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Antigenic Studies on Human Plasminogen  

A l t h o u g h  t h e  h u m a n  s e r u m  pro tease ,  p l a s m i n  (f ibrino- 
lysin),  a n d  i ts  i nac t i ve  precursor ,  p l a s m i nogen  (profi-  
br inolys in) ,  h a v e  been  s t ud i ed  e x t e n s i v e l y  1, a t t e m p t s  to  
d e t e r m i n e  t h e  an t i gen i c  p rope r t i e s  of p l a s m i nogen  pre-  
p a r a t i o n s  h a v e  n o t  b e e n  repor ted .  Th i s  c o m m u n i c a t i o n  
p re sen t s  ev idence  for  t h e  i n h i b i t i o n  of t he  p ro teo ly t i c  
a c t i v i t y  of s t r e p t o k i n a s e  ( S K ) - a c t i v a t e d  h u m a n  p l a smino -  
gen  b y  r a b b i t  a n t i s e r u m  p r e p a r e d  a g a i n s t  pur i f ied  h u m a n  
p t a s m i n o g e n  ( P H P )  a n d  for t h e  an t i gen i c  h e t e r o g e n e i t y  
of t h e  p l a s m i n o g e n  p r e p a r a t i o n .  

H u m a n  p t a s m i n o g e n  was  p r e p a r e d  accord ing  to  KLINE 2 
f rom H u m a n  F r a c t i o n  I I I  a n d  lyophi t ized .  T he  f ina l  pre-  
p a r a t i o n  c o n t a i n e d  90 /~g N/mg ,  a n d  25 #g  N of t h i s  
mate r ia l ,  w h e n  a c t i v a t e d  b y  SK, h a d  a p ro t eo ly t i c  act i -  
v i t y  e q u i v a l e n t  to  t h a t  of 11 /~g c rys ta l l ine  t r y p s i n  (Wor-  
t h i n g t o n ) .  The  m a j o r  p a r t  of th i s  p r e p a r a t i o n  m i g r a t e d  as 
a single c o m p o n e n t  on  p a p e r  e lec t rophores i s  a t  p H  8.6 in 
0.075 /~ Verona l  buf fe r ;  however ,  1 0 - 1 5 %  a p p e a r e d  as a 
second  c o m p o n e n t  c o n s t a n t l y .  

Two  a d u l t  New Zea l and  w h i t e  r a b b i t s  were  i n j ec t ed  
i n t r a v e n o u s l y  w i t h  5 m g  P H P  a t  week ly  i n t e r v a l s  for 
t h r e e  weeks.  Samples  of s e r u m  a t  t h e  f o u r t h  week  ind ica t -  
ed p rec ip i t i n  t i t e r s  of on ly  1 : 100 b y  t he  r ing  test .  A t  th i s  
t i m e  1 m l  of a p r e p a r a t i o n  of P H P  in  t h e  FRgUND a n d  
McDERMOTT 3 a d j u v a n t  (8-4 m g  P H P / m l )  was  in j ec t ed  
s u b c u t a n e o u s l y .  Af te r  two  week ly  in jec t ions  of t h i s  a n t i -  
gen t h e  s e r u m  f rom each  a n i m a l  gave  a p rec ip i t in  t i t e r  of 
1 :10  000. These  an imals ,  as well  as two s imi la r  u n t r e a t e d  
an imals ,  were  e x s a n g u i n a t e d ;  t h e  pooled sera  were 
des igna ted ,  respec t ive ly ,  i m m u n e  r a b b i t  s e rum ( IRS)  and  
n o r m a l  r a b b i t  s e r u m  (NRS).  

