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The Strategy for Enhancing Foreign Proteins Expression by Signal
Peptide in Bacillus subtilis
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Abstract: As an important prokaryotic expression host strain, Bacillus subtilis has always been regarded as preferred model sirain
for foreign protein expression, featuring strong protein secretion, clear genetic background, no codon preference, rapid growth and non-
pathogenicity. Signal peptide is a short peptide chain located in the N-terminal of the precursor protein, with the function of guiding and
regulating the folding of the precursor protein. Meanwhile, it plays a very important role in the process of protein transfer and secretion. At
present, there is no regularity to find the efficient secretion of different foreign proteins by using the signal peptide of B. subtilis. For this reason,
the structural characteristics, classification, transport pathway and application of signal peptides from B. subtilis are reviewed here, aiming to
provide certain reference for further screening the optimal signal peptides of foreign proteins in B. subtilis expression system.
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R R ACRIA N N R Z —. BTESIK
A A = MR AR 1 AY Z  R VI ST AT, IR E
AR SR SRR B A OR 0, BB R A Tx
Hili B 2 AOAT T 5 5 BREA T T R AR AR ST, (B4
SRFFAEVEZ M R R IRl AR SCERIR TR B 25 5
M RE SR o i s b g, e T — i
W ( general secretion pathway, Sec ) FIAOKE 22 118 4y
W 7% 42 (twin-arginine traslocation pathway, Tat) f5
SIRAILEA R 232 I B B A A v AR
HARIRIT TR o [ EES T (55 IR A
FZF AT TE R R G R AR B, LU
LR R0 SRS 2 R MR 1 TE A R 2 S A R P
Rk —E S .
1 (ESEEEE

PO+ Z2 AR B R RS S E AR A
NI, ELF 1975 4F Blobel % 70 IE 3042 7 51
Ui ( signal hypothesis ) &, A1 PLf#ED. HIA R
BT IR & M W F R i, B i R
FUBA — W PERE S, AT ELS PN 5T I R
IahE, SRS AT A JIBE AN TR S fif I 2o A
Ji RS, 5 RS U {5 T IR 45 5 Ik (signal
peptidase , SPase ) K i [7], WE A5 SRR ( signal
recognition protein, SRP) M H %2 {K (SRP receptor,
SR) M&BLSEHE Tl 0 bR KRR
B2 KA LR i A7 T s AU E
PET A — A RGBS, Blobel [ I3k 45
T 1999 AR VUR A FRAE R B L (5 B Ik
R AR AR 158 25 ) i 1 X — i U T T T
AR (R A AR R DD RE B 1 AR T
2 HEFAMEESKIWER

W TG FLZE AT TR G = SN ZEAL , S MA i 1 2%
Wiz BN SRR, DRUE IS 1 Y TR S AL A
BRGNS BROR S8 B2 A B 2 A0 T 1 1T LK
300 ZRIE W FIMIAN 2, BAE 4 FhER
S WIRTE, 5 HH :Sec JPILIRAE | Tat 43 IIRFE |
R 22 & A i 38 42 ( Pseudophilin pathway, Com )
I ATP 2% & & % 15 F i 12 ( ATP-binding cassette
transporter, ABC ) HJO .t Sec Fll Tat 23 Wh 18 42 1Y
155 I AN REZE I IR 1 90% DA B, Aok e

ST X R IR AR 15

2.1 SecHyikbizfz

2.1.1 Sec 73 W AR AR T IKEGZE R Sec 43 W iR
T Tl B 2P AT I i FE W kA, TR
RITEWE AT o TF S B R0 A
6], XHE SR BW A E R 22 5. il H R
Y SPase VI HIJIC Y45 S AE AN TR AT 23 g W2« 1 AU
SR, R TEUE S REG (Lep) HEATUIRIAY(E S
Jik t4 1 Talsma %5 100 BGE T X RRME S KA 166
i, Brockmeieri’r‘é‘;LIZJ BZET 173 8 11 RUE S K,
S IG5 RRES (LspA ) BEATUIRIM—2ERE T
fES R B, H Tjalsma 25 ' HUIEAT 114 R B
X MR LA R AE S IR EESE, B AT TR S
FAREE E Chttp « //www.signalpeptide.de/index.php )
rr A i) B AR R AT EOR RS IR A 244 F,
TE Tjalsma 55 ) i iE B SEAE BT T 61 R

