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Abstract: [Background] Proteases are widely used in the leather industry because the enzymatic
dehairing approaches are environment-friendly. However, the instability to chemical reagents and the
collagen degradation activity of proteases limit their industrial applications. [Objective] An alkaline
protease gene from genome of Bacillus sp. N1 was cloned and expressed in Escherichia coli. The
enzymatic properties of the recombinant protease were characterized and its application in dehairing
process was discussed. [Methods] Genomic library was constructed to clone the protease gene aprG.
The recombinant strain Escherichia coli BL21(DE3) pLysS/pET-28a-aprG was constructed for the
protease expression with the induction of isopropyl B-D-thiogalactoside (IPTG). Characterization of
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the protease was performed through the forint phenol chromogenic method. The dehairing activity to
the sheep and rabbit skin as well as feather of the protease was investigated. [Results] An alkaline
protease gene aprG was cloned and expressed in E. coli expression system. The characterization of
AprG showed that the optimum temperature and pH was 50 °C and 10.0, respectively. The metal ions
showed soft influence on the AprG activity. Moreover, the protease AprG exhibited outstanding
tolerance to surfactants, oxidants and reducing agents. The investigation on substrate specificity
demonstrated that the protease displayed low hydrolysis ability toward collagen. The application study
showed that AprG demonstrated effective dehairing on sheep and rabbit skin, and also showed high
feather degradation activity. [Conclusion] The protease AprG has significant application potential in

the leather industry.

Keywords: Bacillus sp. N1, Cloning, Enzymatic characterization, Low collagen activity, Dehairing
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7.0-11.0 R AT, 4 pH TR 12.0 I, &R
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1.1 SEIewiHd
1.1.1  HE#RFABRRL

ZEHUFFTE N1 DN St Eh i v i 1B 75 3] 5
KW # DH50 F1 BL21(DE3) pLysS /#2245, dt
m X SEWHRARARAE; eIk puCL18
BamH I/BAP, FAY TRE(KE)AIRAH; £k
1A pET-28a(+), ASSZEGZE LR
112 EFZRXFIFLEE

Segs R A ANTPs., rTag. A-Hind T digest.
500 bp DNA ladder, DL2000 DNA marker, TaKaRa
Nl Sau3A L, Buffer 1.1, Bio-Labs 23] 5 25 I .
fEEldy, OXOID 2Aw]; AW HY, Fi BT dil
ARRAF . mEE RSO, 2R SUEA RS
Al; pH i, FEEFEZRIH(Sartorius) 2 Fl
1.1.3 $EHxE

HPA: TG IR (g/L) - B BEE 1.0, AR 1 10.0,
A4k4h 30.0, FRAREE 0.2, FfLES 0.1, MR M
1.0, JH 10%fxFEREAE Y pH 2 10.5;

e SR LB BB rh s N 10.0 o/L AR
W5, FH 10%fFREMTE Y pH 2 7.0;
1.2 WHZE
121 EFEAEMER IR E ik

P E IS AL ZF AT TR NL B FR I I8 1% b i
BT 200 mL BFAETEREIRAL, H55R 2 ODgoo 294
0.6, WM. KHAM/A SRR AT 2R AT
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N1 & DNA BJ42H . Sau3A | FEVIZEAATE N1
FEA, AR 3-8 kb VIR B, EEE
pUC118 BamH I/BAP #ifk, k% KIHFF# DH5a
AN, EorETRA Bk R, Tk EA
ERE R, RS R Bk, 64T
A TR (V) IRy A BR A RN o 4 BT R4S 4 2
KIFAI7E NCBI F Hoxta0tr, IF S5 AR R & i L
AN A S AT X
1.2.2 EHEME

