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Kaolin and s t rep tok inase  independently ac t iva te  two d i f fe ren t  B A E E - e s t e r a s e s *  in human 
blood p la sma ,  one of which is ka l l ik re in  and the o the r  p lasmin.  The method suggested en-  
ables  the co r r e l a t i on  between p reka l l ik re in  and p lasminogen  to be a s s e s s e d  in var ious  phys-  
iological  and pathological  conditions.  

The abil i ty of ka l l ik re in  and plasmin,  two functionally connected blood enzymes ,  to hydrolyze the e s t e r  
bond in N-subst i tu ted  e s t e r s  of L-a rg in ine  is used to e s t ima te  the act ivi ty  of these enzymes  [5, 8, 16, 18]. 
Colman et al., showed that incubation of native blood p l a sma  with kaolin leads  to a sha rp  i nc rea se  i n e s t e r -  
ase  act ivi ty  s t r ic t ly  specif ic  fo r  ka l l ik re in  [9]. Incubation of blood p l a s m a  with s t r ep tok inase  leads  to the 
appea rance  of f ibrinolytic,  k in in- forming,  and es te ro ly t i c  ac t iv i t ies  c h a r a c t e r i s t i c  of p l a smin  [3, 10, 12, 15]. 

Consider ing the functional dependence of the s y s t e m s  of kininogenesis  and f ibr inolys is  it would be 
useful to have a single method of measu r ing  the es te ro ly t i c  act ivi ty  of ka l l ik re in  and p l a smin  t rea ted  with 
kaolin or  s t rep tok inase  and of a s s e s s i n g  co r r e l a t i ng  changes in the blood leve ls  of p reka l l i k re in  and p la s -  
minogen.  

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

Ci t ra ted  human blood p l a s m a  obtained without contact  with g lass  su r faces  and f rozen  immedia te ly  
~ f t e r  centr i fuging to -20~ was used. The p l a sma  was ac t ivated with kaolin under  the conditions descr ibed  
prev ious ly  [1]. Opt imal  conditions for  the ac t ivat ion of blood p l a s m a  by s t rep tok inase  were  ver i f ied  in p r e -  
l iminary  exper imen t s .  The act ivat ion was c a r r i e d  out with 1,000 units of s t r ep tok inase  to 0.1 ml p l a sma  
in 0.1 M phosphate buffer ,  pH 7.6, at 25~ The composi t ion  of the incubation mix tu re  used to de te rmine  
the enzyme act ivi ty  (incubation fo r  20 rain at 37~ was: 0.1 ml  of the or iginal  p l a s m a  or  0.2 ml of p l a s m a  
act ivated by kaolin (by s t reptokinase) ,  o r  0.4 ml of p l a sma  act ivated by kaolin and s t rep tok inase  together;  
0.7 ml  of 0.02 M BAEE (14 pmoles ) ;  0.6 ml 0.1 M Tr is -HC1 buffer ,  pH 8.0; 0.9% NaC1 solution to a volume 
of 1.7 ml .  The subsequent  cou r se  of the de te rmina t ion  of act ivi ty was as  descr ibed  prev ious ly  [1]. BAEE 
was used as the subs t r a t e  fo r  invest igat ion of the es te ro ly t ic  act ivi ty  of ka l l ik re in  and p l a sma .  Since the 
Michaelis  constants  with this subs t ra te  fo r  these  enzymes  a r e  c lose  (1 x 10 -4-1.5 x 10 -4 M for  ka l l ik re in  
and 3 x 10 -4 for  p l a smin  [11]), the i r  e s t e r a s e  act ivi ty  could be de te rmined  in these  expe r imen t s  by the hydrox-  
amate  methods [6] in the w r i t e r s '  modif icat ion [1]. 

Reagents:  BAEE hydrochlor ide  (A grade,  Calbiochem, USA); s t rep tok inase  (Streptase,  Behr ingswerke ,  
West Germany) ,  e - a m i n o c a p r o i c  acid (Chemapol, Czechoslovakia) .  The other  reagents  were  of Soviet man-  
ufacture .  

*BAEE: N-benzoy l -L -a rg in ine -e thy l  e s t e r .  
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Fig. 1. E s t e r a s e  act ivi ty of human blood p l a s m a  a f t e r  
incubation with kaolin and s t rep tok inase  sepa ra te ly  and 
toge ther  (mean resul ts ) :  1) or iginal  unac t iva tedp lasma;  
2) ac t ivat ion by kaol in  (1 rain); 3) ac t ivat ion by s t r ep to -  
k inase  (1 rain); 4) ac t ivat ion by kaol in  (1 rain) followed 
by s t r ep tok inase  (1 rain); 5) ac t ivat ion by s t rep tok inase  
(1 min) followed by kaol in (1 min). 

Fig. 2. Dynamics  of e s t e r a s e  act ivi ty of human blood 
p l a s m a  t r ea ted  with kaol in a f t e r  additional incubation 
with s t r ep tok inase  (mean resu l t s  of four  exper iments ) :  
I) ac t ivat ion by kaol in (control); IT) act ivat ion by kaol in 
(1 min) + s t reptokinase ;  III) act ivat ion by kaol in (5 min) + 
s t rep tokinase ;  IV) ac t ivat ion by s t rep tok inase  (control). 
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Fig.  3. Dynamics  of e s t e r a s e  
act ivi ty  of human b l o o d p l a s m a  
t r ea t ed  with s t rep tokinase ,  
a f t e r  additional incubation with 
kaolin (mean re su l t s  of four  
exper iments ) :  I) ac t ivat ion by 
s t rep tok inase  (control); II) ac -  
t ivat ion by s t rep tok inase  (1 min) + 
kaolin; III) ac t iva t ion  by s t r ep to -  
kinase  (5 min)+kaol in ;  IV) ac -  
t ivat ion by kaolin (control). 

