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I n  p a r a l l e l  with t he  increased i n t e r e s t  during the pas t  decade in' plasminogen 
* 

a c t i v a t o r  involvement i n  f ib r ino lys i s ,  tumorigenesis, inflammatory responses, and 

the  expression of hornonal regulation,  there  has been a r i s i n g  i n t e r e s t  i n  s ens i t i ve  
l 

and p rec i se  mzthods f o r  the  spec i f i c  assay o f  plasminogen act ivator .  Several assays 
C 

f o r  plasminp~e&act ivator  employ a d i r e c t  assay These a r e  remarkably 
g-; -3 . . $ 

s a n s i t i v e  &Ah y e t  they s u f f e r  i n  comparison t o  the  s e n s i t i v i t y  of .coupled 

5- 7 
nethods . Coupling the  assay with plasminogen no t  only wl i f ies  the  s e n s i t i v i t y  

by the mul t ip l ica t ive  e f f e c t  o f  plasmin, bu t  insures  t h a t  only those proteases  spec i f i c  

f o r  plasrninogen a r e  assayed. The choice of subs t r a t e  f o r  plasmin is c r i t i c a l .  I n  

general ,  e s t e r s  are superior  t o  amides i n  both K and k b u t  they s u f f e r  a major 
m catr 

8 

deficiency i n  ' tha t  they a r e  frequently unstable a t  pH 7-98 t h e  optimum range f o r  

8" 
plasa in .  Green and Shaw synthesized a t h i o l  e s t e r  subs t ra te ,  thiobenzyl benzyloxy- 

.. . 
. . 

. .  . . . . - .. . 

carb~nyl-L-1ysins.te (2-Lys-SBzl), which combines high kcat with a lka l ine  s t a b i l i t y  
'* 

r e l a t i v e  t o  the  dormonly used esters. 

I n  an e f f o r t  t o  character ize  the  plasminogen ac t iva tor  from hepatoma t i s s u e  
'd * 

cu l tu re  (HTC) and its hormonally-controlled inh ib i to r  severa l  of the  known d i r e c t  and 

cou2ledmethodswere found inadequate by reason of  e i t h e r  low s e n s i t i v i t y  o r  imprecision, 

Using Z-Lys-SBzl i n  a coupled approach we have developed an assay which is superior  

t o  t he  125~-f ibr ino ly t ic  assay. It is a l s o  extremely s e n s i t i v e  t o  plasminogen ac t iva tor  

-17 
(c.2 x 10 moles of  urokinase) and can be used f o r  rou t ine  ana lys i s  of  pur i f ica t ion  

as wel l  a s  k i n e t i c  and hinding s tudies .  

Methods. Plasminogen was prepared from f r e sh  frozen plasma by the method of 

9 
Deutsch and Mertz . Pur i f ied  plasminogen was exhaustively dialyzed aga ins t  1 mM HC1, 

lyophi l ized,  and s tored  a t  -20°. concentration w a s  rout inely determined by absorbance 

1 %. a t  280 n?4; E~~~~ = 17. O l O .  Plasmin, t he  g i f t  o f  D r .  David Aronson, was 

subsequently exhaustively dialyzed against  1 HIM HCl and s tored  a t  -20'. Plasmin 

concentration was determined by ac t ive  s i te t i t r a t i o n s  using p-nitrophenyl-p-guanidimo- 



. . , 
11 benzoate . urokinase  concen t r a t ion  was determined by a c t i v e  s i t e  t i t r a t i o n s  w i t h  

12 ,13  
me t h ; ~ l u n 5 e l l i f e r y l  p -  guanidinobenzoate , us ing  a r a t i o  ' f l uo rone te r  b u i l t  by 

D r .  D .  Ba l lou  (Dept . of  B io log ica l  Chemistry j . 
Fibr inogen  was enzymica l ly  i od ina t ed6  us ing  Tris (60 ml4) -KC1 (300 ~ 4 )  b u f f e r ,  

, 
pH 7 .6 .  UnSound i o d i d e  was s e p a r a t e d  by chromatography on Dowex 1 (~1-) . S p e c i f i c  

i 

11 r a d i o a c t i v i t y  was 9 x 10 cpm/y. F i b r i n  p l a t e s  were p repa red  and f i b r i n o l y s i s  

6 .  cont inuous  a s s a y s  were performed a s  p rev ious ly  desc r ibed  .  isc continuous f i b r i n o l y s i s  

a s s a y s  wsre a l s o  performed, wherein plasminogen and urokinase  were incubated  i n  t h e  

absznce o f  t h e  f i b r i n ,  then  added t o  t h e  i251- f ib f inwe l l .  
. . . . 

