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Abstract: [Objective] Based on the critical role of type I signal peptidase in the secretion
system, this study explores the interaction between signal peptidase and signal peptides to
guide the optimization of aminopeptidase secretion expression in Bacillus amyloliquefaciens.
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[Methods] The endogenous signal peptidase and signal peptide of Bacillus amyloliquefaciens
TCCC 19030 were examined using relative fluorescence intensity and enzyme activity for
analysis, and molecular docking to study their interaction. [Results] The signal peptide YolC
fused with aminopeptidase exhibited the highest extracellular enzyme activity, reaching
11 847.67 U/mL. Overexpression of the signal peptidase SipW increased aminopeptidase
activity to 16 261 U/mL. Molecular docking results also showed that YolC had the lowest
binding free energy with SipW, at —4.4 kcal/mol. [Conclusion] Optimization of signal peptides
and overexpression of signal peptidase can effectively enhance the secretion of aminopeptidase.
The binding energy between signal peptidase and signal peptide is a key factor influencing the

secretion levels of the target protein.

Keywords: signal peptidase; signal peptide; molecular docking
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1 MHE7%

1.1 #H
1.1.1 A0 B

fi#t GE ¥ 2F #1 AT B (B. amyloliquefaciens)
TCCC 19030 A5 55 % R, FiBHAK pLY-3
R A S = H A . AT R R B TR
FORL RS (R S WLZR 1, TR S [ s Bk 2,

&1 AR FR A B E AR BR
Table 1 The strains and plasmids used in the study

519 B R A MER AR MR A PR WG
1.1.2  EgA5

DNA RAME. R Y% R e A
TaKaRa 2\ F] ; Jo4% s ERGIE H bt 2 & 4B
HARGBRAF; BEE R &WH Megazyme 24
Al FORLRBUAF & . DNA VI [ ) &
DNA #2158 &4 H Omega A vl; RABE
OSBRI AR R R R A

Strains and plasmids

Relevant characteristics

Sources

Strains

B. amyloliquefaciens TCCC 19030 B. amyloliquefaciens, used for initial expression host ~ This lab

E. coli JM109
E. coli EC135/pM.Bam

Host for plasmid-methylated modification

Host for plasmid construction This lab

Institute of Microbiology,

BY-19030

19030-YwaD

19030-NC

19030-AW

19030-AA

19030-AS

19030-AV

BY-AA

BY-AV

BY-AS

BY-AW

19030-YwaD-SipW

19030-YwaD-SipA

19030-YwaD-SipS

19030-YwaD-SipV
Plasmids

pWH-T2

pLY-3

pLY-3-YolC-YwaD
pWH-T2-SipW
pWH-T2-SipA
pWH-T2-Sip$S
pWH-T2-SipV
pWH-SipW-YwaD

B. amyloliquefaciens harboring pLY-3-YolC-YwaD
plasmid

B. amyloliquefaciens harboring pLY-3-YwaD plasmid

. amyloliquefaciens harboring pLY-3 plasmid

. amyloliquefaciens, AsipW

. amyloliquefaciens, AsipA

. amyloliquefaciens, AsipS

. amyloliquefaciens, AsipV

19030-AA harboring pLY-3-YolC-YwaD plasmid
19030-AV harboring pLY-3-YolC-YwaD plasmid
19030-AS harboring pLY-3-YolC-YwaD plasmid

19030-AW harboring pLY-3-YolC-YwaD plasmid
B. amyloliguefaciens, sipW gene overexpression

T W W o W

B. amyloliquefaciens, sipA gene overexpression
B. amyloliquefaciens, sipS gene overexpression
B. amyloliquefaciens, sipV gene overexpression

Temperature-sensitive shuttle vector, Kana"
Shuttle expression vector, Cm" (E. coli) and Kana'
(Bacillus), MCS

Aminopeptidase expression vector, Kana'
Knockdown plasmid, sipW gene deletion, Kana'
Knockdown plasmid, sipA gene deletion, Kana"
Knockdown plasmid, sipS gene deletion, Kana"
Knockdown plasmid, sipV gene deletion, Kana"

sipV gene and ywaD gene expression vector, Kana"

