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Abstract: A feather-degrading bacterium was isolated from a sample of discarded feather in the chicken farmland of

Sichuan Agricultural University.

WU Qi, HAN Xue-yi (Key laboratory of Biochemistry and Molecular Biology of Sichuan, College of

Relative experiments about its morphological, physiological and biochemical
characteristics and 16StDNA were conducted. Results showed it possessed typical characterizations of Bacillus subtilis.
Therefore, it was identified as Bacillus subtilis and named Bacillus subtilis B-3. Afterwards, the nucleotide sequence of
the keratinase gene was successfully amplified by PCR utilizing its genomic DNA as template. The keratinase gene was
further cloned into expression vector pET32a(+) and was highly expressed using Escherichia coli BL21 (DE3) .
Sequencing result revealed the kerC gene was composed of 1146 bp which encodes 381 amino acids. And the sequence
alignment of kerC showed it shared a 100% similarity with the kerC gene from Bacillus subtilis strain YY W-1 submitted
in GenBank (No.: EU362730). The activity of this recombinant kerC was 14.814U/mL when induced by IPTG. And this
recombinant enzyme (fused with E.coli thioredoxin) was purified by His-Tag. SDS-PAGE analysis demonstrated that it
had a molecular mass of 60.0 kDa. Subsequent tests validated that the optimal temperature and pH of the recombinant
enzyme were 65°C and 7.0 respectively.
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H R ST rh KLU T A ) R o0 WA A B 1 ISR 1, 28
£ R e PR b A A B ) AR B AR E
H a5 AR FE AR H AT 074 AR 2R
S BN & DR AE P T
FHU AR A 7 e T TR A B 2R b
PSR R AR AT HOH TR B R SR,
P ) B e A B AL & o 2 M SRR,
SCRIR, A R PO R A N AR b N HE IR 3 5
A TR T R, AT AR B A R R FE )
)R AR Ak S R 750t 78 43 R
XL B R 2 RO B R 1 o vDR R
N

A7, B A5G T i A DT A 0t 5 32 2
LEHRTE kerd, kerB ZE5K 0 A kerd M 9THRIE
e NIEW). 51, kerB LA 2 R 2 LB
() R IBE A, FH 1434 M RRALIR T 3 8 2 1
filg BAT DR S1 (A — AT PR R Asp32.
His63 Ml Ser230 ZH . I CLARE I B Ay B A1)
FEo [ AR AUFT I PWD-1 ) kerd JEI® gt
4hLiang “PHRIE 50 T A S kT (Bacillus
licheniformis)L-25 1] 85 ARG KN kerB, 314
kerB FEII e N7 £ ER BRI B A8 R 2 AR 1R

DB104 [# PRV, SCBL T kerB IR JEDIARIE.

Radha %550 [ T 3 A 2 FUFT B MKU3 P £
1 R DAL, A K P AT o R K2 R 1
k.

ARG T DL B AP B Sl A= 0 AT 00
Jiliide, 4 2 T HATR AR B UG D (KRR, HEA T
T HEABED kerC K 5ERE, I HCEBL T kerC
% SRR TE.

1 MR5ERE

1.1 Mk

110 FERCRYE Mzl DU )1 AR ML oK 243755 3
HERY) % 5P B A R, KIIAT B Escherichia coli
DHSa k) A S5 % ARAT ZRIK B A pET32a(+) F
Pk BL21(DE3)I H 3 [F Novagen 24 #);5 4 I

