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Efficient heterologous expression of alkaline protease SubC in
Bacillus subtilis
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Abstract: [Background] Alkaline protease is the enzyme with the largest proportion among industrial
enzymes and is widely used in cleaning, food, medical and other industries. Recent studies have found that
alkaline protease has great potential in the production of biologically active peptides, which will further
broaden its application in the field of health food. [Objective] In this study, Bacillus subtilis was used to
heterologously express the alkaline protease SubC derived from Bacillus licheniformis. [Methods] By
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screening three kinds of Bacillus subtilis host strains (B. subtilis 1A751, MAO7 and MAOS) and six kinds
of signal peptides (AmyE, AprE, NprE, Pel, YddT and YoqM), as well as optimizing the inducer
concentration, fermentation medium and fermentation duration, we finally obtained the optimal
recombinant strain MAO8-AmyE-subCy. [Results] The extracellular enzyme activity of the recombinant
strain MAOS-AmyE-subC,,; was 3.33x10° AU/mL. Secretory expression level is four times more than that
of intracellular soluble protein expression. Compared with the control group WT, the enzyme activity
increased by 73.4%. [Conclusion] The heterologous alkaline protease SubC was successfully expressed in
Bacillus subtilis, which provided a theoretical basis for the expression of alkaline protease SubC and its

industrial application in the field of health food.

Keywords: alkaline protease, Bacillus subtilis, signal peptide
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1 HMe5hE
1.1 ##l

111 E¥E. ARSI

BIAR . ORI )5 9 AR DGR 43 3181 T 3R
1-3,
112 EZERFIFNE

ZHWE, B R IR AR Bk
MMEEGRIE . H2N PCR IE RG] &, Omega A
H); DNA B4 Primer STAR Mix, TaKaRa 2\ ;
— A TE ﬁiﬁj’fuﬁ(ClonExpress® II). 2xTag PCR

*1 AHRFTAEK
Table 1 Strains used in this study

Master Mix, Fg 5t i MEREAE DR A FR A A .

PCR 1%, Eppendorf /A Hl; BEMIZ RS,
Bio-Rad ~w]; AJWLAMGCEETE, gAY
AR SRR, FHERIR TG TR A A
1.1.3 EHEE

LB #5557 5E I LB [ = 5L RO 2 0225 3
HR[20].2xSRIE T3 (/L) : BERERS 50.0, 75 11 30.0,
K,HPO, 6.0, MXR }53:3(g/L): EFRRR 24.0, BR/K
2 12.0, WL 4.0, Hik 4.0, PBS 100.0, 41
PSR (g/L): WiAEDIRY 20.0, 3R 20.0

Strains Description Source
Escherichia coli DH5o F-p80lacZ, AM15, A(lacZYA-argF), U169, endAl, recAl, gyrA96, Invitrogen
endAl, thi-1, relAl
Bacillus subtilis 1A751 egISA102 bglT/bglS AEV aprE nprE his BGSC
MAO07 AyvdK Lab stock
MAO08 AmalL Lab stock
1A751-subCy 1A751 containing pMATE-subCoy This work
1A751-subCp 1A751 containing pMATE-subCy This work
MAO7-subCy MAO7 containing pMATE-subCoy This work
MAO7-subCp MAO7 containing pMATE-subCy This work
MAO08-subCy MAO8 containing pMATE-subCoy This work
MAO08-subCp MAO8 containing pMATE-subCy This work
MAO08-AmyE-subC, MAO8 containing pMATE-AmyE-subCpy This work
MAO08-AprE-subCoy MAO08 containing pMATE-AprE-subC,p This work
MAO08-NprE-subCy MAO08 containing pMATE-NprE-subC,p This work
MAO08-Pel-subCop MAO08 containing pMATE-Pel-subCp This work
MAO08-YddT-subCp MAO08 containing pMATE-Y ddT-subCy This work
MAO08-YoqM-subCp MAO08 containing pMATE-YogM-subCy This work
F2 AWTRETRRA
Table 2 Plasmids used in this study
Plasmid Description Source
pMATE E. coli/B. subtilis shuttle vector, pMAS5 derivative, P14, AmpR, Kana® Lab stock
PMATE-subCy PMATE derivative, subC,,; This work
PMATE-subCp PMATE derivative, subC,,; This work
PMATE-AmyE-subC PMATE-subC,y derivative, SPuyyx This work
PMATE-AprE-subCp PMATE-subC,y derivative, SP,x This work
PMATE-NprE-subCp PMATE-subC,y derivative, SPy,,.z This work
PMATE-Pel-subCy PMATE-subC, derivative, SPpe; This work
PMATE-Y ddT-subCy PMATE-subC,y derivative, SPyzr This work
PMATE-YogM-subCy PMATE-subC,y derivative, SPy,gur This work
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*3 AWMRFASIY
Table 3 Primers used in this study