E a c h  of these  pools  of s e r u m  was  t e s t e d  Ior  i t s  effect  on  
t he  p ro t eo ly t i c  a c t i v i t y  of S K - a c t i v a t e d  P H P  b y  t h e  
case in  d iges t ion  m e t h o d  p rev ious ly  desc r ibed  4. Essent ia l ly ,  
t h i s  m e t h o d  cons is t s  in  t he  d e t e r m i n a t i o n  of t r i ch loro-  
acet ic  acid soluble  p r o d u c t s  in t h e  d iges t  b y  t h e  FOLIX- 
CIOCALTEAU p h e n o l  p rocedure .  Color va lues  were  r ead  a t  
650 m #  in a L u m e t r o n  Color imeter .  Tab le  I shows a n  in-  
c reased  p ro teo ly t i c  a c t i v i t y  ove r  t h a t  e x h i b i t e d  b y  P H P  
a lone  in t h e  P H P - s e r u m  m i x t u r e s  c o n t a i n i n g  e i t h e r  I R S  
or  N R S .  Less  a c t i v i t y  was  recorded  w i t h  t he  P H P - I R S  
m i x t u r e  t h a n  w i t h  t he  P H P - N R S ,  b u t  t he  resu l t s  d id  not  
conc lus ive ly  d e m o n s t r a t e  a n  i n h i b i t i o n  b y  t he  r a b b i t  anti.- 
s e rum.  These  f ind ings  were to be  expec ted ,  s ince whole  
r a b b i t  s e rum i tself  c o n t a i n s  cons iderab le  p l a s m i n o g e n  
w h i c h  is a c t i v a t e d  b y  P H P - S K  m i x t u r e s  5. 

To  e l i m i n a t e  t he  com pl i ca t i ng  effects  of the  presence  in 
whole s e rum of r a b b i t  p l a sminogen ,  b o t h  t he  I R S  a n d  
N R S  were  t r a e t i o n a t e d  b y  t h e  e t h a n o l  m e t h o d  of NmHOL 
a n d  DEOTSCH n. The  r a b b i t  p ro t eo ly t i c  p r o e n z y m e  was 
found  to  be  local ized largely  in  t h e i r  p r ec i p i t a t e  B (beta-  
a n d  g a m m a v g l o b u l i n  ) whi le  t h e  a n t i b o d y - c o n t a i n i n g  frac-  
t ion ,  p r e c i p i t a t e  C (gamma2-gtobul in)  was  v i r t u a l l y  free 
of r a b b i t  p t a sminogen .  ( S u b s e q u e n t  s tud ies  in  t h i s  labo-  
r a t o r y  b y  c o n t i n u o u s  flow e lec t rophores i s  of r a b b i t  s e r u m  
h a v e  conf i rmed  t he  occur rence  of p l a s m i n o g e n  in t he  be t a -  
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g a m m a l - g l o b u l i n  area .  I t  is s ign i f i can t  t h a t  no  n o r m a l  in- 
h i b i t o r s  for r a b b i t  or  h u m a n  p l a s m i n  were  o b s e r v e d  in the 
s lower  m i g r a t i n g  gamma-g lobu l ins . )  

Table I 
Effect of whole normal aitd immune rabbit sera and of fractions 
therefrom on the proteolytic activity of S K-aetivated human 

plasminogen 

Contents of Digestion Mixture 7 Optical Density 

PH p8 . . . . . . . . . . . . . . . .  
P H P  q- immune rabb i t  serum (IRS) 

(0.4 ml) . . . . . . . . . . . . . .  
P H P  + normal  rabbi t  serum (NRS) 

10"4 ml) . . . . . . . . . . . . . .  
P H P  + pp t  B 9 from NRS (0-684 mg N) . 
P H P  + pp t  B t r o m l R S  (0-696 mg N) . . 
P H P  + pp t  C 9 from NRS (0.752 mg N) 
P H P  q- p p t C f r o m  IRS (0.776mgN) . . 
P H P  q- pp t  C from IRS (@752 mg N) (in- 

cubated  30 min a t  37°C before act iva-  
t ion with SK) . . . . . . . . . . .  

