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BErmnEail
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FE: (MY HRIT7 R MRS L2 B A RRIT B, WHAEY b S RE R 258 & —Fhe
AR EE, R A (Bacillus subtilis) BS-26 B #k /& B B A TR 3R R AN ET 138 1, AR SC4%
B 1 5 TRV T 215 T 14 P B 5 X M 20 0 iR AT 1 a0 il o U051 1 ) T 44 28 1P A A6 ) &2 0 Tl
e, FI TR RR &R 4> H3RHT . DEAE-Sepharose Fast Flow [ 5§ 7~ 8 )22 Hr 1 58 7 475 Tk P il 4 vt Dk 25
Tk, AT aid . D45 Y PR £ I 2 BB AE 50°C LA T F1 pH5.0~11.0 Y [ P HA B iR
SEVE, FEVEHRE N 42°C; feil pH (4 9.0; Mg® . Ca* Xt it BE A I (s 1 A, i Cu”*fig5g
SN EE A 174.2 pg/mL A9 ZE H LR RS . 1000 wg/mL A9 RS B ZRS 2 1 A1 1000 wg/mL K 5k
A R )RR o8 A W I BEE ME, PIPULE IEGE T2 E R R RS RONELE R R,
ff 27 A B 0 e BV AR, TS R m e OE AP VA R . MIZ B RE 1 R B AR AT T — Fh 2T 5
My, TGk 8750 Ulmg, [HIEH 3.2%, RIS AF bb 4l B2 AHXT T A B4R & 1 41 1, X AE
SDS-PAGE H 2 HKEEE 11, 20 F =N 32kDa. (4518 348 T —Fh 4R iR R0 s — 400, WEFVE I &
B8 77 i P RSS2 A B 30— A5 I R 2 0 1 s A 24 4 4 I J LS K 0
KRR . AN EZEAT R SFVAME; o Eaifl; PR
PESES: Q936 XEAARIRES: A X E4HS: 0001-6209 (2008) 10-1387-06
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subtilis, BS) BS-26 ik, ANSgnas @ {/fr. AR
JE WPRG 3%, BERERY 1%, NapHPO,0.4%, NaH,PO, 0.2%.
CaCl,0.02%, MgSO,7H,00.07%, pH7.0~7.2,
1.1.2 FEFIFIILE . DEAE-Sephrose Fast Flow,
Whatman 7 Al PRIEECEFARIE S, , TR K252 |l =
T 31NN 1 4 o s = D NI R o - = 1 i Bl
(SBTI) & Sigma /2yl ; £FHEEIR, HE 24 8 A il
A KL BT RIS (& 1, Reche 4] BHMKER
( Pepstatin ), ZXH Pk ( Benzamidine) & Amresco i~
ds AT FEAMESE T, LR R A E] Al 5
Yk [ 74y bl , AKTA explorer 2 [ 5 s VB0OHA £33
%, Amersham Biosciences /A # ; B &5 T3 ik DEAE
Sepharose Fast Flow, Amersham pharmacia /A #); 15
HRVRELOHL, B SCgn AR S R T IRAL,
Christ 2~ F]; &ML, Bio-Rad A7),
12 HFiaEgEMEINE

B8 Atrup 9751, FERSIEE KRR SR
R s R 20, 40, 60, 80, 100 U/mL 4% 10 uL
STESTRR LT LR (AR SLA, 37°CHEKESE 18 h, ]
EWENER, HESERIIR, I DARMERERETE /)
RWAbR, WEREIHBORAARER], HAEbR it Zitoa
R A T PRV ) 2T WS )
13 ERRRERNE