Primers Sequences (5'—3") Product (bp)
subCoyi-F AATTTATCAAGGAGGTCGTCATATGATGCGCAAAAAAAGCTTCTG
subCori-R TTCCCCCTAGCTAATTTTCGTTTTTATTATTGAGCGGCAGCTTCGAC 1143
subCop-F TTTATCAAGGAGGTCGTCATATGATGCGCAAAAAAAGCTTCTG
subCop-R TCCCCCTAGCTAATTTTCGTTTAAATTACTGGGCGGCAGCTTCA 1137
subC-vector.F TTTAAACGAAAATTAGCTAGGGGGAA
subC-vector.R ATGACGACCTCCTTGATAAATTTTAC 7451
YddT.F TTTATCAAGGAGGTCGTCATATGAGAAAGAAAAGAGTTATTACTTGTGTTATGG
YddT.R EE?}TTCTTGGCTGGTTGGGCTGCAGAAGCGTAACCTGCAGGTAA 5
AmyE.F TTTATCAAGGAGGTCGTCATATGTTTGCAAAACGATTCAAAACCTC
AmyE.R ACGTTCTTGGCTGGTTGGGCTCCTGCCAGAACCAAATGAAACA 81
AprE.F TTTATCAAGGAGGTCGTCATATGAGAAGCAAAAAATTGTGGATCAGCTTGTTG
AprE.R ACGTTCTTGGCTGGTTGGGCAGCCTGCGCAGACATGTTGC 87
NprE.F TTTATCAAGGAGGTCGTCATATGGGTTTAGGTAAGAAATTGTCTGTTGCTGTCG
NprE.R ACGTTCTTGGCTGGTTGGGCAGCCTGAACACCTGGCAGGC 81
Pel.F TTTATCAAGGAGGTCGTCATATGAAAAAAGTGATGTTAGCTACGGCTTTGTT
Pel.R ACGTTCTTGGCTGGTTGGGCTGCGTTCGCGCCAGCTGGA 63
YogM.F TTTATCAAGGAGGTCGTCATATGAAATTAAGAAAAGTATTGACTGGTTCTGTT
YogqM.R ACGTTCTTGGCTGGTTGGGCAGCGAATGCAGGAGAAGCAGAA 75
subCop-SP vector.F GCCCAACCAGCCAAGAACGT 453

subCop-SP vector.R

ATGACGACCTCCTTGATAAATTTTACAATTCCAT

1.2 A&
1.2.1 EAFRNAME R

H NCBI H 2 A3 10 b A ZE A 11 SF 5 i) B
E W SubC (CAB56500.1)FF 41 HEA Ak 24 A
WAL, ARG RN subC,, AT E1 4
subCoyi-F F1 subCori-R, X H MR subC,,; HATH"
HIFXF PCR =il AT IS 1o . pMATE JBRL 24
PMAS JFUb: 1 A6 20 B IS BN Prpan B 48 22 25
WiE ST Z) T P pMATE FEIE#AM
[ 5 30 24 4 s 5 P e T s ) el A T ol
B H R R B subC,, 535 %1A& pMATE 81t
WA AT E . EE WAL R R DHSa
BAZ AN, B AL BB A B 5 2K PE AR (Amp)
100 pg/mL fY LB P-4 i & FH Ak 7e i, 56 )i di 41 ot
L pMATE-subCoy; MR A, FHX B 5 ikt ) i 5
41 KL pMATE-subCopo

1.2.2 EHFHIEE

P 2 ORR FH Spizizen EhAb =40 4%
AW ZEFRFFEE 1A751, MAO7 Fil MAOS, ML
7% PCR Bk PHPEG LT, FEARK 1A751-subC
MAO07-subC F1 MAOS-subC ¥4J+4% B8 SCRik[20]H fIr ik
T T
123 ARESHEHRNIEE