Y AR R A E ) AR B A =) 4
1.1.2 IR fE TR SR B pH (HIE
G B P TR IR pHT 2~7 4, & SR R pHT.S,
I R s IR pHT.5, 8 0 Ak pH7.5; LB kf
F54E pH7.0~7.5; LB-Amp(Kan)}; 753k 9K
100pg/mL 1Y) Amp 2% Kan.
1.1.3  BHRAUTR. KT B DHSa. RIATE T
A K BT BL21(DE3). #8544 pET32a (+),%
& pMD-18 T Vector.
1.1.4 T HBEGRE R BR S A DTS
DNA Marker. Protein Marker (Low). Amp £1 Kan
Iy H TaKaRa 2> #];Pfu DNA Polymerase. dNTP
mixture W T RA AR AT B2 7 Al ) &
Y H Omega 2wl {44 B IgE . IPTG. N
PR RN, N0 HE 6 00 P 94 Bt Jie 300 - Sigma 23
2R (R RIRE R Y F Oxoid A ), =5 LR
(TCA)SE AR A 23 A 2l ).
1.2 Jiik
121 PIEFMRERT 7 B aith & ¥4
WAFESZ) lem KIHPBIRA G T 30°CHHE
BrRMh E R IR 3040 1g WAER LR
100mL A& S IR AE gkl m AR R 7d )5,
U ImL WA s A E5 78k 2 100mL AR I 77
Ferp 15 95 F B R P B W S R AR S 0 B
FEEEFERE(10°, 107, 10°° 3 ANBREDIAAT T 82 17
PR IR S 43 2 Al AR K BB T R I B R T R
T BRI 7R

¥ o3 B B MR T 5 — WP £
Al SmL K RS 25 3L I (10mL) H,37°C i B H
TR B e =S R Y H 11/ R

WA T LB 5577 5E,37°C L 200r/min
PG B IR LA A BT AD L 1%
PR R R R 7R3, 37°C L 200 r/min PR E 7R S
P54 B AR, D 5 1 2 A B I S ) AR P B %
ARSI 565 RSP 7 R IR AR 6, I IT S P R A R 7 I
HH P B A B ) B SR R TR AR
1.2.2 BRSE WSRO
TIEE NSRRI AR O LA RS04
SEFAEY IR E R T YIS 402K,

WA IF A B 16S rRNA JEKTE 514
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P,,5 ~AGAGTTTGATCCTGGCTCAG-3",Pouns
5'-TACGG(C/T)TACCTTGTTACGACTT-3".PCR
Y1 5 gl =4, 5 pMDI18-T Vector 4%,
HHe4 K FF B DHSo %52 541,75 LB-Amp
SPAR GRS BRI R VR 21T PCR %0, BiFS|
Y] P(M13+):5'-TCTGGTGAGGATGTTAT-
CATTGGGAA-3', M5 T4 P (M13-):5" -
GTTCTTGCAACCTCTGCATTCA- AAAGA-3'.
XF PCR 47 FL KA WU, 0 326 I 478 o i 16 B i
F%(SinoGenoMax) & K 4 iff 5747 FR A &) E47 7 51
ME.

1.2.3  MECBGREENE A EEEE
SEJTIES P Gradisar 19716 R JE RS
BB K BB 4000r/min 2500, B0 1mL _E3EW,
oA 10mg PEHr. 2.0mL 0.05mol/L Tris—-HCI
(pH8.0) 2% 1 ¥ ,50°C 1H I 41 3% /K i 8 h e [
(200r/min)1h, I 2.0mL 20% TCA 1 J )3, i
& 30min, 10000r/min.4°C 2.0 5min, i35 AE
280nm LI E Asgo (. N HITRI I 20% TCA [¥)

A EE B ) B e SCAE IR RN A
0D {HAER AN 0.100 2 1 ANEHTE J1 #A7(U).AF
ANSERE 3 AN P,

12.4 EAFE RN SBH Bradford 14 L)
A L3 R 1 (BSA) A FRAERE .

125 HMWEKMwE ¥ GenBank:
EU362730 341, H AE Y5 B 5 8 A, w5l
Y P,-GTGAGAAGCAAAAAATTGTGG, P,-
TTATTGTGCAGCTGCTTGTAC. L. Bacillus
subtilis B-3 B K2 DNA W AAR, 4748 kerC LA,
T &AL 0 3% B bR B e 4b 1, ZE AR T VL TR
1.2.2.