Plasminogen a c t i v a t o ' r  and i n h i b i t o r  were p repa red  from HTC c e l l s  a s  p r e v i o u s l y  

c?escribed14 excep t  t h a t  serum-free c o n d i t i o n i d  medium a d d i t i o n a l l y  conta ined  bovine 

se rum z l b u n i n  (1 mg/ml) ' a n d  c e l l  l y s a t e s .  w e r e  d i a l y z e d  a g a i n s t .  100 mM sddium phosphate ,  

-pH 7.4,  p l u s  0.1% T r i t o n  X-100 t o  remove f r e e  t h i o l s .  .HeLa c e l l  plasminogen a c t i v a t o r .  
. . .  . . .  . . .  . . . .  . . 

6. 
. was o b t a i n e d  as serum-free ccnd i t i oned  medium.. . 

Assay. The plasminogen a c t i v a t o r  a s s a y  is  a two-step procedure.  I n  t h e  f i r s t  
. . . .  . . . . . . . . . . .  . . 

. . 
. :step plas&,nogen i s  acztivatcd t o  pl?smin.  he plasmin-catalyzed . . .  . . h y d r o l y s i s  'of Z - L ~ S - S R Z ~  

i n  t h e . p r e s e n c e  o f  5 , s ' - d i t h i o b i s  (2-n i t robenzoic  a c i d )  (DTNB) occu r s  i n  t h e  second 

s t e p .  A l l  r e a c t i o n s  a r e  t y p i c a l l y  performed i n  a 24-well t i s s u e  c u l t u r e  d i s h  (each 

1 5  mm d i ame te r ) .  Th i s  is n o t  necessary ,  b u t  convenient  when hand l ing  many a s says  

s imul taneous ly .  

The incuba t ion  mixture f o r  t h e  f i r s t  s t e p  t y p i c a l l y  c o n t a i n s :  plasminogen, 

1 .0 llM; g l y c i n e ,  pH 8.50, 120 ~ 2 4 1 ;  bovine serum albumin, 0.5 mg/ml; urokinase ,  

. 2.7 x 10-~*1.1. T o t a l  volume is  50 u1. The a c t i v i t y  e q u i v a l e n t  i n  plasminogen a c t i v a t o r  - 
from HTC o r  HeLa c e l l s  may b e  s u b s t i t u t e d  f o r  urokinase.  The r e a c t i o n  is s t a r t e d  by 

t h e  a d d i t i o n  o f  plasminogen t o  t h e  o t h e r w i s e  complete i n c u b a t i o n  mixture  e q u i l i b r a t e d  

a t  .37O. Kormally t h i s  i ncuba t ion  is  al lowed t o  r e a c t  f o r  4 5  min. 
, - ... 

The sec.ond s t e p  is  i n i t i a t e d  hy d i l u t i o n  o f  t h e  i n c u b a t i o n  mixture  w i t h  950 p 1  

o f  t h e  plasmin s u b s t r a t e  s o l u t i o n :  2-Lys-SBzl, 200 VM; DTNB 220 VM; T r i t o n  X-100 

0.01%; sodium phosphate  (pH 7 .50)  300 mM; sodium c h l o r i d e ,  200 mM. Normally t h e  



' 0 

second s t e p  is .quenched a f t e r  60 min by t h e  a d d i t i o n  o f  100 u 1  of soybean t r y p s i n  

i n h i b i t o r  (1 kg/ml i n  1 mi4 HC1) ; The absorbance a t  412 nm may be read  i m . t d i a t e l y  

-1 -1 
o r  us  t o  4 h r  l a t e r .  The e x t i n c t i o n  c o e f f i c i e n t  o f  .14,150 c n  -M was assumed f o r  

15 
t h e  th iophenola te  ppoduct o f  t h e  r e a c t i o n  of  benzyl mercaptan with DTNB 

I n h i b i t o r s  were t s s t e d  by incubat ion  wi th  t h e  f i r s t  s t e p  incubat ion  mixture 

p . r ior  t o  t h e  a d d i t i o n  o f  plasminogen. pseudo-f i rs t  o rde r  Late cons tan t s ,  k / [I] , 
aPP 

were Zeterrnined a s  previous ly  described16. Plasmin s tandard  curves  were obta ined by 

s & s t i t u t i n g  plasmin f o r  plasrrLnogen and urokinase i n  s t e p ' o n e .  

Other v a r i a t i o n s . f r o m . t h e  s tandard .procedure  were t e s t e d .  Z-Lys-SBzl w a s  

s u S s t i t u t e d  by D-VaPLeu*Lys - .  . p-n i t roan i l ide .  , 2,2'-dithiodipyridine'and 4,4 ' -d i th io-  
. . . . 

d i p y r i d i n e ,  d i s so lved  i n  dimethylformamide, w e r e  s u b s t i t u t e d  pn an equimolar b a s i s  . 