Chinese Academy of Sciences
This study

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study

Hubei University
This lab

This study
This study
This study
This study
This study
This study
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*x2 AWARFHAABSIIFS
Table 2 Primers used in the study

Primers name Sequences (5'—3")

For the construction of expression cassette of SipW

sipW-Up-F CCCTTAACGAATTCCTGCAGCCCCTGATACGTCAGGCACCGTG
sipW-Up-R AATCAAGCTGAAGATTACGGCATAC
sipW-Down-F GTATGCCGTAATCTTCAGCTTGATTCATGAGAGAAACGGGACCATGTC
sipW-Down-R CACCGCGGTGGCGGCCGCTCTAGTCTTTACCGACTGTCAGAACCG
SipW-djh-F CCGACTGCGCAAAAGACATAATC
SipW-djh-R CTGCCTGAGGCAGCATTAAC
SipW-sjh-F GTGGTGGCGAATACGAATGC
sipW-sjh-R CTGCCTGAGGCAGCATTAAC
sipW-F ATGGGAGGAAATCACTTGAAATCAG
sipW-R TTATTTCGTCTTGCGAATTTCATTAAACG
For amplification of signal peptides
YolC-F CGCTGCTTGATGTGATCATCCGCGGCATTATGTTTGAATTTCCGTTTAAAGAATGGGCTG
YolC-R CGGTGAACAGCTCCTCGCCCTTGGATGCTTCGATTAAAGTAATACCTGACATAATCAAAGC
ywaD-F TCGAATGAGCTTACAGGATCCATGAAAAAGCTTTTGACTGTCATGACG
ywaD-R TTCTAATTACCCTCCCCCGGGTTATTTGATATCTTCAAAAATGTCAGATGCTTTCGC
1.1.3 EFRE i, F 37 °C. 200 v/min 5c¢F FE5SE 48 h,

FFREFR R (LB WAL . ERRRY 5.0 /L,
FEAM 10.0 g/L, S LA 10.0 gL, BT HkKK
Hr, 121 °CK & 20 min,

KRR SR B0 60.0 g, 0.5 mol/L 1)
NaOH % T 1 L KB+ /KHiR%), pH 12.0,
50 °CFHiEHE 2 h, FREERHERZRZE, I
AR E# pH 7.3, 13 000 r/min &.[> 10 min
JE A5 EIEW, A 0.03% KH,PO,, 3%k,
0.4% Na,HPO, 1R %] .

1.2 FTIRFMAEEE

L B. subtilis 168 3 PH 41 A5 il v bt H Y
FEI 168AP, FfAG I R] pLY-3 #ifk LIRTE
FEREMR pLY-3-YwaD 4 pLY-3-YwaD FlJ5i pLY-3
ARy Bk B, amyloliquefaciens TCCC
19030, K45 A #Fk 19030-YwaD X I8 Bk
19030-NC,

1.3 SAKE§FRIEH) SDS-PAGE 7747
W R MR E RN 2545 50 mL LB /Y 250 mL #2

BUH & BT 13 000 r/min 2.0 10 min J5 3815
W, BB S> B EAT SDS-PAGE 7
Bro MCARICHEEE 5%, HIKHE 80 Vi 7 ik
WHE 15%, HLIKHLE 120 V,
1.4 FAEESKRREFAEMLE

it NCBI 482 H SignalP Z 811 1k
1 20 %% B. amyloliquefaciens TCCC 19030 3K /Y
S5 RkFES . BEJS LA B. amyloliquefaciens TCCC
19030 AYSLIRIZH WA H (DNA i 2 %145 &),
W5 1Y) PCR 938 {5 5Bk . ZUAREEFN pLY-3 Ltk
RPN, R JCAE reREiEH:, RIS EHA
JEokr, Bl IEE E. coli IM109 JE&Z A5,
R 28 ok W3S AR 18 i 1Y B kL L % b &= B
amyloliquefaciens TCCC 19030, #5458 2H Btk .
1.5 (ESAERER A EHRAME

