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�HIQRS9TU:VDEAE-Sepharose Fast FlowWCXYZ[:\]^_`abcdef

G��AB9CDEF�gh�i),j��5�<k 50lmn\ pH5.0~11.0 opq0�rs�t

u
�vwxIyz{ 42l|vw pH}{ 9.0|Mg2+VCa2+?i<�~���6xI�� Cu2+��

��b<�6
|174.2 μg/mL�����`�V1000 μg/mL�����KL\ 1000 μg/mL���

KL<�b�����b<6
����~i<����RKL<�|34�5xI�~��<�

�5JKL�G���������� ¡�65�<¢F��),�-./�£¤;��5�<

@9�¥6¦§ 8750 U/mg�¨©ª{ 3.2%�«£¤¬­Dz®?�-./¯°; 41 ±��<k
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subtilis�BS+BS-26),�7���9C$ÝF-."#

�Â%& 3%V.'( 1%VNa2HPO4 0.4%�NaH2PO4 0.2%V

CaCl2 0.02%VMgSO4·7H2O 0.07%�pH7.0~7.2F 

1.1.2  Ì¿)�\*+ÂDEAE-Sephrose Fast Flow�

Whatman,-|.�</0­�12þ�b�,-j

­|ü	<V	5JKL¢����KL<�b�

*SBTI+{ Sigma,-|5�<¢��ó�­��b

­Ou«|3	4LKL�Reche ,-|5�³6

*Pepstatin+V��7*Benzamidine+{ Amresco j

­|9Xµ/0KL�89:�)�,-|Ï;j­

<{ój9:DFAKTA explorerKL°=/®>?

*�Amersham Biosciences,-|WCXYZ@ DEAE 

Sepharose Fast Flow�Amersham pharmacia,-|°

ABCCÃD�Û�
E��*+FG|BCHID�

Christ,-|KLde*�Bio-Rad,-F 

1.2  �������� 

JK Astrup�G��>LMNO[12]FPQP¬­/

¹/0­.�< 20�40�60�80�100 U/mL R 10 μL

ðkSTU5JKLMNV��37lWy"# 18 h�P

u�X��#�YZR�X[\�>m/0.�<6¦

{]^/��X[\{_^/x`��Á/0abYZ

¬­®?�.�<�5�<6¦F 

1.3  �� !"��� 

ÀÁcdefg� [13]�m3	4LKL{/0

­�bx/0abF 

1.4  B. subtilis BS-26#$����%& 

1.4.1  5�<j�)�-."#Â�¼h�i["#

���jk�l���/3"#���37lV180 r/min

"#m?n�opá�k 500 mLqrs��t/µ

{ 150 mL��n�m 6%��µ�u-."#��®

v��wx"# 60 hy�P-./� 4lV8000 r/min

CÃ 10 minz{)3�©ÐÛ4/F 

1.4.2  QRS9TU:Â9|kCÃ{)3Û4/

20 mL�}~�)Å��À���MuQRSmR�

�v�\z�I�x��+���� 4l��� 12 hF

m 12000 r/min�CÃ 15 miny�9|©Ð-.Û4

/\��FP��If3\� 0.02 mol/L pH7.5 �

Tris-HCl��/��F9|OPÛ4/\����/

�5�<6
�>�Á®?6¦9�!QRS�\z

�béi5�<�U:ab`F 

PQRS���� 0.02 mol/L pH7.5� Tris-HCl

��/�>I��9Xµ{ 8000~14000 kDa ��:

