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Mean values of fibrinolytie components in human seminal plasma (percent of the content of a normal standard consisting of pooled serum 
from 20 healthy persons) 

No. of samples Mean 4- SD 

Fibrinolytic activity on unheated fibrin plates (ram ~) 
Fibrinolytic activity on heated fibrin plates (mm z) 
Plasminogen (%) 
Urokinase inhibitors (%) 
a2-macroglobulin (%) 
Antiplasmin (%) 
~l-antitrypsin ( % ) 
Total antitrypsin activity (%) 
Fibrin/fibrinogen degradation products ([~g/ml) 

51 1016• 
51 0 
20 traces 
42 2 5 •  
30 154-8 
20 traces 
18 1.34-0.8 
38 84-13 
51 0 

en t  in  on ly  low concen t ra t ions .  T he  f ib r ino ly t i c  a c t i v i t y  
on u n h e a t e d  f ib r in  p la tes  was high,  and  no  a c t i v i t y  was 
found  on  h e a t e d  pla tes ,  in a g r e e m e n t  w i t h  ear l ier  observa-  
t ions  8, 4, ~5 Hence,  t he  h igh  f ib r ino ly t i c  a c t i v i t y  of h u m a n  
semina l  p l a s m a  seems to be  due to t he  presence  of large 
a m o u n t s  of f ib r ino ly t i c  a c t i v a t o r s  in  assoc ia t ion  w i t h  
only  a low c o n c e n t r a t i o n  of f ib r ino ly t i c  inh ib i tors .  

Zusammen/assung. Die mensch l i che  Samenf l i i ss igkei t  
wurde  auf  ihre  f ib r ino ly t i sche  Akt ivi t /~t  u n d  auf  ihre  
I~onzen t r a t i on  y o n  I n h i b i t o r e n  de r  P l a s m i n o g e n a k t i v i e -  
r ung  (Urok inase inh ib i to ren) ,  A n t i p l a s m i n ,  ~2-Macro- 
globulin,  a t -An t i t ryps in ,  to t a l e  A n t i t r y p s i n a k t i v i t ~ t  
sowie P l a s m i n o g e n  u n d  A n t i t h r o m b i n - I I I  u n t e r s u c h t .  
Dabe i  w u r d e n  niedr ige  K o n z e n t r a t i o n e n  der  Inh ib i t o r en ,  

die auf  die hohe  f ib r ino ly t i sche  A k t i v i t ~ t  des Seminal -  
p l a smas  n n r  eine ger inge H e m m w i r k u n g  aus i iben  k6nnen ,  
gefunden.  
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A Carbohydrate Inhibitor of Cathepsin B Activity Associated with Haptoglobin 

H u m a n  p l a s m a  con ta ins  a t  leas t  6 d i f fe ren t  well  
cha rac te r i zed  p ro te inase  inh ib i to rs ,  r ecen t ly  rev iewed b y  
HEIMBURGER, HAUPT and  SCHWmK1 T h e y  cal led 
a t t e n t i o n  to t he  h i g h  c o n t e n t  of c a r b o h y d r a t e  res idues  of 
these  inh ib i to rs ,  m a i n l y  hexoses,  a ce ty lhexosamines  a n d  
sialic acid, and  t h e y  f u r t h e r  s t ressed t he  u n k n o w n  role of 
these  c o m p o n e n t s  as far  as enzymic  i n h i b i t i o n  was 
concerned.  T u r n i n g  to t he  lysosomal  c a t h e p s i n  B1 we 
r epo r t ed  in 1967 t h a t  h a p t o g l o b i n  pur i f ied  f rom Cohn ' s  
f r ac t ion  IV-4  showed a m a r k e d  i n h i b i t i o n  of c a t h e p s i n  B 
a c t i v i t y  0-. The  ques t ion  was a l r eady  a t  t h a t  t ime  left  open  
if t h i s  was  due  to  h a p t o g l o b i n  as such  or a n  assoc ia ted  
c o m p o n e n t .  D a t a  p r e sen t ed  be low sugges t  t h a t  h a p t o -  
g lobin  p r e p a r a t i o n s  seem to ca r ry  a g lucosamine-con-  
t a i n i n g  sacchar ide  wh ich  has  all t h e  p ro te inase  i n h i b i t o r y  
a c t i v i t y  found  in hap tog lob in .  

H a p t o g l o b i n  was p r e p a r e d  f rom clear yel low asci tes  
f luid s ampled  f rom mice  ca r ry ing  t he  E h r l i c h - L a n d -  
schl i tz  t u m o r  (15-20 days  a f t e r  i.p. i nocu la t i on  of 
2 x 1 0  ~ cells) b y  m e a n s  of a n  ace tone  p r e c i p i t a t i o n  
m e t h o d  followed b y  c o l u m n  c h r o m a t o g r a p h y  on  Sepha-  
dex G-200, equ i l i b r a t ed  w i t h  0.05 M p h o s p h a t e  buffer  
p H  7.0 and  w i t h  0.1 M NaCI added.  The  a b s o r b a n c e  a t  
280 n m  was m e a s u r e d  on  t he  e lua te  as well as t he  inh ib i -  
t o r y  effect  on  samples  of pu re  ca theps in  B1. T he  i n h i b i t i o n  
assays  were pe r fo rmed  accord ing  to  t h e  same sys t em as 
used for  a c t i v i t y  m e a s u r e m e n t s  of t h e  e n z y m e  s . The  
s u b s t r a t e  was b e n z o y l a r g i n i n e - 2 - n a p h t h y l a m i d e  ( BANA) /  

0.4 m g / m l  / in  a 0.05 M p h o s p h a t e  buffer  p H  6.0 con ta in -  
ng  5 m M  E D T A  + 4 m M  cys te ine  HC1 for ac t i va t i on .  

