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Abstract: A large number of proteins in eukaryotes are rich in disulfide bonds. Since the cells have en—
zymes dedicated to reducing disulfide bonds in their cytoplasm, production of soluble and active disulfide—
bonded proteins in E. coli is a challenge. Recently, SHuffle strain and superoxidizing cells have been suc—
cessfully developed; molecular chaperones have been applied in prokaryotic expression system; and the de
novo disulfide bond formation system has been introduced in the cytoplasm of E. coli. These developments
made it possible to express proteins with multiple disulfide bonds in E. coli. The mechanisms responsible for
disulfide bond formation in E. coli, both in its native periplasm of wild—type strains and in the genetically
modified cytoplasm of engineered strains are summarized briefly. Advances of expressing recombinant disul—
fide bonded proteins in E. coli are highlighted. It may be important for producing recombinant proteins with
multiple disulfide bonds in E. coli as a microbial cell factory.
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Fig.1 Periplasmic disulfide bond formation in E.coli
(DDsbA forms a disulfide—bonded complex with its reduced
substrate  (Protpgp) resulting in the formation of a disulfide
bond in the substrate protein (Protoy) and the reduction of
DsbA; @DsbA is re—oxidized by DsbB. The cysteine pair of
DsbB in periplasmic loop donates the electrons that it has
received from DsbA to the cysteine pair near the transmem-
brane helical segments. Then the electrons are transferred ei-
ther to oxygen by quinone (Q) in aerobic conditions or to fu-
marate by menaquinione (MQ) in anaerobic conditions; GIf
the substrate protein is mis—oxidized (Protyis oxy by DsbA, the
misfolded protein is recognized by DsbC and is either iso-
merized to its native or reduced state, allowing DsbA to have
®DThe cys-

teine pair of DsbD receives its electrons from the cytoplas-

another chance correctly oxidizing the protein. ;

mic thioredoxin (TrxA). Then these electrons are transferred

to the DsbDvy domain, which in turn passes the electrons to
the DshDa domain before they eventually reach DshC; &
TrxA ultimately receives its electrons from the cytoplasmic
pool of NADPH B,
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Fig.2 The reducing pathways of the cytoplasm in E. coli
There are two major reducing pathways in the cytoplasm, one
(TrxB) and its redox
p—artners TrxA and TrxC, the other way includes glutaredox-
ins (Grx1, Grx2) and the couple glutathione (GSH)/glutathione
reductase (GOR). The two branches of the reducing pathways

way contains the thioredoxin reductase

can overlap in their substrates,such as Methionine sulfoxide
reductase (MsrA), Ribonucleotide reductase (RNR) and so on.
The electrons are eventually derived from NADPH reservoir
in the cytoplasm!'.
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Fig.3 Disulfide bond formation in the cytoplasm of
SHuffle strains

Disruption of the thioredoxin pathway (TrxB) and the glutare-
doxin pathway(GOR) is lethal. Selection of irxB, gor suppressor
resulted in mutant AhpC" which gained the ability to reduce
Grxl. DReduced Grx1 can catalyze the reduction of proteins. ;
@ Accumulation of oxidized thioredoxins such as TrxA cat-
alyzes the formation of disulfide bonds.; @If the protein is mis—
oxidized, it is isomerized to its native correctly folded state by
cytoplasmic DsbC. Disabled protein interactions are represent-
ed by dotted lines. The cross represents gene mutation. For
simplicity, other reductases (Grx2, Grx3 and TrxB) are omitted
and only Grx1 and TrxA are indicated P\
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