��:{UF�y�I��BCHI�AB���P

CH��KL��−20l��$ÝF 

1.5  B. subtilis BS-26#$����'( 

P� s� DEAE-Sepharose �Tt@�ABW

CXYZ[:�I 0.01 mol/LVpH8.0� Tris-HCl�

�/�9M�>?@*1.5 cm×20 cm+�m OD280�b�

P�</Û@��yI Tris-HCl��/M��Q ¡

¢@9£éy��I NaCl ¤z¥¦��zÀ�{

0.05V0.1V0.3V0.45V0.6V1.0 mol/L*I 0.01 mol/LV

pH8.0� Tris-HCl��/§b+�£A{ 3 mL/min�

¨4 280 nm©oOPF©ÐR¥¦ª��:VBC

��HI�5JKLMNOPÏ5�6
F 

« Eugenio f�G�[14]>¬w­OAyAB PAGE

bcde�P DEAE@[:9C�6
@9® PAGEy�

ü¯°I 0.2 mol/L�±²³u 10 min��yI 0.2 mol/L

� ZnCl2 ´>�µ¯Ûé¶4·�~�KL�¸�?ë

PAGE de´>�6
KL�¸�0¹ºé«»¼¸�

P¯�u�:�q�qt½µ pH8.7 � Tris-Gly d¾�

�/��de¨©¿qde¥¦�JÀd£ 5 mA�4l

de¡Á�ÂÃ:Pd¾êÄ�ÅÆde 10 min�¨©

¬­��:CH�OP6
F 

JK8Ç [13] Pu<�Dz¹®?9X=µ���

¯�z 4 %�9C¯�z 12 %�cdefÈ R250´>F 

2  ����� 

2.1  B. subtilis BS-26#$����%& 

«KQRS9TU:G��¤µ B. subtilis BS-26

),-.Û4/\���5�<�®?6¦!QR

S�\z�øÉ�ÊËÌÞQRS�\z�ÍM�Û

4/�5�<6
ÎÏÐ½����5�<6
ÎÏ

ÍMF(NH4)2SO4 �\zk 30%mnÑ����<6¦

®?Òµr½���\z�� 60%Ñ����<6¦®?

Òµ>Ó��ÔÍM�Íik9CDE¡Õ��Ö°

�I 30%�\z�(NH4)2SO4��{z×KL�kÛ

4/�ÅÆM (NH4)2SO4 m 60%�\zF©Ð

30%~60%�\z¼Ø�5�<���I pH7.5V   

0.02 mol/L� Tris-HCl��/���>?®v��/

�:��y��BCHIcIF 

2.2  B. subtilis BS-26#$�����  

2.2.1  5�<�xIvwyzÂP5�<CH(��
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0.02 mol/L pH7.5� Tris-HCl��/��I5JKLMN

�9|k�vyzn$y 18 hPu<6¦�¤Ë�<x

I�vwyz{ 42lF 

2.2.2  5�<�yztu
ÂP5�<CH(�� 0.02 

mol/L pH7.5 Tris-Cl��/��9|�� 30lV40lV

50lV60lV70l�ûÙÚ�$y 10V20V30V60 min�

5JKLMNOP<6�ÊË�<k 30lmn¥rt

u�6¦�7�Û�40l$y 1 h<6ÜÝ���<6Þ

ß 80.08%F50lÑÌÑØào<6¦nárâ�1 hy<

6ß 58.89%�ã¡ 60lÑ<6¦äåná�60l$y 20 

min�70l$yæ 10 min<��Ý6��~�<�ç°yF 

2.2.3  5�<�xIvw pH}¹Rètu
ÂP5

�<CH(9|�� 0.05 mol/LVpH9|{ 3.0V4.0V

5.0V6.0V7.0V8.0�éêR-ëRìÃí��/\ pH

9|{ 9.0V10.0V11.0 �î�R-ìïEí��/�

37l$y 6 h�5JKLNOP�v pH ��n<6

¦�¤Ë�<xI�vw pH{ 9.0�<k pH5.0~11.0

opq$Àtu�<6$Àk 80%mÛF 

2.2.4 ð�CX?5�<6¦�ñòÂP CaCl2V

CuSO4VMgCl2VMnCl2VFeCl2VZnCl2VKClVNaCl9|

�� 0.02 mol/L pH9.0� Tris-HCl��/��Muwµ

5�</�ÜRð�CXó�z{ 5 mmol/LV25 mmol/LF

R�ô�k 37lûÙ�$y 30 miny�OP5�6
�

m�Mð�CX�</{?KFghõ� 1F���Ê

möé�ð�CXMg2+VCa2+?i<�~���6xI� 

Zn2+VFe2+?<�÷9�bxIF 
 

� 1  ������	 B. subtilis BS-26 
��
������ 
Table 1  Effect of various metal ions on the activity of fibrinolytic enzyme of B. subtilis BS-26 strain 

Relative activity/% 
Ions 

5mmol/L 25mmol/L 

Control 100.0±3.5 100.0±2.5 

Zn2+ 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 

Mn2+ 101.2±0.8 106.0±1.7 

Ca2+ 118.6±3.2 131.9±3.8 

Cu2+ 0 0 

Fe2+ 88.4±3.2 82.9±3.0 

Mg2+ 112.2±0.5 125.2±1.2 

 

2.2.5  �������	
��
��� 7 �����

����������PMSF����� �!�"

