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Table 1 Dsb proteins and their active sites localization function and
comparison of the active sites with those of Thioredoxin and PDI

Protein  Gene  Active sites

Localization and function

DsbA  dsbA Cys-Pro-His-Cys
5 DsbB  dsbB Cys-Val-Leu-Cys
DsbC  dsbC Cys-Gly-Tyr-Cys

8~10

DsbD  dsbD Cys-Val-Ala-Cys

DsbE  dsbE Cys-Pro-Thr-Cys

Dsb Disulfide bond

" DsbG  dsbG

Thioredoxin Cys-Gly-Pro-Cys
PDI Cys-Gly-His-Cys

Periplasm  oxidize two -SH- to form a
disulfide bond

Inner membrane  reactive DsbA
Periplasm  isomerize mis-paired disul-
fide bonds

Inner membrane reduce DsbC and
participate in synthesis of cytochrome C
Inner membrane participate in synthe-
sis of cytochrome C

Periplasm  isomerize mis-paired disul-

fide bonds
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dsbA dsbA"
- DsbA-DsbB DsbA’-DsbB DsbA
DsbB DsbB Cys
1 Dsb - Ala Cys-104
DsbA DsbB
¥ DsbA  Cys-30
1.1 DsbA/DsbB DsbB  Cys-104 Cys-104 DsbA
DsbA Cys-33 DsbA DsbhB
A 0 DsbA ' DshB
34
DsbA 2 1.2 DsbC DsbG/DsbD DsbE
DsbA 1994 Missiakas
DsbA 7 DsbC aprd P
DsbA - Shevchik Erwinia chrysanthemi
dsbA
2 dsbC dsbA
DsbhA 21 kD Cys*- “ dsbC
Pro’' -His”-Cys® 2 DsbA
DsbA DTT dsbA
1000 * DshA 33 Cys DshC 25.5 kD
Ala C33A  RNase Tl 23.3 kD DshC
DsbA -Cys™-Gly-Tyr-Cys'"" -
DsbA DsbA DsbhC
# DsbA
» DsbA DsbA *
DsbA DsbA -Cys-Gly-Tyr-Cys-
Thioredoxin DshC »
DsbA Thioredoxin “ " N- 65
* fDshC  fDshC
DsbC -Cys™-Cly-Tyr-Cys"' -
DsbA DshC {DshC
NMR RNase A BPTI
DsbA 7
Missiakas * DsbC  13% N- 65
dsbB dsbB 7
DsbC  DsbA
OmpA (- B dsbC
dsbA dsbA dsbB DshB DsbC DsbC
20 kD 4 N- C-
DshB 6 4 DsbhC
2
2 DsbC DsbD
Cys-X-X-Cys ® DsbB Cys-41-Val-Leu-  DshC P-4 DshC
Cys-44 C- 9 40 2 B
DshB Rietsch 39 DshC
DsbB DsbA
* DsbC dsbC
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DTT Cys DshG Ala
DsbC Cys DshG DsbA/
Sone “ DsbA  DshC DshB DshC ®
Bessette " DshG
dsbD  Missiakas “ dsbA DsbG  DshC
dsb dsbD DshC  25%
dsb dsbG dsbG
DTT “w dsb
dsbD 42°C dsbD DsbG dsbC
BPTI 3
138 12 DshC
DshG dsbD
dsbD DsbG
DsbC
PDI 45% 1.3 Dsb
dsbD DsbA  DsbC
DsbD DsbA/DshB DsbC
DsbG/DsbhD DsbhE
DshC DsbD ¥4 Db Bader ¥
dsbD 2 s dsbA dsbC DsbhC
dsbD dshC DshC dsbA
DsbA
Katzen 46 DsbD 3 DsbB DsbC DsbA
2 DsbhB DshC
DsbD DsbC DsbB
DshD 1 2
DsbD
DshD DshD A i £
SH N\ S——g S
DsbD DshC  DshG DsbD P P E P
DD SH SH SH : S
a7 B SlH E SHE
SH SH
DsbE DsbD
Cys-Pro-Thr-Cys DsbE p S\S . pSH ¢S B b SHS
dsbD SH SH SH ~ s7
DsbE DsbA  DshC SHE
* DsbE SH
DsbD 1
dsbG dsbB Fig.1 Formation and isomerization of disulfide bonds
DshG 27.5 kD P. Substrate proteins containing disulfide bonds E. DsbA or
25.7 kD ¥ dsbG DshC. Panel A shows that DsbA oxidizes two -SH- to form a
DIT disulfide bond Panel B shows that DsbC isomerizes the mis-
5 paired disulfide bonds
DIT 2 Dsb
dsbA  dsbB dshG DshG 2.1 DsbA
Cys-Pro-Tyr- © h BRI 52 P BB & 488 &P http:// jdDenals. im-3c. on
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GAPDH Leptin
PDI DsbA Kurokawa » HRP
PDI DsbA Dsh
GAPDH HRP HRP 4
DsbA
21 DsbA
DsbA HRP
DsbA DsbA Dsb
ne DsbABCD HRP 2~3
Wrongly oxidized Folded proteins 10 HRP
PERIPLASMICSPACE o prteins oot praens 25min  DsbABCD HRP 120min
DSb(fﬁ'ox Isomerals)eS L DsbC-ox P o 56
DsbA-red DSBQA"OX Protein-red Dst-'rei DsbE-ox Kurokawa
INNER MEMBRANE _— X v Dsb
DsbB-ox DsbB-red DsbD-ox DsbD-red 3
TrxA-oxw 4 Reduced proteins B NGF NGF 80%
A S
TrxA-réd\ Newly synthesized
CYTOPLASM polypeptices NGF DshCD  Dsb-
2 ABCD DsbAB  DsbAC
Fig.2 Formation and isomerization of disulfide bonds in E'. coli DsbC/DshbD NGF
2.2 DsbC DsbC  DshG
Chen 52 DshC * Overexpression of DshC and
PDI 30% DshC DsbG Markedly Improves Soluble and Functional Expression of Sin-
GAPDH gle-Chain Fv Antibodies in Escherichia coli”
PDI DsbC  DshG
DshC 98
N- 65 DsbG-
fDshC GAPDH DsbC DsbG-
¥ DsbC M- 1-65 0% DsbC
X CD3
Cys'"' -Cys'® Cys DsbC Dsb
DsbC Ey DsbC  DshG
DshC
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Escherichia coli Disulfide-forming Related Proteins Structures Functions and Their Application
in Gene Engineering for Expressing Heterologous Proteins in Escherichia coli