1.2.6 HEHRIAFAAKIME &IF519): Py5-
GACTGGTACCGTGAGAAGCAAAAAATTGT
GG-3' (FRIZE A Kpn T V1AL £,
P,,5-CCGGAATTCTTATTGTGCAGCTGCTTG-
TAC-3'( FRIZEB7> 4 EcoR 1 EE VAT £5). LA
Bacillus subtilis B-3 &K 41 DNA AR, & PR 2
F W kerC J7 4. XU V)AL B PCR 7= 4
pET32a(+)J5, & ¥4k BL21 JE ik B M1k

T, AT REAT B L XD 46 o K %5 52 IR
Al 1w % N pET—kerC.
127 HEHREKKNIESTRIE 77752 W Radha
2O 59k,
1.2.8 His-Tag 5FMZEHT  HEAN 0.45um 1)
T FL MBIt 308 8 7 e o e 4 7)o S A
AN 275E ] binding buffer T4 () His-Tag
SRRNAiA A, & 5 1xwashing buffer(AS A& 5
BEBKMEWERFEIR 3 ¥k, 1xelution buffer YEIFEIA
5 ORI ISCER JE BT L WU i i D, 9 SDS-
PAGE HLK K 41 £ 2K 118 kerC (K2R3,
1.2.9 18 55038 I 33 AR 3t o A e
RIS R (LS A 30,40,50,55,60,65,
70,75,80,90°C N 5 10mg FERJEY X 2.0mL
50mmol/L Tris-HCl & #E4T & MN,1h J5In A
2.0mL 20%TCA,E## 30min,10000r/min 4°C &
Ly Smin B _EVEWE 280nm A s Y LA, LA
BT 5 e A 100%, TS LA IR 2 T 10 s
W38 > 50 1R B 20 IAE b IR A I B R
PR 10min, F57E S0°C NI a2 % AR Wy, SLAth 20
R 1) o L 5 )00

1.2.10 8 ABEROE N pH EA pH AR
PEME LA 10mg P BRI, 00 2mL AN [F] pH

{8 ) 50mmol/L Tris—HC1 2% #F AN 1mL id 245 ¢
(FIRFI,65 C 41 N M. 1h JEIIA 2.0mL 20%
TCA 2 1F 5N, #E 30min J&, T 10000r/min 4°C
B0 Smin, IS WEAE 280nm Ak Bb 60 & )G Be{H,
CARES 5 5 10 100%, 15 34 pH (451 F
A

KEM MmN E AN pH A1
50mmol/L Tris~HC1 Z& 3 - £ 30min &, FiE
50°C NI e Bk AR S 7, LA s S AR A 100%,
THE LA % B AR AR .

2 %R

P AR TR R 1) 23 85 5 0 i

TR W A TR R 3 B B T BRAAT REW
A [ iR P B RE 0 1 40 VR B b T ) B R A
56, FE AT 7 BR AN T (¥ ) B A E 7, L vk B3
X e B B AR AE T ok 22 7dM R EWTE

2.1
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B¢ i P il A7 e B AR R R 5,56 11d, AN AT L
PIBI TSI, 50 15d, 38 1 3P B T — 28
A 5E A AR R %) B B3 A0 00 A0 AR DGR 17
14 ) LA PR 2P B A AT e R R 5 (1), )
I 7 R A0 A A IR ) 1 B 1T B N 0, B R
B-3 ¥4 £ 1 B S S5, 18 21 2.3U/mL, F LA
0 356 1) 1) B B4 ) =6 1) 11 Aok B8 5 1 AT 3 A
PR R AR RE T (1) S 58 45 R — 3L B-3 B AkdE
TR T

by

7d I 11d
1 P FAR SE 5
Fig.1 Analysis of the feather-degrading ability of B-3
after the feathers were incubated at tube for 7, 11, 15d

CK: B #;7d,11d,15d AR B B-3 f5## & 7d,11d,15d

2.2 CHEREMETER B-3 BB EE

WITHFH N B-3 B v 5 R 8, 3R 115, A 4
A A GAEESS FL A L ANE L C R TG B
BE T OB Z R A R A G MR, R 1.3~
1.4pmx0.9um, H5 41K, 19 iy 4 (53], TG = A S e
JSCER B R B A, AR 2R AL R R B3 AR B AR
R FRRA S SR NS 1 o,

MR TG A 2R S AR B A R I 45 R, 5 5%

CH WA R G5 E T U K wikk B-3 w120

Y58 ARG FLZE AT B (Bacillus subtilis).