2.1.2  Sec rbBEAE S IRAIGEHE X Sec I3 &
BRE S A B T geit, R 1 EME Sk
JETE 17-45 aa Z ], IR EHIR 28 aa 5 11 HUfE S
Ik 88 (13-38 aa), V¥ K JE A £ 20aa ( A
1-A) H7 M BRAE S R — R 2 A
ARG, (B Rk AT — R AT A
A H SignalP 3.0 (http . /lwww.cbs.dtu.dk/services/
SignalP-3.0/) A Phobius (http : //phobius.she.su.se/ )
o SR [ty PR 5 K23y 3 BN ] RO 25 g 4
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2 T L H S A R K P R H Rk
80% /oAy, HAHEmR (G). iz (P), 2
(L) R (V) HIERRE " (3) C
SERIAL TR 5 IR IR A, A7 SPase YIHIA A,
A S IR AR 1 EOIRIT Ok, s A i mT 4y
BMKRG, (5T IRNPRLERFIRERE . 8%, Lep
{5 5 K I SPase TR A & AXAA, LspA 15 5 K2
LAAC, B5HAM MBI E G5 Ik R = e T B
A DAEREIER (C) 33, AoTIRERR
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Pl Ang L [5 S IKRE S B Bk SPase
TR BT VI AT HE A C s b L ELE — A B Btk
W sEigity, H C ¥ -2 A Y2 LR R I 5 HA
PRARIN TG L A R

2.1.3  Sec IA(H S HKE T MWHLE] - Sec HlbikTE—
ook a5em (E1-B) - (1) 38159 . i, 75
WK 55 SRR IR, A pl— 2% N s 5 — B
Ho KB ZIKEE, H SRP R5EMHZZ IREE R,
HPWZA (FisY) Bl G241 M Hrp, SRp
B TEERSTHEN - EREZAY, Eaii—1
20 Jf 52 /1N RNA (seRNA) P00 BAS 41 46 (1 28
(HBsu) "' Fo—Aplsr 3 (Fih) 4L 0 (2)
AL BTREE R EE I Sec FiaMsE WS IR, &
HAEZEIE (SecYEG) W7, THikHEH (SecA) [
FAFEIE T (SecDF-YrbF ) 3 M4 70, Hi,
SecYEG & 1 /& H1 SecY . SecE 1 SecG =~ PR TR
B R BEES & 50 — Rk, fEE B b ki B
B, RS5EAMMWIRCEA X, Sec #iz
i 11 BB A U2 R S IR 4114 SecA fi AL ATP 117K fift
SERAE, ZECEILT SecA J& LI AARIIEAEAE, H
SecA A7 7EHA ) SERARE AT 20k K A% [ RE ) )
BE 2 AN, SecA WL R PEAR ST, HEEH
A 7 5 5% i B s g b, HX R SecA
) R P T R AR 22, SeeDF 5 [l 4 YrbF
MR — AR = BRI BE A Y, R R A
MG I PR R 7 AR FTATE ] (PhoB
I YvaY ) B943Mh, 5255 Hh—A R — R AR B &
Fl CsaA B9 2 (3) VIR « BiMRE (B8 i i
i, fF NoREGEES IR ER bR, A0, nlEe
s B HAE M S AL, (55 KT 50 B E =
25 4 B 1 SPase RS2, VIBR FRME S KA S
— BEAFTE, H SppA il TepA ¥ H: [ fit RN -
FIAF YL O IR EAEAE LR SPase KL, ZRUENLT,
1-2 A3 DR 79 2 308 1 DAl R T4 B 10 1) TR 4 i
W X R AR EARIE T ORR S T E A
S RIETE, AN, SPase AMYUHAYIEITIfE,
2 55 B AR AT 04 7 A R G R A AR T J S A
RN UL (4) TR B - S R
P& Sad AR S 2 31— SR o3 PR IR 2

il ZE AT P LA AT P R 20 LS PR PR LA
Bk s R R 0 SO DB 11 5 R B S R g
AT DAV Bh#E 12 26 7 0 SR A8 RN 4 5 12 AR 19
G 120208 pe R (PrsA ) JB TAEMIAMEE, W]
e BEREE TR . R IEME g L 4
WEIREAMG T, A0SR R AR T AT W) R A
KA TRES

