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SUMMARY 

A me thod  for es t imat ing  the  proteolyt ic  ac t iv i ty  o f  plasmin using a protaxnine-  
heparin  complex a~s subs t ra te  has  been developed.  The  o p t i m u m  condi t ions  o f  sub- 
s t ra te  concent ra t ion ,  pH,  t empera tu re ,  etc.,  are described. Digest ion by  plasminof ien-  
s t reptokinase  mix tu res  is si:~wn to be bi-pha.sic and  the  significance o f  this  is dis- 
cussed briefly. 

L~ CPOOOCrtO,~ 

Man)' s u b s t r ~ t ~  have  been u.~ed for the  pro teo ly t ic  a.~say of plasmin,  T h e y  include 
c a b i n  t-~, dena tu red  haemoglobin  ~, gelatinO,L collagen (in the form of  azocoll)*, 
~Ls well as fibrin, which is usual ly  considered to be the na tu ra l  subs t ra te .  

Serum was found by  I{AGEDORN ~ to pOS.SP..SS the  p rope r ty  of breaking down 
complexes of  proteins (e.g. insulin) with pro tamine .  This observat ion was confirmed 
and ex tended  by BRUNFELDT AND ]-JOULSEN 10 who Showed t h a t  the  enz)mae involved  
was "fibrinolysin' (plasmin). KJELDGAARD AXD PLOUG tl ut i l ised this  observat ion  
to ~ t i m a t e  the proteolyt ic  ac t i v i t y  of pie_stain by  measur ing  the decrease in abs0rb- 
ancy  of a suspension of  p ro tamine  heparin  complex when incuba ted  wi th  pie_stain 
or a Fka~inin-generating mixture .  "l~ney described their  m e t h o d  briefly. The  m e t h o d  
appealed to us as a poten t ia l ly  simple Gne for the  proteolyt ic  assay of  plasmin. ~V~ 
found however  t h a t  the  condi t ions  described by  KJELDGAARO AND PLOUG were 
not  opt imal ,  So a s t u d y  o f  the  effect of  pH,  salt concent ra t ion ,  t empera tu re ,  etc.,  
wa_g unde r t aken  and its resuh_s are repor ted  in this paper, 

MATERIAL5 

Plasminogen was prepared by  the procedure  of  K-'I,~E tt f rom lyophifised COHN 
h u m a n  pla_~rna Fract ion  I I I, omi t t ing  the  final step of  precipi ta t ion wi th  phospha te  
buffer at  pH 6.4. I t  wa_~ ex~laustively dialysed agains t  distilled wa te r  to which jus t  
suflficient HC|  was added  to make  the  pH 2.o. The h u m a n  p la sma  Frac t ion  I I I  was 
ob ta ined  f rom Pentex ,  Inc. S t rep tokinase  was ob ta ined  a.s 'Vaxida~"  (Lederle);  it 
was dissolved in 0.025 M Tris buffer (pH 8.5). P ro tamine  su lpha te  (saarrdne su lpha te ,  
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FROTEOLYTIC ASSAY FOR PLAS,~.tIN 6~9 

Ligh t s )  a n d  h e p a r i n  (powder ,  Boot_s) were  d i sso lved  in w a t e r  t o  m a k e  s tock  s o l u t i o n s  
c o n t a i n i n g  5o m g l m l .  

METI,,IOD 

T h e  p r inc ip le  of  the  m e t h o d  is 1hat  the  p r , , t a m i n e  in a c o m p l e x  of  h e p a r i n  a n d  
p r o t a m i n e  is a t t a c k e d  b y  p r o t e o l y t i c  e n z y m ~  a n d  h e p a r i n  is se t  free. trhe op t i ca l  
c l ea r ing  o f  t he  su spens ion  of  t h e  c o m p l e x  which  ~wcurs, is m e a s u r e d .  KJELDC, A,XRn 
AND PLOCG n h a v e  shown ,  b y  m e a s u r i n g  the  hepa r in  set  free.  t h a t  the  dec rease  in 
t u r b i d i t y  is p r o p o r t i o n a l  to  the  degree  o f  b r e a k d o w n  of the  c o m p l e x .  

The substrate 

T h i s  is p r e p a r e d  b)  m i x i n g  e q u i v a l e n t  a m o u n t s  of  p r o t a m i n e  s u l p h a t e  a n d  
hepa r in .  I t  h a s  b e e n  f o u n d  sufficient  to  a s s u m e  t h a t  a g iven  we igh t  o f  p r o t a m i n e  
s u l p h a t e  will  n e u t r a l i z e  a n  equa l  we igh t  o f  hepar in .  