#5149 GSF-1 (5-CATGCCATGGATATGATT

GAAGCACCAGCC-3), GSF (5'-CATGCCATGGAT
TTGAGTAAAGTGAGCCTGATTCC-3) I GSR (5-C
CGCTCGAGTAATTTAGAAGAGCTAGTTGTATAT
TCG-3'), LAZEHIFFI N1 KR4 Akt T PCR,
PCR JZJWi{A % : 10xBuffer 5 uL, dNTPs (2.5 mmol/L)
4 L, 5[%1(20 mmol/L)4% 1 uL, rTagq 0.25 pL, #%
HZ DNA (100 ng/uL) 0.4 uL, Jil ddH,O % 50 pL.
PCR J2 )i &14: 94 °C 5 min; 94 °C 45s; 58 °C 45 s;
72°C90s, 30 M¥R; 72°C 10 min, I Nco I fl
Xho | 43 5IWUEE] PCR P4 e #k4A pET-28a(+),
WIS E #E A T, B AL KB FFE BL21(DE3)
pLysS, PRBUFAL T, F pET-28a(+)RyidE 5% T7.
T7t 47 PCR KHIE, FFFHRIE
1.2.3 Z|HMFTE

W R 1% a2 Rk,
37 °C. 200 r/min }%3% 2-3 h, & ODgoo £} 0.6-0.8,
TAZHEE A 0.2 mmol/L (1) IPTG,20 °C %55 20 h,
27 8 000 r/min B5.0> 10 min PCAE A, WEHEAN 1
MBS , JEUEFT SDS-PAGE BilE .
124 BEENE

R FARARE 64 7 88 BB PR AE , K 50 pL
M 5 150 b 1% & IS ARG, &R
JETR ROV 10 min J&, LA 200 ul 20% =& ZBRIA
Lk ROV, i 13 000xg #.L> 10 min J&, B 50 pl
IEW5 250 pL 0.4 mol/L Na,COs IR 215, il
A 50 pL ARG , TGV E T 40 °C 564,20 min,
W%E 680 nm T AYMOCIEEE. MRS & X TE—&
M NEARAETS | SR R RE BP0 AE 1 g 2458

JIrits WL
1.25 BEEZI%R

(1) i TR A R e e

£ pH 10.0 544, 4r5IEAE 20, 30, 40,
45, 50, 55, 60. 65, 70, 80 1190 °C T AprG #
FIBES T, ARG A 100%, B feid S b i
o ¥ AprG BRI 53 A HCEAE 40, 50 F1 60 °C 435
4bFE 10, 20, 30, 40. 50 160 min, 7E50 °C #il
pH 10.0 Z&4 Rl Ho s N AR AR G, DAARAL BRI
AprG 4R 100%.

(2) fifi pH M pH F2sEE

FERE VRS, 43 E#E pH 6.0, 7.0,
8.0. 9.0, 9.5, 10.0, 105, 11.0 1 12.0 &1 FhY
AprG  FRHE I, DL e BHE h 100%, #i5E AprG
il SN pH o BB 53 3 EAE pH 5.0, 6.0, 7.0,
8.0. 9.0, 10.0, 11.0. 12.0 1 13.0 43 60 min, 7E
BRIE N S R IE AprG BRATEEG , DIRALFREY
AprG 151 A 100%.

(3) & JE B X WS (1 R

Tia] 5 A4 2R H S A (7] 42 I B8 71 (Cacl,
KCI. MgCl,, MnCl,, BaCl,. CoCl,. LiCl, FeCls.
AICl3, NaCl, FeCly. ZnCl,), ik R 448
BSR4 912 1 mmol/L F1 5 mmol/L, fEfiE
N5 T e AprG figE, DIARERINGE & 7%
FIHE MR 100%.

(4) 11 TR0 AU A A SR X 1 I 14
A

[i] S AR 2R FR A A [l Ak 230 (-3 -20 ., 40,
60. 80, Triton X-4. 100, DTT I H,0,), fdiJz )i
PR R AL ] 1%, 4% SDS il B-5i
LTSI R AR R, LBl 0.25%, 7F
BRIE N A R IE AprG G, DLARIE i
FIAEE RS A 100%.

(5) JIcWrke et

Beihil 1% AN EREA R, B REAEN . M
RAEEA . RIFEA ., FIMEAEA . BEA. fE
F B  SEBACPE, 5ol SOV 55 Ml AprG
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fitgis , VARG EE A IR 1 AprG BifE Pk 100%.