2.2 Tatpiubig iz

22.1 Tat WA [E S KRR AL Tat
FAF 5 BRAE Al B ZF AT 3 28 — K arihik 42, 2L
BAOTRE 2 —EA A 24 FXKER (55
ik, JErRA 14 FHEERE Lep 15 S IKEGE RTINS . %
KT HRKEZEY R KT Sec I 15 5 K, N b
45 P 3 A K B Sec iR M5 S KA PIA%, 7E N ¥
FH i (9 3% 2 40 HA — W1 5 PR SF 7 41 ++RR##
(I 1-C) M7 M HOSR AR F T See AR 15 5 I K
R H R PEEAR 5 C s B R R SR
SRR Sec ARG SR 4 1
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J N e PRI Sec 2 AR AR AR S IKAR A
iz (K 1-D). 5 Sec Wb ARIAZ, HAT, 12
%7 H PhoD . YwnN. QcrA Fl YkuE iX 4 Ff1 JiE 4 8
P A 9 B T SR AR BEAT 2006 070 P00 Tar R
45 0] LB R 1K 150 kD BYRTIRZEE 11, {H Tat 48 b
2 A ER LLEL /D, X RS B AT 77 S B K
B, DAGE BEE R RTAR SR (A IRm 3 > 7,
HRGHEAE, A5 2 A I Tat 20 W 290 A
PIEM B B EAR S « i wAdCd $4E
FIr b ) TatA (230 kD) EiEHEA, EHERLE
W LIE” HES ) TatAd (7.4 kD) M EHA 6
AP TEMETER) TatCd (28 kD) B AHM ; M
tatAyCy BEAVE T P g i f) TatC (200 kD) @i & 1,
‘B TatAy (6 kD) Hl TatCy (28.9 kD) HFPE 141
s RN EE P 2 0, 3 T ZEA R ZE AT B TatAc (6.7
kD) &R T SEE R (A, Bk
it 525 W 38 oL T SR AU TR S5 A T B — A~ LU Sec i
LA SR B AR K 5-6 nm FYES I Tat FL23 254,
XAV O 4T B 2 1 RB 08 2F 1) 1208 18 1) — > H i
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A and C represent the main characteristics of Sec and Tat type signal peptides respectively, arrows represent signal peptidase cleavage sites. gray : N-terminal structure;

cyan : H-terminal structure; blue : C-terminal structure; white : indicates mature protein.

B and D represent schematic diagrams of Sec and Tat protein secretion pathways

respectively. Black arrows : Sec secretion pathways; red arrows : Tat secretion pathways; red rectangles : signal peptides; black lines : precursor proteins; and proteins

involved in the secretion process are represented by irregular graphics or cylinders of different colors

1 MEZFHAIFE Sec 1 Tat N i RIS S EZFMEMIERERE (KFESH30m > ™ 7 2 44

Fig.1 Schematic diagram of the main characteristics and mechanism of the signal peptides about the secretory pathways of

[2,5, 21, 27, 29-31

Bacillus subtilis Sec and Tat ( Based on the references

L 2R, HIRER 155 TatA/TaC M1 &
UM EAER, EBR pH BE T, IS4
PRE RS Tat FLAN Y, B0O1IG, 1% SPase 2Lt
HSk, AR BRI EN R SR P B Ak,

D)

Walther 25 L1 X 3R DCR )FIH 2 M I2E APH )
B H AME, WAEH T Tat 43 W2 —Fh vl GEHLE -

XAl Tat 73 WARACHIEE R 7 N ERE “RIEET, TP
W =5 TR ORI A L5 o Tat IA2E
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B —Fl H 2R AT s g, Fob ek BArE R
P B TIBIEE SR, TR T 2ifbpiAs, 7¢
A=W AR FH T ATt B 37 3 FE A
3 EEMRERSIINEEBSWFRIEFEIN A
3.1 A TAHME TR BB SR E G 6