E q u a l  v o l u m e s  o f  p r o t a m i n e  s u l p h a t e  so lu t ion  a n d  h e p a r i n  .~flution, b o t h  a t  a 
c o n c e n t r a t i o n  o f  2 rag/ ro t  a re  m i x e d .  A s t ab l e  t u r b i d  >olution ( " s t ock  s u s p e n s i o n " )  
r~ult_s.  I f  m o r e  c o n c e n t r a t e d  so lu t ions  are  m ixed ,  a u_seless, coarse  anti  s t i c k y  p rec ip -  
i t a t e  resul ts .  T h e  " ' s tock  s u s p e n s i o n "  can  be  s to red  indef in i te ly  w i t h o u t  change ,  a t  
4 ° . Mer th io l a t e ,  x : I o o o ,  is added .  I t  is f u r t he r  d i lu t ed  zo t i m e s  w i th  0.o35 M 
Tr i s  buf fer  ( p H  8.5) for  use. T h i s  p r o v i d e s  a s u b s t r a t e  wi th  an  a b ~ w b a n c y  b e t w e e n  
0.600 a n d  o .7o0 w h e n  r e a d  a t  450 m p  in a I - c m  <:uvette a n d  g ives  o p t i m u m  d iges t ion  
r a t e s  (.see Substrate concentration). 

T h e  a b s e n c e  o f  an  excess  o f  p r o t a m i n e  or h e p a r i n  in t h e  s u b s t r a t e  is o f  i m p o r t -  
a_ace, as  the  d iges t ion  r a t e s  a re  c o n s i d e r a b l y  modi f ied  b y  a n  excess  o f  e i t he r  ~a. T h e  
a b s e n c e  of  free. p r o t a m i n e  or  h e p a r i n  in the  s u b s t r a t e  is checked  b y  c e n t r i f u g a t i o n  
o f  an  a l i quo t  o f  the  " s t o c k  s u s p e n s i o n "  a t  20 030 r e v . / m i n  a t  4 ° for 3 ° rain.  Addi-  
t i ona l  h e p a r i n  or  p r o t a m i n e  is a d d e d  to  a l i quo t s  t)f the  c lear  s u p e r n a t a n t  a n d  the  
a b s e n c e  o f  p r e c i p i t a t i o n  or  t u r b i d i t y  f o r m a t i o n  c h e c k e d  spec t ropho tomet r i c~a l ly .  

Assay 

I n  m o s t  o f  o u r  s tud ies  we  have ,  in c o m m o n  w i t h  m a n y  o t h e r  worker.% used  
p lasn ,  inogen  a c t i v a t e d  w i th  s t r e p t ( > k i n ~ e  a_~ " p l ~ s m i n " .  T h e  a s s a y  is p e r f o r m e d  in 
t w o  s tages ,  viz., the  a c t i v a t i o n  o f  KI.]NF. p l a s m i n o g e n  wi th  s t r e p t o k i n a s e  ( " a c t i v a t i o n  
m i x t u r e " )  a n d  t h e n  an  a l i q u o t  o f  the  a c t i v a t e d  m a t e r i a l  is t r a n s f e r r e d  to the  sub-  
s t r a t e  or  t h e  s u b s t r a t e  is a d d e d  to  t he  " a c t i v a t i o n  m i x t u r e " .  T h e  s u b ~ t r a t e  a n d  
e n z y m e  is d e s i g n a t e d  " d i g e s t i o n  m i x t u r e " .  

T h e  " s t a n d a r d  a c t i v a t i o n  m i x t u r e "  cons i s t s  o f  o.2 rnl o f  p ! a sminogen ,  o.z  ml  
o f  o .o25 M Tr i s  buf fe r  ( p H  8.5) a n d  o.x m l  of  s t r e p t o k i n  .au.~ so lu t ion .  A f t e r  an  a c t i v a  L 
t ion  pe r iod ,  z. 5 m i  o f  s u b M r a t e  is a d d e d  a n d  the  zero  r ead ing  ta]'.en i m m e d i a t e l y .  
Th i s ,  t h e  " ' s t a n d a r d  d iges t ion  m i x t u r e " ,  is t h e n  i n c u b a t e d  a t  37 ° a n d  f u r t h e r  read ings  
m a d e  a t  5, xo, x 5 a n d  3 ° rain.  T h e  a b s o r b a n c y  wa_~ m e a s u r e d  a t  45 ° m ~  in I - c m  
e u v e t t e s  w i t h  a U n i c a m  S P  (too s p e c t r o p h o t o m e t e r  a g a i n s t  a d i s t i l l ed -wa te r  b l ank .  

A p l a s m i n  un i t  (P .U. ) ,  as  def ined  here ,  is t h e  a m o u n t  o f  e n z y m e  which  g ives  
r ise to  a decreaL~¢ of  I -  t o  ~ a b s o r b a n c y  un i t s ] ra in ,  m e a s u r e d  a t  45 ° Trip d u r i n g  t h e  
l i nea r  p h a s e  o f  t he  l e a c t i o n  x~-~th a s,ibstra~-e c o n c e n t r a t i o n  o f  o,z rng comptex/.-r . l  
in o.025 M Tr i s  buf fer  ( p H  8,5). 