WA % e s vk
an, HIVEARERD 2
1.4 B.subtilisBS-26 HE#kFAEERIH &
1.4.1  ZFUEGr7 AL T 0 R BERG SR o DT Bk () ki 5 5
Yo, BRI — PR T R 32 56, 37°C | 180 r/min
B e XM ORI, 76 500 mL =P, SR
N 150 mL 1T, DL 6% Fp i i A R R R, M
) 25 A9k 7 5 5% 60 h =, ¢ & B T 4°C . 8000 r/min
2.0 10 min LEREER, W BN
142 GRBRE /TR . 4 VGRS O R A F I R
20mL T HAGE OR8N A BT FR 8 2 451
A, HEGRAMSIES, T 4C, #% 12h,
A 12000 r/min, .0 15 minJ5, 250 & B i
WORLSE . B UiE AR 0.02 mol/L pH7.5 (1)
Tris-HCI 2 Wi i it o 43 A0 375 8 R0 e 125 e
(A 2TV B M L AR AR X TG 7 90 A7 55 0 IR e R
25 il H O 2 i Y B BT it R

BB RR R TIE R T 0.02 mol/L pH7.5 Y Tris-HCI

DA A3 18R R B 4

ZZwpi, FEFAE 2T RN 8000~14000 kDa fif #r
LEBHTBRER . RJE R E S W R TR vk 46, ¥
T BRI T -20°C UK A TR AT
1.5 B. subtilisBS-26 & ¥k &F A BERY £4E 1L

W4 L PR 4T DEAE-Sepharose # g 364, #E17F]
B FAS# 28T, ) 0.01 mol/L. pH8.0 i Tris-HCI 2%
M 754 T (A 15 AE( 1.5 cmx20 cm ), 2 ODogo 2K,
PR FAE, SRS TrisHC 28w il A, 15 Rt
BMHLH AR S, R NaCl B EEVEG , M EE IR vl
0.05. 0.1, 0.3, 0.45. 0.6, 1.0 mol/L ( /i] 0.01 mol/L .
pHB.0 Y Tris-HCI ZZ ppi Ll ), JiH 3 mL/min,
2041 280 nm PRI . RS BELIE , iEHT . R TR
B T, AR AR A7 v T

i Eugenio 2077 IR MOE 24 k5 T PAGE
il g5 LUK, 4 DEAE A1 24173 25 ATG P 4H 7348 PAGE ),
EERESE ] 0.2 mol/L HYPKIE T E 10 min, #8)5 ] 0.2 mol/L
(1) ZnCl, Yot FLI b I M B I B 550, XFh
PAGE HLUKYL Ry TEERR 45Hy , R D) s X
PR BITASN, N3 pHB.7 1) Tris-Gly HiMZE
PR, LUK ISR N LRI, 4ERERRIE 5 mA, 4C
R, B MR A, dkZzrdk 10 min, [l
R, ENTOR T, RIEPE

ZHESCHR [13] 5 B AR KX, ki
JREHRIE 4%, ZPBIICHE 12 %, % Hhilies s R250 Yefn,,

2 BERAH

2.1 B.subtilisBS-26 EtkF AR H| &

i HOBR IR 44 53 AR M 1, 153 B. subtilis BS-26
TR PR K T b 08 Y RN TT0 U v 28 3 il 1 R X 3 ) 5
BRI DGR, T IR A B R A AR A3, b
TR £ S S T S D, UTVE Hp T T e R
B, (NH4),SO, HUAIEETE 30%LA Ni, UTE RS /1
HEE b, RN KT 60%H, iTE HH S 71 AT
G A B, HILES Bk Y, Bk
K FH 30%(f F1 3 Y (NH,) S0, VTTERR £ 24 E 11, 75k
T W 4k 22 (NH,),S0, & 60% 1 F1 BE Uit 4
309%~60%1f Al Ji [X 8] 1) £F %5 B UL 3E , I pH7.5.
0.02 mol/L fy Tris-HCI 2z pif %5 A% , I %0 [ 22 vhil
BT, RIGESEHETHREH .
2.2 B.subtilisBS-26 Bk iAEERY MR
221 HFHEMOERBISIRE . BEEBETHET
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0.02 mol/L pH7.5 [ TrisHCI ZE i rh, R 4EE 1 FAR
A BIEEAR TR N AR 18 n M EBRHS , A5 %l
M ERIGIRE R 42°C,

