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Cloning and expression of keratinase gene from a
marine-derived Pseudomonas aeruginosa Gxun-7 and
enzymatic properties of the recombinant enzyme
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Guangxi Key Laboratory for Polysaccharide Materials and Modifications, Guangxi Key Laboratory of Microbial Plant
Resources and Utilization, School of Marine Sciences and Biotechnology, Guangxi Minzu University, Nanning 530006,
Guangxi, China

Abstract: [Background] Keratinase is a kind of hydrolase that specifically degrades keratin, and has
important application potential in animal feed, biological fertilizer, medicine, washing, tanning, and
environmental treatment. [Objective] The keratinase gene of Pseudomonas aeruginosa Gxun-7 from
marine environment was cloned and expressed, and the enzymatic properties of recombinant enzyme were
investigated, which laid a foundation for the application of keratinase in industrial production. [Methods]
Based on the putative keratinase gene of P. aeruginosa Gxun-7 genome, primers were designed to obtain
keratinase gene kp2. The recombinant expression plasmid pET22b-kp2 was constructed, and transformed
into E. coli RosettagamiB (DE3) for induced expression. Meanwhile, the expression conditions of the
recombinant expression strain were optimized. The recombinant keratinase was isolated and purified by
nickel column and its enzymatic properties were studied. [Results] The molecular weight of recombinant
keratinase was about 33 kDa, and the optimal temperature was 40 °C at pH 8.0. The recombinant
keratinase had good stability at temperature of 30-60 °C and pH 6.5-8.0. Metal ions including Co®" and
Cu®’, and chemical reagents including sodium dodecyl sulfonate (SDS), ethylenediaminetetraacetic acid
(EDTA), and phenylmethylsulfonyl fluoride (PMSF) inhibited the enzyme activity, whereas Mg®", K,
mercaptoethanol, and dithiothreitol (DTT) promoted the enzyme activity. The recombinant keratinase
showed good salt tolerance, and the relative enzyme activity was 87.55% under the action of 12.5% NaCl.
When casein was used as substrate, the K, and V.« of the enzyme were 60.92 mg/mL and 9.70 U/mL.
[Conclusion] The recombinant keratinase from the marine-derived P. aeruginosa Gxun-7 has good
stability in temperature, alkali and salt, which can be applied to industrial production in the future.

Keywords: Pseudomonas aeruginosa; keratinase; heterologous expression; enzymatic properties
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2xSuperStar Plus PCR Mix 25 uL, DNA 2 uL,
kp2-F/R 51#)(10 pmol/L)4% 1 uL, ddH,O 21 pL.
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1.2.2 BERIEHMAEHLE

P 1 IR15 1Y A R TR ¥ F DNA
itk &gt , LA Nco 1 F1 BamH 1 #E17
W) AL 3, I I 2 B 2 A0 W) XS T Y
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ZH DNA AI#itr, DL kp2-F. kp2-R N51%, ¥
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H. W kp2 JP 5 $E3CE] NCBI, 3545 ) GenBank
RSN OM992359. ¢ 41 HE X4 #r & BRL,
kp2 5 NCBI 2347 i 4 S I L 7 KS-1 Sk
0 £ & L R KP2U S AL 99.93%,
JBF M4 EARIK, il 475 R . A
SMART (http://smart.embl-heidelberg.de/) > Hr
EA S, g5 R LI E A H
FTP .PepSY .Peptidase_ M4 Fll Peptidase M4 _C
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Marker; 1: kp2 F:[H PCR ;=¥

Figure 1 Keratinase gene amplification. M:
DL2000 DNA Marker; 1: PCR product of kp2 gene.

M: DL2000 DNA
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Figure 2 Domain analysis of keratinase.

