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YL SR T LA A B R A A R ik
Yok Y S R 7 B e, A A BIAEAh,
THEEEI A . BT822 10 7 I D i T ok Ay
VLA LR (Clostridium histolyticum)"”™ . 77/ R
Y2 (Clostridium perfringens)" VAN E (Vibrio
alginolyticus)"™ %, il £ A e St SOk 789 o il
HEAT VB . I FLRE XA e L B A 9 A AN T
TR, R A 5 %) Jise S it e i 0

ARSCLA P B AR, e e 1TRR A
PR IR B T R Col15, 22 M8 i M WAL 2 f AT 7
(Bacillus cereus). A#E— 04 1% WAk 0 7 i
i, AT LR AT OIS, W K
PR b o B Ak 3 1 IR, Sk — 2D AR
I R R PE B AR A T AT RE

1 AR &

1.1 SRR

1.1.1 300 RS R B R R B B Y
FEAR IR AR, ARSI A, HoAh
A 7 b ek

1.1.2 {854 SW-CI2FDEE TAES (I
LM L Z S THEARARAR]); 1S-RSD3H R
TERIR G 2 () MR EY ARG RAF);
DHP-9082 H1 #AE i 15 7247 (11— TERHE AN A
FRATD; BEUV-1800 80 H L 4NAT UL A
TS MR E AR A BRZA Fl]; Microtronfki%
B IRAE 2 R E AR (P ENA R A A5 GelDoc
XR+ Bio-Rad4: H ZhBE IR R G0 R A R 2
P (B A BRZAF]]; AKTA Apurifier] 0P 2R
AR (1% R 48 GEFH F RS A B2 rh E A FR
A F]); T100 PCRAYL(EFEASRAF]); SQ510CH;

1.1.3  FERSEE. () FPRRE@L): 4RE
5.000, MMM 10.000, NaCl5.000, J#*pH
7.55 (2) WG (g/L): R I H5.000, NaCl

0.100, BHE20.000, KH,PO, 0.500, MgSO, 7H,0
0.200, JH#pH 7.5; (3) AMEkigRIk(g/L): Hi%iH
20.000, FEREH 1.500, FRE AR 10.000, CaCl,
0.050, MgCl,-6H,0 0.165, K,HPO,-3H,O
2.500, NaH,PO,-2H,0 0.500, J%pH 7.5; (4) [
WIE R 7E BRI IE TR P IAL.5%-2.0%
TERR, RIS AR A ARG A
1.2 PR E

KM LRI (B ) L BITR & TSR 7K
MG EG , AN I B Rt gz, 25-30 °CH 4E
W3 H s CRUKEREW G, MERmBIRA T
CEBEE S o T N € R 3 o N R 1 7 R
H, EEENEAERSEE HRZ BRI
T DR IR 3 R S A R B M D T R
BEATINE (FRME R : HeCl, 15 g, HeERR20 g,
WTZERK, EAZ100mL),
1.3 FERERMERNEE

2% WHTHE R G E T ) M CRARK
PARRSE E T ) X B AR T T AR AIE S A= AR AL
FRAEMIBFTE . LAAH B 2k R 2L DN A B 377 8 O
MR A AL BB A R 7D 42 B B AR Col 1 S FE R 21
DNA NN, AT 16S rRNAJ K@ H 59
27F: 5'-AGAGTTTGATCCTGGCTCAG-3’,
1492R: 5'-GGTTACCTTGTTACGACTT-3', Xfi%
WHEI16S IRNAJER HATH 4, PCRIZMIAFR
A : DNAFHR(2 ng/uL) 1 pL. PCR%|#J(10 nmol/uL)
%&2.5ul. Q540 U/mL) 1 uL. 10xPCR buffer 5 pL .
10 mmol/L dNTPs 1 pL, K EMZE/KES50 pl,
PCREV 5] 98°C30s; 98°C 10s, 55°C20s,
72 °C 1 min, 357F¥; 72 °C 2 min, PCR/™¥)
FHO.8% P B AR WHEE I R UK A TR I, Sl fb s % 4
F|pEASY-Blunt clonning vector, 16S rRNAZEH
PR FEI N & 48 AR AT B A 7 78 Ao
14 PEEREEFMAA