222 AFUEGRRERGENE . BAEIA TS T 0.02
mol/L pH7.5 Tris-Cl Zmi, J3%0%E T 30°C. 40C,
50°C. 60°C, 70°C /KPR 10, 20, 30, 60 min,
YR PR B TE , FTARZESAE 30°C LA iR
FE, WA, A0°CHHE Lh BHEMIAK, BHGE
7] 80.08%. 5O0°CHTFifif [F] AEA BT 1 N R, 1h 5
1570 58.89%, i) 60°CHIHE /1 2Um TR, 60°CIR 20
min, 70°CHRIRAY 10 min fi§5e 42600 , BEATIZ AN = T
2.2.3 ZFEMEMVE I iRE pH (E M BRINAR ETE . HH2f
VW T8 43 ¥ T 0.05 mol/L . pH 435114 3.0, 4.0,

5.0. 6.0, 7.0. 8.0 W15 AR -WE IR = — A5z v Il pH
43514 9.0, 10.0. 11.0 i H & R- A A AL HNZE Wik
I7°CLRE 6 h, LR kAR pH 08T BEG
T3, FHIZREE I Bl pH o 9.0, B fE pH5.0~11.0
T NIRRT DR AE 80%L I o

224 LR FX IR IR m . ¥ CaCly.
CuSO,. MgCl,. MnCl,. FeCl,. ZnCl,. KCI. NaCl 434
%F 0.02 mol/L pH9.0 Y Tris-HCI Z& b, InAE &
RSB, 45 4 8 B2 4 5 mmol /L . 25 mmol/L .
FARBYIE 3TC/KIFH AR 30 min 5, AL 1E,
PIANING: J& BT B X B 255 3 1, ERvhn]
DIEH, R8T Mg® . Ca W I BEA I B Aes 1
Zn** . R R BEAT R I A

#1 TEEREET B. subtilisBS-26 Btk REEE R E M
Table1l Effect of various metal ions on the activity of fibrinolytic enzyme of B. subtilis BS-26 strain

Relative activity/%

lons

5mmol/L 25mmol/L
Control 100.04£3.5 100.0£2.5
zn* 94.1+1.3 88.4+0.5
Na* 103.6+1.8 111.0+2.3
K* 106.0£2.5 118.6+1.8
Mn?* 101.2+0.8 106.0+1.7
ca?* 118.6+3.2 131.9+3.8
cu® 0 0
Fe** 88.4+3.2 82.9+3.0
Mg*" 112.2+0.5 125.2+1.2

225 RN ERE I R5e0 . S 7 Rh AR R
. IERERER (PMSF). 2 DU Z /R 4N
(EDTA-Na, ). HZEMHEHMGIF (Pepstatin), sEMkE
(Leupeptin ), KEBHEFIEHIHIH ( soybean trypsin
inhibitor,SBTI ). Z#H Kk ( Benzamidine ). #illJik /i

F#2 TEZEGEHIF FI3 B. subtilis BS-26
BRI LR R
Table2 Effects of various protease inhibitors on the activity of
fibrinolytic enzyme of B. subtilis BS-26 strain

