A0l 7/ I S i Chin J Biotech 2010, February 25; 26(2): 194-200
journals.im.ac.cn Chinese Journal of Biotechnology ISSN 1000-3061
cijb@im.ac.cn ©2010 CJB, All rights reserved.

RIS B B 7= A R B I 18 I B Y 4 B At

ANWA Y, ZEH 2FF " IXHE

1 ferpglb R Rk B, I 430070
2 MR R E S AW TR, #H 471003

W OE: RBERETROIETHEE S SREZAEY MBLI3 Bk, 25T A FIATE Bacillus cereus. TR
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Screening of collagenase-producing strain and
purification of Bacillus cereus collagenase
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Abstract: We isolated the strain MBL13 with high collagenase productivity from the soil of piled up animal bones. It was
identified as Bacillus cereus. We purified and characterized Bacillus cereus collagenase (BCC). The molecular weight of BCC was
38.0 kDa and the optimum temperature and pH for the enzyme activity were 40°C and 8.0 respectively. The enzyme was stable when
the temperature was below 50°C, but only retained 10% activity when kept at 60°C for 1 h. The enzyme activity was stable between
pH 7.0-8.5. Some metal ions such as Ca>*, Zn>", Mg?" enhanced the enzyme activity, and Cu®" brought the obvious inhibition. In
addition, EDTA and EGTA could inhibit the enzyme activity. We suggested that the purified enzyme was a member of the
metalloproteases. Based on the experiment of substrate specificity, we found that the purified enzyme was bone collagenolytic
protease, and had a much stronger capacity of hydrolysis for type I collagen than that for type II collagen and type III collagen. By
BCC hydrolyzing bone collagen, we obtained polypeptides with different chain lengths. The comparative test indicated that the
hydrolysis capacity of BBC was higher than that of standard type I collagenase. The results introduced a new strain and a novel

collagenolytic protease for industrial enzyme.
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E SCHAETE 21 pH AR BE T, H 00T 1 i i AR g
DX 3l B 1 AS 1 L Al 26 IS i 2T, gk
1M, A A FRAG 1  ELA R A 4 ) L g |
S SR R A o AR I A PR HOR R TT 43Ry
AR 5 D 1 Tt R 50 0 o D G A T T
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1.1 SRIe#HY
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R T A (Acid-soluble type I collagen
from calfbone) FIEJRHEE T & (B§iE KT 125 U/mg)
W Sigma 23 W] o HLUK IR A9 AR AR Sl Al
Sr5 W H S Simga A R Al Flkua 23 7] . DEAE-
Cellulose-52. Sephadex G-100 >& Pharmacia 2\ ®l =
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AR £ (Code NOIDVS05A) I [ TaKaRa 23
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EAEREFEAL (1000 mL): HHAML 10 g, NaCl 5 g,
MRS g, pH 7.2~7.5. WIifiss#R3k (1000 mL): #H]
& 20 g, #iZiBE 5 g, NaCl 0.1 g, KH,PO, 0.5 g,
MgSO,-7H,0 0.2 g, pH 7.2~7.5. X 14 3 5
(1000 mL): HiZHE 20 g, BEREKY 1.5 g, B HIAZ 10 g,
NaH,PO,2H,0 0.5 g, K,HPO,3H,0 2.5 g, CaCl,
0.05 g, pH 7.0~7.2%, [EIRIEFRIE: 78 RIS
FREEPANA 2.09% 3505, BIBOAH B [ 1485 57 5
1.2 EWHE
121 Bt

R BOP AR 37T CIHIRKE SR 48 ho &k
WSS . BRI 10 mL BT 50 mL =i,
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WHEATEIE M BV, R TR 015 A B, Wk
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A 20 mmol/ L Tris-HCI (pH 7.5) 2% ih ¥ 75 W 75 it
B 1 mg/mL Al %M 1 AR 0.3 mL, 37°CJ by
30 min, SRJGHIA 0.6 mL 10% =% (TCA) 411
FRE, LASE Ik v i AR [R) s 2 0 S kBRI )
10 000 xg &5.0> 10 min, B W 0.2 mL A 0.5 mL,
Eff = VA, SRR A S w7 100°C
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60% NEER R . Fo/rIRA1E, 570 nm &b Lb A,
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55 90 TR I A T Y RE O B A e . s AR
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Table 1 Purification of the BCC collagenase from MBL13
Purification step Total activity (U) Total protein (mg) Specific activity (U/mg)  Purification (fold) Yield (%)
Crude enzyme 77570 643 120 1.0 100
Ammonium sulphate 51563 117 441 3.7 66.5
DEAE-Cellulose-52 30210 21 1439 12.0 38.9
Sephadex G100 19542 8 2443 20.4 25.2
2t 4lifkJ5 1) BCC W% 15 %) 2443 U/mg, $240 120 - .
B8O 204, 7450 252% . HLRBIEERENT 0% 1100 _
. SN S IS
SDS-PAGE £l (I 1), 25 REMIRMMRELTIERE M A 5 g0k 180
. \ N \ = =
A Z, HEAh B REAMC & EEHY, MR S 60k 160 %
C i —&ilr, RUEAMCER MK, &  § 40f 140 E
LAY IR AR 05 T2 38 kDa. HEJEF— & 20f 120 &
L o T B fifi 18~ b AN 2 [19] ! : . L L L 0
PR AR PO BRI 18~35 kDa #9776 O10 20 30 37 40 50 60 70
2.3 BCC BN M &EREFMMZEM Temperature (°C)