0-370 

0.505 

0.710 
too high to read 
too high to read 

0.37O 
0.130 

0.115 

A r e p e t i t i o n  of t e s t s  w i t h  t he  case in  d iges t ion  procedure ,  
us ing  t h e  i m m u n e  g a m m a - g l o b u l i n  ( IGG) a n d  normal  
g a m m a - g l o b u l i n  (NGG),  in  place  of t h e  or ig ina l  whole  sera, 
showed  t h a t  the  I G G  e x h i b i t e d  a def in i te  i n h i b i t o r y  act ion 
on  t h e  p ro t eo ly t i c  a c t i v i t y  of S K - a c t i v a t e d  P H P ,  while 
t he  N G G  did n o t  a f fec t  t he  r e su l t  (Table  1). Specific 
p r e c i p i t a t e s  were f o r m e d  w i t h  I G G  and  no t  w i t h  NGG. 
T h e  p rec ip i t a t e s  were  n o t  cen t r i fuged  off before  enzyme 
assays ,  a n d  hence  i t  was  d e m o n s t r a t e d  t h a t  t h e  p lasmino-  
hen  in t h e  p r e c i p i t a t e d  c o m p l e x  e i t he r  cou ld  n o t  be  acti- 
v a t e d  b y  SK,  or  t he  a c t i v i t y  of t h e  p l a s m i n  fo rmed  was 
inh ib i t ed .  I n c u b a t i o n  of I G G  a n d  P H P  for 30 m i n  at  
37°C before  a c t i v a t i o n  r educed  t he  f inal  a c t i v i t y  only 
a b o u t  3%.  S imi la r  resu l t s  were o b t a i n e d  a t  o t h e r  anti-  
b o d y  c o n c e n t r a t i o n s  sugges t ing  t h a t  the  m a j o r  ac t iv i ty  
of t he  a n t i b o d y  was to  i n h i b i t  p l a s m i n  r a t h e r  t h a n  its acti-  
v a t i o n  b y  SK. Howeve r ,  f u r t h e r  s t u d y  of t h i s  po in t  is 
r equ i r ed  to  e luc ida te  t h i s  m e c h a n i s m .  

I t  was  necessa ry  to  p r e p a r e  a new lot  of a n t i s e r u m  to 
p roceed  w i t h  f u r t h e r  q u a n t i t a t i v e  s tudies .  T h e  mater ia l s  
used  were as descr ibed  a b o v e :  5 r a b b i t s  were  immunized  
b y  t h r e e  week ly  s u b c u t a n e o u s  in jec t ions  of P H P  in tile 
FRI~UND-McDERMOTT a d j u v a n t  ( total ,  25 m g  P H P / a n i -  
mal) .  Poo led  s e r u m  f rom these  an imal s ,  col lec ted  on  the 
f o u r t h  week,  h a d  a 1 :5000 p rec ip i t i n  t i t e r  b y  t he  ring 
test .  A pooled s e rum sample  col lected f rom 5 n o r m a l  ani- 
mals  was  d e m o n s t r a t e d  to  h a v e  no  p rec ip i t ins  for PHP.  
B o t h  pools of sera  were f r a c t i o n a t e d  as a b o v e  to  obta in  
n o r m a l  g a m m a - g l o b u l i n  (NGG) a n d  i m m u n e  gamma-  
g lobu l in  (IGG) as t h e  NICtioL-DEuTSCH p rec ip i t a t e  C. 
(This  f r a c t i o n a t i o n  p r o c e d u r e  h a s  b e e n  subsequen t ly  
used ex t ens ive ly  in th i s  l a b o r a t o r y  to o b t a i n  r a b b i t  plas- 
m i n o g e n  p r e p a r a t i o n s .  I n  severa l  i n s t ances  p rec ip i t a te  C 
ha s  c o n t a i n e d  some p ro teo ly t i c  a c t i v i t y  w h i c h  could be 
a c t i v a t e d  b y  S K - h u m a n  p l a s m i n o g e n  p repa ra t ions . )  

7 One ml 6% casein (Hammarsten quality) and 0"°~ ml Varidase 
(500 units S K), in addition to tile indicated components, were includ- 
ed in the digestion mixture. All reagents were prepared in MtlO 
phosphate buffer (pH 7.8) and the total volume was 3 ml. Incubation 
was at "~7°C for 80 rain. Except where stated the serum or its frac- 
tions and SK were added simultaneously. 

s Purified t luman Plasminogen from Human I*'raction III by 
method of KLI~g. e. All digests contained 33/~g Pt fP Nitrogen. 

