
We Claim: 

I) A recombinant gram-negative bacterial cell koeenie to a wildT type E. 4iili,Cc1l comprising: 

a) an expression vector comprising a recombinant polynucleotide encoding DsbC; and 

b) one or more polynucicotides encoding an antibody or an antigen binding fragment 0 	Ivo!' 

. 	 5 specifically binding to CD154. 

2)  The gram-negative bacterial cell according to claims 1, wherein DsbC compris= 	a histidine-tag at the 

N-terminus or the C-terminus. 

3)  The gram-negative bacterial cell according to claim 1 or 2, wherein 	- expression vector comprises a 

polynucleotide having the sequence given in SEQ ID NO:45 or . 	QM N0:51. 

10 4)  The gram-negative bacterial cell according to any one of 	:tms 1 to 3, wherein the antibody or 

antigen binding fragment thereof comprises a heavy 	am variable domain comprising three CDRs 

having the sequence given in SEQ ID NO: 1 for 	'RH], SEQ ID NO: 2, for CDR112 and SEQ ID 

NO: 3 for CDRH3 and a variable domain li 	1 chain comprising three CDRs having the sequence 

given in SEQ ID NO: 4 for CDRL1, S ti ID NO: 5 for CDRL2 and SEQ ID NO: 6 for CDRL3. 

15 5)  The gram-negative bacterial cell • 	•ording to claim 4, wherein the one or more polynucleotides 

encode an antibody comprisi 	. the light chain variable region sequence given in SEQ ID NO:8 and 

the heavy chain variable egion given in SEQ ID -NO:10. 

6)  The gram-negative .actcrial cell according to any of claims 1 to 5, wherein the antibody is a Fab or 

Fab' fragmen 

20 7)  The gran negative bacterial cell according to claim 6, wherein the Fab or Fab' fragment comprises a 

ligl 	chain having the sequence given in SEQ ID NO:12 and a heavy chain having the sequence given 

n SEQ ID NO:14 or 16. 

The gram-negative bacterial cell according to any one of claims I to 7, wherein the gram-negative 

bacterial cell comprises a first expression vector comprising a recombinant polynucleotide encoding 

25 DsbC and a second expression vector comprising one or more polynucleotides encoding an antibody 

or an antigen binding fragment thereof specifically binding to CDI 54. 

9) The gram-negative bacterial cell according to any one of claims 1 to 7, wherein the expression vector 

comprising a recombinant 	 encoding DsbC a4ditionally polynucleotide 
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i 	. 

comprises one or more polynucleotides encoding an antibody or an antigen binding fragment thereof 

specifically binding to CD154. 

10)  The gram-negative bacterial cell according to any one of claims I to 9, wherein the cell has-carries 

recluceda mutated Tsp gene encoding a Tsp protein having 50% or less protein activity compare 	o a 

5 wild-type cell and comprises a recombinant polynucleotide encoding an altered spr protein 	icrein 

said allured vi.  Ortnein is capahlk7 of suppressind the phenotwe.of a .cel I eoinprisin , the 	totaled Tv 

gene. 

11)  The gram-negative bacterial cell according to claim 10, wherein the polynucle,. ide encoding Tsp 

comprises a knock-out mutation and the polynucleotide encoding an alter 	spr protein comprises a 

10 mutation affecting the amino acid C94 according to SEO ID NO: 26. 

12)  The gram-negative bacterial cell according to claim 11, wherein 	le mutation in the polynucleotide 

encoding an altered spr protein results in a change of the ai 	no acid cysteine to alanine at position 94 

(C94A) according to SU) ID NO: 26: 

13)  The gram-negative bacterial cell according to any , le of claims Ito 12, wherein the cell is isogenic to 

15 a wild-type bacterial cell except for the recon $ mant polynucleotide encoding DsbC and the one or 

more polynucleotides encoding the antib ll y or antigen binding fragment thereof specifically binding 

to CD154. 

14)  The gram-negative bacterial eel 	according to any one of claims l to 13, wherein the cell is E. coli. 