L pMATE-subCoy B4 FTRAERIHAT PCR, 4
JFAF5 IR BTRL | 2BR , fir 44 4 pMATE-subCop-dp ;
RIF B 6 A5 S kG149, UL pMATE-subCoy-dp 4
RIS T PCR, i#id Gibson Assembly Jo4% vo %
1 7EE S pMATE-subCou-dp (K 1), 155 6 4™k,
4% %128 pMATE-subC-AprE . pMATE-subC-Pel .
PMATE-subC-NprE . pMATE-subC-AmyE . pMATE-
subC-YogM . pMATE-subC-YddT. {55 KA B
=k 4 s,
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Signal peptides

I ] Signal
: : peptides
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1 ¢ 3 I 1 ¢ 3 I
20 bp overlap 3
1 K ! ]
. I 1 | ,
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1 I
! ! ori
pMATE-subC,, Vector,
1 ESRFIEHEEETZ
Figure 1 Construction method of signal peptides
x4 ESHBIEXER
Table 4 Information on the selected signal peptides
SP Amino acid sequences Length D score pl value
SubC MMRKKSFWLGMLTAFMLVFTMAFSDSASA 29 0.128 9.99
Pel MKKVMLATALFLGLTPAGANA 21 0.258 10.81
NprE MGLGKKLSVAVAASFMSLSISLPGVQA 27 0.225 10.00
YddT MRKKRVITCVMAASLTLGSLLPAGYASA 28 0.282 10.89
YogM MKLRKVLTGSVLSLGLLVSASPAFA 25 0.339 11.82
AmyE MFAKRFKTSLLPLFAGFLLLFHLVLAG 28 0.278 11.17
AprE MRSKKLWISLLFALTLIFTMAFSNMSAQA 30 0.430 11.17

1.24 BHERIFERIE

FT A A ERTE LB Bilg A LB WAk 5%
B (B R B A A R ) G k(37 °C.
220 t/min ¥557 14-16 h). ¥ iE LB E L bk 2]
B 2xSR KR IR 250 mL HEFE L (1% 5
), BRI 2 AT, 37 °C K53R 48-60 h.
HEHWERIEERE S, BSWE FPERR 0
LR IE N TR 1%, 3%, 6%. 9%, FEMEFRE
M S8 SCHR[20]E 7 T4
1.2.5 SDS-PAGE 447

BUR T 4 °C. 12 000 r/min &5.0> 3 min, HX
3%, WA 5xLoading Buffer Ji5 7£ /K #12& 20 min,
FIRFRH, KA 12.5%I1) PAGE BRI Lk il 25
FI G BB . KSR, TSI 0.25%% Hiise ik
et deta 2 h, Pie)E AR R R G e %
1.2.6 WHERHIEEENE

K Suc-AAPF-pNA assay J5 25100 5 25 1 ity
TP WS BANLE N - 7E 37 °C Ml pH 8.5 &4F T,
B30 7K A7 0.1 mmol/L 1) Suc-AAPF-pNA ¥ R Bl

FIRT R FEAE I (PNA)TE 405 nm AW G AR AN A 1
ANBEFE BN, LI AU/min F#R .

2 HR540
2.1 WMEAIESUbCERNZBFHRILETE
X NCBI i 2 H ek 2 1 g 2 %15 51 subC
(GEIRT Bacillus licheniformis CAB56500.1)JH17%%
Wik, ALEr subC FFH1) GC &M 51%
AR 57%0 A subC GHIESTHN (4N subCop)
SH R subC A (v 4 N subCoi) B HILLE Ky
79.67%. LAAHER G IR subCos F subCop JF AN
BAR , AL PCR P48 3545 H (3L R B, a2y
O M AR, L AR ST
Pas IO pMAS YA AR S 87 PHpa[I[ZI], B s
(IR 4 pMATE. 43506 2 A~ H AL
Gibson Assembly JCA4% v [ 512 7o Fe 2 iUk pMATE
A5 BUZE 2R BT P PSR, JEASH AR
KR pMATE-subCoy 1 pMATE-subCopo TR
AT DNA HIKESRAE 2 s .
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2 [RAFIIE DNA HKE

Figure 2 Electrophoretic diagram of DNA

¥: M: DNA Marker, A: &ALk pMATE; B: BitEEA
FESIE R subC,: (F1)HI subC,p (F2)

Note: M: DNA Marker. A: Linearized plasmid pMATE; B:
Alkaline protease encoding genes subC,,; (F1) and subC,,, (F2)