9 Prepared by ethanol fractionation method of NicHm. and 
DI~UTSCH 6. 
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l~esults  of f u r t h e r  t es t s  w i t h  these  ma te r i a l s  are sum-  
mar ized  in Tab le  I I .  Since t he  P H P  was on ly  approx i -  
m a t e l y  50% soluble  u n d e r  t h e  cond i t ions  used, i t  was  
necessa ry  to c o n d u c t  q u a n t i t a t i v e  assays  w i t h  t he  soluble  
po r t i on  only.  However ,  t h e  p ro t eo ly t i c  a c t i v i t y  of t he  
soluble  a n d  insoluble  p o r t i o n s  of th i s  p r e p a r a t i o n  pe r  m g  
n i t rogen  were  essen t ia l ly  t h e  same.  The  i nd i ca t ed  a m o u n t s  
of soluble  P H P  were mixed ,  in dup l ica te ,  w i t h  1 ml  of 2% 
N G G o r  1 m l o f  2% I G G i n  a t o t a l  v o l u m e  of 3 ml.  All 
so lu t ions  were p r e p a r e d  in M / I O  p h o s p h a t e  buf fe r  a t  p H  
7.8, c en t r i fuged  a t  h igh  speed,  a n d  f i l tered to  r e m o v e  in- 
soluble  mate r ia l .  The  P H P - g l o b u l i n  p r e p a r a t i o n s  were in- 
c u b a t e d  30 ra in  a t  37°C a n d  t h e n  k e p t  a t  4°C for 24 h. At  
t he  end  of t h i s  t i m e  all  t u b e s  were  cen t r i fuged  a t  2 -4°C  
a n d  t h e  s u p e r n a t a n t s  s a v e d  for e n z y m a t i c  ana lys i s  a n d  
checks  for a n t i g e n  (An) or  a n t i b o d y  (Ab) excess b y  the  
r ing  tes t .  The  specif ic  p r ec i p i t a t e s  were w a s h e d  th r ee  
t imes  w i t h  cold 0.15 M NaCI a n d  t o t a l  n i t rogens  d e t e r m i n -  
ed (micro-IKjeldahl) .  (No p r e c i p i t a t e  was  o b t a i n e d  w i t h  
the  N G G  a n d  hence  no  va lues  on  th i s  are i nc luded  in 
Tab le  II . )  P r o t e o l y t i c  a c t i v i t y  a s says  were  ca r r i ed  o u t  on  
the  s u p e r n a t a n t s  a n d  on  a so lu t ion  c o n t a i n i n g  co r re spond-  
ing a m o u n t s  of soluble  P H P  only.  

Effect of 
Table I I  

normal and specific immune rabbit gamma-globutiils on 
Human plasminogcn* 

Proteolytic Activity (Opt. Density) Antigen (An)- 
Antibody (Ab) 

ug Plas- Supernatant analyses 
mine- Superna- 
gen N Plasnfino- /tg N in tant Com- 

gen+IGG An-Abppt. position 

Plasmino- Plasnfino- 
gen only gen+NGG 

5.3 0.040 0.040 
10.6 0.080 0-085 
15.9 0.200 0.210 
26.5 0.330 0.335 
42.4 0.560 0.570 

0-002 139 
0.035 241 
0-050 296 
0.110 352 
0.270 360 

Ab 
Ab, An 
Ab, An 
Ab, An 
An 

* Conditions of assay given in text. 

T h e  d a t a  (Table  II) i nd i ca t e  t h a t  t he  presence  of I G G  
reduced  t h e  p r o t e o l y t i c  a c t i v i t y  of t h e  s u p e r n a t a n t s  
marked ly ,  whi le  N G G  h a d  no  effect.  The  po r t i on  of the  
p l a s m i n o g e n  p r e p a r a t i o n  respons ib le  for  p ro t eo ly t i c  act i -  
v i t y  could be  v i r t u a l l y  c o m p l e t e l y  p r e c i p i t a t e d  in the  
reg ion  of large A b  excess.  T h e  r e su l t s  f u r t h e r  sugges ted  
t h a t ,  s ince b o t h  A n  a n d  A b  were p r e s e n t  in t h e  super-  
n a t a n t s  ove r  a b r o a d  zone, P H P  p r o b a b l y  c o n t a i n s  more  
t h a n  one  an t i gen i c  c o m p o n e n t .  Th i s  was  con f i rmed  by  
using t h e  OUDIN agar -d i f fus ion  t e c h n i q u e  0 which  demon-  
s t r a t e d  t h a t  t h e  so luble  P H P  c o n t a i n e d  a t  leas t  4 an t i -  
genic c o m p o n e n t s  r eac t i ng  w i t h  IGG.  W h e n  t h r e e  whole 
n o r m a l  h u m a n  sera  were checked  i n d i v i d u a l l y  aga i n s t  
IGG,  mu l t ip l e  r ings  were also fo rmed .  

