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Identification of Producing Fibrinolytic Enzyme Strain from
Starter and Its Enzymatic Properties

CAO Xing-nan, WANG Hai-kuan, SUN Yan, QI Wei
(Key Laboratory of Industrial Fermentation Microbiology, Ministry of Education, College of Biotechnology,
Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: A strain producing fibrinolytic enzyme was isolated from starter. The strain was identified as Rhizopus micro-
sporus var. tuberosus based on the morphological and ITS sequence. The enzymatic properties of the fibrinolytic enzyme
secreted by the strain were determined. The properties tests suggest that the optimum temperature and pH were 37 'C and
7.0, respectively. The enzyme retained 95% of its initial activity by retaining for 4 h at 37 C, and when it was treated at 57
C for 4 h, the enzyme was still remained of activity. The enzyme had a wide range of pH adaptability, it still remained of
part of activity when pH was adjusted to a level (pH<(3.4) ; and it remained enzyme activity in between the range of pH 6.0-
8.0. Zn>* and Cu?" have a very clear function to restrain the enzyme activity whereas Na", Ca>*, Mn*" showed obvious stimu-
lation on the enzyme. The results show that the enzyme is stable in the artificial intestinal juice, it retained 80% of its initial
activity by retaining for 4 h at 37 C. It may be developed to injection used in clinical research.
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T, DRI AT LA o 45 i R WA R AR R i B
= B W IR B TR 2 AT DL R —
2R A Y i D 0 ), ) A e R (SKO) A K e
(SaK) , ‘BAITAT LUK I8 8 2155 il D o T8 AT i
il , At LA 22 28 R B 11 TG 1 1) 2 i T % fip 21 4 2
F, TR 20 PE R 0 — R iR i,
CATTAS S (B35 A 3 355 7% 2T T R A LA, T 2
T R A LT L 5 RV AL

YR M — ROt 2R AT O Y
R El Y AR e . E AT AR R
FIAIEFE e/, T XS /N R 2 77 i T 17%) i 1 0 o
To. B AR H = A M R o TR A A5 1k F
1 THFE, Amnthong 25U HRGE T /NRAR 25 7= A b
TERYEE , Mitchell 2%/ NME 7 BREVE T 05T,
Junior ZEVBIEFE T BRMERERRER 07 2E , AL 05T
R IRELA] DL H: LT 55 .

ARSI 28 TR i a3 2 L — AR A AR TR Y
BARE, 2508 A8/ NEARES . Gl I RSN S IR IR
B G TR R A B A R VR . A SO /MR B RS
KA P B AT T B R o3 T PR B A 7 T 5.

1 RS

1.1 BE#SiEHF

FH AR S 55 25 DTS it rh 23 BS54 2 AR Ca-1.

A I 21 4 2 DL BE L A B IS, Sigma 2
Al 5 AR A alisi A e ).

1.2 ExHE

IR 5L PDA 53552,

P3R5 (g/L) - WA 20, IR 15, pH HAA.

RIEERFRHE (g/L) « WIKG 10, 221K 20, 040 20,
1.3 BEFFE

RHATRE SR 7« RAF TR R ARHAI 5370, 28 C
fEIRREFE S d.

AR R R vk RC KR R Y
HUFUER, B A B3 Bk 1 DO AR FRER K b, IR
D, TR B BRI A KL A 70 mL FpFR5 7R
Hrh (EFUEE R 3x10°mL™), T 28 °C . 150 r/min
R EEFR 11 h WRFPTF 200380+ S0 mL K%
Kigf L (500 mL —ff)ff) , 28 ‘C . 170 t/min 45T

AEHEAREEE F2k Hs5H

135 60 h.
1.4 EH Cq-1HIEE
141 HAZMILE

WAk EEM T PDA Pt I, 28 CTFEM:, T
28 CREEFE. B 1d WS 1R, IC R IATETE A RHE
ARG SRR, IR R RVE BRI/, R )5
PRHC D 5 - F - A5 0, B R T SR AR
B, BEICER[21-22 57, i TR E
142 F3lmlE