B AR50 mLAh 71533 |, 37°C,
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200 r/mind% 3 B R A EOE RIS TE R
P DA%l i 70 T 54 50 mL & ks 7
FM250 mLICH =AM, 37°C. 200 r/mindf57
54 h, MEBHE ), PR SERI3EAT, 439
Xof B e b 5 B W o3 DA ORI 9 A R AT R R 3R
1.5 BURERSRS ISk

VTR R RO, BUR AR 15 420.22 pm
Has AT IR, BRISTRIRSS 1Y LIS G A 4
1030 kDaly vl W] i g £ (Vivaflow 50)#E4T
e, SRJFLAS0 mmol/L Tris-HCI (pH 7.5, 755 mmol/L
CaCly) 52 il S SV VRV AR W, RIVAS I Jirt i AL
T o SR I5 DA TRV 0 % o T A ik B 8 7 5 ek
(Source 15Q), Kt E# FAE/5 VL5 A 1 mmol/L
NaClF4AH 7] 22 Wil HEATERMERE BE Ve, BEMNI R
1 mL/min, YEMGATE]180 min, WCAETE MR,
LASDS-PAGEHLUKIHATEERE 7347 -
1.6 BSRIEEH =Y HISDS-PAGES T

PR fo o R ETY, LSO mmol/L
Tris-HCI (pH 7.5, 75 mmol/L CaCl,)I# %22 mif i
FHLH 10 mg/mLAY IR & H Y, A 4lifk
4D JE DA R, T LA A KT ) e D il A A Xof
Mg, 37 °C/AKIF N30 min, [ ff K IEFTSDS-
PAGE/ .
1.7 WERRSHE
1.7.1 BRI ESEGTE M vk SR el = i
03k i I T ) AT R o T A g g
IFEH, A50 mmol/L Tris-HCI (pH 7.5, &
5 mmol/L CaCl,) 2% #hif il 153 29 05 mg/mL
F RS IR R Y . BRO.3 mLAR IR Y, A
5 pLEE B, 37 °C/K¥ W30 min, fiA0.3 mL
30% = LFR(TCA) AL g, [RIBT UG i A&
IRV L B A O e it 1) A ] S AR 2R kg
W, SRS ANA0.6 mL 2 mol/L £ FRZE itk il
0.6 mLEfi =it ik, 1RAIE Tl KiE &
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15 min, X HEMAL.8 mL 60% 2 BEH B S
W, IRA1ETS570 nmAb e, I 5E 2R TR
MK T R LR . KA. S 1 e X
H: 37°C, pH 7S5, BBk i s H =
RS T ng H &R TR ARG 71 507(U)
1.7.2 BHEWREHNEHTE: DBCAK RN
SERRFR &I e R P A A, AR
FAME HE M

1.7.3 BASERATFEOWENE: LBollineni””
S5 SDS-PAGE J5 X B i 1 2 11 K/ K B 11 46
JEHEATI A, Hoh o B EE N 12.5%, W 4RIk
HWePEN5.0%;

2 #RAQA

2.1 FPERREEERRI

ARG DR E R R B R AR A 740 AR
VERHERT, BEEFRINA; SRERBRA R
ks gRAE b, 37 cCHRAEREFR48 h, HMERTE R
BN B TR A B, AR 20 1 TR I DR Bl A T i
LS U 52 5 T I HAR LU E B R B
PR, R EIREER IR L, SBIKARES4 b,
D B D R e 1% 0, oo 6Bk S J7E 15 U/mL
PLE, g5 A Col 1 SHI RN 18 h(26.7+
1.9) U/mLA BERRE IS4 .
22 PERIEEEERIXE

