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At leas t  two f o r m s  of t i ssue p lasminogen (cytokinase) ac t iva to r  a re  p re sen t  in the lysosomal  
f rac t ion  of rabbi t  kidney. They differ  in thei r  degree  of specif ic  act iv i ty  and they a r e  ev i -  
dently isoenzymeso 

Plasminogen is ac t ivated in the body by enzymic  ac t iva to r s  p r e sen t  in the blood and t i s sues  of man  
and an imals .  The mechan ism of this act ivat ion is not yet fully understood,  for  the nature  of the natural  
ac t iva to rs  stil l  r e m a i n s  unknown. The isolation,  purif icat ion,  and some p rope r t i e s  of t issue plasminogen 
ac t iva to r s  were  desc r ibed  prev ious ly .  

During chromatographic  purif icat ion of t i ssue  ac t iva to r  (cytokinase) isola ted f rom the ly sosomal  
f rac t ion  of rabbi t  kidneys two f o r m s  of enzyme cata lyzing the reac t ion  of p lasminogen act ivat ion were  ob-  
tained. Although dif fer ing in s eve ra l  fea tures ,  the two f o r m s  of cytokinase p r o c e s s e s  s im i l a r  p rope r t i e s .  
It was important  to d i scover  whether  these two f o r m s  of cytokinase a re  different  enzymes  or  different  
f o r m s  of the same  enzyme~ 

The object of the p resen t  invest igat ion was to study the enzymic  nature of t i ssue p lasminogen ac t iva tors .  

There  is no informat ion in the l i t e ra tu re  on the exis tence  of s eve ra l  f o r m s  o r  types of t i ssue  p l a s -  
minogen ac t iva to r .  Some inves t iga tors  [3, 4] obtained severa l  act ive  zones of cytokinase,  which may  be 
taken as  different  f o r m s  of the enzyme,  by chromatographic  purif icat ion of a p repa ra t ion  of the ac t iva to r .  
However,  on t r ea tmen t  of the original  ma te r i a l  with concentra ted solutions of u rea  the whole of the cy to-  
kinase act ivi ty  was concentra ted in one peak.  The w o r k e r s  cited explained this fact  by the exis tence of 
hydrogen bonds in the ac t iva to r  molecule ,  linking it f i rmly  with the other  p ro te ins .  In this case  the u rea  
l ibe ra ted  the ac t iva tor  molecules  f rom the ba l las t  pro te ins  and led to its elution in one zone. In the 
p re sen t  investigation to de te rmine  whether  s eve ra l  f o r m s  of t i ssue  ac t iva to r  exist ,  the cytokinase was 
the re fo re  purif ied with the aid of u rea .  

E X P E I ~  I M E N T A L  M E T H O D  

The proteins were fractionated by ion-exchange chromatography on columns with DEAE-cellulose in 
a phosphate buffer gradient with the addition of NaCI or urea. The products obtained were identified by 
gel-filtration through Sephadex G-100. The specificity of cytokinase activity was judged from the activity 
of the plasmin formed [1]. The specific cytokinase activity was expressed in casein units per milligram 
activator protein (Co u./rag). The products were analyzed by electrophoresis in polyaerylarnide gel by the 
disk method [2]. 

EXPERIMENTAL RESULTS 

The experiments of series I were carried out by the following scheme (scheme i). The lysosomal 
fraction of rabbit kidney, suspended in 0.25 M sucrose solution (with 0.1% sodium deoxycholate as detergent), 
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F i g .  1. C h r o m a t o g r a p h y  of l y s o -  
s o m a l  s u s p e n s i o n  on D E A E -  
c e l l u l o s e .  Cont inuous  l ine)  p r o -  
te in ;  b r o k e n  l ine)  s p e c i f i c  c y t o -  
k i n a s e  a c t i v i t y .  