1 1 f o r  'DTMB. A l l  absorbance" measurements were performed on. a Gi l fo rd  spectrophotometer 

. . . . . .  . . . . . . .. . . . .  . . :  . . . . . . .  - . - , . ,. . - . . . 
. . ...- . . 

m d e l  2400-2. 

\   late rials . Fibrindgen (plasminogen-f f ee)  , urokinase (B j rade)  . and 'DTI\TB were t h e  

products  o f  Calblochem-Behring (LaJol la ,  CA) .  2,2'-  and 4 ,4 ' -d i th iod ipyr id ine  were 
, . 

. ob ta ined  frdm Aldrich Chemical Cq. (Elilwaukee). Car r i e r - f ree  12'1 (sodium s a l t )  was ,. 

purchased from Amersham-Searle .(Chicago) . D-Valo Lev Lys p - n i t r o a n i l i d e  was purchased 

from Kabi Group (Greenwich, . . CT). 2-Lys-SBzl w a s  synthes ized by Peninsula  Labora tor ies .  

8 
(San Car los ,  CA) according t o  the procedure o f ,Green  and Shaw . Methylumbell iferyl  

p-guanidinobenzoate and soybean t r y p s i n  i n h i b i t o r  (B grade) were obta ined from Sigma .. 
. . 

-Chemical Co. (St .  Louis.). ~ h e * ~ l a -  ArgCH2C1 was t h e  g i f t  o f  D r .  E l l i o t t  Shaw. A l l  

. . 
o t h e r  chemicals were o f  reagent  grade. 24-well c u l t u r e  p l a t e s  were purchased from 

Linbro Co.. (Bridgeport ,  CT). 

RESULTS 

The s e n s i t i v i t y  o f  the  a s say  depends on t h e  combination o f  ' a  l o w  "spqntaneous" 

r a t e  o f  2-Lys-SBzl hydro lys i s  w i t h . a  high enzyme r a t e .  Table 1 p r e s e n t s  r e s u l t s  of  

a . b u f f e r  survey i n  which sodium phosphate .y ie lded both t h e  h ighes t  plasmin-catalyzed 

rate and the lowe4t "spontaneous" r a t e .  The e f f e c t  of  T r i t o n  X-100 .(0.001%-2%) on 

plasmin a c t i v i t y  was determined (data  n o t  shown.). Optimal a c t i v i t y  was broadly 



. *  

c e n t e r e d  on 0.01% T r i t o n  X-100, which w a s  150% o f  t h e  r a t e  o f  t h e  de t e rgen t - f r ee  

- con t ro l .    here was no e f f e c t  on  t h e  "spontaneous" r a t e .  Sodium c h l o r i d e  h a s . a n  

i n h i b i t o r y  e f f e c t  on urokinase and HeLa and HTC plasminogen a c t i v a t o r s ,  b u t  below 

250 P2.i no e f f e c t  was observed on  plasmin a c t i v i t y  (da t a  n o t  s h ~ i i n ) .  Thus 200 mi4 
I .  

NaCl v a s  added .to t h e  plasmin a s s a y  s o l u t i o n  which depressed  plasminogen a c t i v a t i o n  

788. F i ~ u r e  1 p r e s e n t s  t h e  t i n e -  and p lasmin  concentration-dependence. o f  t h e  r e a c t i o n .  
. . 

The r a t e s  a r e  l i n e a r  ' a t .  l e a s t  bid hours  if t h e  s u b s t r a t e  is  n o t  deple ted .  Under t h e s e  

- 1 
c o n d i t i c n s  K i s  19' pM, k . . is  45 s . m c a t  

Seve ra l  mod i f i ca t ions  o f  t h e  s t a n d a r d  procedure 'were  at tempted.  i n  s e a r c h  o f  

i n c r e a s e d  s e n s i t i v i t y  '(Table 2 ) .  The rate w i t h  4 , 4 ' - d i t h i o d i p y r i d i n e  w a s  comparable 

t o  t h a t  w i t h  DTNB b u t  t h e  c o n t r o l  ( ze ro  plasmin)  absorbance w a s  four - fo ld  h ighe r ,  t h u s  
. . 

l i m i t i n g  its' u t i l i t y  a t  low enzyme l e v e l s .  Doubling t h e  s u b s t r a t e s  produced a 10% 

. . . . . . . . .  . . . . 

s e n s i t i v i t y  ga in ,  b u t  w i t h  a lmos t  doubl'e t h e  b lank  'val-ue: 
' ' 