(Aprotintin ), FIEREELT (CHOM ), S HIFEHA [nhibtors cpnl) __ Reside iy
W RIRROR A, AARPRAWIE S 0.6 mg/mL, L) Aprotintin 1000 005530
T BB X ER L 37°CHLE 30 min J5, ET L eupeptin 2.5 100.02.0
LTI, SSRE 2, i 2 WL, ZAREN 15552.1 gjzgig
B F - 174.2 ug/ml f) PMSF ., 1000 ug/mL (¥ CHOM Benzamidine 15661 19,0416
11000 pg/ml SBTI, AESEAMBIREEE , 048 & 185 .- 1000 102¢05
A EDTA 3RA-IHIRGE , I AT %05 8 T2 11"000%0 g
R I CHOM 10000 0
226 AR AR R R LT v 174.2 0
5%, ERTHARET AR 1 RS WA= — SRl 21532 88.8‘; L
BRSO LT, M TR R B SR LT A R 5 EDTA 2023 64.6:2.4
R R LT AR T TR Control 0 100:05
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JEHR AT DT, T AN BEFIRTET A M) T R 2
I R . IR LT e oA 85°Cmk
60 min il O, SRR RIS, Sii— 1%
6.0 U LI LT 4R A 20 BIEIX P FAR b
BS-26 [k 2T 17 i X WAL AN DR, ML S )

WP 1 B FEA LA R AR IR G,
PE, M EHA R LT e AR AT AR, 1]
PRI LA R R IR 2RI I T BS-26 TRRET
VR ICTEAE IAAPH_E SR AE 5 £ P I A Pl AR
PUTELTIEE, AI# AT At 15.3 mm, JE#iRRE R

. r'lw—z ~
1
-

A B 3 1 . _

E 1 B.subtilisBS-26 kT AMAMRALERMNERATR
Fig. 1 Maode of dissolving fibrin protein of fibrinolytic enzyme
from B. subtilis BS-26 strain. A: Plasminogen-free fibrin plate; B:
Plasminogen-containing fibrin plate.1. UK; 2. Fibrinolytic enzyme
from strain BS-26.

& 16.2mm, PFEIFILEE LS, U BS-26 MRS
B £F 5 R IR R e 1, A BTG £F i
J5OE ATV B K S R 4R 2 1 ZE AR | BS-26 T
PREFSTE U BB B, X BB T il T
YR A
2.3 B. subtilis BS-26 Fikk T 7 19 4l 4k

H 30%~60%(NH,),SO, 10 F1E [X 8] i £ 1 B R 149}
fl 0.02 mol/L . pH8.0 ) TrisHCl #ftls, #17
DEAE-Sepharose Fl1i5 3¢ 4 )2 M40, a2,

400
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300
250
200
150
100

50

ODggonm/ mAU

0 50 100 150 200 250
Elution volume/mL
2 B. subtilis BS-26 E#k&FAESH) DEAE-Sepharose
Fast Flow &

Fig. 2 Elution profile of fibrinolytic enzyme from B. subtilis
BS-26 strain by DEAE-Sepharose FF chromatography.

WEERIE, BITATR T, S4B TR IZT S
P, BIBRL S 8 41, HAR /094751, . (B4E 0.5 mol/L

NaCl /R MR ATEYELL Y 7 28 PAGE ), BB
F e e gt I8 ERARHSARERW (A 3-A ),

kDa
94.0
Pl —> m— Py U —
' 450
P2 — - | ~—p2 350 ~—
240
~—7P3
' 200
144
~—P4

1 2

3 BTX#RES 7 H) PAGE RA)REAHEEBIR AL
ATETEE (B)FH & PAGE fF P2 4H 4 H SDS-PAGE Hjk[El(C)
Fig. 3 PAGE gel(A) and fibrinolytic activity on fibrin plate(B)
profileof the fraction 7 by DEAE chromatography and SDS-
PAGE profile of the fraction P2 by preparative PAGE. 1. Marker;
2. Purified fibrinolytic enzyme of the fraction P2.