Bioch~m. BioOhys. A a a .  67 {~963) 658--668 



6 6 0  H, B. W.  GREIG,  E. M. C O R N E L I U S  

I t  was ivund in work to be repor ted elsewhere ~s t h a t  o p t i m u m  condi t ions  for 
a c t i v a t i o n  o f  K L I N E  p l a s m i n o g e n  t o  p l a s m i n  w e r e :  s t r c p t o k i n a s e  c o n c e n t r a t i o n ,  

500/~g/ml: Tris buffer o.o25 M (pH 8.5), ac t iva t ion  period, 5 rain. These condi t ions 
for the ac t iva t ion  of plasminogen app ly  to the  studies repor ted here on the digest ion 
o f  the subs t ra te  by  plasminogen--streptokina~se ac t iva t ion  mixtures .  

E X P E R I M E N T A L  

Factors influencing digestion 

r. Temperature. O p t i m u m  digest ion occurs between 37 ° and  45°; digest ion is 
slow at  room t empera tu r e  or below. At  56~ there  is ev ident ly  rapid init ial  digestion 

T A I ~ L E  l 

EFFI~£1" OF I"£MPERA1~URR ON DIGEJS'rlON RATE 

~ t a n d w r d  d i g e s t / o n  m i x t u r e  {eve t e x t )  

Ton~ ' *~* ,e  D ig¢~ i~  *~¢ (P.U.) ]¢, 

o - ~  _g-aS z 5 - 3  o 

4 4 . 0  o 5 .3  
2 z -5 t ~. ,o 2 . o  J 2.7  
: 8 . o  z 6 . o  8 , o  J 6 .  5 
37.0 46.8 23.6 ~3.x 
45.0 5z .o  2 r .o  ~9.7 
56.0 56.4 9 .2  1o.o 

bu t  also rapid  des t ruct ion  or inac t iva t ion  of  the  enzyme,  so t h a t  the  Fate fallq rap id ly  
(Table I). The rapid initial phase (0- 5 rain) of  digest ion (see later) is also r e t a rded  
by  low tempera tu res  but  not  as much  as t he  subsequent  slower phase (cf. ra tes  for 
period o - 5  rain and 5-x5 rain in Table I). 

10 

2.0 4 .0  E~O e.O I0~0  
p~ 

~O 

40  

30 
3 

-~ 20 

Fig .  I .  T h e  ef fec t  o f  p H  o f  d iges t i on  m i g t t t r e  on  d iges t ion .  
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PROTIEOLYTIC AS S AY F O R  PLASM1N (~3I  

g. ~H of digeslion mixture. ,Miquots  of an  " a c t i v a t i o n  m i x t u r e "  a f ter  5 man 
a c t i v a t i o n ,  w e r e  t rans ferred  to  a l iquo t s  o f  s u b s t r a t e  a d j u s t e d  t o  a p H  rang ing  f rom 
4 t o  z o  b y  add i t i on  o f  a p p r o p r i a t e  bufferg (for p H  4--6, o . o  5 M c i tra te  buffer:  for 
p H  7"-9, o .o5  M Tri~ buffer  and  for p H  xo. 0 .05  M b o r a x - N a O H  buffer).  T h e  sub-  
s t r a t e s  w e r e  k e p t  in an  ice  b a t h  dur ing  add i t i on  o f  a c t i v a t i o n  m i x t u r e ;  t h e  p H  o f  
e a c h  w a s  c h e c k e d  a f ter  its a d d i t i o n  and a d j u s t e d  if  neces sasy .  A z e r o  read ing  w a s  
m a d e  a n d  t h e n  t h e  t u b e s  i n c u b a t c d  at 37 ~. Fig.  i s h o w s  t h a t  the  o p t i m u m  p i t  l ies 
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F i g .  z. T h e  r f f , ' : : t  ,~f p H  o f  d i g e s t i o n  mixture-  on digL~stion. T h e  dige.~tion a t  each  I>H i~ e x p r e s s e d  
a s  a p e r c e n t a g e  o f  t i rol  t~cc~)rring a*. the o p t i m u m  p H  found,  8÷ 5, 

b e t w e e n  E a n d  9: a m o r e  deta i l ed  ,study o f  the  p H  r a n g e  7 It) is F, h o w l l  in Fig.  z,  
D e t e r i o r a t i o n  o f  p l a s m i n  is c o n s p i c u o u ~  at p H  v a l u e s  a b o v e  9.o.  