' ~ ~ t j m i z a t i o i s  of  t h e  f i r s t  s t e p  i n .  t h e  r e a c t i o n  (plasminogen a c t i v a t i o n )  were 

performrd by. coup l ing  t h e s e  experiments  to op t ima l  plasmin a s s a y  c ,ondi t ions.  Sodium 

g l y c i n a t e  gave t \ e . h i g h e s t  u r o k i ~ a s e  a c t i v i t y  (Table 1) ;.. There w a s  no e f f e c t  o f  

g l y c i n e c o n c e n t r a t i o n  (20-1600 my) on u rok inase  r a t e  nor  any e f f e c t  of  T r i t o n  X-100 

above t h a t  a t t r i b u t a b l e  t o  i ts  e f f e c t  on .  plasmin ( d a t a .  n o t  shown) . ' ~ i g u r e  2 p r e s e n t s  ' . .' 

the time- and  urokinase .  concentration-dependence o f  t h e  r e a c t i o n .  ' Urokinase a c t i v i t y  

is n o t  r ep roduc ib ly  l i n e a r  beyond 45 min, even i n  t h e  absence  o f  s u b s t r a t e  dep le t ion .  

A d i r e c t  comparison w a s  made t o  a s e n s i t i v e  12'1-fibrin l y s i s  a s s a y  us ing  e i t h e r  

a cont inuous  o r ,  discont inuous.  procedure.  (F igure  3) . I n  t h e  d i scon t inuous  a s says ,  

whether  s p e ~ t r o ~ h o t o ~ e t r i c  o r  r ad iome t r i c ,  t h e  rate is  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  

urokinase  concen t r a t ion ,  t h u s  upward c u r v a t u r e  would be- expec ted  on  semi- l o g  graph 

paper .  I n  t h e  cont inuous  a s says ,  bo th  p r o t e a s e s  a r e  a c t i n g  s imu l t aneous ly  (two . . -.' : 

i 
ampl i fy ing  mechanis*), t hus ,  based  on a n  a n a l y s i s . o f  the k i n e t i c  e q u a t i o n s  t h e  

... .. . . 

response  p r e s e n t e d  o* semi-lob paper s h o u l d  b e  l i n e a r .  I t  is o b h o u s  t h a t  t h e  

s p e c t r o P h o t o m e t r i ~  a s s a y  is .-.-.:.::- .. .. s i g n i f i c a n t l y  . more s e n s i t i v e  than  t h e  r a d i o m e t r i c  assay .  
,... . .  ..-... .' ' 



The s t a n d a r d  a s say  was used t o  e v a l u a t e  K and k f o r  t h e  urokinase-ca ta lyzed  
m c a t  

-I a c t i v a - t i o n  o f  plasrninogen. K and k va lues  were 1.7 pt4 and 44 min , r e s p e c t i v e l y .  
m c a t  

- 1 T h ~ . s e  com2are favorably  wi th  1 . 7  pM and 50 min r epor t ed  by V70h1, e t  a1.17 f o r  -- 
t h e  h igh  molecular  ~ e i g h t  form o f  urokinase  a t  pH 7.40, 3 7 O .  The K o f  t h e  BeLa 

m 

p l a s d n o g e n  a c t i v a t o r  was 1.8 pM; V was 0.16 ng p lasn inogen  activated/min/ng 
I m x  . 

HeLa p r o t e i n .  

I n h i b i t i o n  o f  urokinase  a c t i v i t y  by Phe- A l a *  ArgCH C& (F igure  4 )  and t h e  
2 

dexanethasone-induceti i n h i b i t o r  from HTC c e l l s  (F igure  5) was a l s o  analyzed.  The 
1 ' p,*. . .~2!~%-, .<\  .<\:,- ~.c->n-\%Q4. 'L,. ?.?-l-: .J #? \ :: .- . 
- . p s  (k / [ I ] )  f o r  t h e  L- of  urokinase  by t h e  

aPP 

ch lo rome thy lke tone ,  whether  determined by t h e  coupled plas&nogen a c t i v a t i o n  a s s a y  

3 . ' 3 . .  
o r  by t h e  d i r e c t  u rokinase-ca ta lyzed  h y d r o l y s i s  o f  Z-Lys-SBxl (26 x 10 and 24 x 10 

I 

-1 -1 
min - 1  , r e s p e c t i v e l y )  ,, are i n  c l o s e  agreement. These r e s u l t s  d i f f e r  s i g n i f i c a n t l y  

16  3 -1 .-1 
f ro&.  t h o s e  'of Ke t tne r  .and Shaw. . . ?~2  .-;4.-.~,-.10 ... m i n .  -M I .,- :however t h e  pH used h e r e  w a s  .. .. . . 

