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AW KEH EE KE e
(CREBKRFEYHEAR S ERREER RETEMEYFARE N LHRE KEE 300134)

2 [A 6] RAKHFRATE RISE @I IRE A0, SRR 8 0 & S UAR R
BENRAE. (5] FIR % B % A E KB ARACHH S AT R7SE 2 R A6 & B8 21 &
REERE, FRBRE SR E G REER, AR E IR SUTR . Butyl FF 5K &
A1 % Superdex ™ 200 # AL BATE T ik xt B AT R BEIEAT 4 B 4k, #) SDS-PAGE #.ikAd
MEE, [4R) hAE LB LI HIEFRE 41 °C. BAPF 6%. AR 36 h, KILBEL
B AR A AR 10 gL, TOMS g/L. A4 pH 7.0, MEEREE NBMRATRSE T 2.9 48
AL T — R I AL R B A AR 0% BURBR 4, AL A= IR A 51 18.4
Fo 11%. [44 1 AL F AT E R7SE 6912 Z B 50F, SEATIRBES B sudb ey 7 ik 3 AT
THRE, ABAENIRREE TR 3Rk,

KR HEFIATE, KRR, XBEAHERAL, 2B 41

Fermentation optimization and purification conditions for

collagenase from Bacillus cereus
LI Ye ZHANG Xi-Xuan CAO Guang-Xiu ZHANG Zhen RUAN Hai-Hua’

(Tianjin Key Laboratory of Food Science and Biotechnology, College of Biotechnology and Food Science,
Tianjin University of Commerce, Tianjin 300134, China)

Abstract: [Objective] This paper aimed to investigate the optimal fermentation of
collagenase-producing conditions from Bacillus cereus R75E and obtain the high purity collagenase by
protein separation and purification techniques. [Methods] We optimized the fermentation conditions
and fermentation mediums for maximum production of collagenase from Bacillus cereus R75E using
single factor experiment and orthogonal test. The collagenase-containing crude enzyme was obtained
after centrifuging from the overnight fermentation of Bacillus cereus R75E. Then, the target
collagenase was sequentially purified by ammonium sulfate precipitation, Butyl FF hydrophobic
chromatography and Superdex'™ 200 gel filtration chromatography. Its purity was detected by
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SDS-PAGE electrophoresis. [Results] The optimal fermentation conditions and mediums for maximum
production of collagenase from Bacillus cereus R75E were as follows: the fermentation temperature
was 41 °C, the inoculation volume was 6%, the fermentation time was 36 h, the carbon source was
10 g/L glucose, the nitrogen source was 5 g/L. peptone, and the initial pH was 7.0. The total crude
enzyme activity was increased by 2.9 times compared with that of the non-optimized control. Finally,
the target collagenase was purified with a purity of more than 90%. The purification fold and recovery
of the target collagenase were reached to 18.4 and 1.1%, respectively. [Conclusion] We get the
optimum collagenase producing conditions from Bacillus cereus R75E and construct a technological
process for collagenase purification, which lay a foundation for the development and application of

microbial collagenase.

Keywords: Bacillus cereus, Collagenase, Fermentation conditions optimization, Purification

il s S N - S Y
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JRRE R 2% . SEREARAG R, , A PR S K
FUBAE 77 o BE e e SEa, B2 1 B SR 1
TuH
1 MRS58
1.1 ##l
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Figure 1 Effects of temperature (A), time (B) and

inoculation size (C) on collagenase production from Bacillus
cereus R75E
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R 1 Ly 31k R75E Bk =R REE & B SRR G & R

Table 1 Ly(3*) orthogonal test of fermentation conditions for collagenase production from Bacillus cereus R75E

. ;Xﬁ@ﬁﬁ Bﬁ%ﬁﬁ% Cf%ﬁ@ D 257 L
Number er(xipce)ramre B Inomz 02"[)1011 size "(l;gne D Vacant column Er(lfi’g_lf S;:rt;{l)ty
1 1(37) 1(2.0) 1(12) 1 6.15
2 1 2(4.0) 2(24) 2 6.58
3 1 3(6.0) 3(36) 3 9.19
4 2(41) 1 2 3 8.50
5 2 2 3 1 12.80
6 2 3 1 2 8.71
7 3(45) 1 3 2 3.82
8 3 2 1 3 3.24
9 3 3 2 1 9.29
K 7.31 6.16 6.03 9.41
K, 10.00 7.54 8.12 6.37 7=91.00
K3 5.42 9.06 8.60 6.98
R 4.58 2.90 2.57 3.04

R2 TRBREXMEEEIRN

Table 2 Effects of various carbon sources on collagenase
production from Bacillus cereus R75E

Carbon source (1%) Enzyme activity (x 10 U/mL)