B-3 FFEM 16S rDNA 741K Ky 1514 bp, 5
R B ZEFUFF IR YY W1 ) 16S rtDNA J7-471 ] Y5 Pk
IEE] 100%, 737KV b 58 e % R PR Ok bl 5 2
AR, FE v 44 N Bacillus subtilis B-3.
2.3 HIWHE e b S s B2 oA

LA Bacillus subtilis B-3 3£[R2] DNA A

B,P1/P2 514,347 PCR ¥ 14 3k45 kerC LA
(GenBank No.:JN021789).kerC H: R 4= K 1146
bp,GC 7 & 46.5%, % i3 381 Ma R, 5
GenBank 4 2 b X & B kerC JE R 5 2K A
Bacillus  subtilis  strain  YYW-1 [ kerC
(EU362730.1)HE A 7 41 [A) 5 13k 2] 100%.

Fz1 B B3 MAENMETFUHELEELER
Table 1 The biochemical identification results of strain
B-3
B-3 e B-3
Y dRbR itk Y IRbR ik
TE i A A + TR 638 LA +
REAEK + AN -
V-P il & + 2 KCL
V-P 57 %¢ pH: <6 + | BFERHRE SR pH: 6.8 +
>17 - 57 +
FE R A DA 4 + |44 NaCl: 2% +
IRTEDA(ER + 5% +
D-AH + 7% +
D- 1 EE il i - ERKHFRRE: 5C -
AR SAER S - 10C -
IKARAE A + 30C +
ek + 40C +
[N ND 50C +
M s ND 55C -
ANERN NG - 65C -

RN S N PR R S 5 N 1 ND R R A
W5 5 %o fRRAE KR FINaCIIR 5 wr v

%t DNAman fll Antheprot 434 kerC & —A>
15 SO A, 058 21 AL TR 2R A HLEA T AR 5
[X 35 50 Hr, &I Peptidases S8 Subtilisin subset
A1 Inhibitor 19 £5#4[X 4,2 W] 'E & T~ subtilisin 5
W kerC T 3 MRS R0 il 2 22 2 R o A g
(IR ML B RN 22 G BTG YR A, HoA
22 R AR NPT DR AT AN A [
2.4 EARIKBARME

BENLPkIE 4 WAL 74T PCR %€ 4 P
67l R PCR ST 18 Hi KA 1146bp Zi 47 H
(R B ki e R WP E X 4 SREA T
PRI BAVERAL (B 2)50F 1 5 SRS fl 5~
NEFE 2 hfLIE 3)FRMUTTRLIF R XD
Y58, SR IR EcoR T3k Kpn T B#Y) i T LA
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FIK/NHK 7300bp ZeAa )45, 48 EcoR 1 #1 Kpn 1
XD i m #5331 5900bp A1 1146bp A2 471 2 454
7 L A% 45 /NN Bk Pet32a M H I B
kerC K/N—50 TR 15 B 4L 132 2200 e,
&5 BRI A RIL TR pET32akerC F%
.

1146bp

7% PCR HLIk 45 B

K2
Fig.2 Electrophoresis of colony PCR products
M:DNA MarkerlII( H 1M1 F:4500,3000,2000,1200,800,500,200bp);
1:BAPE XS A2 ;2: B 1k R 41;3~6:PCR F=4)

EIRZNCpy NN S SN
W AL TR R 0 5 3 A AR R SR R AL
J&,FIFH SDS-PAGE HLykA (K 3).45 % Eon
RS- 60kDa Hi BB A= 46417, Bl
AR A E @S T Trx), bR % Trx M5
T (%4 20kDa), f1 & 1 [ 43 T F7F 40kDa /=
A5 0 BRI (8 (39.56kDa) AH U, 5 ik 1 1
Hili B 2F AT B AR 2 1O /D AH £F (30~50kDa).
WA AR 5 B K o A R 1) Al i 2 A b A
{ELE R /NG 60kDa 4% 41,15 T 45 S AH 7.
Y1 AL AT Al 5,19 ) 58— ¥ 8 i R
HHEHHAA 3).