1.5 u n i t s  more b a s i c ,  which could  account  f o r  a h ighe r  r a t e ,  Sca tchard  a n c l y s i s  o f  '. 
t h e  i n h i b i t i o n  o f  urokinase  by t h e  dexamethasone-induced i n h i b i t o r  from HTC cells 

. . 
-12 

y i e l d s  K - 10  M, b u t  t h e  &tpich iometry  cahno t  b e  c a l c u l a t e d  because the concen t r a t ion  
i . -. C * 

o f  i n h i b i t o r  is  unknown. A K .  i n  t h i s  range  h a s  been p r e v i o u s l y  r e p o r t e d  by Green 
1 8  ' 

1 

f o r  t he '  a s s o c i a t i o n  o f  Kunitz  p a n c r e a t i c  i n h i b i t o r  ( a p r o t i n i n )  w i t h  bovine  t r y p s i n ,  . 

however most p ro t ease - i . nh ib i to r  complexes have lower a f f i n i t i e s .  

DISCUSSION 

I n  g e n e r a l  base-ca ta lyzed .  r e a c t i o n s  such  as t h e  "spontaneous" h y d r o l y s i s  o f  

Z-Lys-SBzl t h e  cho ice  o f . . b u f f e r i n g  a g e n t  is  o f t e n  c r i t i c a l  i f  t h e  a s say  is t o  b e  used 
. . . . 

n e a r  i t s  l i m i t  o f  s e n s i t i v i t y .  The small l i s t  o f  b u f f e r s  t e s t e d  h e r e  i n c l u d e s  a wide 

r ange  o f  "spontaneous" r a t e s  and Suggests  t h e  u t i l i t y  of b u f f e r  su rveys  as a g e n e r a l  

procedure  i n  a s s a y  development. 

The s t a n d a r d  a s s a y  employs 1 .0  pM plasminogen which i s  c l o s e  t o  t h e  K concen- 
. . m 

- . . 

t r a t i o n .  An appro i imate ly  . . two-fold i n c r e a s e  i n  s e n ~ i t i v i t y  would b e  r e a l i z e d  if a 
. . .  . . 

8 ,  
. . . . .  

. . 
t en - fo ld  h i g h e r  pl'asminogen c d n c e n t r a t i o n  were used, b u t  i n  m o s t  c a s e s  t h e  h ighe r  

s e n s i t i v i t y  is n d t  needed, and t h e  use  o f  10  pM o r  h i g h e r  s u b s t r a t e  would. cons.ume 



l a r q z  a rountg  o f  glasminogen. 

S ince  t h e r e  a r e  no pu re  i n h i b i t o r s  a v a i l a b l e  which a r e  c o m ~ l e t e l y  s e l e c t i v e  f o r  

p lasn inogen  a c t i v a t o r s  i n  t h e  presence  o f  plasmin s e v e r a l  o t h e r  methods were used t o  

dep res s  t h e  a c t i v a t i o n  dur ing  t h e  Z-Lys-SBzl s t e p . '  P r imar i ly ,  plasminogen a c t i v a t i o n  

was i n h i b i t e d  by d i l u t i o n  (20- fo ld) ,  b u t  t h e  pH s h i f t  (1 u n i t  off t h e  optimum) and 

t h e  a d d i t i o n  o f  c h l o r i d e  y i e l d e d  s u b s t a n t i a l  a d d i t i o n a l  i n h i b i t i o n .  ( t1 .70 -  and th ree -  

f o l d ,  r e s p e c t i v e l y ) .  The n e t  a c t i v a t o r  a c t i v i t y  i n  t h e  second s t e p  was less than  1% 
. . 

o f  i t s  i n i t i a l  va lue .  

The s e n s i t i v i t y  w i th  t h o  t h i o l  e s t e r  conpares  f avo rab ly  w i t h  t h e  o t h e r  s c b s t r a t e s  

t e s t e d .  A s  a n  e s t e r ,  Z-Lys-SBzl has  t h e  advantage o f  t h e  lowes t  K '  and h i g h e s t  
m'. 

k c a t  
. Xost o f  t h e - a m i d e  s u b s t r a t e s  have h igh  K and low k'. . va lues .  T h e i r  c h i e f  m cat.  

advantage  i s  t h e i r  chemidal s t a b i l i t y .  F luorogenic  amide s d s t r a t e s  might: y i e l d  

.. 
a ~ 3 r e  s e n s i t i v e  a s s a y  based on  t h e  cpea te ' r  s & n s i t & i t y - o f  ' d e t e c t i o n .  C7ere.a .' 

f l u o r o g e n i c  t h i o l  r e a g s n t  s u b s t i t u t e d  f o r  DTNB t h e ' l i . m i t  o f  d e t e c t i o n  o f  t h e  hydro lys i s  

o f  Z-Lys-SSzl might b e  lowered. 