2.2 EERIEF pET22b-kp2 HIFIE

W kp2 FEHE R 2R AR pET-22b(+) I
G Tk pET22b-kp2, FFH Neco 1 H
BamH 1 AT EEYIERAE, 591K 3 FR,
AR LY G138 2 A&, — &7
1500 bp Bk, 5 kp2 FEHEKPN—5; H—5%
KF 5000 bp, HLMM pET22b(+) Tk K /N—
2, [FIN L R IER, i I TR
F R ) .
23 EHREAMIESFRIX

YA D E AL BUR, pET22b-kp2 Fi 4k
#| E. coli RosettagamiB (DE3)H, #7584 H
o 4 IPTG 5)a, HAWHAMAEANG
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2 000
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3 EAFRAAWNEETIEE  M: DL5000 DNA
Marker; 1: pET22b-kp2 EZHJHAL; 2-3: B4
ki Nco 1/BamH 1 XL 4]

Figure 3 Double digestion identification of
recombinant plasmid. M: DL5000 DNA Marker; 1:
pET22b-kp2 recombinant plasmid; 2-3: Double
digestion by Nco 1/BamH 1 of recombinant plasmid.

300 400

$3(27.92 U/mL), fii X B8 B A 6 00 1) il 3% 77 o
[, #E17 SDS-PAGE HLIK4r#T, 4550 4,
HETHSEOXRE, B350 EHWNE
33 kDa i B0 1 AEE B B A E A, R
T2 A B RN SE BT AE M A R P Y S U
LKk,
24 FESREFHMRL

Shy B v 20 AR AR AR AT B Y R
B REFE S, X IPTG #E . ODgoo. 531
FEANS SR e . SR AR, X 4 A4
PR 2R 0t A i 1) T 8 1 SIS 0 i R K
1M 5B A i 5 RS 7 2 EAH G (& 5.

kDa 1 2 3 M 4

45

36

25

B4 ERAFEEMHIBIFE  M: EH Marker;
1-3: E. coli RosettagamiB (DE3)/pET22b [k . %
M5 b3 . BEREETIRE; 4-6: E. coli RosettagamiB
(DE3)/pET22b-kp2 B . W) B3 . Wl Js UiveE
Induced expression of recombinant
keratinase. M: Protein Marker; 1-3: E. coli
RosettagamiB  (DE3)/pET22b  bacterial liquid,
broken supernatant, broken precipitation; 4—6: E.

coli RosettagamiB (DE3)/pET22b-kp2 bacterial
liquid, broken supernatant, broken precipitation.

Figure 4
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Kl 6). B%E IPTG WA N, HEAME N
&AW RS, 24 IPTG ¥WEEH 0.3 mmol/L i}
S S i, N 32.99 U/mL; 24 IPTG ¥ JEF#
i 03 mmolL K REEIE S AT E, 4R E
31.00 U/mL (l 6A). ODgoo 7E 0.2—0.8 LI,

HEAME A AR, B2 ODgy N
0.8 B 4/ &K FHFIE 18 33.26 U/mL, 4
ODgoo ¥EINZE 1.2 B F4H 1 25 TG JIREAK
3.52 U/mL (Kl 6B). R HFRENIEM, &

AR S ) R R R IR G, i
RN 30 °C Wil G WA A R, i
1% 7120 34.09 U/mL (& 6C). 7E£30 °CiES 8 h
NS SR, A 45.38 U/mL, %S INHA] 1 4%
Spn S A LRI, S BUE R R
(Kl 6D). Putk, 4 ff 8 iRk 1 s A
AR IPTG WEEN 0.3 mmol/L, ODgyy N
0.8, FHSFIRE N 30°C, FHEFAE N 8 h, AEE
J13ik 45.38 U/mL,

A

kD
45

36

25

1: E. coli RosettagamiB
(DE3)/pET22b K% S; 2: E. coli RosettagamiB (DE3)/pET22b-kp2 Ki%ES. A IPTG ¥ X %Kik
BEMT; 3-9: E. coli RosettagamiB (DE3)/pET22b-kp2 i F(IPTG #¢ 0.1, 0.3, 0.5, 0.7, 1.0, 1.5
A1 2.0 mmol/L)., B: ODgo ¥t KM MN; 3-8: E. coli RosettagamiB (DE3)/pET22b-kp2 55
(ODgoo 7 0.2, 0.4, 0.6, 0.8, 1.0 F11.2), C: FHFWEXEARKIKMFN; 3-6: E. coli RosettagamiB
(DE3)/pET22b-kp2 55 (iF IR N 20, 25, 30 F137 °C). D: iF AN EARIEMEN; 3-8: E.
coli RosettagamiB (DE3)/pET22b-kp2 %5 F (A 2, 4, 6, 8. 10 Ml 12 h)