DR A HE OCR: FH = 137 0 366 R 2 2 B 57
£ FIRULI A E Oy sk TR, 208 White ZP%
FITS A5, i 1TS5(5-GGAAGTAAA
AGTCGTAACAAGG-3") . ITS4(5-TCCTCCGCTTA
TTGATATGC-3") 5|#%t. PCR W& Z : ANTP (10
mmol/L) 1 pL, Taq polymerase 1U, ITS5 (10 pmol/L)
2uL, ITS4(10 umol/L)2 pL , B4t 1 puL , 10xPCR
buffer 5 uL, ddH,0 50 pL. PCR ¥ HFEF N . 95 “CTil
A8 3 min; 95 CAEME 305,55 ‘CiBk 30s.72 CHE
fif 60s.35 ME¥; 72 ‘CIEfF 7 min. PCR §7 3574
A& H AL AL = R A YRR R BT /.
1.5 HF/MMIRETREN T AEHRENREER

K T Bk B, B £ 4 B 1 RS A 2T
TR, 2R MR AERE Y I VE T e A8 s B AT £
TEE B LT TR, IO R4 2 25 (1 AV . 2R
LA VAR R AR I IR S AR L R TR AR
TR PR 4 e i 2F 45 2 PR AR B 85 C AR
30 min, ) 2 F RGBT AR. FHPE AR se e T
TR il T 2 T P RO T VS T I R il 4T 4
1 RRCEE VR R, T P 1~ A b 23 Bl i 2 I 3 A
R BRI . BORLAGR 10 pL 4351 S FERH
PELT Y55 1B RN BH R 2T 4 55 1S b A I 2T v 1%
P, DAHCHI BT s A 21 4 2 3 9 T D =
1.6 FHERRAVHI&

ARG ARG, B HE IR 60 h, B K B AE
8 000 r/min , 4 ‘C 454 F #.0> 20 min, B FIEW &M
LR T0% 0B BR S WA TEATT , SHTCVE ) Btk A 7
Brib, SR 4 B R VR TEELT SO AR , BNS- 3 21 3%
PR Ry . R R A U T 2 oK, RO B R
50 mg/mL IR .
1.7 BEEENEFE

AR, 275 SCER[25 107 LI TR ekt

W A:02 g MAHFEEARET 50mL BH%E
(pH 7.8) . ¥ B:0.25 ¢ HUIEHIAT 50 mL
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R, SF . BROR R TI H YLT VA A ) S S P <15 -

B= A HER K, I i

W A TE 45 COKIBER ORI 5 min, I B 7E
45 CABEA PR 30 min, ZRJ5 A 200 U/mL (1%E
M 1 mL, JRA). 2B S mL i A F1 5 mL %
B HHTESEAR EIRAS, B A I 2T 4 25 1 AR

FH R A o S AT 5 il AR e 26, 37 C
PRIE 6h, pRiEMl &R R B, K& y =
0.1052 "% R*=0.996 5; P y WEHE ST, x R
Bl AR, BURFIRES, 10 pL S7E M LT 4R 1 P
37 CHAE 6 h I E v HAE, iR ElE R
SERFIRE: it B .
1.8 MEFEHROVISHR
1.8.1 4fisBaay AN IRE

IOHLRRVL 10 pL AS7E MLEF 468 (AR b, 4051 E
27.32.37.42.47.52.57 ‘C A% 6 h, W5 iR,
il 18 77 (A ). LA 00 A5 6T ) d5 s A R T A g
16 71 R B 18 HARXS TG 7128 100%.
1.82 ey iE4E A pH

it pH & 2.8.3.4.4.0.4.6.5.2.5.8.6.4.7.0.
7.6.8.2.8.8.9.4.10.0.10.6.11.2.11.8 i) JLEIAYLE
PR, RS pH B I 2T 4 55 1 AR, BOKL I
10 L STEARIE pH MIIMEF4EE 1 AR 37 “ClEIR
YERL 6 h, I pH XS 1 sgm. LARTINAS RS 71
i ) pH A50F T TS 71 A X) B 5 FLAR X BigE
F14 100%.
1.8.3 LB R E T M

WEHRRR T 27.32.37.42.47.52.57 C 4351
PR 0.5, 1.2 4 h, BUBJSHGEEEIZE pH A 7.0 A9
I 27 2 35 11 P AR 0 Bl . AR R AT R AL B Y
L VAR S oA et B 358 ARG 24 100%.
1.8.4 ¢yl pH A&7 M

