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Abstract: Bacillus subtilis is an important model strain widely used in basic research and industrial
production, which has many advantages such as non-pathogenicity, the strong capability of secreting
proteins, clear genetic background, so it is an ideal host for expressing and secreting heterologous proteins.
At present, there are many heterologous proteins that have been expressed and secreted in Bacillus subtilis,
which includes valuable proteins such as amylase, beta-mannanase and protease. Based on the key steps of
the expression and secretion of heterologous protein, this paper summarizes the traditional strategies and
the latest technologies for heterologous protein production in Bacillus subtilis. In addition, we analyze the
difficulties in the present research and propose new suggestions and strategies for the improvement of the
production of heterologous protein.
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Table 1 The strategies of expression and secretion heterologous protein in Bacillus subtilis
Classifications Strategies Heterologous protein Superiorities References
Transcription Optimizing promoter B-galactosidase and green 26 and 195-fold improvement of [13]
fluorescent protein enzyme activity
Promoter screening a-amylase; hydantoinase  2.10-fold improvement of production; [14-15]
60.55-fold improvement of
transcriptional level
Dual promoters 4-a-glucanotransferase; 11 to 12-fold improvement of enzyme [16-18]
B-cyclodextrin activity; the maximum enzyme activity
glycosyltransferase; of 30.5 U/mL; the maximum production
aminopeptidase of 8 g/L
Optimization of gene copy Green fluorescent protein  3.6-fold improvement of production [19]
numbers
Improving RNA stability Human FGF21; Approximately 3.0-fold improvement of [20-21]
B-galactosidase production; increasing the half-life of
mRNAs to more than 60 min
Chaperone Overexpression of GroESL B-mannanase Improvement of B-mannanase activity — [11]
Overexpression of PrsA Lipase; a-amylase; human 1.6 to 4.0-fold improvement of enzyme [10,22-26]
interferon-f; lipoxygenase activity or production
Secretory pathway Optimization of signal peptide Aminopeptidase; The maximum production of 8 g/L; [18,27]
a-amylase 3.5-fold improvement of enzyme
activity
Overexpression of SecYEG a-amylase 10% improvement of production [28]
Overexpression of SecDF Lipase 28% improvement of production [10]
Overexpression of SecA, a-amylase Enhanced production of a-amylase [24]
SecYEG, SecDF, SRP and
FstY
Overexpression of TatAdCd Lipase 1.4-fold improvement of enzyme [29]
activity
Overexpression of SipT a-amylase Enhanced production of a-amylase [30]
Overexpression of SipS and B-mannanase Improvement of f-mannanase activity [11]
SipT
Protease Overexpression of RasP Serine protease; 3.0-fold improvement of production; [31]
a-amylase 10.0-fold improvement of production
Deletion of nprE, nprB, mpr,  Antidigoxin single-chain ~ Production increased by 10 to 15 mg/L.  [32]
vpr, epr, bpr, wpr4 and aprE  antibody
Deletion of aprX a-amylase 8.0-fold improvement of production [33]
Deletion of clpxp a-amylase 2.0-fold increase in pre-protein [30]
Cell surface Deletion of dit operon a-amylase Enhanced efficiency of translocation [34]
GnghEE Deletion of pssA4 and cls4 a-amylase Enhanced production of a-amylase [35]
Global Random mutagenesis of ccpA  B-galactosidase 2.9-fold improvement of enzyme [36]
transcriptional and codY activity
regulators
Genome Deleting 874 kb fragment Cellulase Enhanced production of cellulase [37]
streamlining of genomic
Cell autolysis Deletion of skf4, sdpC, xpf B-galactosidase 1.72-fold improvement of production [38]
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Figure 1 The processes of expression and secretion of heterologous proteins in Bacillus subtilis
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(pssA)FCBENE £ RMERE A (clsd),  REASHE 4 2
MG ARE, R FE o-TER BRI SR
FRENE, (e T 47%; Ueoh, ff1rmt
FEAE R R S IR 1 A0 55 i 5t 2 R 2 0
BAEMHARZ—.
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R ZEHUAT A 18 A R E AR 5 —
PR R R e HRR e o i Z M LA EE I i . Al 2
FEUT T 6 1) S DR 1 8 A L S ML A1 2 Tl
JIT R A L RT3 L A1 2 10 Tt A DG B PR T L9 g
SEEAMNT R, BT, Tokdh g iEsh
P BFR E R T R AR A R IR E

Fili B 2 ST 1R A L A1 B 1R 555 B
(AprE). HHIEFF(NprE F1 NprB) . 4 )& & A fiff
(Mpr), ZZABREHE(Vpr. Epr fl Bpr)Fl4i g aE
455 AN (WprA), Hh AprE #1 NprE (9 /b2
FIRHEEAE 95%h B RIEWIL, F4 6 FigEM
I A7 A LA S VR R (00 7 B R, W
SEICE R R ZE AT 6 A MANE I BEIE N

## WB600, L Ak 8 1l s ok AT B AR A Y
0.32%; S5HFH], (i Pys-sacY &1 WB600 2H 4
A -, HOT AR R T 18 £, Wu &P
£ WB600 [13LA ik WprA 1 Vpr JF ke
WB800, 5 WB700 #Htt, RiEHE @ mEFET
HEHTAO) R = R F 10-15 mg/L. Kodama %50
WBS00 (1At bR T ML FE AprX it
MR Dpr9, HICHTHGE R KASAX HHRAHLEL,
o-JERY AR R T 8 A5, 290 80 mg/L. mERR
8 Tl B A 25 1 1R SR T AT SSCHR v S VR A 1
T, EL[R] ST 28 %) S 5 R 2 2 7 L R )
SO, A0 M AN A A Y S YR
AR o X AN B R ) S B AR
P sE AR IR B G B AR, T IR R SR
L PR,
3 wiwhERE

M FHAD S IR E AR B RE, W ZFHEA
PR BE BRI B . bR 4 8L ST
Sz, RESREEAOMERE T, &T
Xof A B 2R TR 2R 5 R4 0 S YR B 1 ) ML BEAE
7%, HATE &I K Z ORI T g 5 HEA
[ G U |10 O L2 P 0 137 77,9 = i LN /91
mRNA kP ks S k> ke
O A E e - & LN =B~ 1N Aat) NP U 37,y
PR P20 i i R i BT i A K
REBRDP S BT RS EGE E Z Ah,
fib 7 S g IE AR B AR OT K, Bl s AR
B BRI R R 4 P00 X 4 A i R 2H R AT RS
07, TR A ) 2R A 0 AR G DR I B2 v T R
P FE ST Al AR R R R A A
T

R, FEA B ZE AT O P R RN A0 W S R R
FE 2 HUS T B KSEE, SR MK A= HA
WER U EAT SR BRAR, B ANA77E 3k TR AN R
T HAZFE G SFACHE . RO SRR K&
FEARERORMLEN R, Aok, RATE]H R
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