Figure 5 Effects of different induced expression conditions on the expression yield of recombinant
keratinase. M: Protein Marker; 1: Uninduced E. coli RosettagamiB (DE3)/pET22b; 2: Uninduced E. coli
RosettagamiB (DE3)/pET22b-kp2. A: Effect of IPTG concentration on protein expression; 3—9: Induced E.
coli RosettagamiB (DE3)/pET22b-kp2 (IPTG concentrations of 0.1, 0.3, 0.5, 0.7, 1.0, 1.5, 2.0 mmol/L). B:
Effect of ODggo on protein expression; 3—8: Induced E. coli RosettagamiB (DE3)/pET22b-kp2 (ODggp of 0.2,
0.4, 0.6, 0.8, 1.0, 1.2). C: Effect of induction temperature on protein expression; 3—6: Induced E. coli
RosettagamiB (DE3)/pET22b-kp2 (induction temperature of 20, 25, 30, 37 °C). D: Effect of induction time

on protein expression; 3—8: Induced E. coli RosettagamiB (DE3)/pET22b-kp2 (induction time of 2, 4, 6, 8,
10, 12 h).
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6 FARIFSREFHNELHBEOIFNNREM A IPTG KX BHE JIHIFZW ; B: ODgoo ¥
TG SIS0 s C: 5 IR BE XS BTG SR SE0a s D U5 ) %) B 7 i 52 0
Figure 6 Effects of different induced expression conditions on the activity of recombinant keratinase. A:

Effect of IPTG concentration on enzyme activity; B: Effect of ODgyo on enzyme activity; C: Effect of
induction temperature on enzyme activity; D: Effect of induction time on enzyme activity.

2.5 EEFHWHAEK

e E R PR 20 W e A T i R E AL A
FEABN RS, Ry B2tk 4l
g R 1, aifb)s Al M & AR S
Jy 427.48 U/mg, [HICENy 35.14%, HAAME
IR SDS-PAGE kil 45 5 anidl 7 s, 458
FEAl AL 5 15 8] — 2k B — LB M Y 2507, A

*1 EHABERBMIOAEEER

FE2H 33 kDa.
2.6 EHAZAMAEEFMER
26.1 REREMBEREM

WE 8A Fiz~, T AR Y ol &
YR BE N 40 °C, £ 30-70 °C 78 Bl N B e fR 4
1o B 77 (>85%), 1 FH i 4 A A 11 i I R
NI IR v . W EAMBEARORE 1 h e

Table 1 Purification results of recombinant keratinase

afi Ak R S BN LU T EN S alifb 55K
Purification step Total activity (U) Total protein (mg) Specific activity (U/mg) Recovery rate (%) Purification fold
eI 35 34 127.08 636.30 53.63 100.00 1.00

Broken supernatant

B 11 990.75 18.05 427.48 35.14 7.97

Nickel column
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1 2 M kDa
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e
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| e—
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e -2

7 ERAELEAG M. H Marker;
1. EAMEABHR; 2. dfbmEAME
1 i

Figure 7 Purification of recombinant keratinase.
M: Protein marker; 1: Recombinant keratinase
crude enzyme; 2: Purified recombinant keratinase.
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87.95%; pH N 9.5 BF S JyEAK, (HAR X
G117 80%, ULBHEE M A A pH J
I3 R 4 B . pH FRE MRS I 25 SR (K] 8D)YR W,
20 £ 8 (1 BE7E pH 6.5-8.0 KB 1 h )5 I 4 i
J1E T 85%; A pH M 8.5 BF S 1 2 ™
{EABRT A IS AR 2] 60%LA |, 16H % B RE it 52
TRBsE RS, 24 pH Ky 8.5 B, %[ Tris-HCI
Gz PR RS E PR R T Gly-NaOH ZZ /i
2.6.3 R¥EFRM