(6) W2-sh )12 2800 &

DABS SR 11 MR IEAT AprG i 5l 126
JEYH R HIEC R 1. 2, 3. 4. 5.6, 7, 8.9
10 mg/mL, i REBRAERETEIE ik, TR
PLA&AF NI PG PER I, ] GraFit Z-VER I 7
it )2 N 8 12 S B0
126 MNA#HR

W2 F AR VDAL 1 emxd em /B, 2
Fe 4 Bz 43 OB AE 50 mL g8 (20 mmol/L
Tris-HCI, pH 8.0)+, AprG & H i &y 10 000 U,
AT AprG A IR IR s X IR, R
AR R A RCE T 37 °CL 120 r/min ik
Wik 16 h,

] 250 mL =AM 0.5 g SPIE, FFamldsim
500 U/mL (%) AprG Py M it & mai 1% & 1 g 4%
50 mL, &F 37 °C. 220 r/min 544 FFEARPIE,
48 h J5 X A A 1 R AR O T R

2 ZR54h
21 EFBATEME

P BEBE IR 20 SO I s, TERZ 4 T i+
H, GRS — M B R R AL, XA
AT oy alifl, SRBUTORIIEINT
22 FHISHh

WM FPas R BoRtli A BER/N Ry 2 254 bp, &4
SEAEFF L EAE raprG 1 aprG. raprG #Zii T
ATG, K/ 894 bp, Fifth 297 24 JER 1) & 11
(rAprG), rAprG it /¥ ik 31.7 kD, “FHL N
} 4.65, aprG i2ih T TTG, K/NHk 972 bp, %
i 323 NEILMRIE1(AprG), AprG HiE/ T
Jy 345 kD, Sk 4.74, AprG Lt rAprG £
26 2 LRI 55 IR (NP)

B2 R, AprG ik S8 ST A 1 i
JEHIAR I e, TG0 R Asp (49). His (86)F
Ser (250). AprG ZA IR 74 53 i) 5 2K U5 T W T 276
FF & (B. pseudofirmus) (WP_075681765.1 Al

WP_012960798.1). ZiffUfF#(B. marmarensis) DSM
21297 (WP_022629500.1) 4 &% 2 kT I (Bacillus sp.)
NKS-21 (BAAQ7142. 1) %E FIBEFA I fc s, 8
F 98%, JF A LLXTZE SR AN 1 PR BRIz 4, AprG
53k A 2T (Bacillus sp.) FIAT-45037 f 45 (11
(WP_100374256.1) HLAT 7T4%HIARMLIE . b8 (1
FCERIAT R NKS-21 (1B ISP-1 A HF5T ik
U B R T8 il v R, N R ST R
AprG AT A 4L
2.3 EHRNHEREHERIE

I3 GSF-1/GSR. GSFIGSR N5 | #th s
41 JFikr pET-28a-raprG Al pET-28a-aprG, 4 B4l
S BIRAR AW AR & BRI ZH K AT BL21(DE3)
pLysS/pET-28a-raprG A =A=&M (K 2A), BEG
W5 & BTG M . T AprG B 2H & 11 A & 1Kl
TEPE(E 2B), SDS-PAGE 1] i — 45 K/NZ 2y 34 kD
MR 155 (B 2C), HZEgxt 1 32 8 (1 R At
—IGUE T AprG B IR IL . LA AULE,
JIK NP X 25 1/ AprG (136 1 HAT B2
2.4 BEBFMR
241 FEREFREREMY

Kl 3A SN AprG FTE Y aE i M2k, Hiod
SR R 50 °C, 7 20-90 °C i Bl NI REff B 4
AT NG, R AprG Froi S IR Y A 5
AprG i Fa e P4 F (1K 3B)K M, AprG 7E 50 °C
THEA RAFRIFRENE, BIEALEE 60 min FRARREHE )
A 50%L) |, TifE 60 °C PALHE 10 min JE R ASEHG
i 55%, SRS RIS [
242 & pH K pHIEEM