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

Changes in B A E E - e s t e r a s e  act ivi ty  of the blood p l a s m a  were  dem-  
ons t ra ted  a f t e r  s epa ra t e  t r e a t m e n t  with kaol in and s t rep tokinase .  Dur- 
ing incubation with kaol in the act ivi ty  reached  its m a x i m u m  a f t e r  1rain" 
a f t e r  incubation for  5 rain the e s t e r a s e  act ivi ty was much reduced under  
the influence of the ka l l ik re in  inhibitor.  The s a m e  p a t t e r n w a s  descr ibed  
p rev ious ly  [8]. After  t r ea tmen t  of the blood p l a sma  with s t rep tok inase  
the act ivi ty  rose  ve ry  rapidly and remained  p rac t i ca l ly  unchanged for  
30 rain. Only a f t e r  incubation for  40-60 rain did the B A E E - e s t e r a s e  
act ivi ty  fall,  probably  under  the influence of "s low an t ip l a smins ,  [2]. 

During consecut ive  ac t ivat ion of p l a smin  by kaol in (incubation for  
1 min) followed by s t rep tok inase  (and vice ve r s a ,  s t r ep tok inase  followed 
by kaolin) values:  of B A E E - e s t e r a s e  act ivi ty  twice as  high as  those 
a f t e r  s epa ra t e  or  single ac t ivat ion by kaol in  or  s t r ep tok inase  alone were  
obtained (Fig. 1). This  means  that t r e a t m e n t  of blood p l a s m a  with ka -  
olin o r  s t r ep tok inase  ac t iva tes  independent BAEE-hydro ly t ic  enzymes .  
To obtain fu r the r  proof  c r o s s e d  act ivat ion t e s t s  we re  c a r r i e d  out. St rep-  
tokinase was added to s amples  t r ea ted  with kaol in at the f i r s t  and fifth 
minutes  of incubation and the total  act iv i ty  was then m e a s u r e d  a f t e r  the 
next 1 and 5 rain of incubation (Fig. 2). Converse ly ,  kaolin was added 
to s a m p l e s  p rev ious ly  incubated with s t rep tok inase  at var ious  me asu red  
t ime  in te rva l s  (Fig. 3). The r e su l t s  in Fig. 2 show that the s amples  
t r ea t ed  with s t rep tok inase  a f t e r  kaolin, when tes ted  a f t e r  incubation for  
1 and 5 rain, stil l  gave the curve  c h a r a c t e r i s t i c  of ac t ivat ion of the p l a s -  
m a b y  s t rep tok inase  only. The dif ference in absolute  values  of total ac-  
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t ivi ty for  the f i r s t  and fifth minutes (Fig. 2, curves  II and III) cor respond to the degree  of inhib i t ionobserved  
in the samples  a f te r  incubation of the plasma with kaolin only {curve I). When the samples  were  t rea ted  
with kaolin a f te r  s t reptokinase  (Fig. 3) the cha rac t e r  of activation observed during incubation of the plasma 
with kaolin alone was still  maintained.  In this case  the total values of act ivi ty for  the f i r s t  and fifth min-  
utes  of incubation were  vir tual ly equivalent and the reduction in activity at the fifth minute {compared with 
the f i rs t)  cor responds  to the degree  of inhibition observed in plasma t rea ted  with kaolin only (Fig. 3, curve  I). 

These  resu l t s  show that kaolin and s t reptokinase  independently act ivate two different  e s t e r a se s  in 
the blood plasma.  In accordance  with Colman's  observat ions [9] the f i r s t  is kal l ikrein,  while the second, 
as many investigations [3, 5, 10, 15] and our  own observat ions have shown, is evidently plasmin.  Control 
exper iments  with e - aminocap ro i c  acid, a specif ic  inhibitor of plasminogen activation, showed that this acid, 
in a concentra t ion of 4-6 raM, abolished the act ivat ion of BAEE-es t e r a se  of the blood plasma by s t rep to-  
kinase.  The original  es te ro ly t ic  activity as well as the e s t e r a se  a l ready act ivated were  not blocked by these 
concentrat ions of e -aminoeapro ic  acid. Similar  resul t s  were  obtained with the use of other  synthetic plas-  
rain subs t ra tes  [3, 4]. 

It is important  to note the independent cha rac t e r  of act ivat ion of kal l ikre in  and plasmin by kaolin and 
s t reptokinase  demonst ra ted  by these exper iments .  The possibil i ty of kinlnogenesis  through the di rect  or  
indirect  action of the p lasmin formed has been repor ted  by severa l  wri ters[12,  13~ 14, 17]. 

Buluk et al., [7] postulate the exis tence of two kal l ikre ins  in human blood plasma,  one act ivated by 
the contact route (contact kall ikrein),  the other  with the aid of p lasmin (plasmin kall ikrein).  Measurements  
of the e s t e r a se  activity a f t e r  incubation of p lasma with kaolin or  s t reptokinase  provides  a means of de te r -  
mining the level  of p lasmin or  kal l ikre in  p r e c u r s o r s  and of assess ing  cor re la t ions  between these two en- 
zymes under  various physiological and pathological condit ions.  
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