The s g a c t r o p h o t o n e t r i c  a s s z y  is  cons ide rab ly  more s e n s i t i v e  than  t h e  r ad iome t r i c  

a s say .  I n  t h e  d i r e c t  comparison (F igure  3 )  t h e r e  is no d i f f e r e n c e  between 2.7 and 

-17 
13 .5  x 10  moles by t h e  radiometricassay,whereas AA i s  0.50 between 5.4 and 

412 
-,: -17 . . 

.'13.5 x 10  moles. Typ ica l ly  i n  the'. 2-Lys-SBzl a s say  t h e  measured d i f f e r e n c e  between 
. . . . .  

-17 
2.7. x 10 moles urokinase  and t h e  ze ro  urokinase  c o n t r o l  is >0.1.00 A 412- The a s s a y  . . . 

is a l s o  s e n s i t i v e  t o  o t h e r  p lasp inogen  a c t i v a t o r s . .  1 ng o f  p r o t e i n  from HeLa serum- 

. .  f r e e  cond i t i oned  medium y i e l d s  n e t  & = 0.190, For  1 pg o f . p r o t e i n  from HTC whole 
. 412 

. . . . . . .  . 

cel l  e x t r a c t  t h e  n e t  Aqg12 = 0.04. . 20 ng o f  serum-free cond i t i oned  medium p r o t e i n  

-16 
from d&xamothasone-induced HTC c e l l s  i n h i b i t s  90% o f ' t h e  a c t i v i t y . p r e s e n t  i n  7 x 10  

.Tne w i d e . v e r s a t i 1 i . t ~  o f  t h e  method is  demonst ra tedby t h e  e a s e  o f  de t e rmina t ion  

o f  .K and V va lue?  f o r  plasminogen a c t i v a t i o n  and o f .  i n h i b i t i o n  c.onstaIits f o r  t h e  
. ~ i l  ma x 



i n t e r a c t i o n  o f  t h e  enzyme wi th  n a t u r a l  o r  s y n t h e t i c  i n h i b i t o r s .  Since t h e  a s say  is Tore 

r a ? i d , a n d  s e n s i t i v e  t o  low l e v e l s  of enzyme it i s  more r e a d i l y  adap tab le  t o  moni tor ing  

enryixe p u r i f i c a t i o n '  t han  12'1-fj b r i n o l y s i s .  
I 

I n  s u m r y ,  t h e  procedure  is a s e n s i t i v e ,  p r e c i s e ,  and r a p i d  method f o r  t h e  

i 
a n a l y s i s  and  c h a r a c t e r i z a t i o n  o f  plasminogen a c t i v a t o r s .  A l l  r eagen t s  and m a t e r i a l s  

a r e  inexpens ive  and commorically a v a i l a b l e ,  t h e  co lo red  p roduc t s  a r e  s t z b l e ,  and 

t h e  neasurement i s  performed on  t h e  s t a n d a r d  q u a l i t y  spectrophotometer  a v a i l a b l e  

i n  a l d s t  a l l  l a b o r a t o r i e s .  I t  is  s u p e r i o r  t o  e x i s t i n g  methods both  i n  i t s  s i m p l i c i t y  

and e a s e  of  manipula t ion  and i n  t h e  q u a l i t y  o f  t h e  . r e s u l t a n t  da t a - -k ine t i c  c o n s t a n t s  

r a t h e r  than  a r b i t r a y  u n i t s .  
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F I G U E E  LEGENDS 
. . 

F i g u r e  1. The time- and 'plasmin concentration-dependence o f  2-Lys-SBzl hydro lys i s .  
. . . . .  . . .. . . . . . . . - . - . . . . - . - . 

A. React ions  'were s topped  a t  t h e  t ime i n d i c a t e d  by a d d i t i o n  o f  soybean t r y p s i n '  

i n h i b i t o r .  Reac t ion  volume was 1.0 m l .  [ZLLys-SBZ~] = 200 VM, [DTNB] = 220 WM. 
\ 

Plasmin c o n c e n t r a t i o n s  were 0.1 ( d I , '  0.3 ( 0 1 ,  0.5 ( S  1 ,  and 0-8 (a nM- 

B. Cond i t i ons  we're as s t a t e d  i l b F i g u r e  1 A .  The r e a c t i o n s  were s topped  a t  20 ( 0 j ,  

40 ( 0 ) , 60. ( GI ) , 90 ( iSl ) and 120 ,( A ) min. The l i n e s  were determined by l i n e a r  

r e g r e s s i o n  f i t  o f  t h e  d a t a  and a r e  drawn t o  encompass o n l y  t h e  l i n e a r  p o r t i o n  o f  

t h e  d a t a .  A l l  d a t a  p o i n t s  r e p r e s e n t  t h e  average  o f  d u p l i c a t e s .  

