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The aim o f  t h i s  work was to  s tud y  th e  amounts and com-
p o s i t i o n  o f  p r o t e i n s  r e l e a s e d  from washed p i g  p l a t e l e t s  
a f t e r  t reatm en t o f  p l a t e l e t s  with  d i f f e r e n t  a g g re g a t i n g  
a g e n t s .  R e le ase d  p r o t e i n  m a te r ia l  was s ep a r a te d  on Sepha- 
r o se  4B, Seph arose  6B, Sephadex G-200 and by means o f  SDS- 
-p o ly a cry la m id e  g e l  e l e c t r o p h o r e s i s .  Among the  r e l e a s e d  p ro-
t e i n s  album in , f ib r in o g e n  and s p e c i f i c  p l a t e l e t  p r o t e i n  -  
(1 -  throm boglobul in  c o n s t i t u t e  th e  main components. As a re -
s u l t  o f  r e l e a s e  r e a c t io n  ca used  by thrombin th e  p resen c e  
o f  h igh  m olec u lar  p r o te i n  -  thrombospondin was ob served .

In trod u c tio n

Blood p l a t e l e t s  re spond to  s t im u l i  in  v a r i o u s  ways. When ex-
p ose d t o  thrombin, c o l l a g e n  o r  o th er  s u b s ta n c e s  they s e c r e te  se -
l e c t i v e l y  the  c on ten ts  o f  t h e i r  g r a n u l e s .  I t  i s  w e l l  e s t a b l i s h e d  
th a t  s e c r e te d  compounds c o nta in  a l s o  d i f f e r e n t  p r o t e i n s  which 
p a r t i c i p a t e  in  h ae m o sta s i s ,  in f lam m ation  and c e l l  growth [ 6 ,  7 ] .  
C l a s s i f i c a t i o n  o f  r e l e a s e d  p l a t e l e t  p r o t e i n s  i s  b ased  on ch a rac-
t e r i s t i c s  o f  th e  p r o t e i n s ,  b i o s y n t h e t ic  o r i g i n ,  l o c a l i z a t i o n  and 
f u n c t io n  [ 6 ].

S e c r e te d  p r o t e i n s  have been c l a s s i f i e d  i n t o  f o u r  g roup s :
-  p r o t e i n s  i d e n t i c a l  o r  s i m i l a r  to  p lasm a p r o t e i n s ,
-  lyso so m a l enzymes,

* T h i s  work was sup p or ted  by P r o j e c t  R . I I I . 13.



-  c a t i o n i c  p r o t e i n s ,
-  p l a t e l e t  s p e c i f i c  p r o t e i n s .  .
The p urp ose  o f  t h i s  p a p er  i s  to  de term ine  amounts and cha-

r a c t e r i z e  th e  p r o t e i n s  r e l e a s e d  from washed p ig  p l a t e l e t s  upon 
th e  d i f f e r e n t  s t i m u l i .  '

M a t er ia l  and methods

Blood was taken  from p i g s  in t o  1% EDTA, 0 .1 4  M NaCl, pH 7 .4  
(1 volume o f  a n t ic o a g u la n t  to  9 volumes o f  b lo o d ) .  Blood was cen-
t r i f u g e d  a t  120 x g f o r  20 min. P l a t e l e t  r ic h  plasm a was removed 
and c e n tr i f u g e d  a t  1200 x g f o r  20 min. The p l a t e l e t  p oor  p lasm a 
was d i sc a r d e d  and th e  p l a t e l e t s  were re suspend ed  in  th e  f i r s t  
washing s o l u t i o n  th a t  c o n s i s t e d  o f  0.11 M NaCl, 4 .3  mM K-^HPO ,̂ 
4 .3  mM Na-jHPO^,. 2 4 .4  mM NaHgPO^, 5 .5  mM g lu c o s e ,  pH 6 .5  [1 ]. Any 
red c e l l s  a t  th e  bottom o f  th e  tube  were no t re suspend ed  with 
the  p l a t e l e t s  and t h i s  r e s u l te d  in  some l o s s  o f  p l a t e l e t s .  The 
p l a t e l e t  su sp en s ion  was then c e n tr i f u g e d  a t  1200 x g f o r  20 min 
and th£ p l a t e l e t s  re su spend ed in  th e  second washing s o l u t i o n  
c o n s i s t i n g  o f  0 .1 4  M NaCl, 15 mM T r is -H C l ,  5 .5  mM g l u c o s e ,  pH
7 .5  [ 1 ] .