A E.coli BL21-pET—kerC 4 IPTG 5 5

Jei AR A S B3R N S A B S ). A
PR A A, DA (PR AR S A0 M3 R
AlIA 14.8 U/mL,Li% J1 4 8.56U/mg, i ii% J1#¢ J

ARG AT R RS R T 6.5 A B SEIL T
kerC FER ) i k.

2.6 T2 AR R R I S Y i R RN R
bl

25

kDa.

97.2
66.4

443

29.0

20.1

143

3 MERAME KRS W) SDS-PAGE 73 #t
Fig.3 SDS-PAGE analysis of kerC expressed in E.coli
BL21
M:AR S 5 8 (A bR UE maker (Takara); 1:7% pET32a—kerC (15256541
WRR R 4205, 208 pET32a (+) I A TR IR 2604
3: A1 BRbR B2k f5 1) kerC

V4 3 14 T ) T AR 2 i A A ) s PR U S
NS RN T I B ) L 4 PR, %
B IE RV SN 65°C AR T S0°CH, B S )
B, KT 75 °C I S 3 PR

100

ARG (%)
E 2 B8

[}
(=}

0 p

30 35 40 45 50 55 60 65 70 75 80 85 90
HAE(C)
Kl 4 HELUM NG kerC (¥ d50d SNl B

Fig.4 Optimal temperature of recombinant kerC

VAR 53 30 7 15 o Ui BE ORI 10 min 5, M €
S T, 45 R 2R 0 541 I kerC £ 30°C 40 #E 10min
e BG4S ) e v, B A T P T v Bl TR B
Mt T vt PR TR 52 1 5 22 (] 5).
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Fig.5 Effect of temperature on the stability of

recombinant kerC

2.7 EASME A MRS SV pH A pH RS2
P

100 . -\-
80 |
§ 60 | \*
' 40| —o— Na,HPO, F4ZFRZE il
oo
= —&— Tris-HCl 2201
20 f o
—a— HZMR-NaOH 2 M
0 . . . . . .
3 4 5 6 7 8 9 10
pH {H
KBl 6 E4fAE AR kerC (HIE N pH 14

Fig.6 Optimal pH profile of recombinant kerC

100 .
80 - —
s T
& 60
”_E w0l Na;HPO, Fr A5 R 2% 1 i
_% —a— Tris-HCl 227
20 —A— {1%(#%-NaOH ZZ i
0 1 1 L L L 1
3 4 5 6 1 8 9 10
pH {H
Kl 7 EA A E AN kerC pH (A E Mk BT

Fig.7 Effect of pH on the stability of recombinant kerC

T YRR B e A AE B 1Y) pH BB FE
e 65°C SN Th, e B ) 45 Ran il 6 B
71N, VI ) $5c 18 [ N, pH AR 7.0,7E 6.0~9.0 I i
T AT YRR B s B 1Y) 80%. 1%l AT B TE I pH

AR 38 I 38 B ZE pH5.0~10 Y8 ] P Wi 340 7T ik dk v
BV IR 60% LA L.

W3 > R P A A [+) pHLAEL PRI 2 ol
PRl 30min S5 W E R AR S 7, DA s = BRGS0
100%. 45 SR W], T 20 i A1 pHS5~10 Yo [ N B R4
S R B IR 70% UL b AT B s ) pH (AR E 1
(K 7).