ZHANG Zhong HUANG Hua-Liang”
Institute of Genetics ~ Chinese Academy of Sciences  Beijing 100101 China

Abstract The formation of disulfide bonds in secreted proteins of E. coli is a synergetic process depending on a series of Dsb
proteins containing DshA  DsbB  DsbC  DsbD DsbE and DsbG. DsbA functions as an oxidant to form a disulfide bond between
two -SH- in vivo and DsbB reactivates DsbA by reoxidizing it. Both DsbC and DsbG two periplasmic proteins with isomerase ac-
tivity can correct mis-paired disulfide bonds introduced by DsbA although they recognize different substrates. DsbD an inner
membrane protein plays a role in reducing DsbC and DsbG in vivo . 1t is regarded that DsbE has the similar function with DsbhD.
All DshA  DsbC and DsbG have chaperone activity besides involving in the formation of disulfide bonds. Furthermore their cha-
perone activity can promote the formation of protein disulfide bonds. There are a few reports dealing with soluble expression of
heterologous proteins containing disulfide bonds assisted by DsbA and DsbC in E. coli. So far there has been no reports about
the soluble expression of heterologous proteins promoted by DsbG. Our experiments first demonstrated that both DsbC and DsbG

can improve the expression of single chain antibodies as soluble and functional forms in E. coli and DsbG has additive effects

with DsbC.

Key words disulfide bond soluble expression chaperone activity DsbC  DsbG  single-chain antibodies
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