K R 6 5 20 4 7 VR R 4 A5 IR
(K (SipA. sipS. sipW Fll sipV), mBikiE Ll sipw
FERAE, R 1 RIE4Y sipW-Up-F #il
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sipW-Up-R, LA & sipW-Down-F #1 sipW-Down-R
g sipw FEH[FIJEE A B, ] BamH 1
Xba I XEFY) pWH-T2 2R 3K15 pWH-T2 Lt 2%
A o SR I JCEE ve PR B AR sipW 3k IR [R) R R B
5 pWH-T2 £ Vh# ik 4, 15 3 & 4 5k
pWH-T2-SipW . ¥ pWH-T2-SipW #%1k % E. coli
IM109 JRZ 25, BRI 2t b i 0 S 4 T
HiH 54k = B. amyloliquefaciens TCCC 19030,
i Kana 7094 0 1k H 1E 8 A 55 AL T 0047 B XL
AR, WU I IE T () 5 A T B R A5 5 KT
FEIDR SipW B3k 8 2 1 TR A o
1.6 {SSRAEE sipW T FRIAFFRAIHIE
L B. amyloliquefaciens TCCC 19030 ZE[X2H
AR, (R 1 RS54 sipW-F Fl sipW-R §
1 sipW B K B, #5149 ywaD-F il ywaD-R
P38 ywaD L Fr B F FH Jo 4% v BB AR sipw
FEBH B ywaD JER R Be 5 pWH-T2 2tk 2k
HHE, PG EAH TR pWH-SipW-YwaD Jf#4 1k,
% E. coli IM109, X5 4k+i#47w 7% PCR Bk
AP IGAIE , K 561 1 A %) =1 4H ok #5 Ak 31 E.
coli EC135/pM.Bam HiE47 H 34k &4, Bl J5 HL
4k & B. amyloliquefaciens TCCC 19030, FJH
P75 PCR H AR BEA | WESH AL T, Fe L
A I UE I B R AL T B R A5 5 BRI sipw 3%
DAL ok 28 35 o8 20 110 TR K o
1.7 (5SS IAERRARERE KHIZLRUNIE
B im AL S R R PR PR B R % R 2 5 mL LB
WARREFERET, 37 °C ., 220 r/min JE¥%153E 12 h,
DL 2% 4R RN 2 50 mL LB AR 37 3L
37 °C.220 r/min 3% 3557 6 h J5 , R 2 h HUEE,
it FHBEARYAE 600 nm I 4 T A6 HL R G BE A,
PABSHA] A RS AR B, L ODgoo 1 RPN AR AR il A= 1
HiZk, B ZERME ODgoo fH T I, 25 dHU:
1.8 S AEERGENE /574
SElEC I 2R N 40 pg/mL B X A HE 2R
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(p-nitroaniline, pNAWRE R, LA H A BRI T
Miks, ZxibnuEfi 2 . Bl S X IR A T R R
HEATRE i Y o A ARG

Xt BEAE S & s WL 2.6 mL /Y
Tris-HC1 Z& M AGREE , 50 °CHiFk 5 min, [l
JE A 1 mL 40%8) 1%, [ 10 min, FIA
0.05 mol/L L-5% % R -4-fiFf 3& K Jl (L-leucine-p-
nitroaniline, LNA) 0.2 mL, JR2JJ5## & 10 min,
SEHRAE L A TR R, W 0.2 mL BB, 0
AFA 2.6 mL Tris-HC1 & ik iR, 50 °C
Ti# 5 min, f 0.05 mol/L i LNA 0.2 mL FJix
B, RV 10 min, fITA 1 mL 40%) Z R 11
R, IRATEERE 10 mine 5k X AR BRI
SIS FE SR AE 405 nm B S5 TR