TR 9.00+0.14
Soluble starch

LR 14.11+0.16
Glucose

AR 2.13+0.04
Sucrose

R3 FRIRFREEEHSIT

Table 3 Effects of various nitrogen sources on
collagenase production from Bacillus cereus R75E

Nitrogen source (1%) Enzyme activity (<10~ U/mL)

=
RS 11.71+£0.14
Beef extract
B 15.05+0.13
Peptone
AH B
Uik . 8.03%£0.12
Gelatin

(3) HHA pH E: DL 1% a8 aIR . 1% A
WA AR, PRSI pH (X I A 28 FFT
R75E F=RER2m . 55005 4 s, &L pH
ETHE, TR 0 1 (A 2 B0 fo TRk
g, Hoits pH (E 7.0 BHE HEEE, HS
T 8.0 MALls pH (HAE FREFE 2F AT 5 R7SE 19
K
214 REEHFEMERKE: R LGHIEZR
BT & WS SR N I AL AT 1R R7SE AR ™ I8
SRR, EAARRE T R AR 5, HES
B2 6.

H3 5 AIH1, AR R75E BV TE ™ i
B EWIEEH . ASC>B, B AR IMEIR Jisls &
., i pHE. AIESE. e s, WEA
1 C AR B 25 5 (P<0.05), BLRHHE
A FIEZR BB XL 2R/ R R7SE 7= B Z A K,
IR H e B 1E SR oA ok K E K- B
EBERAREER, WHARSEAIELKITN
3K PR TC R S . R, e e R
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F4 AREIEIE pH XEEFERY ST

Table 4 Effects of various original pH on collagenase
production from Bacillus cereus R75E

&t pH i
Original pH Enzyme activity (<10~ U/mL)
6.0 7.50+0.08
6.5 11.33+0.11
7.0 15.38+0.12
7.5 14.93+0.13
8.0 12.21+0.08
8.5 1.70+0.03

ZEEAT TR R75E TR ™ I it il 9 i A e I R 40
BN AB Cy, HIVEIZGHE 10 g/L. FEHERS gL, &
7 pHAEN 7.0, HoZ SRR R WG TS F R 1)
W MEAR = ZE 22.38%107° U/mL, AR B,
LE LR, BEFEZERIFT I R7SE PRSI AR
PEAds . KBEIRE N 41 °C. KRR E N 6%
RBERTE] 36 h MR & ISR, DL SR
ZJHE(10 g/L) . AIEHEH MG /L) B pH EN
7.0 ML TR TR
22 REESS B4
221 FRERERDRIGE: HEIR 1.2.7 Frikik, Xt

I PGS BR AR (AR BV AR A 7 B R e 70 T
T, KA TIE 0-20% . 20%—40% . 40%—60% .
60%—80% . 80%—100%4t 5 A~ER 1 F1EE DX [H] X R 19
BAVIELL S o X EIRTIVEE I 5 A 7 R B Ao
I S SDS-PAGE HLJKAG o o, JBe I WA I 45
AP 2A s, 78 40%—60% BT R B T TE L 0+
A LATE 110 kD ZbURE3 i W] b iy fa e 451, 3R WITE
2R 0 2 DX [R) 48 DR 22 400 b I i e AT RO E
K HXFRAY SDS-PAGE HL KA ZE S 40P 2B fr
7, FEAHRE Y 110 KD A4 5 BEBH 8 I8 21 H Ak Jit
A o 25 LAk, B R &% 4 RUTTE T LA i 28k
4 BB R BEE E, A F R s alifh i TR
- 14 T i

2.2.2 Butyl FF Bi7KE#7: HiTrap™ Butyl FF #i/K
EMFR LR AN 3A B, B SRR R
H3 e 3 100 mS/em & 40 mS/em BF5EJ5 H
T VRMEE a DRI b HFUEMLIE a FIVERIEE b
AHN BRI B EA T SDS-PAGE HL Uk ARG , 45 5 4 &
3B Bon, FEPKIE 35 HHEL 110 kD () H AR,
FW] AR S AR ARV b R e, TTBE
JUEE a RS R R . 25 b, gk 2T

£5 LGYMI RI5E Bk~ RK BB & B s BA M MR & R

Table 5 Lo(3*) orthogonal test of medium composition for collagenase production from Bacillus cereus R75E

W= A Wiz B Ik C ;&21h pH D 775 B 1
Number A Glucose (g/L) B Peptone (g/L) C Original pH D Vacant column Enzyme activity (<107 U/mL)
1 1(5) 1(5) 1(6.5) 1 12.5
2 1 2(10) 2(7.0) 2 13.8
3 1 3(15) 3(7.5) 3 10.3
4 2(10) 1 2 3 22.5
5 2 2 3 1 16.0
6 2 3 1 2 19.3
7 3(15) 1 3 2 14.7
8 3 2 1 3 17.3
9 3 3 2 1 19.6
K 12.20 16.57 16.37 16.03
K 19.27 15.70 18.63 15.93 7-194.67
K; 17.20 16.40 13.67 16.70
R 7.07 0.87 4.96 0.77
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x6 HENTER
Table 6 Variance analysis results