AprG J& T W MR 1B, $50i S pH
SEEGAE R AA)EH, 24 pH h 10.0 i AprG g
K, TAE pH<6.0 BHEPERAGES:, 2 pH>11.0
JEMEE A2 SR TR . FE SR A R (K 4B)K
B, AprG EMETE pH 6.0-11.0 4b¥1 1 h [543
k3] 60%LA |, TfE pH 5.0 5 pH>12.0 A,
AprG G R ™
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1 AprG [F5 b3t

Figure 1 Multiple sequences alignment of AprG

T SEERAE BB FIBE PEALA Asp. His 1 Ser; MEZAERRIC N S ik NP.

Note: The active sites Asp, His and Ser were labeled with solid boxes, respectively; N-terminal peptide was labeled with the dashed box.

B C
kD M 1 2
70 — .
55 — ==
45— mm
35—
25 — -

2 EHEKETRKE SDS-PAGE

Figure 2 Electrophoretic analysis and hydrolysis circle of the recombinant strain

H: A EAKHFFE BL21(DE3) pLysS/pET-28a-raprG; B: KT H BL21(DE3) pLysS/pET-28a-aprG (—: /KffHl); C:
AprG UK. M: HEFTheME; 1. AprG MR 2: RIBHTIE BL21(DES) pLysS/pET-28a A

Note: A: Recombinant strain E. coli BL21(DE3) pLysS/pET-28a-raprG; B: Recombinant strain E. coli BL21(DE3) pLysS/pET-28a-aprG (—:

Hydrolysis circle); C: SDS-PAGE of AprG. M: Protein marker; 1: Crude enzyme of AprG; 2: Fractured fluid of E. coli BL21(DE3)
pLysS/pET-28a.
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Figure 3 Effect of temperature on the activity of AprG protease and its thermo-stability

TH: A: AprG Bu&E RVILE; B: AprG iR E L.

Note: A: Effect of temperature on the activity of AprG protease; B: The thermo-stability of AprG.
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Figure 4 Effect of pH on the activity of AprG protease and its pH-stability

TE: A: AprG IRi& N pH; B: AprG pH R k.

Note: A: Effect of pH on the activity of AprG protease; B: The pH-stability of AprG.

243 EEBFXEEHZI
W5E T AR X AprG BEEPERISZ IR, 45

W3 1 F7R, 1 mmol/L Ba® 145 AprG i 1435 135%,
T 5 mmol/L Ba®* %} AprG A % emkifE . Hifdi4
JEETAE 1 mmol/L BFX; AprG 15 P52 ma#R b g
/N, Hi Ca®, Mn®*, Mg?* il Co* Mot AT i kA
FH o AN[AES 4R BE R 5 mmol/L B RERIH AprG 1%
P, Hod AP REIERIVE I 2. 5 mmol/L Zn® Al
Fe®*of 2 1B AO I Rk SRt FU SR, 2390 61%
1 63%., MW LEARATLIE L, K4 s Xt

AprG JEHERZ /N
244 FREFEHEFFEHIEREFIZ AprG EEIER
Al

FE2AAFIXT AprG 1 TR 25 R N2k 2 iR,
FTEPEFIE-20, 40, 60, 80 Fil Triton X-4, 100
X AprG TEMEZ AL/, F AT H00 FETERT AprG
TG1ER 87.34%, TESRIL)ESH] DTT fAAERT AprG i
PER 97.71%, SR 0.25%F1) B-#ii bk 2 Fesg 44l
AprG R . Fidk L IERENS A R A 11 W s,
IR A5 A I e 8, 1T R M 2 1119 = )
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x1 £EBETX AprG EgiEMERIFNT
Table 1 Effects of various metal ions on the activity of
AprG protease

A 1

ﬁE%T? Relative activity (%)