The p roced u re  o f  washing with  second b u f f e r  was re p e a te d  
tw ice .  The p l a t e l e t  susp en s ion  was then c e n tr i f u g e d  a t  1200 x g 
f o r  20 min. The f i n a l  su sp en s io n  medium was 0 .1 0 9  M NaCl,  4 .3  mM 
K2HP04 , 16 mM Na2HP04 , 8 .3  mM NaH2 P04 , 5 .5  mM g l u c o s e ,  pH 7 .4 .  
The p l a t e l e t  su sp en s ion  was d iv id ed  in t o  f o u r  equal p a r t s  and 
p l a t e l e t  a g g r e g a t io n  was induced by th e  a d d i t i o n  o f  d i f f e r e n t  
in d u c e rs :

-  bovine  thrombin (Biomed Serum and V accine  M anufac turer s  in  
L u b l in )  a t  f i n a l  c o n c e n tr a t io n s :  1,  3,  5 ,  7 .5  o r  10 u n i t s  p e r  
mg o f  p l a t e l e t  p r o t e i n ,  w ithout o r  with  ca lc ium  io n s  (CaCl2 ) a t  
f i n a l  c o n c en tr at io n  10 mM,

-  c o l l a g e n  from chicken  tendon p re p are d  ac c ord in g  t o  S t i -
l l e r  e t  a l .  [ 8 ]  and u sed  a t  c o n ce n tr at io n  5 o r  10 pg  p e r  mg 
o f  p l a t e l e t  p r o t e i n ,

-  ADP (Sigm a London Chemical Co. L td )  a t  th e  c o n c e n tra t io n  
1 0 "3 M or  10“ ^ M,



-  one p a r t  o f  p l a t e l e t  susp en s ion  was inc u b ate d  with  b u f f e r  
( c o n t r o l ) .

A f te r  th e  in cu b a t ion  tim e (0 .5 -5  min, 3 7 °C ) th e  a g g re g a te d  
p l a t e l e t s  were c e n tr i f u g e d  a t  1200 x  g  f o r  20 min a t  4 °C . The 
su p ern a tan t  c o n ta in in g  th e  s o l u b l e  p l a t e l e t  r e l e a s e  p r o d u c t s  was 
c a r e f u l y  s e p a r a te d .

In th e  c o n tr o l  su p e rn a ta n t  and su p e rn a ta n t  a f t e r  a g g r e g a t io n  
a s  w e l l  a s  in  su sp en s io n s  o f  p l a t e l e t s ,  p r o t e i n  was determ ined 
by m ic ro b iu r e t  method [ 2 ] u s in g  bov ine serum albumin a s  a  s ta n -
d ard .

In some exper im ents  l o s s  o f  l a c t i c  dehydrogenase ( E . C . 1 .1 . 1 .  
2 )  from p l a t e l e t s  was m easured by th e  o p t i c a l  t e s t  with  pyru-
v a te  [ 3 ].

Chromatographic a r a l y s i s :  p l a t e l e t  "suspensions (7 00-150 0 mg 
o f  p l a t e l e t  p r o te i n )  were in cub ated  f o r  2 min with  a g g re g a t in g  
a g e n t s :  thrombin (10 u .  p e r  mg o f  p l a t e l e t  p r o t e i n  with  10 mM 
CaCl~) o r  c o l l a g e n  (10 pg p e r  mg o f  p l a t e l e t  p r o te i n )  o r  ADP 
(10 M). A f t e r  c e n t r i f u g in g  th e  su p e rn a ta n t  was s to r e d  over-
n ig h t  a t  4°C and formed p r e c i p i t a t e s  were removed by c e n t r i f u -
g a t i o n .  T h is  p r e c i p i t a t e d  m a te r ia l  p a r t i c u l a r l y  abundant a f t e r  
thrombin a c t i o n ,  was f i b r i n .  The c l e a r  co n c en trated  s o l u t i o n  
c on ta in in g  ab out 40 mg o f  p r o t e i n  was a p p l i e d  on Sep h arose  4B 
column. The column (1 .8  x 60 cm) was e q u i l i b r a t e d  and e lu a te d  
with  3 .8  mM b o r a te ,  25 mM T r i s ,  1 mM EDTA, 0 .1 5  M NaCl, pH 8 .8  
a t  30 m l/h .  F r a c t io n s  o f  3 ml were c o l l e c t e d  and ab sorb a nc e  a t  
280 nm was e s t im a ted .

The th ro m b in -re lea sed  p r o t e i n s  d e r ive d  from 2-3  se p a r a te d  
p r e p a r a t i o n s  were a n a ly s ed  f o r  p r e se n c e  o f  (3 - th rom b og lobu lin  
u s in g  rechrom atography o f  f r a c t i o n  3 ob ta in e d  from Sep h arose  4B
[ 9 ] .  Rechromatography was c a r r i e d  out on Sephadex G-200 u s in g  
th e  same e lu t i o n  b u f f e r  a s  by Sep h arose  4B [ 5 ].