Figure2. The time- and urokinase  concentration-dependence o f  the.  plasminogen 

a c t i v a t i o n  r e a c t i o n  coupled t o  t h e  h y d r o l y s i s  o f  2-Lys-SBzl by  plasmin. The c o n d i t i o n s  

f o r  t h e t h i o l  e s t e r h y d r o l y s i s  are desc r ibed  i n  t h e  Experimental  s e c t i o n .  A, The 

r e a c t i o n  w a s  t e rmina ted  a t  t h e  i n d i c a t e d  t ime by a d d i t i o n  o f  950 P1 of  t h e  plasmin 

r e a c t i o n  s o l u t i o n  a s  desc r ibed  i n  t h e  t e x t .  ~ r o k i n a s e  c o n c e n t r a t i o n s  were 1 - 0 8  ( 6 1 ,  

2.7 '( a), 5.4 (a I ,  and 10.8 ,(a ) pM. B. Condi t ions  w e r e  as d e s c r i b e d  in.E'igure 2A. 

The a c t i v a t i o n s  were quenched' a t  1 5  ( 0 I ,  30 ( 0 I ,  and 45 ) min- D a t a  a t  60 and 

75 min are n o t  p r e s e n t e d  s i n c e  t h e  response  is n o t  a l i n e a r  f u n c t i o n  beyond 45 min ( see  

Fig.ure 2A) . A l l  t imes  and .  c o n c e n t r a t i o n s .  r e l a t e  t o  t h e  50 p1 a c t i v a t i o n  r e a c t i o n .  The 

l i n e s  r e p r e s e n t  a  l i n e a r  r e g r e s s i o n  f i t .  o f  t h e  .da ta .  and are. 'drawn t o  encompass o n l y  t h e  
. . 



lir?ec..r po r t ion  of t h c  da ta .  , A l l  Ctata p o i n t s  r ep resen t  t h e  average o f , d u p l i c a t e s .  

F iqu re  3 .  A comparison of  spec t ro~ho , tomot r i c  and radiometr ic  coupled assays  f o r  

uro!iinase. The spectrophotometric  assay  ( .@ 1 was performed according t o  t h e  s tandzrd  

procedures o u t l i n e d :  i n  the  t e x t .  The volume of continuous radiometr ic  assay  i s  1.0 nl 

i n  100 w.1 s ~ d i u n ' ~ l ~ c i d a t e ,  pH.8.50 with 50 mi plasminogen. To ta l  CPM re leased  a t  

60 ( 0 1 and 105 ( t 3  1 .  min of  incubat ion  a r e  presented.  The l a t t e r  time i s  t h e  t o t a l  
. . 

t i n t  r equ i red  by t h e  discontinuous assays .  I n  t h e  discontinuous radiometr ic  assay ( 0  ) 

.'. plasnifiogen (1.0 pf.1) was a c t i v a t e d  by urokinase i n  t h e  g lyc ine  b u i f e r  f o r  45 min then a 

50 111 a l i q c ~ t  ria; added t o  the 125~-fibr . in-coated wel l  con ta in inq  950 ~1 of 200 sodiun 

phosphate and 200 rrJ.1 NaC1. T o t a l  CPM r e l e a ~ e d  a f t e r  60 min i n  the  presence  'of  f i b r i n  

a r e  presented ,  A l l  r e a c t i o n s  were performed a t  37O. A l l  r ad iomet r i c  p o i n t s  a r e  averages 
1 

i- 
of t r i p l i c a t e s .  A l l  spectrophotometric  p o i n t s  a r e  averages o f  dup l i ca tes :  

. . -  .- . .  , . - .  . . - .  -. . -  - . . . .  .. 
F i p r e  4.   he ' i n a c t i v a t i o n  o f  urokinase by ~ h e ; ~ l a * ~ r g ~ ~ ~ ~ l .  p r i o r  t o  act i ; i ty -- 

clntermination by t h e  s tandard  assay ,  urokihase (1.03 x ~ o - ~ O E L )  iras incubated wi th  t h e  

i n d i c a t e d  concentra t ion  of  the t r i p e p t i d y l  i n h i b i t o r  i n  80 n2: sodium. g lyc ina te ,  pH 8.50 

w i t ?  1 ng/iiil bovine serum albumin, 25O. A t  t h e  ind ica ted  tirnos 5 111 of t h e  r eac t ion .  

s o l u t i o n w e r e  d i l u t e d  i n t o  85 p1 of the  samo glycine ,  b u f f e r  a t  OO.  A t  t h e  completion o f  

t h e  i n a c t i v a t i o n  r e a c t i o n  (8 min) a l l  a c t i v a t i o n  r e a c t i o n s  w e r e  i n i t i a t e d  simultaneously 

by a d d i t i o n  o f  10  p1  o f  10 y M  plasminogen and removal t o  a 37O incubator .  900 p 1  r a t h e r .  . 