Sl S TV M TR R AR A U AR R RR
A, 7E 10°C~70°C IR BE T /W 30 min, JU75MET
sl VE R Ry 40°C

B TR IR BE T 23 0 ORI 1 h S5 7 BIAE
0CYKIEHAH, SRIGTE 37°C FINEES , LI A 0
WG VEVE PP B 0 AR PR FR AT . S5 R B, 4l
FEBEE 10°C~40°C IR 1 h £ 57 75% DAL RIS 1 5
SOCHRIR 1 h 5, FIRMEIEN 60%L4T, £ 60C
PRI 1 h AU 109 B, B4 f0FAS Ag
MRENE—K (J2).

s
i % 1= it

1 FLHBEALERR SDS-PAGE BjkE

Fig. 1 SDS-PAGE analysis of the protein bands from the various
purification steps. 1: protein marker; 2: DEAE-Cellulose-52
column chromatography; 3: ammounium sulfate precipitation; 4:
purified collagenase. Protein was stained with Commassie
Brilliant Blue R 250 staining.

2 REX BCC EEEMS M
Fig. 2 Effect of temperature on the enzyme activity of BCC
collagenase. The optimal temperature for the enzyme activity
(o) was determined at different temperatures (10°C-70°C). The
enzyme was preincubated at 10°C—70°C for 1 h to determine the
stability () of the enzyme activity.

24 BCC Mgii&/R M pH #A pH 2 E %

Al 0.5 mL, HIA 9.5 mL A A pH fY 2% iy
W (pH 3.0~11.0), SrliEtk T BRI SRR
&, 7E 37°CARIE 30 min W B 02 AL

WK 3 fifR 78 pH 7.0~8.0 22 [A] B 11 #R#
it} (¥ 515 pH A 8.0, K415 B R 5 AR pH 22 0Pl
TE37CHALI 1 h J&, W€ F 4% 77 . pH 7.0~8.5
Z (AR A B A REARFR7E 809% LA I #£ pH 3.0~7.0
Z ), BEE pH YREAR, R4 HENG 7 W T
pH 8.5~10.0 Z[], BfE#E pH MUK, BEIGI 80% 2
I REHR 2% .
25 AREEZEFX BCC BERIF T

TET 5P SN AR FR T, AR (4 42 )8 5
T, HAWE N 2 mmol/L, VIAINAJE B 11
0 1009% , W& KRS (18 4). 254 T4
RIS PR R s, o Ca®t L Zn® . Mg™*
XA BOEVER, Ca’ BB MLl kg Tt &8
BT Cu” XA W IR oAb R B b
X BTG AT — o BsE VR R, (AFE A &
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Fig. 3 Effect of pH on the enzyme activity of BCC collagenase.
The optimal pH for the activity (0) and pH stability (#) of the
enzyme were determined at various pHs (pH 3.0-11.0), with the
reactions preincubated at the given pHs for 1 h. The buffers
used were 50 mmol/L sodium citrate (pH 3.0-6.6), 50 mmol/L
Tris-HCI (pH 7.0-9.0), and 50 mmol/L Na,CO3;-NaHCO;
(pH 9.16-10.83). To determine the stability, the enzyme was
preincubated at 37°C for 1 h in each of the specified buffer.

4 €EBFN BCCHEEHNFM
Fig. 4 Effect of metal ions on the enzyme activity of BCC
collagenase.

2.6 HNEIFIxF BCC BEiHHISZI

DA 3 500 A B SR et BRI A A i 5
FRAE i ) G Do R P TS P, DT s A o 50 ) A
PR, DI S5 A 1 I R X 0 A Bl Sk RO, 4
SR ULZ 2, EDTA Fl EGTA #] L& ZU30 il 4l £k 1) i J5
BTG 1, N-ethylmaleimide, PMSF F1 Leupeptin
XA G PR RN, AT LA BRI 80 % A AHXT
[T E R e g A RN 2 AL RTINS e g
T, T ELE AR E 4 4 )8 B FYER Y EDTA Al
EGTA #iFx R 4 Ja 2 i il 70 =0, Bk, x4t
PR 2 B 2 —Fh 4 s 2R 1
2.7 BCC EgHYE¥IFFR1E