15)  An expression vector, whi 	comprises a recombinant polynucleotide encoding DsbC and a 

20 dicistronic message le 	producing an antibody or antigen binding fragment thereof specifically 

binding to CD 1 5,  , in which the upstream cistron contains DNA coding for the light chain of the 

antibody and 	e downstream cistron contains DNA coding for the corresponding heavy chain, 

characte 	ed in that the dicistronic message comprises a sequence selected from IGSI (SEQ ID NO; 

33), 	S2 (SEQ ID NO: 34), IGS3 (SEQ ID NO: 35) and IGS4 (SEQ ID NO: 36). 

25 	16) le expression vector according to a claim 15, wherein the antibody or an antigen binding fragment 

thereof specifically binding to CD154 is as defined in any of claims 4 to 7. 

17)  The expression vector according to a claim 15 or 16, wherein DsbC is as defined in claim 2 or 3. 

18)  The gram-negative bacterial cell according to any of claims 1 to 14, which comprises the expression 

vector as defined in any one of claims 15 to 17. 

30 	19) A method for producing an antibody or an antigen binding fragment thereof specifically binding to 
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a)  culturing a recombinant gram-negative bacterial cell as defined in any of claims 

14 or 18 in a culture medium under conditions effective to express the a I 	s od y or 

the antigen binding fragment thereof specifically binding to CD 	and the,  " 

recombinant polynucleotide encoding DsbC; and 	 [ 

5 b)  recovering the antibody or an antigen binding f 	ment thereof specifically binding 

to CD154 from the periplasm of the rec. • • nant gram-negative bacterial cell and/or 

the culture medium. 

20)  A method according to claii 	9, wherein the method further comprises a step of 

attaching an effector • olecule to an amino acid at or towards the C-terminal end of the 

10 heavy chain • • • or the light chain of the antibody. 

21)  A n .. 	od according to claim 20, wherein the effector molecule comprises 

poly(ethyleneglycol) or methoxypoly(ethyleneglycol). 

22)  A method according to claim 21, wherein the method comprises attaching to one of the 

cysteine residues at the C-terminal end of the heavy chain a lysyl-maleimide group 

15 wherein each amino group of the lysyl residue has covalently linked to it a 

methoxypoly(ethyleneglycol) resithre ha ving-,1-rno-iectilar-weight-of-a-boni--20;090 Da 
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We Claim: 

1) A recombinant gram-negative bacterial cell comprising: 

a) an expression vector comprising a recombinant polynucleotide encoding DsbC; and 

b) one or more polynucleotides encoding an antibody or an antigen binding fragment 

5 thereof specifically binding to CD154; 

c) a mutated Tsp gene encoding a Tsp protein having 50% or less of the protease activity of 

a wild-type non-mutated Tsp protein and; 

d) a mutated spr gene encoding an spr protein whose wild-type sequence is shown in SEQ 

ID NO: 24 comprising a mutation affecting the amino acid C94 ; and 

10 wherein said gram-negative bacterial cell is selected from E. coli strains K12 and 

W3110, and wherein the bacterial cell is isogenic to said strains except for the recombinant 

polynucleotide encoding DsbC, the one or more polynucleotides encoding an antibody or an 

antigen binding fragment thereof specifically binding to CD154 and the mutated Tsp gene and the 

mutated spr gene. 

15 	2) The gram-negative bacterial cell according to claim 1, wherein DsbC comprises a histidine-

tag at the N-terminus or the C-terminus. 

3)  The gram-negative bacterial cell according to claim 1 or 2, wherein the expression vector 

comprises a polynucleotide having the sequence given in SEQ ID NO:45 or SEQ ID NO:51. 