3. Itrnic strength. W e  di.~=overed ear ly  in our  s tud ie s  t h a t  t h e  d iges t ion  rate  is 
m a r k e d l y  a f fec ted  by  t h e  c .cmcentrat ion o f  sait  in the  d i g e s t i o n  m i x t u r e .  T h i s  effect  
is i l lus tra ted  in Fig. 3. Vei-y l o w  c o n c e n t r a t i o n s  ( <  o . o z  M) e n h a n c e d  the  rate  o f  
d i g e s t i o n  but  c o n c e n t r a t i o n s  o f  o .o5  M and  a b o v e  are i n h i b i t o r y  t o  d iges t ion ,  a n d  

~ 0 . 5 0 (  

x -  × O.D M ,%oCi 
o - o  0.~ M NaCi 
• * e  0,0~ M NoCi 

0 ~ tO 15 
O i g e ~ t ~ n  tknle ~r~n)  

P ig .  3- T h e  ef fect  o f  Lrdt o n  d i g e s t i o n .  
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6 6 ~  H. B. 'W. GREIG, E. M. CORNELIUS 

hence  the  u ~  of  phwsiological  .saline (o.x5 M) fo r  d i l u t i ng  pu tpose~ ,  o r - o f  s a l t - c o n -  
t a i n i n g  buf fe r s  such  as  t h a t  o f  P^L~TZSCa z~ o r  OWm~N ~,  is p r e c l u d e d  w i t h  thi.~ 
m e t h o d .  

O t h e r  ca t i ons  w e r e  s tud ied .  P o t a s s i u m  chlor ide  wa~ iden t i ca l  in b e h a v i o u r  to  
s o d i u m  chlor ide .  M a g n e s i u m  ch lo r ide  w a s  i n h i b i t o r y  a t  o.oz M a n d  a b o v e ,  b u t  w a s  
consp icuouMy a e t i v a t o r y  a t  o .oooz  M; c a l c i u m  ch lo r ide  b e h a v e d  s i m i l a r l y  (Tab l e  I I ) .  

"I ABLE 11 

E F F E C T S  OIF ~ I A I . T 8  O.'~1 DIGI~ST |O~ 

D i g e s t i o n  m i x t u r , m  w i t h  auh .~t r~ t t ( r  c o ~ t e i n i n g  c o n c e P t r a t i o n  o f  s a l t  a h o w n ,  Th<;  r e a u l t ~  ~ r e  e~lc I 
p r c . ~ s c t t  z~s a } ) c r c t - n t a g e  o f  t h e  d i g e s t i o n  : ; e e u r r i n g  i n  s t a n d a r d  d i g e s t i o n  m i x t u r e  t i . e .  w i t h o u t  

s a l t ~ } _  - - ,  not tested. 

P~ctrda¢¢  diffe~ioct 

M olas,fff y 

0 . ,5  0 . ~  5 O.ZO 0 . 0 5  O.OZ 0 . 0 0 .  r O.O0,OZ 

NaUl  42 53 73 8o !o8 98 loz 
.MgCI i 2H 22 71 -- 8 7 12% 14(~ 

CctCI s " -- 6, 77 s3z z57 

" T h e  s u b s t r a t e  ~va~ s o l u b l e  i n  t h i s  c o n c e n t r a t i o n  o f  c a l c i u m  c h l o r i d e  s o l u t i o n .  

Tr is  bu t t e r  was  found  to  h a v e  a s l ight  a c t i v a t i n g  effect  on d iges t ion  w i t h  in-  
c reas ing  c o n c e n t r a t i o n  l tp to  o.2 M in the  s u b s t r a t e  (Tab le  I I I ) .  

4. Subst*ate concentration. W e l l - m a r k e d  s u b s t r a t e  c o m p e t i t i o n  can  be  d e m o n -  
s t r a t e d  ~ i t h  p ro t aza f ine -hepa r in  c o m p l e x .  T o  d e m o n s t r a t e  this ,  a l i q u o t s  o f  a n  " a c t i v a -  
t ion  m i x t u r e "  were  t r a n s f e r r e d  to  s u b s t r a t e s  c o n t a i n i n g  f r o m  4 m g  o f  h e p a x i n -  
p r o t a m i n e  c o m p l e x  per  m l  d o w n  to  o.z rr .g/ml.  A t  c o n c e n t r a t i o n s  a b o v e  o.2 m g / m l ,  
r ead ing~  cou ld  n o t  be  m a d e  d i r ec t l y  on t h e  d iges t ion  m i x t u r e s ,  so a l i q u o t s  we re  re-  
m o v e d  a n d  d i l u t e d  for  read ing .  Fig. 4 shows  a d i rec t  p lo t  o f  t h e  ve loc i t ies  a g a i n s t  

TAIfLE Ill 

1 I4F. I~.FFEt:T O1" 101OI.,~,RI'I'Y O F  THIS  IIUFFi[.H { P [ |  8 . 5 )  ON DIGFF,'I'IO.N1 

Standard dtg~*.ion mixture. 