£ 50 °CHl pH 8.0 24, ook ffse 2
PR XA FEAR AR B 1 ng pNA, BIGE S —A il
EHAL, DL U/MmL F£ox . BEHRAR )T

N _Xxnx4 1
fif 7% 77 (U/mL) 2 %10 (D

K X O HARAERNZAS AR o B AR BRI Y
S J1, n RREREAEEL, 0.2 A SOV AR ZR AT
BAARFR, 10 BB ] 10 ming

1.9 AutoDock 7 FXi#E 7%

fd ] AutoDock K5 5 IR A i 3 > 2d Sk
M2 5155 IR AE 11 0> A T 0 4, AR
TEL BRI .

TR SRR Y .pdb U, Z )R H
AutoDockTools ] FF protein.pdb il ligand.pdb,
77 5% A protein.pdbqt F1 ligand. pdbqt JE =X .
PR Z R E AR ENENE TN, &
SEREIE ML 58 AL, fRAF protein_ligand.gpf
SCAEAE X 42 0 SO Bl 5% protein.pdbqt
S, KRR BT E NI, R
PR e AR S IR AF B protein_ligand.dpf
XA, 1217 AutoGrid 1 AutoDock F2 ¥ #E47 X
5, XEMEE RS IRAE A protein_ligand.dlg
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SO IR A PyMOL HEATEC MRS 3244 ]
ALz .

2 BRS04

2.1 SREERSHRIE

B E A 19030-YwaD FIXf B 19030-NC
A3 LA 1%$2%Fh %0 2% 50 mL LB A9 250 mL
FEMT, T 37°C. 200 r/min £ T 5555 48 he
K BER 13 000 r/min .0 10 min J&5 B35 ik
11 SDS-PAGE 43#fr, Z5HaniE 1 frn. SXH-
FFG, 7E29 49.00 kDa K/ E I T — 481
Zlt, SEKBEARNT > RIB(E 49.45 kDa K/
—, BA, EREIXTHRALAE 49.50 kDa A AT
TEMSIR AT, X J2Hh B. amyloliquefaciens TCCC
19030 JshE A EAMERL, NHEER
FETE 5 2K 7 R/ DAL 2571 . Bl
HUR B b A T 2 KRS RO, 25 R &
I 19030-YwaD ZIKEFEFE A 6 056 U/mL,

kDa M 19030-NC 19030-YwaD

180
140

100
75

60

45 Aminopeptidase 49.45 kDa

35
25

1 FashEHB SDS-PAGE 34f

Figure 1 SDS-PAGE analysis of the extracellular
proteins. 15% SDS-PAGE analysis of the
fermentation supernatant after concentrated by
ultrafiltration. Lane M: Protein Molecular
Weight Marker; Lane 19030-YwaD: Bacillus
amyloliquefaciens harboring pLY-3-YwaD plasmid;
Lane 19030-NC: Bacillus amyloliquefaciens harboring
pLY-3 plasmid.

XA 19030-NC AAGINBIBES o 38 AN B
LS SDS-PAGE S5y R AR 434 , 7] LAERIAY
LR ARAT R VR Y 2 IR E B. amyloliquefaciens
TCCC 19030 2N/ ihaRik .
22 ESAABYTHIZ

10 o FE K ZH Bl Fil SignalP R 9B Hr
J % 20 4% B. amyloliquefaciens TCCC
19030 SR M55 KT H1, 35 B 20 Kl %) il
TIHENAE S BRPEMFE A5 . B 20 A~ FE 4L #E 751
DL 1% 4R 3R 2= 250 mL I, B0
%% 50 mL LB 5383, F 37°C. 220 r/min 251F
THiFR 48 h, BAEARKKE 3 NPT, Kk
PELs SR 2 s WIS AR RS I 5 a3l
KRS T YolC. YdbK. YqzG. BglC Fi
Lytb 55 Bk, M F X BE kS8 T
34.19%. 25.01%. 27.07%. 25.42%% 25.17%,
H A E5 K YolC filv 5 2 IR, 22 JOR T ity 175 fe
B, A% 11 847.67 U/mL, RAEREIMES
JIK YolC #4715 225255 .