R UAE IR . e T BRI TR
JREE L AR B2 1 L 2R IS R (BSA) MR
Y, S YRR Sl B B R S L, DAB
JBE R I DA SR ke B, 3000 R X PG A AR A, 25 R I
B S, aliAbEEXH R G PE Y A« B I > T ARG
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JFREA > AR EA > TRRFEEA, X BSA %
FAIER . G070, ARG X il 3 1452 1l
TR (P<0.01). BUKYA T R 0,
AFXT T 8 T TR Je D 2 P R TR D 2 1
T TR EE A B E AR 85%~90% .,
PR, SO0 25 S B R T 7 g vt 1 780 B s J 2 1
HARSME, 4ifk BCC K& T8 IR i
2.8 RIFERMAIEEEY SR EX L
h T ik—4 T fRalifb i BCC BRI EfRRE ST,
R e SRR A AR, O o R ) S A 4
fb BCC B FIC Al 1 BUbRifE S (S HEATRTHL S
¥ . e T SDS-PAGE ZrHrgs R ILE 6. 7,

F2 HFIFI BCC BEIE RIS
Table 2 Effect of inhibitors on the enzyme activity of BCC
collagenase

Relative activity (%)

Inhibitors
2 mmol/L 5 mmol/L

None 100 100
EDTA 7 3
EGTA 10 6
PMSF 98 93
Leupeptin 93 87
N-ethylmaleimide 89 81

DULC  LULAEOL LULAEel  LuLagcl  DoA

gelatin - type I  typell  typelll

Substrate

B 5 BRI SN
Fig. 5 Substrate specificity of BCC collagenase.

Yty BCC i H B IR 38 1 1 K A %
Pl K i e LR AR B R K P N R T R £
JIK, B B AR I, BRI 4> F R B2 AR N
M7 FLAK A 5 7 A 1 22 RO AR SR 22, 18 B 12 it o
I S A K R S Y, B R DDA 8
XA E 2 U B 2 Ay S DR I, 3 s o e
B, AT DA BN RIS A 2 k. Bz el DU T
B S SRR K A PR 2K, T SR TR
W TA ™ (Kl 6).
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6 “HLESEEHEE BXJR & B #Y SDS-PAGE Hjk[E

Fig. 6 SDS-PAGE analysis of bone collagen digested with the
purified enzyme. 1: enzymolysis time 60 min; 2: enzymolysis
time 120 min.

E7 EmEREZEBR SDS-PAGE *f LL 7347

Fig. 7 SDS-PAGE analysis of bone collagen digested with
BCC collagenase and collagenase 1. 1: the collagen polypeptides
by BCC collagenase hydrolyzing bone collagen at 90 min; 2:
the collagen polypeptides by collagenase I (standard sample,
USA, Sigma) hydrolyzing bone collagen at 90 min; 3: protein
marker.

HiT& 7 RN FEAR TR BB A 26 4F L 4k 9 BCC
Tl )T PR 980 P DR 2 22 IR 2R 1) 1 AR T M i i
I BIbRE S . RIRAITESE —BOBE MR 25 1F T, BCC
e 2R TR SRR 2K Wik, 49%%
W MBL13 Jir /™ 1 BCC iy B 1 5 e 2 1 A4 RE 7 3
T of i D 1R

3 w®
I 1 S — B 255 0 (AL 2 PP
1 D528 7 A4 o A o 4

Jit (Reconstitude collagen) A JIC ¥ e AR AR5 Y
RSPy B S SR PR I, AR A, AR )

PR, U o ASBIEGE A e Ay o — LR Y
WREREFRIL, AHEBUE B AL 43 25 45 31—t )™ I S 2R
P 6 R B TR, D6 1 — 4k MIBL13, Z25550 hy i
FEZEAIFT T Bacillus cereus, FABF=REE S, 1M H
B e PR, B mE AR R E . FEIR R
FI OB 9 461k o B P, 2 B RR &% T BE . DEAE-
Cellulose-52 & 24t JZ2 #7 [ Sephadex G-100 % it
JE4lifb)s, 1580575k 38 kDa Y BCC fiff, %[
B LS 1358 2443 U/mg, 455K 20.4, 135K
H25.2% . BEFEVERIRISEERN], BCC Mmis /iR
JEH 40°C, wIEMEM pH A 8.0, pH FETLHN
7.0~8.5, HIEEE—M, B RALRERTE 60°CLL
T B, A REE— 24 T PR E P AT
22 T Tk A=, BT & E T Cu™
A S 00 o) ) 0 A0 A T T T S e R
K, L BRI T 1T BCC BiEAE Tl i A H K
IO AR S A 5] 52 36 3R I A AL Tl 2 — o 4 2
PG, 2 0 4 R S e R DT X T R AR A
TR AR S B UIlS g 5k S ] O R .
FWLifb iy BCC RE/K fif BE 5 T hr ol i i B i 1
AL R EA R R T .

X E S RS ST, M OCIRIER 2, (AR E
WA i R R A s, T EL B TR E A OC
JOE D B 2R 7 A R, P AR, BRI TG
R IO7 T o A 2 6 A A R 19 R e 28 58] ) e
st S DA R bR MBL3, T R B i T 42
BET BB, e Tl Al Az 7 I D B 1 R 4L
TR AR R
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