I t  was  of i n t e r e s t  to  d e t e r m i n e  if [ G G  affec ted  h u m a n  
blood c lo t  lysis. One ml  of 2 %  I G G  in sa l ine  was  m i x e d  
w i th  1 ml  whole f resh h u m a n  b lood  a n d  a l lowed to clot.  
S t r ep tok inase  (1000 uni ts )  was  in j ec t ed  in to  t h e  cen te r  of 
these  clots,  as well  as in to  two  sets  of con t ro l  clots,  one 
c o n t a i n i n g  on ly  sal ine a n d  b lood  a n d  t he  o t h e r  2% N G G  
and  blood.  Clot  lysis was  v i r t u a l l y  comple t e  a f t e r  90 m i n  
in t h e  con t ro l  tubes ,  whi le  in  those  c o n t a i n i n g  I G G  v e r y  
l i t t le  lysis h a d  t a k e n  place  a f t e r  24 h. A l t h o u g h  th i s  is a n  
e x t r e m e l y  c rude  p rocedu re  i t  d id  fu rn i sh  ev idence  for the  
i n h i b i t i o n  of f ibr inolys is  in whole  b lood b y  IGG.  

xo j .  Ovmy, Meth. reed. Res. 5, 335 (1952). 

Thus  t he  I(LINE p r o c e d u r e s  for p r e p a r a t i o n  of P H P  
yielded i m m u n o l o g i c a l l y  h e t e r o g e n e o u s  p r e p a r a t i o n s ;  
however ,  a specific a n t i s e r u m  was o b t a i n e d  w h i c h  in-  
h ib i t ed  the  p ro t eo ly t i c  a n d  f ib r ino ly t i c  a c t i v i t y  of h u m a n  
p lasmin  and  fo rmed  specif ic  p rec ip i t a tes .  Th i s  he te ro -  
gene i ty  m a k e s  f u r t h e r  i m m u n o c h e m i c a l  s tud ies  on  th i s  
p la sminogen  p r e p a r a t i o n  of d o u b t f u l  s igni f icance  a n d  
renders  an  i m m u n o c h e m i c a l  a s s a y  for p l a sminogen  im- 
possible a t  th i s  t ime.  
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Rdsumd 

Les au t eu r s  o n t  pr6par6,  chez  le lap in ,  les a n t i c o r p s  
specif iques inh ib i t eu r s  des ac t iv i t6s  f i b r i no ly t i ques  e t  
p ro t6o ly t iques  du p lasminog6ne  h u m a i n  ac t iv6  p a r  la 
s t r ep tok inase .  Le p l a sminogbne  h n m a i n  pur i f i6  es t  u n  
an t igbne  h6t6rog~ne.  

C h o l e s t e r o l  B l o o d  Leve l s  in Rh S e n s i t i z e d  
W o m e n  Trea ted  w i t h  Rh H a p t e n  

I n  t h i s  l a b o r a t o r y  we are engaged  in an  a t t e m p t  to  
assess t he  va lue  of oral  a d m i n i s t r a t i o n  to  t he  R h  n e g a t i v e  
sens i t ized  w o m a n  of the  R h  h a p t e n  (a r ed  cell  f r ac t i on  
descr ibed  p rev ious ly  b y  CARTER 1 a n d  CARTER et alS). 
A l t h o u g h  severa l  workers ,  i nc lud ing  H o w e  a n d  RUSTI- 
6IAN 3 a n d  OSBORN 4, h a v e  r e p o r t e d  i n a b i l i t y  to  con f i rm  
i n  vitro o b s e r v a t i o n s  on  t h e  1Rh h a p t e n ,  t h i s  i nab i l i t y  due,  
i t  would  seem, to t e chn i ca l  va r i a t i ons ,  BARNARD 5 a n d  
GOLDSMITH 6 i n d e p e n d e n t l y  h a v e  successful ly  conf i rmed  
th i s  phase  of t he  work.  ~VoLv" et al. 7 s t a t e d :  'A n u m b e r  of 
our  o b s e r v a t i o n s  sugges t  t h a t  t h e  t e r m  R h  h a p t e n  m a y  
cor rec t ly  be  app l ied  to  the  e x t r a c t  descr ibed  b y  CARTER'. 
A l t h o u g h  WOLF et al. 7, MARSTERS et al. 8, a n d  SPURLING 
et a l?  h a v e  been  unsuccess fu l  in  the  cl inical  use of R h  
h a p t e n  to  p r e v e n t  e ry th rob la s to s i s ,  these  fai lures due  to 
use of too l i t t le  of t he  f r ac t ion  too  la te  in p r egnancy ,  
E H R E N B E R G  1° a n d  SCHUBERT a n d  GRUNBERG l l  h a v e  re- 
po r t ed  cl inical  successes.  
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