22 EHEHMHMEEEE

WP GE B T ORL pMATE-subCoyq  #l
PMATE-subC,, K Spizizen b=k 7k 435l %
A B. subtilis 1A751. A T REHRE | B 07 2% B
PATTRETEIE, SRR U ARG TR . Al 2
A 1A751 B SRS, IMAREE D 0.1%
(REEBBONE ZFWAE SR, WFSAa 50
ng/mL RABEZRF 5% (Lt BOB G151
LB ikt I, 37 °C #5581, wig ) FA ZE U]
AT R MR (B 3A), Wi E7% PCR i
=B IE, 52 HEA WK 1A751-SubCoy F1

PMATE-subC,

PMATE-subC

opt

B3 FEZEBFRIRMLEEAREES

Proteolytic activity
toward Suc-AAPF-pNA

1A751-SubCpio

A AR AT IR E 1, pMATE-subCoy il
PMATE-subCy iX 2 Rl L BURITESS R B. subtilis
1A751 HhIgReRis, HRBARPAZES, HpfA
PMATE-subCp JETH7 [ 2235 TRIAR HA 5 B d 1385 B
Rl KRR 1A751-SubCop Fl 1A751-SubCy ik,
FENEAT 3% (BT AR B0 Uk B 22 ZEpinAs 50 Fn
25 mL 2xSR B557 319 250 mL =P TR &
T, REFER 50 ho X 2 W b3 VEA T I s A
K Suc-AAPF-pNA 154 25 (A BRGNS I 2 1R H
£ 37 °C . pH 8.6 MIZ1F F S5HB 10" 55 (&
FHRFR Y. 5 min, SR J58EEBFFR N E Aaos 1K
JeEE . i 3B FiaR, 1A751-SubCopy Y M1 &
1A751-SubCoy FHIET 1.74 5. RIS Z2S25 R
PMATE-subCop B4 Uk 4 T & e X ARAL A
23 FHEFRSHMEERE SubC ABEZHIMIL
23.1 ARETEEEK R

PEH MATE RiERGi16 F B. subtilis 1A751,
MAO7 Fl MAOS 1F k75 F AMM A 86 (i AY 2k 7k
SIS UE AT, Hh MA08 Rk ER K. B
PMATE-subCp SRR Spizizen fb2E% A0 1853
Wl%EE N B. subtilis 1A751, MAO7 Fl MAOS, R4
WA 0 A B0 UEAS Rl R AN R ko . A
WA T IR A B (R 4A), TAFRAE 3 Fhig

o
O
1

<
(=)
T

[AU,5<10%]

=4

[}

(]
T

<
=3
1=

EV  IA751-SubC,. 1A751-SubC

opt

Figure 3 Analysis of alkaline protease activity with different codon optimization

TE: A 2 BRI T (subCop F subCop) ALITRNEZE IR W5 PARBIT s B 2 FIANIR] 20 7 Bt 25 1 RS M 0 BT (B V

e NZS BRI R TR )

Note: A: Two different codons (subC,, and subC,;) optimized alkaline protease milk plate; B: Two different codons of alkaline protease

enzyme activity (EV: Original strain transferred into empty vector)
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¥ T #R 1A751-SubCop . MAO7-SubCop

MAO08-SubCop ifift, 7E 2xSR 3557 H P A TR
KWE, 0 h A 3% (B ARF 502 28 b 17175
T, 50 h X & _EIE #4T SDS-PAGE 43 K Jifg
TEPERIN . B 4B BLE UL E] 3 FhE AR Y
RER T Fik HARER (1, T HLS P T A9 2R 14
FRA/N27.5 kD)—5. Ho, KA MAOS 15 £
PRI 22 3 1 B 1 R 1 B G o K L O P R 0
(1 4C), FRULAT LA EAS 3 Bl R AR I 21K
SR MAOS>MAO7>1A751, X 5T 1E 40
L ) 2 35 5 B ARA o

A

1A75 l-SubCopl MAO07-SubC
B
N 5
& ¢ §F F
A
v v Y ¥ F M
1
1
1
7
6
4

& 4

opt

BRFKE N FEEER S

FE IR SEIG IR I, RPN IR e K e
Pk MAO8 1T T — ik BEiib . S THRFTEA
()35 0 e B X e A 1 il A3 2 T, 43 o o
RFEIT N 1%, 3%, 6%. 9% 4 FhARTRIH
JERE TN TS 1637 °C BERAT, ¥ 1%,