Metal ions 1 mmol/L 5 mmol/L
K* 102.00+3.58 87.36+2.45
Na* 106.85+1.43 90.61+10.50
Lit 94.644+0.08 90.50+7.40
Ca%* 109.84+2.38 87.66+2.34
Ba%* 134.62+2.91 80.27+3.73
Mn?* 109.00+3.77 80.37+2.98
Mg?* 114.75+5.19 94.40+5.34
Co?* 111.30+1.86 95.88+6.35
Fe? 100.06+5.17 87.24+4.85
zn% 98.59+2.06 60.96+2.54
Fe3* 105.79+1.34 62.61+0.46
AP 98.27+1.05 33.27+1.92

R2 TRUFRAFIX AprG &R IE
Table 2 Effects of different reagents on the activity of
AprG protease

UEA 0l Reli?i?/q;f:t?vity

Reagents Concentration (%) %)
Tween 20 1.00 93.92+0.14
Tween 40 1.00 94.06+7.70
Tween 60 1.00 100.45+4.43
Tween 80 1.00 107.22+1.63
Triton X-4 1.00 106.57+1.55
Triton X-100 1.00 100.56+2.55
SDS 0.25 51.44+0.84
DTT 1.00 97.71+4.08
H20, 1.00 87.34+1.38
B-Mercaptoethanol 0.25 0+6.46

fE. 1M AprG 43 H7AfE 5 AP e, HEllx Lt
TR e, HAEYE RN 1 A v
HOR AR
245 [EMFRE

PIATE P AprG OB M PR HE X
JEMIE—1E, 453U 5, AprG XA H HA
SR K ARG PR, ARV A 2R R IR s A G TG
4 69.92% , HXTFE AP EX RIS R 2544 19 /1 2
FIHL BB IS 77K A , RIS A TE 20501 R 21.77%F11

240

200

160

120

80

Relative activity (%)

40

E5 KRN

Figure 5 Substrate specificity of AprG

e 1 REMAEA; 2. BAREA; 3: RIEEA; 4: 41Mm
WWHEM; 5: BEM; 6. nlEMEAEA; 7 WK 8: FEE;
9: PE.

Note: 1: Azure keratin; 2: Azocasein; 3: Collagen; 4: BSA; 5:
Casein; 6: Soluble keratin; 7: Gelatin; 8: Wool; 9: Feather.

41.63%. AprG Xt JEIE AR, HLEHE (Ul 4.56%,
DAL T 44 FLAE Sk 1066 2 11 T 0 P B B 1 X B
W )2 A RN AprG X AR Y
HAEMER, 7ELMRARE A KT, AprG
T A 246%.
246 BEFHHZF

DA B UM KPR AL E 1 AprG i~
NI1ESE, K Bl Vi 435128 12.25 mg/mL il
56.60 U/(mL-min) (5] 6).
25 AprG ZREEHIN A

AprG MR EBMEHTER 7TA-D iR, H

16 =
z
= 8-
2
&
S
—_ 4 |
0 02040608 1.0
1/
2 IR Y N Y N I A
0 2 4 6 8 10

S (mg/mL)
B 6 ZHEMMEEREENFSH

Figure 6 Kinetic parameters of recombinant protease
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B 7 AprG EREEHRERBPEEMEYR

Figure 7 Dehairing performance and feather degradation by the AprG protease
W A AFIRTILAER; B: A ILAER; C: ARFRAETSREZ; D: AFUSHML; E: AprG AMEETRE; F: AprG AMSHE; G:

PR RS AL FERT RS s He SR A S AL S SR E.

Note: A: The goat skin before dehairing; B: The goat skin after dehairing; C: The rabbit skin before dehairing; D: The rabbit skin after
dehairing; E: The feathers before degradation by AprG protease; F: The feathers after degradation by AprG protease; G: The feathers before
degradation by alkaline protease; H: The feathers after degradation by alkaline protease.