3 - -1 . : .  . 
than 950 p l  of plasmin r e a c t i o n  s o l u t i o n  was used. k ' /[I] = 260 x 10 min '-I4 . . 

ZPP 

Figure 5. Scatchard a n a l y s i s  of the  i n h i b i t i o n  o f  urokinase by the.plasminogen a c t i v a t o r  

i n h i b i t o r  from hepatoma t i s s u e  c u l t u r e  cells. The i n h i b i t o r  t e s t  s o l u t i o n  was t h e  serum- 

-7 
f r e e  condit ioned medium from dexamethasone-induced (10 M, 16 h r ) .  c e l l s .  1-5 p1  of  

test  s o l u t i o n  were incubated wi th  urokinase (2.7 x moles) f o r  15  ruin a t  250 i n  .. 

45 u1 t o t a l  volume. The a c t i v a t i o n  r e a c t i o n  was s t a r t e d  by t h e  a d d i t i o n  of 5 p1 of 

10  ~1.r  plasminqgen and s h i f t  t o  37'. E i s  t h e  concentra t ion  of a c t i v e  urokinase;  . 

r is , t h e  c o n c e n t r a t i ~ n  of i n a c t i v e  urokinase. 
. . 



Table 1 

E f f e c t s  o f  Various Buffers  on Plasmin 
a 

.and Urokinase A c t i v i t y  

~ e l a t i v e  Rates of 
Hydrolysis (% o f  Rate 
i n  S o d i ~ ?  Phosphate) 

Plasmin U r o k i n a s  

Buffer  Enzymic Non-enzymic Enzymic 

Phosphate (Na) 100 . 100 
M O P S ~  

b 
9 2 100 

Barb ' t a l  
,. 

, 93 250 
T r i s  76 ' 420 
Glycine 

b 79 220 
Tr ie tha  olamine,. ;:y.-L.-:.... . 87 :. . .:.: -.-.:. 290 ... . 

T r i c i n e  I: 
b 

8 6 290 
Pyrophosphate 75 120 
Phospgate (K) . 82 - 
HEPES 84 - 
T E S . ~  92 - 

>. 

a 
A l l  assays  were performed a t  37O. Plasmin a c t i v i t y  

was determined by continuous recording of A412 - Urokinase 
a c t i v i t y  w a s  determined by t h e  s tandard  plasminogen a c t i -  
va t ion  assay  descr ibed here in .  . I n  each case  t h e  pH p r o f i l e  
(6.5 - 10) f o r  sodium phosphate was ob ta ined  f o r  comparison 
The pH optima were: plasmin; 7.5; urokinase,  8.5 - 9.0. 
There was no v a r i a t i o n  i n  t h e  blank r a t e  i n  t h e  urokinase 
assay .  A l l  b u f f e r s . a r e  100 mM, p H  w a s  measured be fo re  
and a f t e r  incubat ion ,  and t h e s e  values  agreed 0.05. 



i 

Table 2 

Var ia t ions  on the  Standard Plasmin-catalyzed 
Hydrolysis of Z-Lys-SBzl ~ o u ~ l e d  with D T N B ~ '  

S&strate/Chromogen S e n s i t i v i t y  (A/nM) 

. e 
D-Val* Leum Lys p-nitroani1j.de 600 

a 
Plasmin was var ied  0-1 nM i n  60 min assays  which were 
terminated by add i t ion  of  100 p 1  soybean t r y p s i n  inhib- 

- i t o r  a s  d e t a i l e d  i n  t h e  Experimental s e c t i o n .  DTPIB 
r eac t ions  were measured a t  412 nm. 

Both reagents  were a t  twice t h e  s tandard  c o n c e n t i a t i ~ n s .  

C 
Measured b t  270 nm, t h e  wavelength of maximum h. 

~ e a s u r e d  a t  324 .nm, t h e  wavelength of maximum &I. 

e .  
I4easured a t  383 nm, t h e  wavelength of maximum AA. 



Reaction Time (rnin) 





Uraftinase Activity (moles x lot7) 