M o ~ t l t y  o] T t ~  D,gt,dion gat¢ 
buMt, ~ ~ , ~ z t a r c  ( p . O . )  

~zl" 8.o 
o.oz 35-3 

o.oz5 38.7 
0-05 42. z 
o. I 46.5 
o.z 44,8 

" ThL'¢ t u L ~  c o n t a i n e d  t i i ~ t i l [ c t i  w ~ t * d c - t | i l ~ t t e d  5uL~ttrsatt~ a, n t l  wa,,~ ~:Oll,,~eqnt~n~.l}" unb~lfl['~-qfed. 
I t s  p H  w a x  7 . z .  , , e .  w e l l  b e l o w  t h e  ~ p t i m n m  f o r  d i g e _ s t i o n .  
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P R O T E C ) L V T I t :  A S S A Y  F O R  l-I..-t~,-,llN ( ~ 3  

~ 4  

1 8  

0.2 0 .8  2'.0 
0.4 "LO 

$-SUI::)~tPo~ Ccn~e~ltrQtiCl~ m~/~OI 

4 . 0  

F'iK- 4- Direct plot of vt.locity r'~';, suh.~trate conecntrati<~, Standard <ligo~tion mixture. Vc~locit~¢ 
calculated t'r~m tint-a.- pha~'r tJf <lig<'stion ~5-I 5 rain). 

s n b s t r a t e  concen+rati<>it, a n d  Fig. 5 a L i n e w e a v c r - B u r k  p lo t  for  the  s a m e  d a t a .  
K m is o .3o  m g / m l  foc th : s  pk~t. 

I t  is a f o r t u n a t e  c o i n c i d e n c e  tl- ,t t he  o p t i m u m  .subs t ra te  c o n c e o t r a t i o n  i~ n e a r  
t o  t h a t  p r o v i d i n g  t he  m(yst sui t . .b le  itlitial a h . ~ r b a n c y  f<)r s p e c t t o p h o t u m e t r i c  
m e a s u r e m e n t  a t  450 nhu. 

~ ~Or~ 

i ~ K.. , , ,  L ~ . 3 0  

,°! \+ 

L" 
_ _ ~ . . :  ~ 1 " ~  / ~ . _ _ 

o .~ "~D I~ 
), 
% 

Fig+ 5+ I.im*wcaver Burk plot +~f ,lala of Fig .  4- 

Cha~acleri.stics o f  the digestio;: ~f pvotamine hepavin sl~bstrale by plasminegen, strepto- 
kinase mixtJ~res 

Fig. 6 shows  a t y p i c a l  p lo t  o f  the  dig('.~tion o f  p ro t a~ t t i ne -bepa r in  s u b s t r a t e  b y  art 
a c t i v a t i o n  m i x t u r e  o f  p l a s n t i n o g e n  a n d  s t r e p t o k i n a s e .  T h e r e  is a m o r e  ~apid pha~e  
i)f d ige s t i on  d u r i n g  t h e  first 5 m i n  t h a n  d u r i n g  t h e  s u c c e e d i n g  t h r e e  5-r,ain per iods ,  
w h e n  d iges t i on  is l inear .  T h i s  r a p i d  in i t ia l  p h a ~  tencL t o  d i s a p p e a r  w h e n  d i l u t e d  
KLxt¢~- p l a s m i n o g e n  is u.c~d ( ~ e  below).  On  a c c o u n t  o f  the  n o n - l i n e a r i t y  o f  ~ile hai t ial  

IJiochi,~L Biophys. A*ta, 67 ( t 963) 658-6rM; 
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~ 0 , 2 5 0  

D i g ~ t . ~ n  t ime  (n~n l  

F ig.  6. D igcs t icm o f  p ro ta tm ine-  hepar i r t  c o m p l e x  b~ p t a m m i r t o g e n - s t r c p t o k i n a . w  m i x t u r e ,  s h o w i n g  
initial rapid phas,~ (mf dig~_~.tiop.. Digestion I'or period r~-- 5 rain = 88.0 P.U. Digestion for periocl 

5-zo rain ~ 3o.o P.U. 

pha.~;e, w e  ha, ,e  used  the  d iges t ion  o c c u r r i n g  durir~g t h e  l inear  p h a s e  ( f r o m  the  5 t h  
tt) t h e  zSth rain) for o u r  k ine t i c  s t ud i e s  (cf. D~R~CHIS=). 

Fig.~. 7 a and  b show the  reI~. t i onsh ip  o f  p l a s m i n o g e n  c o n c e n t r a t i o n  to  d iges t ion ,  
w i t h  c o n s t a n t  : ;ubs t ra te  concentration. T h e  d i s a ~ p e a r a n c e  o f  t he  in i t ia l  r a p i d  p h a s e  
of  dige~tiutt o=t d i lu t ion  o f  t h e  p l a s m i n o g e n  is .~een .:L Fig.  7a. 