DA [ 49 JEG 47300 e 2L ) 1 T %) 3 12k
5L ULE 8E. AL AR N K AR A
SREYKARRE S o X E K RE TRz, A
XTEEIG M 50.43%, H I AR RS 1Y 172,
A fAEAER e ST, BeAh, IZEERE REK
A= MLE B FURCE B A, SR H 4 AH X il 1 4 4y

B 9.23%F1 2.8%, 1 LAk & A1 A K Is
TR 1) 2% il 1 0
2.6.4 NaClKEXEE NN

NaCl ¥ B X Bis 71 52 m an sl 8F Fios
24 NaCl VREEN 2.5%HF, T2 A 8 11l 0 3
fer, FAHXT TG T8 %) 104.97%; 4 NaClif
JEE T 2.5% ) B TS B WAL, 7 12.5%
NaCl 451 T 2 B0 36 M fe K, (EURF X g 7
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2.6.5 EERINFEH

DA [w) e J3E 1) 1 25 11 A Ry R ) PR 9 T 20 £
EABF ) 12w 5, 45K 8G R, &
] Lineweaver-Burk XUFIEUE K, 75215 i
RPN y=6 280x+103.1 (R*=0.994 0),
A K RHE L Kn 8 60.92 mg/mL., Vi H
9.70 U/mL.
2.6.6 TREEFIEENNENM

ANT) 4 g B 1 0 4 AR B RS D W R
W25 RANE 2 R, YWV AR R Mn®", Ca®”
A1 Si* W BEIAF] 0.002 5 mol/L 1 0.025 mol/L
IF, k2 AR AR S A — o AR R
Hodr 0.025 mol/L Ca” (R MU R F W i, #55 A
XTREEE T 1.58 %5 124 Mn®", Ca’"Fl Si*'1
WeEHE 2 0.25 mol/L I WG A%, 205N
70.84%. 56.24%F1 77.11%., Mg* il K xf & 20
f A AL VR, (B KT e R P g
S, Co™ I Cu™ it 5 21 ) 4K 1 XS A7 AE 3 i
FH MR f o, Ve AR . AV FE M
47 0.025 mol/L Bsf X 55 41 £ 25 1 i A 52 M AR /)N
7 e B D B A R AR
2.6.7 LEFIRAFIXIEEIE AR

=k 3 fos, EAME T BEEA R0
WG 22 S . i, S NEER DMSO X
filg i S5 # /N, T SDS B W A S
5.0 mmol/L 4 SDS ffi#58HE 11 JL-F- 58 ek
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Figure 8 Enzymatic properties of recombinant keratinase. A: Optimal temperature; B: Temperature stability;

C: Optimal pH; D: pH stability; E: Substrate specificity; F: The effect of NaCl concentration on enzyme
activity; G: Enzyme kinetic constant.
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*2 ERBETHNEAAZELEFENNZWARN

atE, %)

Table 2 Effects of metal ions on the activity of recombinant keratinase (residual activity, %)

ElRET e FE Concentration (mol/L)

Metal ions 0.002 5 0.025 0.25
Control 100.00+2.77 100.00+2.77 100.00+2.77
Mn?* 112.32+3.14 122.74+3.51 70.8442.32
Mg?* 125.48+2.96 122.58+2.75 101.68+3.06
Ca* 116.11£3.24 157.53+6.85 56.24+1.96
K 141.0622.83 124.48+2.10 122.99+5.68
Sizt 144.27+2.09 104.37+5.02 77.11£2.71
Co? 96.00+4.42 61.05+3.17 30.2342.46
AP 102.95+3.74 4.73+1.34 5.02+1.71
Ccu? 91.26+3.40 0.33+0.51 0.00+0.30

*3 WERAFANELAAELEENNZ AR

atE, %)

Table 3  Effects of chemical reagents on the activity of recombinant keratinase (residual activity, %)

b2 ¥ Concentration (mmol/L) L AR HJ& Concentration

Chemical reagents 2.5 5 i Chemical reagents 2.5% 5%

Control 100.00+2.77 100.00+2.77 i Control 100.00£2.77 100.00+£2.77

EDTA 5.97+1.24 8.55+0.29 SN EE Isopropyl alcohol 111.30+3.11 118.60+2.05

SDS 53.07+2.72 5.59+0.33 1 DMSO 110.51+2.40 117.02+0.31

PMSF 15.96+1.75 7.03+2.07 i it & Z I Mercaptoethanol 503.65+5.34  511.05+10.25
» DTT 521.91+4.52 545.59+12.32