Bifil pH A 3.4.5.6.7 WIBEIRE _aN-Frigng
ZEP, pH R 8.9 MY HLZAN—Eh AR ZE M, pH
10 S-S AL BN ZZ v, pH o 11 IR A
BN E AN ZE MR pH Sy 12 BYSEALE—E Ak
SE, WREEY R 0.02 mol/L. DMAFREE 1+ 1 43515
pH 3 ~ 12 MZ R TR G, YWAIR AR & 37 CHH
IRAE TR 2.4, 12,24 h, JERE pH 2 7.0, LI
EAT Ak B T TG 7 R Xt B, 5 e HOAH G S oA
100%.
1.8.5 &% 8 T2 ¢ iEB ey #vh

28 7 KBCH 10 mmol/L F1 1 mmol/L #Y
NaCl . KCI ., CaCl, , MnSO; . MgCl, . CuSOy, . FeSOy .
ZnSOy VR , HUET 1 B 5 RV AN [R) M B 4 )

BEFERIRA, TN 37 ClEEA AR 18 h, g
WS 7, A mE S 25 8 KRG ERT IR, e
AN 718 100%.
1.8.6 A LMk st ¢ i BaAa 2 6% 0m

NT iz b NRILAEZG ) (2005
HERR) POMC . IBCHLEEH 0.5 mL IMAE] 1 mL A T/
W, 37 Cor AR E 1.2.3 .4 h, BUH RSB
D Bl , I LART AR 1 i 04 s M b TR
P

2 HRE5SH

21 BEHHEE
2,11 EHOTE SHFAE

Wk Cq-1 7E PDA V-4 b (Y 15 3= PEAR 0L &
1(a). ¥53% 1d J5, W& ERRA 1.29 cm, A H.0
HW%E, 26, 2R, ARKEE; 2d FREBER
ik E] 5.21 cm, EFHUA G WA DR, WK%
A RB A, B VR E, K R, KR
3d JE, WK PG & B AT, BT B
FAF, MR, BRETE A6 (LA E™
A BiFE Sd T, WIEC A KR, SRR EBA,
FRZUR. B D RATH Cq-1 WLBBULVFAZL
BRI TP I HETT, /0 5 TS B A BT B I
IS 1 ().
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Fig.1 Colony and individual characters of the Cq-1
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) PO R g g ) PR AR AL R R R
A RN HATRIR, W2 e itk Co-1 B TE
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212 ITS A B 34 Ry AT
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Tt dRe s, B3 99%, i A4/ MR E.



+ 16

2.2 FFNARBA BT FEENHEER

i 2 () FE 2 (b) s, I B T
PREABETCIEE , TAE & LRI - AR A
VAR, 10 BH PRI 75 211 P20 2o YT £ Vs Tl
Ji. T 2 S INRAR 25 2T VS B G IR TE NG AR ik &
TE AP T ) A AR I s 4R Tk, i v 1
FEHHATME 1486 mm x 15.08 mm , J5 # &
16.08 mm x 15.28 mm, Wi IFJC 1 3 25 5, Ui %
IR LT 7 I FLEVA AR LT AE R 1, AN 0 £ 1 i
JEIE AT Vs T T /K 4 A FE 1
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Fig.2 Activation of plasminogen by the fibrinolytic enzyme

produced by Rhizopus microsporus var. tuberosus
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Fig.3 Effect of temperature on relative enzyme activity of

the fibrinolytic enzyme

232 miEEA pH

pH XTEFFEBEAH TGS 1 sz min &l 4 pros. A
RIMAE ) pH 7E 7.35 ~ 7.45 ZIA], A AE 3 pH A
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PLL, pH KT 6.4 BFGNE SRl FRAIC. 76 pH 7.0 &%
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Fig.4 Effect of pH on relative enzyme activity of the fibri-

nolytic enzyme
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Fig.5 Effect of temperature on stability of the fibrinolytic
enzyme
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Fig.7 Effect of ion on the fibrinolytic enzyme
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Tab.1 Effect of artificial intestinal juice on stability of the

fibrinolytic enzyme
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