The d~gestio~ of prota~nine-heparin substrate by isolated plasmin 

I n  a few exper ; .men t s  p l a s m i n  i so la ted  f r o m  a p l a ~ m i n o g e n - s t r e p t o k i n a s e  
a c t i v a t i o n  m i x t u r e  b y  p r ec i p i t a t i on  a t  pH z o  in the  p re sence  o f  x bl scxt ium ch lo r ide  tt 

~t 7.O5 rr~lr~tl 
0.700~ o ~ f; .64 m9/m:  

| A =.23 ~gfrn l  
i x • 3 .53 rng~r~n 

0 .6 ,0u[ ' . .  "i" 2.1~. mg lm l  
t ~ & 1.41 m9;ml  

3. ,~'-~. "~x. O 13.70 ~rl£lml g 
i ~ ~'--- x . .  

3 0 . 4 0 0 r  ~ - -t - " ~ - - ~  ~ - - - - - - ~ @  
& " ~  

2S . . . .  O - -  - - O ~ _  

O J g O ~ t  
o ~ ;o ,i; 

hlS~tkor'~ t ! f l ' l e  I [ m ~ n  ~' 

2 C  

& 
~c3 

/o 
o/ 

o 

S j 
0.70 1,41 3.53 -%.64 %C~ 

Plo~rr~no~en m 9 fml 

." "igs 7a and b. ])ig~-~tion of  prot,~m[ne..hepa,-in substrate by a series of  d~utions  of  pla~mlnogen. 
Fig. 7b s,tows ;inuar relati~.r,~,hip c~i digestion to p|a~minog~n conce,=_na~/on. D i g ~ t i o  ~ way 
calcu]atecl from linear phase o.~d~ge~t=on ~5-t5 mi~', ;,= F ~ .  1 - for  each plasmin~gen concentration. 

l~ock~m. Biop~s. ,4eta, O7 ( )963 )  658-C'¢~ 
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has been u.~ed. In Table IV a c~mparison is made of the digestion by a p!asminogen - 
s treptokinase mixture  and plasmin precipitated from it by r M NaCI at pH z.o. There 
is a loss of  a c t i ~ t y ,  the isolated p!asmin having 6<)'~/o of the act ivi ty  per unit protein 
possessed by the plasminogen-strept(~kina~ mixture.  This is in accord with the 
findings of others Iv. 

The effect of salt on the digestion of the substrate by plasmin is also shown in 
T a b l e  I V .  r h e r e  i.~ t h e  . ~ a m e  p a t t e r n  o f  i n h i b i t i o n  o f  p l a s m i n  b y  s a l t  a s  i s  f o u n d  

w i t h  p l a s m i n o g e n - s t r e p t o k i n a s e  m i x t u r e s .  

"1" .,'~ ~ I .  E IV 

C O I k I P A N I S O ; :  ~.k" I S O L A r [ , ~ I )  PLA~ . ' , t IP :  A N I )  P I , A S b | I N O C E N  s ' r H I L I ~ T O K I N A S E  M I X T U R E ,  

.~N~a VEl " l~ ; f : ' f  ¢)b" S A L T  ( : O N ( ' . ~ : ~ ' E R , ~ ' r I O N  O N  PL; t2 ;? , t IN  D I G E S T I O N  

Dieest;~m rai~tuFt Cane o/ .N',nC./ f)ige~o~ea 
* n  ~ t # . ~ ¢ ~ t *  : P . t . * . / m l ;  p'~.,leo~) 

P l a s m i n o g e n  t s t r e p t o k i n a . m :  Nil z5 .6  
P l a s m i n  Nil  x 7 .7  
I q a s m i n  o.').5 M L4.8  
P l a n t a i n  I~. t .X~ Z .3.7 
P l , - ~ m i n  o z 5 .M[ z z 9 
P l a s m i n  '~ 5 M 7.8 

Compar~sc : 7~,'itk other subslrate-, 

Dilutions of a .~ngle batcl: of K t  ].~F plasn,inogen were test~xi against ca.~ein 
in paraUe~l with p r o t a m i n e - h e p a ~  sub~trate. Casei" and p ro tamme-hepar in  sub- 
s t rates  seem to be simil~: in sensit ivity provided a digestion period of  an hour  is 
allowed for the higher dilutions x+ith casein. With  protamine-hepar in  substratc a 
digestion period of r 5 rmn was satisfactory. The results of this experiment are .~hown 
in Table V. It  seems li-ke,y from the rathm of  ca~einotytic to protamine-hepar in  
digestion tha t  the two ~ltb.~trate.~ ,re measuring the .~ame proteolytic enz;'me. 

T.S, lq L E  V 

C O & I P A R I S O : e  O F  CA.~F . [ I~  ~ N O  P R O T A M I . ' ~  T I E P A R ] N  Ct')Mi'LEX AS S U I X S : h . ' ~ T E ~ .  