Fik

Hw, XHE S IR R TR R B,
FXH W HLE T AR, ERE A E A R
BEfE S R o N . BRI A BUF R T A BT
H T IR O T, ARPE A R [ SE R 4 i
WP ARARSE L TR ANEE ARk R, 2
FA I I 2 A AN IR 1A N St U o 8 R
BEAE SR, PR 10 AR R 8 T A R4
K, HAFAE—EWREALME, H 3T 4k 76 52 & A U5
EOARB R OB T — @8R, ST W
i KA Y M2 EAmREAR . AEA

BiE P L RACBEREG L B H RO L B
PESLRHG O, SRRBERERG |, e amg Y R
KR R RN K A 0L BRI 0L B F
FUREFAG RIS R R R . E
AR WA RES = R I A MR EE 1 R AR Ik,
ﬁn Sec éj\ Y“/\Z‘ i’% 2311 B/‘J AmyE [ 40-42, 44, 47-49, 51-52, 55—56J\
ApI'E [42, 46, 51-52, 55] NprE [41-43, 45, 47-48, 51-54, 56 ]

N

NprB [40, 42, 45, 50, 54 SacB [40-42, 47-49, 52, 54, 56 il
BpI‘ [41-42, 46-47, 49, 53-55] %&l\?ﬁﬁeﬂg{%%% ; Tat é}%
J/i?féﬂ/\] PhoD [[42, 45, 49, 51, 54, 56]\ YwhN [42-46, 49, 51, 53]\
LipA [40, 42-45, 50, 54, 56 WapA [42-44, 46-47, 52-53] %9" /}E
EAMESIK, WL 2L AEARES
KA SRR IR AR, 3 K T ARG B ZEAT A
FEREATAME A oMb R B Fu g, R A 2 MR AR S
RIS A MR R a8 . X Rh o =k 21 1) & 2Rk
[ER=y /N B 157 e 2 3 N N/ s ey L )

F1 ETHESHNERSRIESIINEAEBRIEZNHAR

Table 1 Research on improving the expression of foreign proteins based on direct replacement of signal peptides

AMEZE ERel e & fF 5k iR JLA E =P TN
Foreign protein Signal peptide type Optimal signal peptide Secretory pathway Extracellular activity Reference
TR Amidase 20 4> Sec+1 4> Tat Pac Sec +1.36 fi% [40]
E=yiNL Aminopeptidase 19 4> Sec YneM Sec +1.20 1% [41]
P 22 % % TR I Alkaline
. 73 4 Sec DacB Sec 953.00 U/mg [42]
serine protease
B 1 Keratinase 54> Sec+4 4> Tat LipA Tat +2.00 fi% [43]
L- KA L-asparaginase 54~ Sec+3 ™ Tat WapA Tat +1.72 1% [44]
P I
B- H- g S ity B-mannanase 3 /> Sec+3 4> Tat LipA Tat +1.25 % [45]
PSR Alkaline
ame 114 Sec+3 A~ Tat  Bpr Sec 313.70 Ulg [46]
polygalacturonate lyase
R BERERENG Encodin
cotme 74 Sec+l A~ Tat YneM Sec +2.61 15 [47]
levansucrase
A8 227 Pullulanase 4/ Sec SacB Sec 2.82 U/mL [48]
BN PR 2 BEER K
- o 34> Sec+3  Tat Py, Tat +3.80 1% [49]
ase
115 it Lipase 6 > Sec+2 > Tat PhoD Tat +2.33 4% [50]
B- LB RG B-galactosidase 3 /> Sec+2 4 Tat PhoD Tat +10.10 {35 [51]
a- JER a-Amylase 5/ Sec+1 > Tat NprE Sec 260.00 U/mL [52]
T TER il Alkaline amylase 9 /™ Sec+4 > Tat YwbN Tat 364.5 U/mL [53]
o- JER i a-Amylase 44 4~ Sec+2 4~ Tat BglS Sec 1393.30 U/mL [54]
o- JER T a-Amylase 8 4~ Sec+1 /™ Tat YfkN Sec +10.00 f35 [55]
o- JEFIF o-Amylase 64 Sec+2 4~ Tat NprE Sec 242.00 U/mL [56]

