acid sequence encoding the recombinant P. 

falciparum circumsporozoite protein is fused to a periplasmic secretion signal sequence. 

43. The process of claim 42, wherein the periplasmic secretion signal sequence is a P. 

fluorescens secretion signal sequence. 

44. The process of claim 43, wherein the P. fluorescens periplasmic secretion signal sequence is 

LAO, pbp, pbpA20V, or cupA2. 

45. The process of claim 44, wherein the P. fluorescens periplasmic secretion signal sequence is 

LAO. 

46. The process of claim 1, further comprising stably maintaining the purified recombinant  P. 

falciparum circumsporozoite protein in a stable liquid formulation, the method comprising providing 

a formulation comprising about 1 to about 50 mg/ml purified rCSP, about 0.5 to about 1.5 mM MTG 

and about 1% to about 20% arginine in 0.5x or 1xPBS at a pH of about 6.0 to  about 7.5, wherein the 

rCSP is stably maintained at a temperature of about 3° C to about 25° C,  for at least about 7 days. 

47. The process of claim 2, further comprising stably maintaining the purified recombinant  P. 

falciparum circumsporozoite protein in a stable liquid formulation, the method comprising providing 

a formulation comprising about 50 mg/ml purified rCSP, about 0.5 to about 1.5 mM  MTG and 

about 10% to about 20% arginine in 1xPBS at a pH of about 6.4 to about 7.2, wherein the rCSP is 

stably maintained at a temperature of about 3° C to about 25° C, for at least about 7  days. 

48. The process of claim 16, further comprising stably maintaining the purified recombinant  P. 

falciparum circumsporozoite protein in a stable liquid formulation, the method comprising providing 

a formulation comprising about 1 to about 50 mg/ml purified rCSP, about 0.5 to about 1.5 mM MTG 
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and about 10% to about 20% arginine in 1xPBS at a pH of about 6.4 to about 7.0, wherein the rCSP 

is stably maintained at a temperature of about 3° C to about 25° C, for at least about 7 days. 

49. The process of claim 48, wherein the formulation comprises about 1.0 mM MTG and about 

10% arginine in 1xPBS at a pH of about 6.4 to 7.0, at a temperature of about 3° C to 5° C, wherein 

the rCSP is stably maintained for at least about 7 days. 

50. The process of claim 1, wherein the N-terminus of the purified recombinant P.  falciparum 

circumsporozoite protein obtained includes the glutamine corresponding to the glutamine at position 

24 as set forth in SEQ ID NO: 1. 

51. The process of claim 1, wherein the N-terminus of the purified recombinant P.  falciparum 

circumsporozoite protein obtained includes the tyrosine corresponding to the tyrosine at position 23 

as set forth in SEQ ID NO: 1. 

52. The process of claim 1, wherein the N-terminus of the purified recombinant P.  falciparum 

circumsporozoite protein obtained includes the glutamic acid corresponding to the glutamic acid at 

position 22 as set forth in SEQ ID NO: 1. 

53. The process of claim 1, wherein the N-terminus of the purified recombinant P.  falciparum 

circumsporozoite protein obtained includes the glutamine corresponding to the glutamine at position 

21 as set forth in SEQ ID NO: 1. 

54. A stable liquid formulation of recombinant P. falciparum circumsporozoite protein, 

comprising about 1 to about 5, about 1 to about 10, about 1 to about 20, about 1 to about 30, about 1 

to about 40, or about 1 to about 50 mg/ml recombinant P. falciparum circumsporozoite protein in a 

formulation buffer comprising about 0.5 to about 1.5 mM MTG and about 10% to about 20% 

arginine, wherein the stable liquid P. falciparum circumsporozoite protein formulation contains at 

least one of the following: not  more than about 1%, not more than about 2%, not more than about 

3%, not more than about 4%, not more than about 5%, not more than about 6%, not more than about 

7%, not more than about  8%, not more than about 9%, or not more than about 10% P. falciparum 

circumsporozoite  protein dimer; not more than about 1%, not more than about 2%, not more than 

about 3%, not more than about 4%, not more than about 5%, not more than about 6%, not more than 

about 7%, not more than about 8%, not more than about 9%, or not more than about 10% high P.  

falciparum circumsporozoite protein molecular weight aggregates; not more than about 1%, not  

more than about 2%, not more than about 3%, not more than about 4%, not more than about 5%, not 

more than about 6%, not more than about 7%, not more than about 8%, not more than about 9%, or 

not more than about 10% denatured P. falciparum circumsporozoite protein; not more  than about 
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1%, not more than about 2%, not more than about 3%, not more than about 4%, not more than about 

5%, not more than about 6%, not more than about 7%, not more than about 8%, not more than about 

9%, or not more than about 10% pyroglutamate-containing P. falciparum circumsporozoite protein 

species, and; not more than about 1%, not more than about 2%, not  more than about 3%, not more 

than about 4%, not more than about 5%, not more than about 6%, not more than about 7%, not more 

than about 8%, not more than about 9%, or not more than about 10% P. falciparum 

circumsporozoite protein degradation products wherein the stable liquid formulation is stable at a 

temperature of about 3 ° C to about 25 °C, for at least about 7 days, at least about 8 days, at least 

about 9 days, at least about 10 days, at least about 11 days, at least about 12 days, at least about 13 

days, at least about 14 days, at least about 15 days, at least about 16 days, at least about 17 days, at 

least about 18 days, at least about 19 days, at least about 20 days, at least about 21 days, at least 

about 22 days, at least about 23 days, at least about 24 days, at least about 25 days, at least about 30 

days, at least about 60 days, at least about 70 days, at least about 80 days, at least about 90 days, at 

least about 6 months, or at least about 1 year. 