F C R  I ) L A ~ ' ~ I O G E N - - ~ T R E P ' r O K ~ N A S P :  : t I IX ' I~UR] ; :S  

co~'. t ~m{Imt ) prot~t  p ,: ~ J~ 

t ~4 +.b -,'~. : I ](++ [ 
: " ; :  5-7 i t . ,  I [5 .4  
I - t 5  5 5 3 -  ~ t i 0 o  
° - 7 7  5 . :  zO+~ ] i 5 - 7  

* C a s e i n  u n i t  = a m u n t  o f  e n z y m e  w h i c h  wtD r e l e a s e  c o | o u r  e q t k . " d e n t  o f  45o  # g  t ) , r o s i n e  
i~ " e  m i t t  fror '~ 2 ~  c a s e i n  i n  b o r a t t - . , t a l i n e  b u f f e r  ~pH 7 .0 ;  1 o.z)+ S t r c ~ t o ~  ~T~a.5~ 2oo/~g!z . t l  pla,.~.- 
m m o ~ e n .  

"" S t a n d a r d  Ol iges t inn  m i x t u r e  f o r  p r o t a m i n e  - h e p a r i n  ~u;>st,'~ttc. P la .~min  u~:~ a~ d e f i n e d  in  
t e x t .  

/ ; i och*m.  ~ ( o p ~ y r .  A c t a .  67 0 9 6 3 )  6 5 8 - 6 6 0  
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D I S C U S S I O N  

The method d ~ r i b e d  appears to be a simple and  satisfactory procedu, ~ for assayir.g 
the pro teol~ie  ac t iv i ty  of  pla.smin. I t  is, of course, not specific, and  the possibility 
exists of  measuring a protaminase in a prepaxa*.ion instead of  plasmin. However, 
:he protaminase of  human serum or plasma a t tacks  the substrate  very slow',y indeed 
and a strel)tt)kinase-activated protaxninase other than  Flasmin is not known. H u m a n  
euglobulin preparations also a t t ack  the substrate  very slowly under  the experimental  
conditions described. On the other  h : : :d ,  if s treptokinase is added to either nat ive 
human seru, ft or Human euglobulin preparations,  very rapid digestion occurs. 
Li t t le  is known about  the protaminase tD of human  serum ; it .~eem.~ unlikely it would 
survive a_g a contaminant  of KLtNE plasminogen or of plasmiu prepared by .salt 
precipitation at  p l I  2.0. A M R I S  t °  iIIL~ recently confirmed BRUNFELlYF AND P O U L S E N ' S  | °  

demonstrat ion tha t  the "p ro taminase"  act ivi ty  in strcptokina~se-activ:lted human  
serum or serum fractions is due to plasmin. 

The substrate  is s imply prepared from readily obtainable materials  and is 
stable for long periods of time. Incubat ion with isotonic media  in the physiological 
pH range does not alter the  tu rb id i ty  to any  significant extent .  I t  is however so- 
luble in NaCI .solutions of o.5 M and  above at  pH  8,5 on prolonged ( >  2 h) in- 
cubation at 37 °. GODAL 11 found the cvmplex msohtble at  neutral  pI!  even at ionic 
sttt:ngths as high as 3.o, bu t  does not  ment ion  tempera ture  or t ime. He also showed 
th;x~ tl,e hepa.rin of the complex "p ro tec ted"  the orotamine against  plasma prota- 
mina.~. 

The assay procedure is exceedingly simple, reproducible, and requires no 
further  appara tus  than  a spectropholometer  reading in the  visual range. The a . ~ y  
is ":ccomplished rapidly (cf. heated fibrin plate method  ~B) and is par t icular ly  suitable 
for progres,~ive studies. 

The findings in respect of  tempera ture  are in line with previous observations 
using other  substrates.  The op t imum pH for plasmin using casein has generally 
been recognised to be about  8.0 (ref. 22) ; the op t imum with pro tamine-hepar in  sub- 
s t ra te  is near 8.5. I t  is to be noted tha t  digestion is far from opt imal  below pH 8.0. 
(of. the pH of the digestion mixture  appatent !y  used by KJ.:r.nGAARO AND PLOUG It 
viz. 7.2. This is inferred from their descriptkm of  materials.} 

The inhibi tory effect of chloride (or increased ionic strength) in various fibrino- 
iytic and plasmin proteolytic systems has been observed by various authors.  PILLEMER 
et M. za observed that  in:rcasing ionic s t rength inhibited the fibrinolytic ac t iv i ty  of 
serum act ivated by s t reptokina.~ and suggested tha t  this effect is due to inhibition 
of act ivation of pLasminogen by streptokinase.  However, with pro tamine-hepar in  
substrate,  our rc.~ults with isolated plasmin indicate t ha t  the inhibition described 
is a direct one on proteolysis. 