14 000

12 000

10 000
8 000
6 000 I

4000

Enzyme activity (U/mL)

2000

[}

2 FREESKEE S REBREEE N
Figure 2 Enzyme activity of aminopeptidase
guided by different signal peptides.
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23 ESHBEERBREAEHKNBER
H X R A E KRS0

AR BRTG 4) FR35 2 i MR AR 11 7 437K
o MY E R 2% T HX) B, amyloliquefaciens
TCCC 19030 JEFHHAT T RG340, &
A E LN FAEAEIX 4 B 1 RS S KB, 2051
S5 Sk SipA . SipS. SipW HI SipV, HAEH:
RIZH b AR BN 3 B, R/NG 5k 581,
557. 584 F1 515 bp. KHEEEHEGLR 4 4>
I BIE S KA LR sipA, sipS, sipW il sipV, 4 4>
o K 3 DR ke Ok B ) Y TR R 3 O A 44 R
19030-AA . 19030-AS. 19030-AW F 19030-AV,
FETRIRITIX 4 Fi 1 U5 IR Sl X AH A5 5
FRUA S A MG AR 153 W R 52

s, 155 IR0 B e AN MR 28 1 1Y
Gyh, —ERERE E AN A A KL R,
XF 4 Bk RGBS B PR 19030-AA . 19030-AV |
19030-AS F1 19030-AW HEF7A4E K i<k g, 2%
RANE 4 Fos, AR BAKE, 19030-AW
PR Y ODgoo {HLIS = T X BR B £k TCCC 19030,
H2ERAEE . Ha 3 BRFR RS X Rk
TCCC 19030 #HEA KM IR 2= 5%, £
1 BUA5E 5 BT A f5le 2 5% TR PR A9 26 O 23 1 i i
R Cai B T A SEAIAT R Y 4 M
SRKEEH sipS. sipT. sipV Al sipW G 7 k& 8
U P A A, ASHIFSY S R 5 E — B

SipW SipA
(344 611-345195 bp) (3 461 503-3 462 084 bp)

F: - i ; i 1 ]
R R Ch Q‘ob
S N N KN
S S S Q
N N ® §
Q Q Q
N v > A
SipS SipV

(225 837-226 394 bp) (3107 746—3 108 261 bp)

3 185 SBAEE7E Bacillus amyloliquefaciens
TCCC 19030 E X4 ErYHEX L E

Figure 3 Relative position of type I signal peptidase on
the Bacillus amyloliquefaciens TCCC 19030 genome.
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L8 & TCCC 19030
e 19030-AA
1.6 F —a—19030-AS
b —v—19030-AV
1.4 F ——19030-AW

0D, 600

1.0 F
0.8

0.6 -

0.4 A I i 1 i L ; I i 1
0 10 20 30 40 50
t/h

4 1BESHERAEKREKIHLZ
Figure 4 Growth curves of type I signal peptidase
deletion strains.

24 1 B5SHERVER L XT RRKEG 533
B 52 i

¥ pLY-3-YolC-YwaD 255 LZE 4 Fil
1 (55 Tt ol o AT R A s R R P o, 4 i 44
& BY-AA . BY-AV . BY-AS . BY-AW i
BY-19030., iR ALY 5 A5 4 R PR o
BILL 1% Fh i Fh 2% 50 mL LB A9 250 mL
P, T 37°C. 220 r/min £50F F 5555 48 h,
BAEAWKREE 3 AT, REESRMAE S
iR o A5 5 TR 5t 2 BT AR 179 2 O Tl I 05 230415
X PR, b (55 AREE AL N sipW Bk 2k i) B bk
BY-AW, ZRKEFEGE I 5%, 7€ 48 h G )
AR XF PR Rk BY-19030 1 67.36%, i I 7Efi
TEM ZEMOAT R A5 5 IR SipW X S0 Y 4
WARIRFE M e K o A5 5 IR SE ] sipA . sipS. sipV
) R 2 Xk UK Tl 4 W 3R AR RS M B /N o 2 S
X 4 FES BREGHEA TR F IR 000, DAsf ¢
SRA 5 KRG A D RE
2.5 1 B SHAERE RIAX RBRER 57 il
B 52 Ml