ZILBFEEE, HPECol 15 EE V% R (1
P ICE L), ANEW], REDGHE, 5
35 TR RAMEE T, WK, P, B
FrAsGE b A, MR TC R X R AR
Col151 F 2 A AFEIA TS e JF R . 4
BELOFLBE . ORERE . ORHE . HERWE . BTRARE .
NaCl (5%. 10%). pH (5.7. 7.5, 9.0). H>2[C/
N B AR S BE A s TE RS K . R ER K
fift . ATPETR AT . I H 3 B A A
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FHZ AR 16S IRNAJE R JEA TP B A 7>, 2%
RFHI16S rRNAFLA FHIK A 1438 bp, it 5
Ba I X, BLASTES SR RIS 2R B E 1Y
WERE ZE AT B (Bacillus cereus)FAMRIMEAR &, Hx &
KEN99% LA | o HEHGER AT ZE AT I E LA R H T
Ji R G T AR B 16S TRNAZEHF %, FHMEGA

6.063 KT EE R G LB . R BN, Wik
Coll 5 IS ZF AT IR B SR G R fcile, W1
TNo BB IR RMIE A2 R AR 2R AR AE XA
IS 8 M MERE 2R R (Bacillus cereus). 1% R
B16S rRNAKEH 751 O 4 $2 22 GenBank (No.
KT726339).

Bacillus cereus Coll5 (KT726339)

Bacillus cereus HC3b (KJ206075.1)
Bacillus cereus NBRC 15305 (NR112630.1)
Bacillus cereus A16 (KC434970.1)

Bacillus anthracis BHR1P2B2 (KJ567095.2)
Bacillus thuringiensis DSS7 (HM217124.1)
Bacillus thuringiensis yc-59 (KF751619.1)

Bacillus anthracis R5-331 (JQ659732.1)

Bacillus licheniformis BCRC 11702 (NR116023.1)
Streptococcus gordonii NCTC 7865 (NR115561.1)
— Clostridium perfringens ATCC 13124 (NR121697.1)
“— Clostridium histolyticum JCM 1403 (NR113187.1)
Vibrio alginolyticus NBRC 15630 (NR122060.1)
Borrelia burgdorferi (1L.36160.1)

Porphyromonas gingivalis DSM 20709 (NR119038.1)

|_|: Porphyromonas asaccharolytica DSM 20707 (NR074588.1)
Porphyromonas endodontalis JICM 8526 (NR113085.1)

1. A16S rRNAEF AEMKERCollSRGH W L B
Figure 1. Phylogenetic tree of the strain Coll5 based on 16S rRNA gene sequence.

2.3 HEHRTEEREALS R

2.3.1 AFEBREX EE =BT £ R B
Ay I A 2.0% B AR RIBR IR, i HEE AR
AR BRI R R FE 54 5 I AE S 1. 45
1, S T PR Col 157 i i) o i f Y5 Ry ) 28 1
B BRI TR Coll SHY = RERE J1 IS5 , U]
B bk Col 1 SAEF MR AT, ELLAZE A

R1. TR BB

Table 1. Effect of various carbon sources on the
production of collagenase

Carbon sources Enzyme activity/(U/mL) Biomass (ODg)

D-Glucose 35.82+4.54 4.32+0.11
Mannitol 31.38+4.32 4.19+0.09
Maltose monohydrate 11.04+0.50 4.99+0.18
Lactose monohydrate 15.70+2.46 4.86+0.18
Sucrose 20.82+0.82 4.77£0.37

RYFIR I WA I il

2.3.2  FEFRERFRBNME . AR R
G IS TR B2 B A A A, i o AN
ZRPRI R T b 3754 W W BETE  . g5 A2,
B RECol 15 7™ i (1) fi 35 ] A AR R 2.0%

=== FEnzyme activity —=— Biomass

~ 5071 5

E

S 40t 475
= Q
230 ¢ 38
2 2
S 20 t 2 £
1 2
2 0 | e
=

s} 0 0

05 10 15 20 25 30 35
Glucose concentration/%
[ 2. BEERE X BB
Figure 2. Effect of glucose concentration on the

production of collagenase.
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2R TR FE BN, JCVE R B T AR A KT R B Bk
Ui, AR TREEMAR, RIS F] T w7
fit ; AOAIBEMR R I, TR K I AT
BEFRY BIHAEN, (S A B AR