55. The stable liquid formulation of claim 54, wherein the formulation buffer comprises 0.5X or 

1X PBS. 

56. The stable liquid formulation of claim 55, wherein the formulation buffer has a pH of about 

6.0 to about 7.5, 6.4 to about 7.2, about 6.4 to about 7.0, about 6.6 to about 6.8, about 6.4, about 6.7, 

or about 7.0. 

57. The stable liquid formulation of claim 56, wherein the stable liquid formulation comprises 

about 1 to about 5 mg/ml rCSP, about 1.0 mM MTG, about 10% arginine, 1X PBS, has a pH of 

about 6.0 to about 7.5, and wherein the storage temperature is about 4 °C to about 6 °C. 

58. A process for stably maintaining rCSP in a stable liquid formulation, the process comprising 

providing a stable liquid formulation of claim 54, wherein the rCSP is stably maintained at a 

temperature of about 3 ° C to about 25 °C, for at least about 7 days, at least about 8 days, at least 

about 9 days, at least about 10 days, at least about 11 days, at least about 12 days, at least about 13 

days, at least about 14 days, at least about 15 days, at least about 16 days, at least about 17 days, at 

least about 18 days, at least about 19 days, at least about 20 days, at least about 21 days, at least 

about 22 days, at least about 23 days, at least about 24 days, at least about 25 days, at least about 30 

days, at least about 60 days, at least about 70 days, at least about 80 days, at least about 90 days, at 

least about 6 months, or at least about 1 year. 
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59. The process of claim 1, further comprising stably maintaining the purified recombinant P. 

falciparum circumsporozoite protein in a stable liquid formulation, the process comprising providing 

a formulation comprising about 1 to about 5, about 1 to about 10, about 1 to about 20, about 1 to 

about 30, about 1 to about 40, or about 1 to about 50 mg/ml rCSP, about 0.5 to about 1.5 mM MTG 

and about 1% to about 20% arginine in 0.5X or 1X PBS at a pH of about 6.0 to about 7.5, wherein 

the rCSP is stably maintained at a temperature of about 3 ° C to about 25 °C, for at least about 7 

days, at least about 8 days, at least about 9 days, at least about 10 days, at least about 11 days, at 

least about 12 days, at least about 13 days, at least about 14 days, at least about 15 days, at least  

  



- 135 - 

 

about 16 days, at least about 17 days, at least about 18 days, at least about 19 days, at least about 20 

days, at least about 21 days, at least about 22 days, at least about 23 days, at least about 24 days, at 

least about 25 days, at least about 30 days, at least about 60 days, at least about 70 days, at least 

about 80 days, at least about 90 days, at least about 6 months, or at least about 1 year. 

60. The process of claim 2, further comprising stably maintaining the purified recombinant P. 

falciparum circumsporozoite protein in a stable liquid formulation, the process comprising providing 

a formulation comprising about 1 to about 5, about 1 to about 10, about 1 to about 20, about 1 to 

about 30, about 1 to about 40, or about 1 to about 50 mg/ml rCSP, about 0.5 to about 1.5 mM MTG 

and about 10% to about 20% arginine in 1X PBS at a pH of about 6.4 to about 7.2, wherein the rCSP 

is stably maintained at a temperature of about 3 °C to about 25 °C, for at least about 7 days, at least 

about 8 days, at least about 9 days, at least about 10 days, at least about 11 days, at least about 12 

days, at least about 13 days, at least about 14 days, at least about 15 days, at least about 16 days, at 

least about 17 days, at least about 18 days, at least about 19 days, at least about 20 days, at least 

about 21 days, at least about 22 days, at least about 23 days, at least about 24 days, at least about 25 

days, at least about 30 days, at least about 60 days, at least about 70 days, at least about 80 days, at 

least about 90 days, at least about 6 months, or at least about 1 year. 

61. The process of claim 60, wherein the stable liquid formulation comprises about 1.0 mM 

MTG and about 10% arginine in 1X PBS at a pH of about 6.4 to 7.0, wherein the rCSP is stably 

maintained at a temperature of about 3 °C to 5 °C, for at least about 7 days, at least about 8 days, at 

least about 9 days, at least about 10 days, at least about 11 days, at least about 12 days, at least about 

13 days, at least about 14 days, at least about 15 days, at least about 16 days, at least about 17 days, 

at least about 18 days, at least about 19 days, at least about 20 days, at least about 21 days, at least 

about 22 days, at least about 23 days, at least about 24 days, at least about 25 days, at least about 30 

days, at least about 60 days, at least about 70 days, at least about 80 days, at least about 90 days, at 

least about 6 months, or at least about 1 year. 

62. The process of claim 60, wherein stable maintenance of the rCSP is 

indicated by the amount of total rCSP in the formulation, the relative percent difference in total rCSP 

in the formulation when compared to a control, or the relative percent difference in rCSP purity 

when compared to a control. 

63.  The process of claim 60, wherein stable maintenance of the rCSP is indicated by an amount of 

total rCSP in the formulation of about 70% to about 95%, or by a relative percent difference in total 

rCSP in the formulation or a relative percent difference in rCSP purity of about -5% to about 5%, 
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about -4% to about 4%, about -3% to about 3%, about -2% to about 2%, about -2% to about 1%, 

about -2% to about 0.5%, about -2% to about 0%, or about 0% to about 2%, when compared to a 

control. 

 

 