T+ RN TIE, SNRE A B RRANE MR T

Note : + indicates a fold increase in the extracellular activity of the foreign protein compared to the original signal peptide. The same below
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E NI TR AR, FRATICIEH
R B (5 5 K LU A E A AN R 1 B i e ik, B
&, [F—ZSMEEN (FEME) T3 E MR -
(225, SR e Y R A A S IR ) 2,
HAR Tat SR WLBAR G S IKEAT 24 B, (HESE RS
PR AFRETT, PR g s 90 3
3.2 ATHEHFAReRERSINRR GG EL
A B N AR 2R FRAT B A 5 K N S OE
far 24 IR A A H v 7K P R 55 0 MR R 11 ) 43
A REREI S I X S Y 22t B R v A
BEA KR, WE2, — MR 3 Aoy Rk
TR N S DI, « DA S I IR 2 A A 2 I
B2 (K/R) V% 570 FE N S B 34 AT P = L TR
(K/R) V¥ OB 5 ad SRR A TH AN 2 0 8 il
TEXTAE SR N i I A 7 e S B T
TEAEE D AR T g R Y Rk
AR . IEAh, AR N Sl H A SE & 0007 =
PREAESIRAIMBAE ST, 0 Fu 45 7 0 T
FESETN N S5 1 f B0 R b, R —226 H A
PR FERR AR AR E R, ARG H I A5
KM, SCELT IR TEMEG Y AR G T A

SNEEE . AN, B I DY A S S K AmyX =
AN DI [ e 9 AR fiT B- 2 UM T SRS B2 1
2.5 8% WIFFEA & A 5 K N v T % 1 HR oy 000
AR LB, Fufs T IERE S K HI BT R
BF AR, 4 N Ay 4 4 IE B fy i ey, I
SYUARE T SRR AR, X 58 55 ) ka1
0T AR 4 L0 {5 5 ik N 0 X35 S AR I T A5 485 1
—3, Caspers 55 SSUERHE S ( AmyE ) N it [X 5,
AT RN ZR AR R, 28784 F2D 1 F2E BAR TR 5
KN st 1 FL AR D, (H A JoT T A A B 2
TY 3%, AR T —WA . 25 b, Ea X ES
JOR N st A1 H 3 1) 22 SRR AR LA I8 XY A SR AR A A
PR S N S I JaR g O H 0 0 T
% H Sk 0 T 2B U TAE Sk 2%
ZERMAET AR A& L, AT = AR LA
BZEHAF R R EE S N gr A A T
WFFELE TGS IR N S A9 1 A i +2 5% +3 L
BAiE, BARERA R0 0, i fp oy,
B ERAR 5 BRSO R R/ 7 TAER:, AR T H 4%
B A AE S IR, W 7 HE R, fEE AR
X7 PSR AR5 5 IR i 1) — R

®2 ETHESHHRTRSINEEBRENHR

Table 2 Research on improving the expression of foreign protein based on mutation of signal peptide

HMEZE {55k Gy WEAE RS IRGEAL Ji1 4N E= PG
Foreign protein Signal peptide  Secretory pathway  Signal peptide mutation site Extracellular activity ~ Reference
Mg Wil Lipase PhoD Tat N3K. N3K/I4K. D25R. D25R/F29R  +1.12-1.31 1% [50]
TPEVER G Alkaline amylase YwbN Tat E4K/E9K , 116N/ L17S/W19S +1.08-1.58 % [53]

a- FENE a-Amylase YIkN Sec 13G/Q4R +13.00 fi% [55]
AT Lichenase H1 VNIAFMLE/RKIAGMAT +4.60 fiF [57]
45 Cutinase AmyE Sec F2D., F2E, F6W . K4L +2-3 fi% [58]

B- - FLBHF Ml B-galactosidase AmyX Tat N41/ YS8F/N171 +2.50 % [59]
- TG

Note : - indicates that the article is not counted

33 A THMERITRILERSGINREZE G RE
N T EEAR AR SRR A WA T R
Brocmeier 25 'V M T —AME SRR, 454 @A
e Tk, AT LA e ) 40 S U AR 1 RS S
Jik, X HERR R A, Wk 3.
HABRREEWTN 12, #id PCR A9 720 B. subrilis
168 ' N 5 B subtilis 1A427 1 L4 4G H