�EDTA-Na2��#�������Pepstatin��$�%&

�Leupeptin��'()�������soybean trypsin 

inhibitor,SBTI����*�Benzamidine���%�

�Aprotintin��+,-.���CHOM�/012345

678�9:;/���9<67= 0.6 mg/mL/> 

?�����9=�@/37ABC 30 min D/EFG 

H���	I/JKLM 2NOM 2 PQ/RS!��

�����174.2 μg/mL� PMSF�1000 μg/mL� CHOM

8 1000 μg/mL SBTI/TUV���	I/WXY���

��� EDTAZ0���	/O[P\E]�Y^RS

!���-N 

2.2.6  ����_�`���a�bc�de��f�g

h/ijk_�`��lmno�bc�p-qr���

st	=���/uvk_w3xyz{��`��|}

p-q~�k_x����`��NO^���`�� 

� 2  �������	
 B. subtilis BS-26 
��
������� 

Table 2  Effects of various protease inhibitors on the activity of 
fibrinolytic enzyme of B. subtilis BS-26 strain 

 
Inhibtors c/(μg/mL) Residue activity/% 

10.0 100±0.5 
Aprotintin 

100.0 92.5±3.2 

2.5 100.0±2.0 
Leupeptin 

5.0 64.6±2.5 

1566.1 64.6±1.8 
Benzamidine 

15661 49.0±1.6 

1000 10.2±0.5 
SBTI 

10000 0 

1000 0 
CHOM 

10000 0 

174.2 0 
PMSF 

1742 0 

292.3 88.8±1.8 
EDTA 

2923 64.6±2.4 

Control 0 100±0.5 
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BC 1 �DE4�1�	
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F�

��G41�	
���!"#$%7�	����HI

>�
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FL4()$%7��41�	
��$%7MN

OP	����QR	S�T� 15.3 mm�UR	S�T 
 

 
 

� 1  B. subtilis BS-26��������	
��
��� 
Fig. 1  Mode 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. 
� 16.2 mm�6RVFWXYZ�HI BS-269:�	


�	�[\���	��!"#�G�����	


�]+�	
G^��!"#�4()$%7 BS-269

:�	
]+�	S�_I�5`��abcdefg

�!"#�hi� 

2.3  B. subtilis BS-269:�	
�jk 

 30%~60%(NH4)2SO4 l=mno��	
pqr

� 0.02 mol/Ls pH8.0 � Tris-HCl 	�U�tu

DEAE-Sepharosevwxyz{|2w�{|h}BC2� 

 

 
 

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

~����_|�pq���!"#$%�?�	�

���O��2 8��@���2������4 0.5 mol/L 

NaCl	<�m���P����2 7& PAGEU����

���������7WDP��"#��BC 3-A�� 
 

 
 

� 3  ������ 7 � PAGE �(A)���	
�����
����(B) !" PAGE# P2��� SDS-PAGE$%�(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. 
 

��$% ¡WD¢����	���BC 3-B�23

£¤ P1sP2sP3sP4��V¥�¦�§o¨w©ª�«

¬�*­ PAGEt/®jk�G@¯� PAGE°±��

²³��«¬´�*­°±µ¶2w�wxyz�2 7

&*­ PAGEU����·¸-¹º�»�P1��¼½¾

PO_I��`��ab P1 "#1�¿¥��À�Á

Â���Ã P3Ä P4�§o�nÅ�º�»PO/Æ_

I�FÇÈÉÊP�����`��ab6�§o�/

ËÌ�"#Í/ËÎ�"#�ÏÐ�BC 3-A � P3 ¦

P4 �§o�ÑÒ�D���
2wjk"#»¤Ó�Ô

Õ"#Ö�Ì��×/Ø~�Ù�ÚÛ�2ÜU¿d�

pÝÞ�V4ß�Kà�ÔÕº²pá�â7�ã+ä

å~g P2�2�_|pq��?��� 

å~��2 P2�&�!"#$%�?�æ�çè�

�	���& SDS-PAGE�?�WD¤é/���BC

3-C�HIjkP��	
¤éê"#�ëì2xÖ�í

È"#.íÈîï�ðñjk��	
òó2xÖ�ô

¤ 32 kDa� 

õö�jk®÷
��A=ø�A�h}BN 3�a

N 3`ñ�ùúûüý9 BS-269:�þ<& 30 %~60 %

���2��|sDEAE-Sepharosevwxyz{|=* 
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� 3  B. subtilis BS-26 ������	
��
� 
Table 3  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 3.28×105 213.5 1 100.0 

(NH4)2SO4 precipitation 184.0 2.20×105 1195.7 5.6 67.1 

DEAE-Sephrose FF 13.0 5.19×104 3992.3 18.7 15.8 

Preparative PAGE 1.2 1.05×104 8750.0 41.0 3.2 
 

�������	
 BS-26��
 P2���� 3.2%�

����� 41.0%�������� 

3  �� 

BS-26 ����
����� !"
#$%

PMSF&SBTI'()#$�*+,�-.�� !"