I n c u b a t i o n s  were pe r fo rmed  for  30 ra in  a t  40~ The  
reac t ion  was s topped  b y  added  TCA a n d  t he  re leased 
n a p h t y l a m i n e  was d iazot ized  and  assayed  a t  E ~  0 as 
usual .  

The  d issoc ia t ion  of t he  c a t h e p s i n  B i n h i b i t o r  f rom the  
h a p t o g l o b i n  p r e p a r a t i o n  was shown  in the  fol lowing way.  
S t a r t i n g  w i t h  a pur i f i ed  h a p t o g l o b i n  solut ion,  t h e  t o t a l  
i n h i b i t i n g  effect  c o n t a i n e d  in  t he  so lu t ion  was no t  changed  
fol lowing t he  a d d i t i o n  of a n  excess of haemoglob in .  
However ,  w h e n  th i s  so lu t ion  was ana lyzed  on  a S e p h a d e x  
G-200 co lumn  a t  p H  6.0 t h e  wel l -def ined h a p t o g l o b i n  
p e a k  h a d  d i sappeared .  A new c o m p o n e n t  appea red  nea r  
t he  e lu t ion  f r o n t  (Figure,  t u b e  No. I6-22)  r ep re sen t ing  
t he  h a e m o g l o b i n - h a p t o g l o b i n  complex,  a n d  t h i s  was  
l ack ing  all c a theps in  i n h i b i t o r  ac t iv i ty .  All  t h e  i n h i b i t o r  
a c t i v i t y  p rev ious ly  assoc ia ted  w i t h  t he  or ig ina l  h a p t o -  
g lobin  moie ty ,  appea red  in s t ead  l a t e r  a t  t he  end  of t he  
e lu t ion  (Figure,  t u b e  No. 30-40) ;  Th i s  new c o m p o n e n t  
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h a d  no a b s o r b a n c e  a t  280 n ln  a n d  was comple t e ly  free 
f rom hap tog lob in .  

In  a second set  of expe r imen t s ,  i t  was  more  c o n v e n i e n t  to  
add  h a e m o g l o b i n  d issolved a t  p H  6.0 to  a n  equa l  a m o u n t  
of d issolved h a p t o g l o b i n  a n d  t h e n  p rec ip i t a t e  t he  complex  
w i t h  a n  equa l  v o l u m e  of acetone.  T he  l i be r a t ed  i n h i b i t o r  
lef t  in  t h e  s u p e r n a t a n t  cou ld  t h e n  be f u r t h e r  i so la ted  on  
a Dowex  c o l u m n  us ing  g raded  e t h a n o l  concen t r a t i ons .  
The  i n h i b i t o r  a p p e a r e d  in t he  so lu t ion  b e t w e e n  5 0 - 6 0 %  
e thanol .  The  yie ld  was a b o u t  90%,  m e a n i n g  t h a t  f rom 
a h a p t o g l o b i n  so lu t ion  c o n t a i n i n g  100 a r b i t r a r y  i n h i b i t o r  
u n i t s  a b o u t  90 un i t s  were recovered .  T he  i n h i b i t o r  
so lu t ion  could be f u r t h e r  pur i f ied  b y  r u n n i n g  i t  t h r o u g h  a 
Bidgel  P2  co lumn ;  all  t h e  i n h i b i t o r  a c t i v i t y  emerged  a t  a 
zone co r r e spond ing  to  a molecu la r  we igh t  of nea r  900. 

The  i n h i b i t o r  could  also be  l i be ra t ed  f rom t he  h a p t o -  
g lobin  m o i e t y  b y  t r e a t m e n t  a t  a low p H  of a b o u t  1.5 
(0.2 M H2SO 4 added) .  