2.3.3 ARERFEXEERF=BRRM . £ BRI
b, SR A LA F1.0% M AR E R, 24
A BERE FR 54 s W B G T, 45 R R200R,
R B A0S TR Bl SE AR, TR R T TR R
A= R i

+2. FARIRIEXNEAEEHRS M

Table 2. Effect of various nitrogen sources on the
production of collagenase

Nitrogen sources Enzyme activity/(U/mL) Biomass (ODg)
Tryptone 38.02+1.64 4.78+0.19

Yeasy extract 5.54+4.12 0.89+0.01

Beef extract 15.94+3.28 2.91+0.09
Gelatin 3.72+2.46 0.07+0.01
Carbamide 28.72+8.22 0.24+0.01
(NH,4),S0, 4.88+2.46 0.06+0

2.3.4 IEFREREARKENTE: L THEARR
R XS TR A Y 2 T e B, JBR AR 1 R0 T il
MR E R . TR R EER R3E /\”IUJH
AR ENBEE AN, MEess R 2, &

L& BERE 3754 hg I e BTG J1, 459 an PEBF)?m,
b il Col 1 STARE ™ Bl i JBR 2 PRV R 1.5% o

=== Enzyme activity —=— Biomass

70 [ 12

60 1

—_
o

Biomass (OD,)

50 ¢

40 t
30 1
20

Enzyme activity/(U/mL)

| | .
[\ EES N o]

0.50 0.75 1.00 1.50 2.00
Tryptone concentration/%

[ 3. BRERFFKEXER IR
Figure 3.

Effect of tryptone concentration on the
production of collagenase.
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2.3.5 ARFTALEX BB . 7R
FRHE, AR FZERIEHLER, T AN

FRETCHLER KA AR, JEHZZnCl,, HARME
FEK TR B REIE BLTHE, kCa®™ . Mn™", Mg™,
Fe’ ¢ 790.5 mmol/L, Zn> #¢FE0.03 mmol/L, i
HE WA, SFEH A B 57 54 b5 I E B
J1o BERMFRIFIR, Hp LR Coll 577 b it
BRI ECa™

3. FARIZHE E A= EERIF2 0

Table 3. Effect of various mineral salts on the
production of collagenase

Mineral salts  Enzyme activity/(U/mL) Biomass (ODgq)
Ca” 23.95+2.47 6.77+0.13

Mgz* 9.13+2.47 6.76+0.13

Zn* 8.26+2.47 7.18+0.04

Mn”" 19.59+3.70 6.60+0.60

Fe™ 10.00+9.87 8.05+0.25

23.6 BAEELNHRENTE: 2% L LK

BLER X R R & B = RO RZ R, Ca” RE T 4P A A A
TRF =G, FUE BRI, A 5InAAR
IR Ca™, MHE R AAE . 2R A& IR,
F254 hJE D E RS ) . g R ME4RTR, Hrp
Ca” Y& W 0.5 mmol/L, Ca” ik i #ip

SAMHIBAR A K, 3E TR Y Ca” A R T A
7 il
= 50 - = Enzyme activity —=— Biomass .
£ L0 s 3
) r 1 s
£ S
= 30 6 Z
§ 20 14 g
: =
J j '} "l

0 =l

0.1 0.5 10.0
Ca?" concentration/%

E 4. Ca’ikExEMAERS0

Figure 4. Effect of Ca’ concentration on the production
of collagenase.
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2.3.7 REEVIRRpHIIBEE : 1AL REEIRET, A1y
ANl & B SR SRR AR pHAE, FEI K 8254 h)m il
SEREE J1 . G5 RAES, KICol 1 S HpHIA HE
MG 2, }6.0-9.0, pHi T I R 28 &l
B, BRI R AR, SIS B AR A = il

—
]
(=]

1

—_

(e}

=== Enzyme activity —=— Biomass

52 o o
(e} (e} ]
Biomass (OD,)

Enzyme activity/(U/mL)
)
[

o

50 60 70 75 80 90 10.0

Initial pH

5. ¥EpHEN EM~EERIF 0
Figure 5.