JEE AR B30 /R DU S5 A LR iE v (anlgl 3-B, 43l
W PL, P2, P3. P4), JfHAF 5 Z PR RALE, b
A % PAGE #E—4lifk, it e lé PAGE Hyk A&kt
ok, RiEA RN &Ik AR B . B acidisy 7
21l £ PAGE Jii , HE FWKIE-EE S et , PLAS AL E 1%
WELEWA, WRERMT PL A SRR HER R R4
filt, BECRHR P3 & PAFZ IR IR, KCYentihdl— R
B, JCLER D) I PSR, ATRBSE TR Z A —
SRR AR ol — SRR LR (W&l 3-A P35
PA 5 Z RS FR )o BT LAAY B alidl 2 s g R ke
BB VTR, B — IR, B e RIS
VIR, TR VEr A bk b S S R . 25, Ul
BT P24y, BHTRT, Rl

B2y P2, GLF4E i ARk, B TR
FihtE. 2 SDSPAGE K, W/ m—&47, Wil
3-C, ULBHAlALH AR B ) SRR 1 o AR AR
WEEE IR EI R, 1920 Ab A 2T BAR R 4T 2
A 32 kDa,

TR A BRI TS ), 455803 3, th
e 3, A EZEAUFT R BS-26 BIAR A IERZ: 30 %~60 %
WA T . DEAE-Sepharose B 51584 )2 1 Al il
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% 3 B.subtilisBS-26 HHkAF R N BALLER
Table3 Purification of fibrinolytic enzyme from B. subtilis BS-26 strain
Step Total protein/mg Total activity/U Specific activity /(U/mg) Purification factor Yield/%

Culture supernatant 1536.3 3.28x10° 2135 1 100.0

(NH4),SO, precipitation 184.0 2.20x10° 1195.7 5.6 67.1
DEAE-Sephrose FF 13.0 5.19x10* 3992.3 18.7 15.8
Preparative PAGE 1.2 1.05x10" 8750.0 41.0 3.2

BHIKG, difkii BS-26 £F%HG P2 MIE N 3.2%,
ARAEECR 41.0%, SiALSURA R .
3 Wtk

BS-26 T Ak £ v 1ty 1A A Bk 22 2 1R 2K 11 1l 0 o 751
PMSF. SBTI 5524, WA ULUE T2 EN
2, K 4 )@ 2R (I 570 EDTA REFR 2410 il e 27
VREERGTG , FLBGZE EDTA ¥ (1048 K3 il 7 1 o,
7 HH L A 7T R S — A 4 AR 1 . X S R TE A 2R
FFH DC-410 | ZERUFT I CK11-417 | gy AT | %
il C-36621% MiEE 12 # U1 (AT R T2 ARE
FIRES, AR ZEAUAT I QKO AL (A i
ToRENMAED ., BS26 WKL AR #LT 4%
P17 2O B KR A R 06 2R R I, 3 5138
B oS | el COW-3MUR], =AM
B HER MG E AR, LS B SR R
BS-26 [ tREF VA MRS ME IR E A 42°C, HadEfEM
pH E 4 9.0, X 53 5 436 () 5 8L 47 % i BA-DFE I
i SN E 48°C1Y, Ju Ho Ko il 4% QK-2
i R T 55°CHY ) Kim SH )i 1 DI-4 21 ¥ il
B N IR E 40°C . o O pH i 101, Kim w
IR CK 27 il froadhi SOW I 70°C | Feids Kb pH
{8 10.5M7, Kim. J.H 38 8% 45 o (1) AMMP £ % il
o3& SR E 33°C . il N pH {H 6.0 #EAS 1A,
I H B. subtilis BS-26 [ ¥k £F ¥ B 7E pH5.0~11.0 i [
PR R, R BT 32 Y 1Rl , A SR B B R £ 5 g

Iy B Al 72 bk B BS-26 T Kk 9 30 %~60 %l
PR e 100 R XA O £F VA G, 20 2F 4 B 11 -PAGE HLIK
BoR i 5 ARIEMEN, WA N E, 5SREZECL R
MR, (H i FRF AT SE SR, BT BT
SHZMTITE MR pH (B ARS8 . ASZH 1y Jeik
DEAE-Sepharose B &+ 5c40 24, 435I pH7.5. 8.0,
85. 9.0 1Y TrisHCl ZZpilitF oy B alifb iy TS e, 45
RRBUR pHB.0 A% MBI 25 1 /3 B RCR T, (A AE