PMSF “H 22 Fa & IR AIEIR, 7€ 2.5 mmol/L
R 21 £ 28 1 BB TR B 15.96% 1 AR X S
24 PMSF ¥ JE N 5.0 mmol/L I 4 1% Hy
7.03% . EDTA &4 J& & 15 ry 30 il 7], 78
2.5 mmol/L 11 5.0 mmol/L A EDTAYEFI T, %
Fil A XG5 h 5.97%F1 8.55%. iR
i BRI DTT R 2 i =1 40 A 25 TS 77,
M H YRR R 5% 3 B Y % o A
B R 511.05%F1 545.59%.,

3 iEE#

AR IS — 2 AT AR P B SR AR T PR
Y2 miE B E FOK R CHOER M EH
M E R IR T AR . ER M R, KAk
SNSRI TN RaE S /b b AR o0k 4
TE A X U200 B A 2R R 22 N T S
FRTE , A3 R OK 52 BT R TE

O 2 A W 27 1 2R 1 010 R 1 A ) T 2k

HokBYL GEAER, BN E LR
T2 MEAEEEE, IS TR HE
(5 IR IR ARBFGELL pET-22b(+) K ik
Jiiki, UL E. coli RosettagamiB (DE3)} 15 3
B, SRR R A SRR T Gxun-7 B AR
FIREIE R kp2 P75 IR K R alifh . &akis
B2 A B A B F 2R 33 kDa, Sk E
HIFF B PWD-1 (33 kDa). [ FAMIEE MS21
(30 kDa) FIA% B 2ZE AU FF I KD-N2 (30.5 kDa)X%
VR £ 26 PS> TR P R s f%
TR . RIBACEE . BAERTR . HHRER
ik, BEARKIEAMWEERK. pET-22b(+)
FkL A1 pel B AR5 IR KRG = 2R
K HRZ— MAE NS A E i,
TEBFA AT PR L 20T, A S e AT Sk
MVER T IE#YTE, fSaidEad A shifb LB
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SRUAT AR TS T AR TS R R
HMEAMN S FRELN 33 kDa, /MFHIE
{EL, TTRE f1 T2 W 1) 45 #4357 A 1S IR 1Y il
YIS, FEEARBSR A SRy, 5
FE A TR /N L 2Z RS IR SE T A
E AR SRS, JF RS IREEA
Feknl R 2 A BB IHEEPY, Rajput PR
SRV MOE SR R B, AR AT R IR G £
FEOMARESEAKY R SHAR T B &R
Fto FATE 2 b w2 sl 4 o 1 S RS
frakak, 45 % BRAS BE A & AR R 2
TEPE, TR S IR 25 1 5T B S 4 & ke
FNTC AT ACRIE R . BT IKTE M B T &
2 AVE FH R ALRLA 7 i — P IR ADEE .
ALH R RB SRS EAE N RE G
TN EE, AWFFREI PTG ¥E . ODeo.
TR AN S 4 AR R T, S IPTG
WA 0.3 mmol/L By 25 41 £ 25 11 S 013k B i
W, N 32.99 U/mL, 42K IPTG HRE, i
G I FRAREE I, REWER IPTG X4
WS EEM, MEEANREL, HikE
ODgoo X HE AR F W HABKEZMN . 2 ODgo />
F 0.8 BIES, WHRKEM, AHFAK, B
HEARBRELD; 2 O0Dgo KT 0.80F, HEFRIHE
IR 3 R TAS BRI A2 R A AT B Y JE R AR,
W FEE AW REE D, B, TEAMAEAM
PR ODgoo 4 0.8, Fang ZECH KT
AN Y. NSN B & F, 4 ODgyo M 0.8
IHAZ IR M ) ik e, AR R —F
EFFEELRE R LI, T MEAM
7E 30 °C if5 2 B BTG J1 iy, 4 34.09 U/mL,
ULH 30 °C £ T KW Ak F i A Kotk
A, BREANEER, AFTHYEAIE
Wi S, 7€ 37 °C i HHIHE ) RSB B
FEAk, mIBele U2 il g | e T Ay ™ A