173 it Sec {55 JIKH 9 7 B, IRAM— 5 k2%
B3O, BIVEE R A SO 0 0 SR 3
Jr AT 5 FRF, M AMEE A RS
RBZ, BEFERW], 55 IRSNRE A 2 10 2 R0
MR (BEYINLRD), RLP-H AR SNEE 7>
ap 0050  H SR F R PCR (477 2 Gk — (1]
L, SR, YT E PCR 9 )5 20K £ A1 R
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Table 3 Research on improving foreign protein expression based on constructing signal peptide library

SRR {55 IR VARl Il 5 ik Mg g 275 ik
Foreign protein Signal peptide type Secretory pathway Optimal signal peptide Extracellular activity Reference
15U Cutinase 173 4~ Sec Sec Epr 4.67 U/mlL [12]
ARG Cytoplasmatic esterase 173 4~ Sec Sec YwmC 1.50 U/mL [12]
- # ZFHERN I Maltogenic a-amylase 173 4> Sec Sec YveE 250.70 U/ml [60]
T Protease 173 4> Sec Sec YbhdN +7.00 % [61]
YN G AL Natto phytase 173 4> Sec Sec Pbp +2.00 1% [62]
a- FEHE a-Amylase 173 /> Sec Sec YomlL 113.25 U/mL [63]
o- JEWG 0-Amylase 173 > Sec Sec YojL +3.5 1% [64]
o- JERT o-Amylase 173 /4~ Sec Sec Pel +1.68 % [65]
AZEVER Xylanase 114 4> Sec+24 /4~ Tat  Sec PhoB 327.20 U/mL [66]

B MR BB, ST aevere O
TGS ISUFEME, XS 7E PCR V(55
Jok - BRI E 35 7 RE 20 bp FH T S #UA TR LAY F 5.
P Tl B ZE AT B I AL SR AN IR AT, Rt
U (AR5 R ST SR 2 A B ZE LT TR 22 i, 3
SRR — DRI SO A T
BORBIRBUR DI IE TR IR, 24, HA Fu
2 LD S TR M U A 5 RSO R B A
MR ZEAFF I . X5 S ARG BOR 3 ARE B 2E
FUFT R T7 3A spizizen 1 1> & 2 8 Jgig ik
R I LR 2 7 RS 3 = I 2= ) WL 0L b
45 A R R L 00 S O B A
Pl Lot O R BEAT O Ve, Tsuji 2 IR T H
e JH 325 W1 11 75 s HEAT 0 26 5 Zhang 28 1% 1) 1] )
X — NG5 K, D B 0 3 35 & —— X,
B BT — A M A A SR it 5 1 1 7 R A T
e, FRTESEA T AT Y AR o-
EIFTEMEEC . EAm, MR o R
Bl O R O O B R AR SRR T . A
DRAUZE o %ok B A VE M ZF AT TR o T8 M i A AR A
SARHEAT T, ML AN TE R TS T4 T 3.8
00, T — R AN IR R 1 7E A 2E AR R 4
W RIARTR], MR AR S ISR ik R
SR H T AR B A AT 55 8, (HEEME RIS —1>
FLSL I AME A (1 WA RS S K. IkAh, WA
fIB TR AG R ZEAAT B A5 5 AR SCEETE Escherichia

67-69

coli ", Corynebactertum glutamicum "V F Baclicus

lincheniformis Lo g e rp S AN R A
I
34 ATREIKRTHAZESTRSINREGH

kik

H AT T oMl 1 BE DR 25 A O i Pk R Y 2
S e K AT BRI B 57 3 {5 5 Bk X s 7',
W R, KIBFE B E S IR A a5 R
it T BE DR TIE 175 2 4 B R B 2R (L) 25+ &
AAA TS AAG 5 522 [P Streptomyces
coelicolor ™[RR % BURG A RS T1E 45 5 IR 51
AR, 205 5 IR Xl I A 3 1 1 3k
AR BRI ) 2 P R 4R T A 7
b o3BT AR 1 BT ) R AR U IR A [
WIS R E T RS A B E W ES, ThE
S B T FH 0 P 25 A B 2 1 o R R R, (R
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