/�0�1-!"
#$% EDTA�23#$4�

�

5�678 EDTA9:
;<#$=:>?�

@�4
AB�CDE1-!"
�FGHIJKL

M� DC-4[16]&KLM� CK11-4[17]&NOM�[5]&P


� C-3662[18]&QR 12S[9]TU
��
-.�� !

"
/�VWKLM� QK02[19]&A1[20]TU
��
-

.1-!"
XYZ[�BS-26 ����
\H�]!

"
^_C`a\HbcCd5��
e�FGfd  


[3]&NOd
[5]&Pd
 CGW-3[18]cg�hicjk

X`alH�]!"mn�b6�od5��
e�

BS-26 ����
pqmnr:� 42s� pqmn

pHt� 9.0�FGuvwx
Oy��
 BA-DFEp

qz{r: 48s[16]�Ju Ho Ko wx
��
 QK-2

pqz{r: 55s[19]�Kim S H�wx
 DJ-4��


pqz{r: 40s&pqz{ pH t 10[21]�Kim W

wx
 CK��
pqz{r: 70s&pqz{ pH

t 10.5[17]�Kim. J.Hwx
|}~
 AMMP ��


pqz{r: 33s&pqz{ pHt 6.0�cg[22]�

�6 B. subtilis BS-26����
� pH5.0~11.0��

������ �������X�������
� 

3����=~�� BS-26��
 30 %~60 %�

 ���:��
��
���]!"-PAGE���

��	 5�5���5� 3¡�G<¡�T��


��cg�¢£.¤E��

'�¥¦§�Y¨�©

ª«¬­®¯°±
 pH tc²³´�µ¶·¸¹³n

DEAE-Sepharoseº�©ª«¬­�3[n pH7.5&8.0&

8.5&9.0 
 Tris-HCl ¯°±»¼3���
½¶·�¾

���¿n pH8.0 
¯°±®!"3���À�¢�

DEAE-Sepharose¬­®�Á 1 mol/L NaCl�±ÂÃÄÅ�

ÆÇÂÃÄÈX��5��FB�G�É±~
ÊËÌ

ÍXÎ�¬­�
5� 3 7� PAGE��ÏÐ!"�

GÆÑ!"��ÒD�Ó��qÔ¿n$� PAGE »D

+3��PAGE CDE3Õ�Ö×
3�ØÙ��oÚ

Z[ÖÛ
!"Í3��cg
������ÜÝÞß

àáâã
äD���åæ�oçè×�:
!"Í�

�4�é���
ÜÝÞßàáâ~`a��ÏÐ!"�

ê���DE!"Í
ëì��^í���ãî��+

ïé BS-26 ��~çèðDE���
��
�ñ
�

�ð 41��������� 

ñòé B. subtilis BS-26���É±~��	


��
 P2�C£äóP �
!"�3©ôõ� 32 

kDa�ö÷µøiéVWKLM��É±~çè
�

�
—— NOd
�3©ô 27.7 kDa[5]ùúûøié

CK11-4 KLM�~çè
��
 CK�3©ô 28.2 

kDa[17]��<�¢öwx
 Shiokara~
��
ü35 

kDaý3©ôÛ[23]�Gêwx
��
 IMR-NK1ü31.5 

kDaý3©ô�þ[24]�¢GÆ��

�� ��C

�kXg���D��A��¶·	��µòé BS-26
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�É±~
��	ðDE��
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Purification and characterization of fibrinolytic enzyme from  
Bacillus subtilis BS-26   
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(1 College of Life Science, Agriculture University of Hebei, Baoding 071001, China) 

(2 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. [Methods] 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� and pH5.0-11.0, the optimal 
temperature was 42� and optimal pH was 9.0. Ca2+ and Mg2+ ions enhanced the fibrinolytic activity, whereas Cu2+ com-
pletely inhibited the enzyme. Phenylmethylsulfonyl fluoride (174.2 μg/mL), chicken ovomucoid (1000 μg/mL) and soy-
bean trypsin inhibitor (1000 μg/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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