Inhibition tests using a standard amount (0.250 mg/ml) of cathepsin 
B1 and increasing amounts of added carbohydrate inhibitor 

Amount of carbohydrate 
inhibitor (rag) 

Inhibition 
of enzyme activity (%) 

0.023 15 
0.040 28 
0.065 45 
0.083 55 
0.100 60 
0.140 65 

Conditions: 0.05 M phosphate buffer pH 6.0, BANA used as a 
substrate, incubations at 40 ~ and 1 h. Cysteine and EDTA added 
for activation. 
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The  i n h i b i t o r  m a t e r i a l  was  h y d r o l y z e d  in  sealed 
ampou le s  w i t h  2 M HC1 for 12 h a t  105~ Af te r  evapo-  
r a t i o n  twice, t he  hydro lys i s  p r o d u c t s  were d issolved in 
w a t e r  a n d  sub j ec t ed  to  t h i n - l a y e r  c h r o m a t o g r a p h y  on  
cellulose p o w d e r  MN 300 p la tes  accord ing  to  LAMKIN 
et  al. ~. C h r o m a t o g r a p h y  accord ing  to  GAL 5 was also 
per formed,  us ing  Silica gel G pla tes .  Fol lowing su i t ab le  
deve lopmen t ,  on ly  3 c o m p o n e n t s  could be  resolved  
n a m e l y  fucose, ga lac tose  a n d  g lucosamine .  P l a t e s  
sp r ayed  w i t h  n i n h y d r i n e  showed only  g lucosamine  b u t  
no  amino  acids. Mannose  was absen t .  

Us ing  th i s  pur i f ied  n o n - h y d r o l y z e d  c a r b o h y d r a t e  
c o m p o u n d  i t  was  shown  t h a t  t h e  i n h i b i t i o n  of c a t h e p s i n  
B1 a c t i v i t y  was p H  d e p e n d e n t ;  50% i n h i b i t i o n  was  
r eached  a t  p H  6.3 and  100% a t  p H  7.0 (of. cu rve  for  
h a p t o g l o b i n  i n h i b i t i o n  in ref. 6). The  q u a n t i t a t i v e  degree 
of i n h i b i t i o n  w i t h  increas ing  a m o u n t s  of i n h i b i t o r  is shown  
in t he  Table.  The  biological  effect  was  no t  l imi ted  to  
c a t h e p s i n  B1 only. P a p a i n  a n d  t r y p s i n  were also pa r t i a l l y  
i n h i b i t e d  to  a b o u t  50% sugges t ing  a b r o a d  speci f ic i ty  of 
t he  i n h i b i t o r  ac t ing  b o t h  on  a cys te ine  a n d  a ser ine pro- 
te inase .  The  specif ic i ty  of these  i n t e r a c t i o n s  need  f u r t h e r  
s tudy .  I m p u r i t i e s  were a l m o s t  ce r t a in ly  ru led  ou t  s ince 
v e r y  smal l  a m o u n t s  of i n h i b i t o r  were effect ive  (Table).  
Only  a m e t a l  c o n t a m i n a t i o n  could be considered,  b u t  in 
t he  t es t s  i nvo lved  E D T A  was presen t .  

Thus ,  t h e  i m p o r t a n t  p o i n t  is t h a t  t he  p ro te inase  
i n h i b i t i o n  ascr ibed  to  h a p t o g l o b i n  as such  ~ seems to  be  
due  to  all assoc ia ted  c a r b o h y d r a t e  m o i e t y  of low molecu la r  
weight ,  wh ich  is r e la t ive ly  f i rmly  a t t a c h e d  to  h a p t o g l o b i n  
a n d  p e r h a p s  also to  o the r  s e rum pro te ins ,  l ike t h e  az- 
macrog lobu l in  r ecen t ly  c la imed b y  STARKEY a n d  BAR- 
RETT ~ to be  the  on ly  c a t h e p s i n  t3 i n h i b i t o r  in  b lood  
p lasma.  This  c a r b o h y d r a t e  c o m p o u n d  could be  a t t a c h e d  
to  and  carr ied  b y  d i f fe ren t  p ro t e in s  w i t h o u t  c o n s t i t u t i n g  
a n  essent ia l  s t r u c t u r a l  p a r t  of such  pro te ins .  The  resu l t s  
a p p e a r  to  open  up  new lines of s t u d y  as to  t h e  biological  
i n t e r a c t i o n  a n d  r egu la t ion  of p ro t e inase  ac t iv i ty .  

Zusammen[assung. Die N a t u r  von  P r o t e i n a s e - I n h i b i -  
toren ,  die m i t  gewissen P l a s m a p r o t e i n e n  assozi ier t  s ind,  
wurde  u n t e r s u c h t  u n d  gezeigt,  dass  die h e m m e n d e  
W i r k u n g  des Hap tog lob ins ,  i sol ier t  aus  T u m o r  Ascites-  
fl i issigkeit ,  auf  Ca theps in  B1 auf  e iner  K o h l e h y d r a t -  
K o m p o n e n t e  des H a p t o g l o b i n s  be ruh t .  
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Gel filtration of a mixture of haptoglobin and haemoglobin on a 
Sephadex G-200 column equilibrated with 0.1 M NaC1 and 0.05 M 
phosphate buffer pH 6.0. Protein absorption measured at 280 nm 
and haemoglobin at 540 nm. The 1st peak (left) corresponds to the 
haptoglobin-haemoglobin complex. The 2nd peak represents excess of 
haemoglobin. The black squares denote the distribution of inhibitory 
activity of cathepsiu B1 measured against BANA as a substrate 
(cf. text). It should be noticed that the haptoglobin-haemoglobin 
complex was lacking inhibitory activity while all this activity 
appeared in a liberated form (3rd peak) in tubes No. 30 to 40. 
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