It is of interest to note that  if plasminogen is added to the substrate  (s tandard 
concentrat ion:  o.o4 pg/ml) and streptokinase is added last, act ivat ion and/or  diges- 
tion is very. poor indeed It. Prior act ivat ion of plasminogen wi th  s treptokinase even 
for r,s short, as z rain is necessary. On the other hand,  KLIN~ "t~. KJt~LDGAARD AND 
PI-OUG xt. and NOIOaA.~ "Is all recommend act ivat ion of  plasminogen by  streptokinase 
in the presence of  the substrate  ~casein or other) in order to  fores~tall the deteriorat ion 
of  the pla.smin generated, which, it is claimed, is stabilised by  the presence of sub- 

lti~lsim. Biophys. Aaa. 67 (z963) 658-668 
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s t ra te .  Our  findings do not  indicate  such a rapid de te r iora t ion  of  plasmin in the  
ac t i va t i on  or digest ion m i x t u r e  a t  37 ° o- below. 

W i t h  ca_~ein as subs t ra te ,  an initial lag per iod wa~ found by  DERECHX.'; 3 but  
no t  by  MULLER'rz ~,  or MARKU5 AND A,~tBgt'S ~*. Indeed,  these l a t t e r  workers,  using 
sub-op t ima l  s t r ep tok inase  concen t ra t ions ,  fimnd an initial rapid phase dur ing  the  
first m i n u t e  or two,  followed by  a milch slower, l inearly ri~ing activity+ T h e y  a t t r i hu t e  
t h e  t w o  pha.-;e_s t o  t w o  d i s t i n c t  e n z y m e  f o r m s  w h i c h  t h e y  r e f e r  t o  a s  a -  a n d / 5 - p t a _ ~ m i n ,  
a n d  s u g g e s t  t h a t  a - p l a s m i n  m a y  o e  " a c t i v a t o r " .  

O u r  d e m o n s t r a t i o n  o f  a n  i n i t a l  r a p i d  p h a . ~ ,  is .  w e  t h i n k ,  c o n f i r m a t o r y  o f  t h e  
w o r k  o f  M ^ R K U S  .~ND AMBRt;S+ T h e  t e m p e r a t u r e  .~tuclies i n d i c a t e  th~_t tb!s r a p i d  
p h a s e  is  e n z y m i c  a n d  w h i l e  i t  i s  n o t  a s  d e p r e s s e d  b y  l o w e r  t e m p e , a t u r e s  a s  t h e  s l o w e r  
p h a s e  i s ,  i t  w o u l d  a p p e a r  t h a t  t h e  a c t i v i t y  is  v e r y  l a b i l e .  Th. ls  e a t ' l y  r a p i d  p h a s e  is  
n o t  a s  a r u l e  s e e n  w i t h  p l a s m i n o g e n  p r e c i p i t a t e d  f r o m  KLINE p l a s m i n o g e n  a t  pFI  7 -0  
w i t h  p h o s p h a t e  b u f f e r  z~. A s  s u c h  p h o s p h a t e - p r c c i p i t a : e d  p h m m i n o g e n  a t t a c k . ~  
p r o t a m i n e - h e p a r i n  s u b s t r a t e  v e r y  s l o w l y  o n  s t t e p t o k i n a s e  a c t i v a t i o n  u n l e ~ s  t h e  
s u p e r n a t a n t  o f  t h e  prec ip i t a t ion  p r o c e d u r e  is  nl~,~, ~t,.!'.!e-I_ m, ,~,.,e n!~:~ ~!:i.nk tha*, t h e  

e a r l y  r a p i d  p h a s e  i s  d u e  t o  a di~ti_nct  f o r m  o f  p l a s m i n  w h i c h  h a s  " a c t i v a t o r ' "  a c t i v i t y  
( a n d  m a y  b e  r e s l ~ n s i b l e  fo r  " s t r e p t o k i n a s e  c o - f a c t o r  ' ' t a  a c t i v i t y  t o w a r d s  a n i m a l  
p l a s m i n o g e n s )  a n d  t b a t  t h i s  f o r m  o f  p ! a ~ m i n  is d e r i v e d  f r o m  a s o l u b l e  ( a t  n e u t r a l  p i t )  
f o r m  o f  p l a s m i n o g e n  w h i c h  w e  r e f e r r e d  t o  in  a p < c v i o u s  p u b l i c a t i o n  ~7 az  a " p r o -  
a c t i v a t o r " .  

I t  could  be a rgued  t h a t  the  rapid  init:at  phase is +-rue phLsmin digestion and  t h a t  
the  succeeding  phrase is due  to ptasmin de~traxction (of. LASSEN~°). Howeve r  thi.~ is 
u n l i k e l y  a~. t h e  s e c o n d  s l o w e r  p h a . ~  is  l i n e a r  fo r  a l ~ u t  i 5 - 2 o  m i n  a f t e r  t h e  e n d  o f  ti~e 
i n i t i a l  r a p i d  phase . .  
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