23 1
2007 1 Chinese Journal of Biotechnology

Vol.23  No.1
January 2007

A DsbA
Study on Disulfide Bond Formation
Escherichia coli

LUO Man GUAN Yi-Xin" and YAO Shan-Jing

310027
Department of Chemical and Biochemical Engineering Zhejiang University ~Hangzhou 310027  China

A Disulfide bond formation protein A DsbA

DsbA
Cys” pK.
Cys” DsbhA DshA
DsbA
DsbA  Dsb
Q7 A 1000-3061 2007 01-0007-09

Protein A in

DsbA

Abstract Disulfide bond formation protein A DsbA is one of the important proteins located in E. coli periplasm which is a

foldase facilitating the folding of nascent secreted proteins especially for those with many pairs of disulfide bonds. The crystal

structure and phylogenetic analysis of DsbA and DsbA-mediated protein folding alternatively in wivo and in wiro are

summarized . Both the extremely low pK, of Cys* about 3.5 and the destabilizing effect of the active site disulfide contribute to

its strong oxidizing power. The Cys™ is also considered as the most important residue closely related to its activity using site-

directed mutagenesis methodology. DsbA could effectively assist proteins folding both in vivo coexpressed with the target

protein and in vitro replenished as foldases. Moreover DsbA also has the chaperone-like activity in the assistant refolding of

genetically engineered inclusion bodies.
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Fig.1 The structure of DsbA its active site and thioredoxin.
The two domains of DsbA the helical and thioredoxin domain are connected by a flexible hinge
Phe® -Met™ -Gly” -Gly® shown as blue ribbon in the figure.
a The structure of oxidized DsbA b the detailed structure of oxidized DsbA active site ¢ the detailed structure of reduced DsbA active site  d the

structure of oxidized thioredoxin e the structure of reduced thioredoxin ~ f the structure of reduced DsbA.
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Fig.2  The multiple sequence alignment of several homologs of DsbA generated by CluastalX where POAA25 for thioredonxin 1 from
Escherichia coli  trxA  POAGG4 for thioredonxin 2 from Escherichia coli  irxC ~ P22217 for thioredonxin I from Saccharomyces cerevisiae
TRX1  POAEGA for DsbA from Escherichia coli dsbA ~ P32557 for DsbA from Vibrio cholerae  tcpG ~ P52589 for PDI from Triticum
aestivum  PDI ~ P05307 for PDIAL from Bos taurus P4HB ~ P17967 for PDI from Saccharomyces cerevisiae  PDII . The undisplayed
sequences of P52589 P05307 and P17967 are omitted because of the ending of the E. coli DsbA sequence
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Fig.3  Phylogenetic analysis of DshA
Phylogenetic tree was constructed from the multiple sequence analysis by ClustalX and visualized by NJPlot using neighbour-joining method. The Swiss-Protein

ID was used to identify each protein. The digit on each branch denotes the average number of substitution events per site.
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Fig.4 The scheme of the oxidation pathway left and isomerization pathway right in the newly synthesized
proteins folding to its native state in vivo with the assistance of the Dsb family members.

The thin black arrows indicate the flow of electrons in the whole folding procedure.
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DsbA
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Table 1 Exponential augment of combinations of
disulfide bonds with increasing free thiols”
No. of free thiols 4 6 8 10 12

No. of disulfide bonds 2 3 4 5 6
No. of combinations 3 15 105 945 10395
* Number of combinations can be calculated by n-1
the number of free thiols.

where n is

DsbA

DsbA

DsbA

DsbA
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