B SR I F ¥y FlE P{E
Source of variation (SV) Sum of squares (SS) df Mean square (MS) F value P value
A 79.208 9 2 39.604 44 76.000 00 0.012 99
B 1.268 9 2 0.634 44 1.217 48 0.450 96
C 37.095 6 2 18.547 78 35.592 75 0.027 33
D 1.0422 2 0.521 11
2 Error 1.0422 2 0.521 11
& Sum 118.615 6

R E F S HARRR AT, X RLEm2ifk
EHAR . DR HARR ARG R BB R A T
PEATEIE A , RN RANE 3C . HigIa I
JE R TR e B, HARE R T
fife 70kD LIS, HisEHSHREAD TERES

M 3
kD
170—
130— »

34—u

26—

10— s

2 WERIRSROTIR AL RESIE LK SDS-PAGE Hjk
M2 R

Figure 2 Zymography and SDS-PAGE analysis of the
purified collagenase protein by ammonium sulfate
precipitation

TE: A TR I R AG I AR R B 0 RUTIE TR 8 115 B
SDS-PAGE HLUKARI 40%—60% 1 F1EE i i B TUVE S TS 2 1.
M: FrfEEE I Marker; 1-5: RIMGRBRE T HITENTSE A,
HRRER B R BE 43 31 h 0-20%, 20%—40% , 40%—-60% , 60%—80% ,
80%—100%.

Note: A: Zymography analysis of samples by ammonium sulfate
precipitation; B: SDS-PAGE analysis of 40%—60% ammonium
sulfate precipitated protein. M: Marker; 1-5: Precipitated proteins
by ammonium sulfate, the concentration of ammonium sulfate is
0-20%, 20%—40%, 40%—60%, 60%—80%, 80%—100%,
respectively.

LT
2.2.3 Superdex' " 200 5T BE: KT HAKZ
AR b BAR I S5 24 A o R 22 R
Bk, et —5 R Superderx ™ 200 43 FAifiifEA 1
IYES. QA 4A s, SR B R Al b Ak
P 8 N E I (a—h) . FI JH] SDS-PAGE Hi, K Z G,
H A RME 4B Fion, WA E AR R 3225y
i THEEEdh, A, BRI e vkiE T
JCH T DL 2B . E— PR P d G A
LRI TR IE MR 45 FE FH SDS-PAGE HL R AGI Hik 45
Y, dERANE 4C iR, A Quantity One-4.6.2
(Basic) A4 Xof r 5 Jirt it 2 11 9T A6 DK T R AT K BE 43
Br, S5 R BEE 2R 91.3%, RIHR
B2 I, P Rl 1 2 43 2 iAo

it DRGSR, X AL AR 0
FRiG e, 5RmME 7 iR BdREHZT—
RN BB R, BASAA TAERT 90%
RS , H TR /1355 8.289 U/mg, #lifbAT4L
KF) 18.4 1%,
3 i

AR, T SiEE A MRER sy B alifk T2,
JENTR TR KA, SHESEEARML,
CHASESCRR . EAN)T . IR S THORR S
FH s s, Wimfgs 7z s A, Bz
ARk, EHTER R FRCE Y R B A ) 4 E
Koy b R PR R B A AR G A W 0 g g
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Figure 3  Elution curve of butyl FF hydrophobic
chromatography and SDS-PAGE detection of eluted
proteins

T A BURIZHTRBUEE s B: BLKZHT B E 189 SDS-PAGE
Rk C: BUKJZNT TS FOBUEHT/S ) SDS-PAGE HLJK .
M: FRUEEEI Marker; 1-2: VEBIE a XN AYVEBOR; 3-5: BE
IR0 b X RUBEBER; 6 EERIETTABEIGHG 7 HBIEIS RIBEOR.
Note: A: Elution profile of butyl FF hydrophobic chromatography;
B: SDS-PAGE analysis of elutions by butyl FF hydrophobic
chromatography; C: Comparison of eluted protein before and after
ultrafiltration by SDS-PAGE. M: Marker; 1-2: Eluted proteins
correlated to peak a; 3—5: Eluted proteins correlated to peak b; 6:
Combined 3—5 eluted proteins before ultrafiltration, 7: The
concentrated protein after ultrafiltration.
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Figure 4 Curve of protein by Superdex™ 200 gel
filtration and SDS-PAGE detection of eluted proteins

E: A BHRGSIEENTE AR s B: &1 SDS-PAGE i
VK C: EARI RSV A5 i) SDS-PAGE HLIK AL M: B3
WEEE I Marker; 1. JAERTRIEEFIREM; 2-4: W o R AICER
W 5-7: Vg d XTRRYISCERTR s 8 FRUEMRAR S 19 H AR L i
FEdh.