w a s  f r a c t i o n a t e d  c h r o m a t o g r a p h i c a l l y  on c o l u m n s  with  D E A E - c e l l u l o s e  
in a convex  g r a d i e n t  of 0. 005 M p h o s p h a t e  bu f f e r  so lu t ion ,  pH 7 .6 ,  
the  ion ic  s t r e n g t h  of which  was  g r a d u a l l y  i n c r e a s e d  by  the add i t i on  of 
7 M u r e a  so lu t ion .  The whole of the p r o t e i n  a d s o r b e d  on the i o n - e x -  
change  r e s i n  was  e l u t e d  a s  a s ing le  p e a k  (F ig .  1). The p r o t e i n  of the  
f r a c t i o n s  c o r r e s p o n d i n g  to the  p e a k  a s  i t  b e g a n  to d e c l i n e  p o s s e s s e d  an 
a c t i v i t y  of 6 c . u . / r a g .  The p r o t e i n  c o r r e s p o n d i n g  to the d e s c e n d i n g  
s l o p e  of the p e a k  was  i nac t i ve ,  but  c y t o k i n a s e  a c t i v i t y  of 10 c . u . / r a g  
r e a p p e a r e d  in the  zone of the t a i l  f r a c t i o n s  of the p r o t e i n  peak .  The 
m i x t u r e  of a c t i v e  zones  was  then  r e c h r o m a t o g r a p h e d  in a phospha te  
b u f f e r  g r a d i e n t  the ionic  s t r e n g t h  of which  was  i n c r e a s e d  b y  the a d d i -  
t ion of a 0o 3 M so lu t i on  of the s a m e  buf fe r ,  fo l lowed  by  a 1 M NaC1 
so lu t ion .  As a r e s u l t  the m i x t u r e  was  s e p a r a t e d  into two p r o t e i n  c o m -  
p o n e n t s :  one with s p e c i f i c  c y t o k i n a s e  a c t i v i t y  of 12 .5  c . u . / r a g  e m e r g e d  
when the c o n c e n t r a t i o n  of the phospha t e  bu f f e r  was  about  0 .1  M; the 
o the r ,  wi th  s p e c i f i c  a c t i v i t y  of 7 .5  C .Uo /mg ,  e m e r g e d  with NaC1 in a 
c o n c e n t r a t i o n  of about  1 M. T h e s e  c o m p o n e n t s  c o r r e s p o n d e d  to f o r m s  
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I and II of eytokinase, as the resul ts  of e lectrophoret ic  analysis and gel-f i l t ra t ionshowed.  On fil tration of 
the specimens of forms I and II on columns with Sephadex G-100 in 0.1 M NaC1 solution, one protein com-  
ponent was obtained from each~ On filtration of a mixture of the two forms of act ivator  under the same 
conditions two protein components corresponding to forms I and II of cytokinase were eluted from the 
column. 

In the experiments  of ser ies  II urea  was used in the second sta~e of purification (scheme 2)~ The 
lysosomal  suspension was fractionated by chromatography on columns with ion-exchange res in  under the 
same conditions as rechromatography  of the active zones in the experiments  of se r ies  I. Two forms of 
cytokinase were obtained. 

The preparat ions  of forms I and II of cytokinase and a mixture of the two were then rechromatographed 
(rechromatography I) in a phosphate buffer gradient with gradual addition of concentrated urea solution, as 
in the f i rs t  stage of purification in the experiments  of ser ies  I (scheme 2, b ' ,  b", b"')o Protein was not 
eluted in any of the three cases,  i . e . ,  the whole of the adsorbed protein remained f i rmly bound to the ion- 
exchange res in  on the columns. To remove the remains  of the urea, the columns with the adsorbed p ro -  
tein were carefully washed with 0. 005 M phosphate buffer solution, pH 7~ 6. To elute the protein, the 
mater ia l  adsorbed on the columns was rechromatographed,  this t ime without urea.  

Rechromatography II was car r ied  out with phosphate buffer the ionic strength of which was gradually 
increased by the addition of 1M NaC1 solution just as in the experiments  of ser ies  I (scheme 2, c). As the 
result ,  the original protein (of form I or  II of cytokinase or their mixture) was separated into two com-  
ponents: one, the more  active, was eluted with phosphate buffer in a concentrat ion of about 0ol M; the 
other,  less active, was eluted with NaC1 solution in a concentration of about 1 M, The zones of elution of 
these proteins corresponded to those of fo rms  I and II of the act ivator (scheme 2)~ 

On t rea tment  of the cytokinase preparat ions  with concentrated urea solutions fo rms  of the enzyme 
differing in their degree of specific activity toward plasminogen were therefore  obtained~ This is possible 
if the fo rms  of cytokinase obtained are  derivative of different degrees  of polymerizat ion of identical sub- 
units. In that case,  t reatment  of the cytokinase preparat ions  with urea,  followed by dialysis,  may lead to 
the appearance of other forms of the enzyme as a resul t  of random recombination of the polypeptide chains 
and conformational changes in the molecules.  

The resul ts  of these experiments  suggest that the cytokinase molecule has a quaternary s t ructure ,  
i . e . ,  that it consists  of identical subunits each of which has its own active center~ Fo rms  I and II of 
cytokinase are  probably derivat ives of the same enzyme, and they can be regarded as i s , enzymes  ; form I 
of cytokinase consists  of a l a rge r  number of subunits and has a higher molecular  weight and higher specific 
activity than form II. 
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