it ERGT 4 Fh 1 B S JOk I o 22 ik ity
A3 IR RER o A 3 DR 2 3 1 O A Sk
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i3 [H sipA. sipS. sipW il sipV #E {7t #ik,
FEH4 kL pLY-3-YolC-YwaD 43 5l L 4% fk 5 4 Fi
1 (55 Kl ok 2R 3k Ak v, 2 20 1R PR 49 i 44
4 19030-YwaD-SipA . 19030-YwaD-SipS .
19030-YwaD-SipW . 19030-YwaD-SipV . LA
BY-19030 JyXf REGE ML, 5 4 b & 24 & bk M
BY-19030 435 DL 1% Fh & 70 224% 50 mL LB
f) 250 mL $EMH, F 37 °C. 220 r/min &04FF
Hi% 48 h, WASEA R E 3 AT, KL
TP 6 iR .

E 5 SREBEESHKEBRAEKRTHEEN
Figure 5 Enzyme activity of aminopeptidase in
signal peptidase-deficient strains.

6 ESIKEBEETRENSINEEREEN
Figure 6 Aminopeptidase activity of signal
peptidase genes overexpressed.

TE 12, 24, 36 11 48 h M5 A9E#k 19030-
YwaD-SipW JiiiE J) 1 T X BB bR, R R 57
48 h, ZJKHEERG S R 2 s, oM 16 261 U/mL,
FEXT BE B MR B 27.75% SR ZE15 5 K 3 (X
SIipA. sipS il sipV i FIARY Rk, Ik
TEHITC 225

BlJEHE 4 FiES IR IR R R TR Y &
1% |35 WiE4T SDS-PAGE, 45 54Kl 7 s, 15
SRR SipW 1Rk Rk X 2 R T A A UE A
ZEMFE P R i R R R i R, TAE 5 KT
K4 sipA. sipSHl sipV 5e 2 3k % a2 IR Y 43 0%
JC B EER W, SDS-PAGE 45 5 5 i Il i 4%
R—5, RUE S IREGEEA sipW g3 Rk al LA
T ) 4 v U K Y 43 W Rk i, T 4 v T
2.6 ESKSESHKEZENIERSH

MR R, 78 4 FiE5 kB HA 15 5 K
fit} SipW X 2 K %) 43 WA I b g A 4R
R T RS X R 25 S R R AR
AREHY 4 F 55 KB 5155 K YolC Z [Al i AH 5.
VEFH o S BUE S IK YolC K ¥ 3 MR IR (A

kDa M 1 2 3 4 5
180

140
100
75

60
45

35
25

Aminopeptidase
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Figure 7 SDS-PAGE analysis of extracellular
proteins from 19030-YwaD-SipA, 19030-YwaD-
SipS, 19030-YwaD-SipW, 19030-YwaD-SipV, and
BY-19030. Lane M: Protein Molecular Weight
Marker; Lane 1: BY-19030; Lane 2:
19030-YwaD-SipA; Lane 3: 19030-YwaD-SipS;
Lane 4: 19030-YwaD-SipV; Lane 5:
19030-YwaD-SipW.
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Figure 8§ Model of signal peptide YolC and models
SipW prediction model.
A

9 P-N-K 5{5SRAEERIFTIEMERL. A P-N-K 1 SipA AUXHERIRL; B: P-N-K £l SipS A% 2R R ;
C: P-N-K #l SipV X84 ; D: P-N-K I SipW BYXJ A H

Figure 9 The docking models of P-N-K and signal peptidases. A: The docking model of P-N-K and SipA;
B: The docking model of P-N-K and SipS; C: The docking model of P-N-K and SipV; D: The docking model

of P-N-K and SipW.
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