Note: A: Elution curve of protein by Superdex™ 200 gel filtration;
B: SDS-PAGE analysis of protein from both of curve ¢ and curve d;
C: SDS-PAGE analysis of concentrated collagenase from curve d.
M: Marker; 1: The sample before Superdex ™ 200 gel filtration;

2—4: Protein correlated to curve c; 5—7: Proteins correlated to peak
d; 8: Concentrated collagenase by ultrafiltration from curve d.

x7 WBEFRATERREBSBEL
Table 7 Purification of collagenase by Bacillus cereus R75E

alifb IR &R BEA i 7 RIS g e EL Al

Purification step Volume (mL) Protein (mg) Specific activity (U/mg) Proteolytic activity (U) Fold Recovery (%)
MR 667 33.10 0.451 14.93 1.0 100
Crude enzyme
40%—60% T BREITHE
40%—-60% ammonium sulfate 10 6.56 0.631 4.14 1.4 27.7
precipitation
B /K JET
Butyl FF hydrophobic 3 0.67 2.164 1.45 4.8 9.7
chromatography
RIEHA . 1 0.35 3.065 1.07 6.8 7.2
Ultrafiltration
z;iﬂatﬁai}%ﬁ ) 5 0.03 6.671 0.21 14.8 1.4
Superdex " 200 gel filtration
RIEHA . 1.5 0.02 8.289 0.17 18.4 1.1
Ultrafiltration
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AR, HITS R BRI 2 2% . AR R
FEA TR B RE ZEAUFT B R7SE wefEr=mEsc b T, A
T R i 73 P UTTE S P A0 AR JZ AT I 52 B 1 M It it 1Y)
SrEaifl, mARRRIAE 91.3% MR IE M. 7RI
Mgy oy B aiAd b, AR A B . o
Tl SRS REET O, PR A I A R R I 1 e
JF R FNAT -G BRAGPE BT R ATTAT: , B R b 4 =5
afifk R %, 75 Nagano 25171 2000 4E 87 (A #E 2
FFTFIE FS-2 (Bacillus subtilis FS-2)J¢ J5 A 464k
b, RH TS 2T : DEAE Sepharose-CL6B
CM-cellulose . Butyl-Toyopearl  650M .
Sephadex-G75. 5ZAHLL, ARG K4tk iy
A LU L

(1) 38T E A5 e i B ) 45+ oL e o2 J2 B 20 B
MUY . TEEMOTERIERE B, AU T 2%
R BRAEME TSN, SEAS G T I Dk ) 4 R PR 4
o BESEH ProtParam 1L /31T 15 P00 [ ity 24
PEPE, 2528 s HARrL S pl o 5.30, SF3EK
TEEU(GRAVY)H—0.692, KIIIZE I FEE R K
PR H . DL BB ] w020 A B A R A R 2 —
I KB K SR M BB T 55424, H Phyre” 7¢
LT 15 T AR e 5L 5 B 5L Col G 254 AH
BAHIEIE 69%), HLA—A Zn® iR HErLL
SRR ARSIy T R B I
AE ST, B s D R B TRk, A2
ISR 1 AP FHBRK)Z T, A2 B 7 5e 42 4

() #REBENRCE, BRI DR, W56
IKIENTUEI A HL UK EE R, T H AR R 5 2
FIZ 53 F 25 0E7E 40 kD DA b, BT LA BERREERC T
UEJZENT o BERCIT IR 2 HT Tt B As (a7 B | 44T
S B AR 2T AR s R i B4
RSB T AR 38 o AL R AT
R O 1 T 5 AR 1 A i R ), T
5 Nagano 25U DU AT 2 M Al Ak Je T it 114 7 2 AH
o, AP naife kR 2 R BT R
I3 XORKRFEAR T AL R A

NI ) LUIE T BT, A g b ali Ak
S IR L 1% K 8.289 U/mg, SE7ET Y IR
f AR AR ZE AT 1 BT 7 T AU M DA B o i (Sigma
O] 55 c0130)A4 0.417 U/mg By FLIE S1{EARLL,
R 19.9 £

EUHT,  FH R A 2 e D it g 1o FH 3 Ak 1 e
HBE, h TR T EE 2, B
BUAR T, AT S M R e s A0 2 0 M ™
BT S P R mE I N . PR, T Wi
DG P B P Tl AR ST A B AL TF B A T2
() Tl i FH RS

2 % X
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