DEAE-Sepharose 2, Bk 1 mol/L NaCl R VEBiESh,
HE TR P, X AT AR S R ERCh RS R
JEAT Koo JENTIR BOTEMEL ST 7 22 PAGE &L HAREE M7
SHAWE R —e i, B4R % PAGE HE—
H4rES . PAGE E—FreRiRmm s FE, Al
2 BRI R A B R IR 450t o [ESCTE SRR I it
JEBEIE E I B— 25l , S8R BB AT B S A A R 1 T
PRI, MHLK R 0 SR N T e v Bz Il AR T
E 2B — R (R A s it vk . Zead Fakalife s
BRI BS-26 HIAEH IR T — PPk 2i0 LT 7, %2t
T 4145, AR .

%30 B. subtilis BS-26 [# ¥k & Bt alifk iy
SUEEE P2, SRR ARBEARMEN, T RAN 32
kDa, b H A2 35 M 55 28 J0 AT 1 & RV P AR B £F
WH— NG, TR 27.7 kDAY w2 E
CK11-4 ZFFFEh 13 BN LF R CK, 4> T 28.2
kDal', #K. {HHAZIE 1 Shiokara H I ZF# i (35
kDa)2r T /NP 5 ERE L 7 IMR-NK1( 31.5
kDa) 4 FHARUT Y, (H 5 H 2005 Wi 0 2 L R 7 41 2
& HA R P s — 20, R T 2 LI UE I A SCM BS-26
PR B R B P Rl iy 7 —Fh 2R i, HAh 2T i 4
OB T e — A0, aliAl 0 27 5 Tl 1 W2 1
T Sl AE R N B AR IR A R T i — 25 05

5 % X #
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Purification and characterization of fibrinolytic enzyme from
Bacillus subtilis BS-26

Shumin Niu“?, Xiaojun Guo®, Shuna Li*, Hongshui Yuan®, Baocheng Zhu"*
(*College of Life Science, Agriculture University of Hebei, Baoding 071001, China)
(¢ No.1 Middle School of Baoding, Baoding 071000, China)

Abstract: [Objective] Thrombolytic therapy is a safe and effective treatment for thrombotic diseases. Microorganisms are
possible sources of thrombolytic drugs. We purified and characterized fibrinolytic enzyme produced by Bacillus subtilis
strain BS-26. [M ethods] We examined the fibrinolytic enzyme activity by fibrin plate and purified fibrinolytic enzyme by
ammonium sulfate fractional precipitation, anion-exchange chromatography on DEAE-Sepharose Fast Flow and prepara-
tive PAGE. [Results]The fibrinolytic enzyme of the strain BS-26 was stable blow 50°C and pH5.0-11.0, the optimal
temperature was 42°C and optimal pH was 9.0. Ca?* and Mg** ions enhanced the fibrinolytic activity, whereas Cu®** com-
pletely inhibited the enzyme. Phenylmethylsulfonyl fluoride (174.2 ug/mL), chicken ovomucoid (1000 pwg/mL) and soy-
bean trypsin inhibitor (1000 png/mL) could inhibit enzyme activity, which indicated that the enzyme belonged to serine
protease group. On plasminogen-free fibrin plates and plasminogen fibrin plates, the fibrinolytic activity had no obvious
difference, indicating that the enzyme was a fibrinolytic enzyme which degraded fibrin directly, but not a plasminogen
activator which degraded fibrin by activating plasminogen. A fibrinolytic enzyme was purified from the fermentation
broth with recovery yield of 3.2%, purification factor of 41.0 fold and the specific activity 8750.0 U/mg. SDS-PAGE
analysis of the purified protein showed only one band with molecular mass of 32 kDa. [Conclusion]A single fibrinolytic
enzyme was purified, which provided the basis for large-scale production of fibrinolytic enzyme.
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