3 Wit

H AR Tt 7= R B A A ok 52, 3e
A 1k LR IR AT [ R AR B B A AR R SR
13 30 Z P REREMR A SR I TEY) 2 o0 A1 L T
2w DA BT B iRk ok i B R
B fift e J 000 40 B 2 22 DL 2F R R
Bacillus pseudofirmus AL-89!"8) B.licheniformis
PWD-1"1 Bacillus sp. FK 46",

S v A B AL HL2F FUAT 1R B3 1) kerC
FLIRLE 5 B R B AL S GenBank ok
S B ZEHIAT 1 YYW-1 (1) kerC FE[F(GenBank
No.: EU362730)[F¥E ik F] 100%.2 #k [ 5e 4
AN T BR) b 7 () A T 2 SR B g B (1 o 2 1 T
D] 5 A [i), 2 BH L 38 A ol R 1) e R A s e AT
FARKXT kerC FERI G FEIRIEAT T IR ST U HI 53
M, 85 R kerC AT 3 ANMRSEAL LS00 2
31-Asp. 63-His 1 220-Ser, 5 CLRIE 1) HK
Bl R S A A 2 T — B AR SR T A R
kerC |G IEHAK pET32a—ker C, 35280 T 4E K
AT BL21(DE3)H 3R IA /il A B T4 T
4 60kDa 2647, 25 Trx [43 11, /1 5 (I o>
THAE 40kDa 7r A7 1% 5 B AR 1 5 55y
FRIE 1K B T2 AR B 0 0 A 2K A 2 ) 43
THAMHET.

SEIG XIS 2N Bacillus subtilis B-3
FEIE [P R F B 11D A 2 0 TR AT 40 BT 45 R
2 WPRL I 9 b A B S ) BRI A T AR
K e RIS 2.3U/mL b T3 8 240 L IR wkk
(1) 14.8U/mL, AHL T P83 [ e, 312 Bl 1) e 38 1
FERT pH A S5 B2 M AT IR0 73 BT J5 I, 1%
Tt P 5305 S ML B Ol 65 °C,J5c it pH {H A 7.0 0345
Wik, Z A AR MR E 50°C Ab 3 10min, 7R AR
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MG A 20% 2547, 4E 70°C AL PE 10min J5 B
56 AT K E AL R R PO R % A
65 °C I LA A7 5 4 R Ak AR S 0 (FUR A
50°C o 21 i R B () Ak 3 JER v M DL 0K
BAEARR. K AR, 15 BH T, A P e i R 3 PR A P 1Y)
i L IFANAEAE X I 1) O 2R 7] I, 12 il P g a
RNk 5 5 SRR (1) KB 40 AR R 1 e A
R EA 40~60°CAH— 3, (H 57 T~ SCRRHRAE 111K
FRO F1 R AT R i e v L R
oI PR il SRS MR 4 IR S ARSI 2 R AL, TR
Y1 1) B 38 e NI R 55°C L BAE 60 °C LR
10min Ji5 B A SRS TRE ) 26%, 71 1 1) i
SR il PR ] P A MR

I 0T R FRG R ZF AT TR B3 9 A H
K kerC AR LA T B0 17~ W 45 EER 1T,
PRI RO I AR R BRI T R
KIFF BL21 — H R ER i) 2 N
A5 T DR ) R AR AR AEAE — 1R e B, 2
FIE BN, 25 5 T J 0 1 A4 25 ¥ 4 #038 Radha
G UOTE 1L AR % 5 08 8 1 (Pxyl A) R K it i
Bl T (PamyL)7E EKZEHUFT B MS941 sl T A
R IUNES S S PNE I iR e Sl I BTN
B S AR B TR R EE AT 1R B3 (1) 4R R
kerC AEEEFRIERERT ERZF O B rh A ik S 22
B R SR AT LA s 1) R T, A [ P L 2
A AR I Tl A B8 i S

4 H5iE

AW TR AT ) T B8 2P B (0 A 2 25 1
FEE B3, 3 D kb v e 2 7 3L A AR AL A
kerC, 15 UCSEIIL T %3 DR 19 J5UR e R 0K i 1t
BIFARREARIR T T 6 5 ByA P o by 45 R
LA B A B RS SN N 65°C HiE pH E
h17.0.
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