1A AT AR R IR R I AR A, ARG
&I A A R R RS SRR 8 h,
kL e K AF TR, B S R AR, S
g 16 JIBEAR . DR UL A T EE 4 A B R AR 1Y
RAEVE S &M IPTG ¥E N 0.3 mmol/L,
ODgoo M 0.8, FHERIREN 30 °C, FHEFHHEY
8 h, HALAMHE S I 4538 U/mL, (&
F KM ¥ 1 5 U8 3% I8 A AN 5 ZE AT i B-3
(14.8 U/mL)™F AL 28 #94F 4 (38.2 U/mL)P
SRR A B 1S D

2 A AR G Y Bl SOV R 40 °C,
5 S 2R 5% B M R DHHY S TR B £ 2K 1 B —
Y, 3 HAE 50-70 °C WHIEMEER LA S, W
JEVE A TE . [AIRHZRETE 30-50 °C &M MR
PERAE, T ELAE 60 °C AbFE 1 h J5 3R A TE PEATS 5%
ML 70%, T A 2RO KS12 SRR Y £
T I S 77(61.4%)°) 40 1 28 (1 1Y)
I if pHIE M 8.0, S EME AT, itk
REGTA TOA-1 VR I 8 B AR R T 2514 T 2
A e RIS PERY A BT i pH AR e
PE, 76 pH 6.5-8.0 yu I NALHE 1 h JE 5k ARG
16 85%LA b, 7E pH 9.5 WERAEHE T
60%, fLF W& A BRI M A B, AR R
HIE L AR I EECT 4 e B Rk 22 e
HAH M E BB, 0.025 mol/L 1)
Mn*", Mg*", Ca’" Fl K'4 54 B i6 /1 #2
22.74%. 22.58%. 57.53%F124.48%, X414
J& BT RE R W 0 R B R, R AR W Y
SEAREE R BTG SI 3. Co™ Al Cu™ X iEh
HAEMEER, RS RE T 5k E R
N, BEIR T EERY A (S5 H , 3 e R PR
C11 SRIEM fE A AL, EDTA 1 PMSF
Il T %EE 90%MEYE, RUIZNE T2 AR
G B E T H A A AR A R T
SDS eI S Ty BEAIG, M 2s SR 5 % o v ok U
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F) F B T — 2, R0 T R R e S Y
EAY, BIRBER . SR A,
5.0%1)50 3 LA DTT RENFBEIG 143532 55
% 511.05%F1 545.59%, WAL el BE
AHBEEAN S . % EA BRI NaCl N 52
PE, 2 12.5%09 NaCl Zb 35 5% 4 g J1 75
85%, SHIAKZEMIFFE SWIS333 SRIEMI M E A
B AEAL, X AT RER TR IR TR R,
RERSTE B $h VR B AA7E T AR R I BE 2211 7
RIERYBEAMENT, EAMEARY
Ko 8K 60.92 mg/mL, TiHVH 2 H0FT B 2 s
Jel 2 AR TR R TR 1 A B 1 K AR 2R
Kl 53510 15.24 F14.64 mg/mL, ik [6] 3k
TR 1) A1 2 11 X T B 1 Y R AR R D ORTR), AT
A YEIAS ) Ky (AT

RIHFTEI T P. aeruginosa Gxun-7 fHE
ML kp2 FERIAAT R 0 il ik . EAME
I F R0k 33 kDa, Hol i pH {55
A1 40 °C Fil 8.0, 7EILE 30-60 °C ., pH 6.5-8.0 1
FEl N PR AR R E o X FRE®X EDTA F1 PMSF
i, BT 29K e RE R, gLy,
Xof s A8 11 FH A 2 1 R BT R ORIt
20 A 2R R R AT 0 T s R A A R B A R
1 B2 A Tl rp LA W A 1 1 R A
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