Effect of initial pH on the production of
collagenase.

2.3.8 REEBGABBEMBE: 77N KRR
JE, FERARESA he e RS 1), 45 ILEe, &
LR AR Col 1577 il ) B il i 37 °Co FEAIRIE T
BARERF R IARA K, (HRF TR Pl 1R
T RS R TR AR AR, T T e R AR
fitj i

:1&\ 50 === [nzyme activity =~ —=— Biomass | 12
= 40 t 10 "
S Q
230t 18 S
2 17
8 20 | 16 £
P S
E 1o} Il {4 @
5, Lo B

= ) ; . . , Em | D

25 30 37 40 45
7/°C

& 6. TREI%EIREXEM~EEHIFM
Figure 6. Effect of different culture temperature on the
production of collagenase.

2.3.9 RWEXEMIEEREN. 76250 mL=ff
W, IMAARES ERREFERE, LIL0%
PR A WE54 h, DERRGNE T~ . 28R >

i, FiFREEPEEREOR, HEFRED D, HE
P, FER RS A T A KR s &
BB, HR R AR, RIREK

FbF, TR . R T %
il PR A R R
50 === Enzyme activity —=— Biomass + 10

IS

=
T
)

[\
[w=)
Biomass (OD,)

Enzyme activity/(U/mL)
—_ )
(e} (e}

L L |
(e} [\ B [o)}

()

10 30 50 70 90 110 150
Culture volume/mL

El 7. TREIRGEXEM~EBRFN
Figure 7.
production of collagenase.

Effect of different culture volume on the

2.4 RERER B Ltk
oyl hos SRR R U L ) v A T A VAR 4 N
5 BH B AR AT, XTI AR Col 15 & i Hh 1)
EHMTE, RESRNAEA RS T &
o S, 2ifbas 200 e I B 0 L B
(7133.5+53.6) U/mg, 525 & 4lifb 15 2 oY e i i
ih 22 SDS-PAGER N 4 &I 8-Af 7R, 7T LAA 4l
A5 30 1Y S i 5 /L 29 100 kDa, 24 7 SR
A190%LA I,
IS AR RIS, A 20 1R I i
T ) A 2R FUAT TR (Bacillus cereus), W21 K
T P e S5 5 T D A 1 ) 0 o B O B A 3
[, A B AR B BB S M R 7K A R SR e IR 2 1 )
Fi(F4). FRHZEMRICT A, BResE - Itst
SIS Vi T, A2 M i il ) A T = Ty (s
faj o, Zeakafifh, MWH AR PR32
9100 kDaly ke A, % MR L BEE
(7615.0+78.7) U/mg, M HHETUIHGER), BE 15
o P I D e
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x4, NEIRIFABEMLEELE
Table 4. Comparison of different strains and enzyme activity of collagenase
Strains Enrichment Collagenase/kDa Specific activity/(U/mg)
Bacillus cereus Collagen 100.00 7615.00
Bacillus subtilis" Collagen - -
Grimontia(Vibrio)hollisae™™ - 84.00 5314.00
Bacillus licheniformis™ Gelatin - -
Serratiaentomophila™” Gelatin 57.50 -
Streptomyces parvulus” - 52.00 938.00
Bacillus cereus™ - 114.00 271.50
Stenotrophomonasmaltophilia™” Gelatin <80.00 -
Pseudomonas aeraginosa™ Gelatin - -
Bacillus pumilus™” Gelatin 58.64 6549.75
25 BIREEHIKIR i e
250 —E——
N T TR R R 150 e 250 o '
BE S AR =), 1300 uL 10 mg/mLI%) R i Ji 100 — W G () =
RIS uL 0.2 mg/mLIOIKIERE, 37 °Ckin 70— me i
RAE30 min, DI REIMAKEWBHERY | d0— =
WL IR IORETSDS PAGERS I, 45 | i
RMPES-BIR, KRG LATE30 min A PRI Y
R E R, "0 RN, JF e 20 —f—
I EARAS . 30— 10 — .
JIS2 ol R T T P DR ) R e i e e, A - .- B
Wi W 2 LC-MSH I, 731 £ 2o A e 8. HEHRColSFIALRES(A) RESHER R (B)#ISDS-
PAGE