3%, 6%, 9%IMZ ZERE SN A R 250 mL #& i
T3k 50 he REETERGH 4 FIORIRIZZ 2R EE T
ARG FREE BIE A TREE 40T, th L S bl Al
3% (BT ARF B0 FE 2 2R A 2 1 R 1 R AR
JERFHAM 3 B TR AL, 1 H 42 2R & T
3% (BTt (RF A BORT, Bl 22 2P0 B 5, 1

23.2

MAO08-SubC

opt

e
=
O

Proteolytic activity
toward Suc-AAPF-pNA
[AU,52107]
<
=

0.05

0.00

EV 1A751

MAOQ7

MAO08

Wt E B EE SubC 7£ 3 #h78 £ b RSN Y RIAER 4

Figure 4 Analysis of extracellular secretion and expression of alkaline protease SubC in three host cells
T A 3PS FETARIA IR RS04 U PALRI TR ; B: S0 h KB L3 SDS-PAGE(M: %[ Marker); C: B#EIESHI(EV:
B N2S UK R TR

Note: A: Primary screening of milk plates expressing alkaline protease from three different host strains; B: SDS-PAGE of 50 h fermentation
broth supernatant (M: Protein Marker); C: Enzyme activity analysis (EV: Original strain transferred into empty vector)
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Proteolytic activity
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B 5 WitEBE SubC £ 4 FHARLIREIFSFI T HIEEE
M5

Figure 5 Analysis of enzyme activity of alkaline protease
SubC under four different concentrations of inducer

233 ARIEFEXN AN

R e R 5 5 v A R A R AR LA R
YA R i R L R R . BERE 2xSR
REFEFEA MXR B IE0EXT L, B2 & B 77
FEXFP=REIFE . MXR 5557565 2xSR A EL, fRIE
TR AT B RN, A5 R A 6 PR,
PEMRTSE 50 h, LA 2xSR WA BEREFRILA AR, H
HAMLT- 2500 E A Gk 2505 . LA MXR
FR R FRHE, ARAUE T2 (IR SN, Nt
R 8\ AMAAAE, U MXR B8589 S IR
VG S0 U5 P9 2L 80 B R A8 AN 1) o 2 A
AR B G

Medium TCP
MAO08 MAO07 MAO08

MAO7

T & S T & S
T TS TS Y

Bl 6 WItEBE SubC ERRIEFEMMIINIZER
15 SDS-PAGE 4347
Figure 6 SDS-PAGE analysis of extracellular and whole

cell expression of alkaline protease SubC in different media
Note: M: Protein Marker

234 MRERALSYESHR

TEHUR SR 3 2xSR, 3% (BTt F540)
2 AT 50 h 1 R IRV AR b 2EA T 20 M A e
Xof JEL PN AT (s) B AL TR A (p) B 431647 T SDS-PAGE
SIBT(E 7)o S5 T B (R T IR R I A
SO NV ST 7 NS T = I 1) 0%y S e S
RFRENESIFFIRIICHES, ik AE fs S
HE— A1 5 A R ORI S
2.4 AEMES K4 ERE SubC 73 i8I F2 M
241 AEESHREAFEKEME QB E NI

BERE 6 FITE 13 KI5 5 KT 51 (AmyE  AprE |
NptE. Pel, YddT. YoqM){E Al fivext 4, 7
H Gibson Assembly 17 =0 H 5 5 K751 B 4
A RUE ST A R EESE R 6 AR5 5 AR E 4
Mk, R LB S5 AR TG FR 5L, RIERE SR
FR A 2xSR BEFRIIERIN 50 pg/mL RAREEZE N
3%EZFHA Y, T 250 mL R & B 50 h JE4T
Jei B PR 0 22 TAE . SR Suc-AAPF-pNA fENEE
P Tt 00 2 ARG, DAL 8 TR il 45 SR vl LU
ST A RUE S KA T B B R WT L,
HA AmyE fil YogM {55 IR E AR IR H BHE P2 5
Hor AmyE {5 5 KPP TG 45 s ol B35, 3R iR
N 73.4%, Vi AmyE {5 5 IKTEIEE SubC M
it 9238 B2 A3 Mh 8% 0 T HAT SR A R8O

" o
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Figure 7 Intracellular SDS-PAGE analysis of protease

expressing strains
Note: M: Protein Marker
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