Bl 7 ATLLE G, AprG X =F K Filf iz 194 B 5 it
BRCR. ZHEANE AprG i BJa B K Firte iz Fifi
Taroti, B HbESR . SeEE B, B
BB NG R, MR EREN, AT
A T8 . LTI EREE AR, AprG
Fefi P BB, & 7E-H R .
3 W54

AR S 3 DR 2H SCPEVE D ZFARAT I N1 R 2
Hh e RSB T R ARESE aprG, M T A KA
& BL21(DE3) pLysS/pET-28a-aprG, ZEFL T AprG
TERFF R RIS, IR AprG SR HTT T &
G T2 o S ISR o

BB B B S KA C I AR B, HiT
JURT B I A R R T & B OCE S, A0 rAprG &
PR — S8 80 AR IS B, AE R FT i
FIRWTHTCEM, HATE N i[RET ik NP 4 IKE
Ao A MG, Rt NP R RRAT A& — B
HIAKPA, 7E8E A RIR RS20 AprG 1 IEf
&, 75h, BT AprG REMEREMRTE 30 A B8,

SXPEAFIR R, FIL AprG ik Ry 7E{%
A NI T, ASCEEAE 20 °C TS AprG &
FIfif 35 .

AprG i w s , Hoed O i R 50 °C,
H. AprG 7£ 40, 50 Fi1 60 °C FHEMEAR LR, Fod
TRETERCTE . AprG fiid v il B 5 HAth ZF F i
BRI RGN, sk A 2R AT QD-1 e H
iR SR EE Sy 20 °CYY; Sk [ A ZE AR (B.
licheniformis) 2709 [ & 11 Bif % i&i S 1 i BE 0
50 °CI®; S A2 ZEFE 1 (B. subtilis) 115 (755 i
T A 3 S v IR R 65 °Cl R I i 2
FE Al S AN ], ARG 2 1 AT DA ok A T
AP TR AR T4 i T T,
M ISP-1 () feid il Bk 55 °C, {BAE 40 °C BH:
TEVECH 60% 447, IF HAESUW IR BN 60 °C BiE
YA R 25% 2240, ASchig AprG & ARG TE
40-80 °C W EHEVE LT 60%. [AlE, AprG 7E
40 °C F1150 °C e My, HAE 60 °C 4b# 10 min
JE AR BT R 50%, TR G 1SP-1 60 °C
AbFE 10 min 52 70%75PE . AprG & S pH
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9 10.0, KU AprG J& Tk &E H s, H AprG 7E
pH 6.0-11.0 Ju FEl N #ka e, I AprG AT LATE Tl
N

Tk frp SRR Z &R s 1, ik
SRR AW 428 B T — E IR 2 AP, A
X AprG H M &R s AR, 6 Tl
A PEELR . MRS RS S EAERE S,
WEIREE (R . SRS, S xE A
WGP ARG, ASCrh AprG 7EREIR . Triton
GRIEMWFAET, WHEARRE, 8RS
R 1SP-1 EAm—8™, mMEAEs
ZEMIAT i (Aeribacillus pallidus) C10 3 I (1 Bt 2
I R FE A7 4 i B e /N, {A7E 1% 3 -20
80 il Triton X-100 ££7EF, &M/ T 50%24,
[ DTT 1 HoO, XF AprG i ME RS A/ X st
PEFR SRR B AprG T ol AR 7 HAy
— B

A AprG B XA B R G e Y HAT
EM . AprG S FIEIEYIEDI S R B, AprG )5
FITEPEARAG, 1 ISP-1 & I I i i PR I8 21 DA 2
R 200600 M gy e B b S KRR I
JRAEET, AT WX S R A R R R,
Bl PR T AR RS R B A . A SO R
fiti AprG X P ERMIEAE, PEhFRER SN
AN, AEATERER S R, 2B
HE, MOPBSHWENRRE, ARSI Mk
B TG RE 5 1E 06 Ry 2K A 19 2 3 R s 3 i /K
AR, AR ReUKZ IR, e 8
T RAEA: , B e i 2P B by v LAAE B S e rp A 2 1
P BAN, ST AprG WA R B T AL, H
PSS AT AR N FANME . 4SSO AprG 78
ATl H e o PR T RIS A
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