4)  The gram-negative bacterial cell according to any one of claims 1 to 3, wherein the antibody 

20 or antigen binding fragment thereof comprises a heavy chain variable domain comprising 

three CDRs having the sequence given in SEQ ID NO: 1 for CDRH1, SEQ ID NO: 2, for 

CDRH2 and SEQ ID NO: 3 for CDRH3 and a variable domain light chain comprising three 

CDRs having the sequence given in SEQ ID NO: 4 for CDRL1, SEQ ID NO: 5 for CDRL2 

and SEQ ID NO: 6 for CDRL3. 

25 	5) The gram-negative bacterial cell according to claim 4, wherein the one or more 

polynucleotides encode an antibody comprising the light chain variable region sequence 

given in SEQ ID NO:8 and the heavy chain variable region given in SEQ ID NO:10. 

6) The gram-negative bacterial cell according to any of claims 1 to 5, wherein the antibody is a 

Fab or Fab' fragment. 
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7)  The gram-negative bacterial cell according to claim 6, wherein the Fab or Fab' fragment 

comprises a light chain having the sequence given in SEQ ID NO:12 and a heavy chain 

having the sequence given in SEQ ID NO:14 or 16. 

8)  The gram-negative bacterial cell according to any one of claims 1 to 7, wherein the gram- 

5 negative bacterial cell comprises a first expression vector comprising a recombinant 

polynucleotide encoding DsbC and a second expression vector comprising one or more 

polynucleotides encoding an antibody or an antigen binding fragment thereof specifically 

binding to CD154. 

9)  The gram-negative bacterial cell according to any one of claims 1 to 7, wherein the 

10 expression vector comprising a recombinant polynucleotide encoding DsbC additionally 

comprises one or more polynucleotides encoding an antibody or an antigen binding fragment 

thereof specifically binding to CD154. 

10)  The gram-negative bacterial cell according to any preceding claims, wherein the mutation in 

the spr gene encoding an spr protein results in a change of the amino acid cysteine to alanine 

15 at position 94 (C94A). 

11)  An expression vector, which comprises a recombinant polynucleotide encoding DsbC and a 

dicistronic message for producing an antibody or antigen binding fragment thereof 

specifically binding to CD154, in which the upstream cistron contains DNA coding for the 

light chain of the antibody and the downstream cistron contains DNA coding for the 

20 corresponding heavy chain, wherein the dicistronic message comprises a sequence selected 

from IGS1 (SEQ ID NO: 33), IGS2 (SEQ ID NO: 34), IGS3 (SEQ ID NO: 35) and IGS4 

(SEQ ID NO: 36). 

12)  The expression vector according to claim 11, wherein the antibody or an antigen binding 

fragment thereof specifically binding to CD154 is as defined in any of claims 4 to 7. 

25 	13) The expression vector according to claim 11 or 12, wherein DsbC is as defined in claim 2 or 

3. 

14)  The gram-negative bacterial cell according to any of claims 1 to 10, which comprises the 

expression vector as defined in any one of claims 11 to 13. 

15)  A method for producing an antibody or an antigen binding fragment thereof specifically 

30 binding to CD154 comprising: 
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a) culturing a recombinant gram-negative bacterial cell as defined in any of claims 1 to 10 

or 14 in a culture medium under conditions effective to express the antibody or the 

antigen binding fragment thereof specifically binding to CD154 and the recombinant 

polynucleotide encoding DsbC; and 

5 b) recovering the antibody or an antigen binding fragment thereof specifically binding to 

CD154 from the periplasm of the recombinant gram-negative bacterial cell and/or the 

culture medium. 

16)  A method according to claim 15, wherein the method further comprises a step of attaching an 

effector molecule to an amino acid at or towards the C-terminal end of the heavy chain 

10 and/or the light chain of the antibody. 

17)  A method according to claim 16, wherein the effector molecule comprises 

poly(ethyleneglycol) or methoxypoly(ethyleneglycol). 

18)  A method according to claim 17, wherein the method comprises attaching to one of the 

cysteine residues at the C-terminal end of the heavy chain a lysyl-maleimide group wherein 

15 each amino group of the lysyl residue has covalently linked to it a 

methoxypoly(ethyleneglycol) residue having a molecular weight of about 20,000 Da. 