400-1500 Dazz[a]. JiJSEEEREMIIEE AR, B
FAEH TR H P FRE P 51(X-Y-G)nh Y 5
GZ IR, TR I S A R G e oA e I = ik
W2k, HHGHGlycine, EHX. Y7l )&
ProlineFHydroxyproline™, &A% H4 F] T-HL
W SORIAR T, R P e R g — 2D
itk JSC Jir = R i g IR, DARD FEAILAA BT 0 75 1Y
AR, MREEASREFwAH. 55, &
B I A B K P IR, P IR e e K A
RS HAT A HUE M JE  AK,  AT DA ey L
P
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Figure 8. SDS-PAGE analysis of expression (A) and
hydrolysis (B) of collagenase from strain Coll5. M:
marker.

3 &

ABIFSE DA 38 v 7 8 380 1R 7 e T ) E A 2
AT 5 (Bacillus cereus), 1% kI r= w16 Mk
(26.7£1.9) U/mL. 381 X312 18k & e 45 77 3 i o
LG FAHATIAL, SRR B R Ak il ik
IR R2.0% I HE, RIFA1.5%BEE Ak, oLk
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0.5 mmol/L Ca’'; il & eI 300 B R37 °C,
pHIE M7.5, 250 mL =& IN30 mL A& B 57
SRR T MBS R SRAET
R TS P R (65.8142.06) U/mL, #H Ak
A, VSRR 291505 . X R BRI AT 4y B 4l
1k, BRI T2 100 kDal IR, %8
B UG F1M(7615.0£78.7) U/mg,  F1-REAE 6 i [H]
DAV ERSEE P 638 fe D 2 11 R R ™ . R, R A
P4 DR AR DA B G BT 77 A 0 e D o A B L Akt
Al BRI AR T R A AT R

2% XM
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Screening, identification and fermentation optimization of a
collagenase-producing strain and purification of the collagenase

. .12 . 2 . 2 . .2 . .1 . 2%
Xingshuo L1, Yueming Zhu', Yuping Guan’, Wei Bai’, Shiru Jia', Yuanxia Sun

' College of Biotechnology, Tianjin University of Science and Technology, Tianjin 300457, China

? National Engineering Laboratory for Industrial Enzymes, Tianjin Institute of Industrial Biotechnology, Tianjin 300308, China

Abstract: [Objective] The purpose of this study was to isolate novel strains from the soil nearby meat processing
factories to produce collagenase. After the yield of collagenase from the strain improved, the collagenase was purified
and used for hydrolyzing collagen. [Methods] The strain was identified based on morphological features,
physiological and biochemical characteristics and 16S rRNA gene phylogenetic tree analysis. The yield of collagenase
was increased by optimizing the fermentation condition, and the collagenase isolated from the fermentation
supernatant of the strain was finally purified with strong anion exchange resins. [Results] The collagenase-producing
strain was identified as Bacillus cereus. The optimized fermentation conditions of the strain were: 2.0% glucose as
optimum carbon source, 1.5% tryptone as optimum nitrogen source, 0.005% of Ca’” as optimum metal ion. The
optimum temperature and pH were 37 °C and 7.5, respectively. Under the optimum conditions, the enzyme activity of
collagenase was (65.81£2.06) U/mL, 1.5-fold increased than that before the optimization. After purified with strong
anion exchange resins, a collagenase with the purity higher than 90%, the molecular weight about 100 kDa, and the
specific activity of 7615.0+78.7 U/mg was obtained. [Conclusion]| The activity of Bacillus cereus collagenase was
higher than the reported collagenases. Using this novel collagenase, collagen could be degraded into short biological
peptides in a short time. Hence, this collagenase has application prospects in many fields, such as food, medical,

health care products and cosmetics.

Keywords: collagenase, Bacillus cereus, screening, purification, fermentation optimization
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