Gel' e le c t r o p h o r e s i s  o f  p r o t e i n s :
-  l i b e r a t e d  from p l a t e l e t s  during washing p roc ed u re ,
-  r e l e a s e d  from p l a t e l e t s  a f t e r  thrombin a c t io n ,
-  t o t a l  p r o te in s  o f  p lasm a.
S o l u t io n  a f t e r  second washing o f  p l a t e l e t s  was c on c en trated ,  

d ia l y s e d  a g a i n s t  10 mM T r is -H C l ,  pH 7 .4  and a n a ly sed  by means 
o f  SDS-po lyacry lam ide  g e l  e le c t r o p h o r e s i s .  The p r o t e i n s  r e l e a s e d



by thrombin and t o t a l  p r o t e i n s  o f  p l a t e l e t  p oor  p lasm a (20 0 pg 
o f  p r o t e i n )  were a n a l y se d  in  th e  same way.

SD S-po ly acry lam id e  g e l  e l e c t r o p h o r e s i s  was c a r r i e d  out in  
0 .01 M ph osph ate  b u f f e r  e s s e n t i a l l y  d e s c r ib e d  by W e b e r  and 
O s b o r n  [ 1 0 ] .  M olecu lar  weight d e term in ation  was made by 
u s in g  s ta n d ard  p r o t e i n s :  reduced and non-reduced f ib r in o g e n ,  
serum album in , myoglobin and cytochrom c .

R e s u l t s

Washed p i g  p l a t e l e t s  upon th e  a d d i t io n  o f  th e  h ig h  concen-
t r a t i o n  o f  a g g r e g a t in g  a g e n t s  r e l e a s e  a g r e a t  number o f  p r o t e in s  
from t h e i r  g r a n u le s .  I t  i s  a  s p e c i f i c  p r o c e s s  s i n c e  no l i b e r a -
t i o n  o f  l a c t i c  dehydrogenase a c t i v i t y  was s im u lta n ou s ly  o b se r -
ved (Tab. 1 ) .

T a b l e  1

The e f f e c t s  o f  thrombin , c o l l a g e n  and ADP on l o s s  o f  l a c t a t e  
dehydrogenase (LDH) from washed p i g  p l a t e l e t s

Wpływ trom biny, k olag enu i  ADP 
na spadek dehedrogenazy  mleczanowej (LDH) 

z przemywanych wieprzowych p ły t e k
Der E f f e k t  von Thrombin, K o llag en  und ADP a u f  den V e r lu s t  

von LDH aus  gewaschenen Sc h w ein eb lu tp lät tc h en

C on tro l Thrombin C o lla g en ADP

1 .9 1 .8 2 .1 1 .9
6 .6 6 .2 6 .9 7.1

1 1 .4 12.1 1 1 .9 1 1 .3

N o t e :  P ig  p l a t e l e t  susp en s ion  (15-20 mg o f  p l a t e l e t  p ro-
t e i n  in  ml) was d iv id e d  in to  4 p a r t s .  Each p a r t  was in c ub a te d  
with  thrombin (10 u n i t s  p e r  mg), c o l l a g e n  (1 0 -jag p e r  mg) o r  ADP 
(1 0 -3 M) f o r  2 min a t  37°C and then c e n t r i f u g e d .  The a c t i v i t y  
o f  l a c t a t e  dehydrogenase was determ ined in  t o t a l  su p e rn a ta n t  a f -
t e r  p l a t e l e t s  c e n t r i f u g a t i o n  and ex p r ess ed  in  Wróblewski u n i t s .  
C o n tr o l l  in c u b a tio n  was perform ed in  th e  same c o n d i t io n s  a s  the 
absence  o f  a g g re g a t i n g  a g e n t s .



The e f f e c t s  o f  t e s t e d  a g g re g a t i n g  a g e n t s  on amounts o f  r e l e a -
sed  p r o t e i n s  from washed p i g  p l a t e l e t s  a r e  p r e se n te d  in  Tab. 2 .

T a b l e  2

The p r o t e i n  r e le a s e d  from washed p i g  p l a t e l e t s  a f t e r  a c t i o n  o f  
a g g r e g a t in g  a g e n t s .  V alues  e xp resse d  a s  the  p e rcen ta g e  o f  t o t a l

p l a t e l e t  p r o t e i n
B ia łk a  z przemywanych wieprzowych p ły te k  po r e a k c j i  a g r e g a c j i .  

W artości  podano w proc enta ch  b i a łk a  ca łk ow iteg o  p ły te k
Die P ro te in e  f r e i g e s e t z t e n  au s  Sc h w ein eb lutp la ttch en  nach der  

Wirkung von A g g r eg a t io n s fa k to re n .  Die Werte s in d  in  %  von 
G esa m tp la ttc h en p ro te in e  gegeben

%  p r o t e i n  r e l e a s e d  from p ig  p l a t e l e t s  by

Thrombin
u n i t s  NIH/mg o f  p l a t e l e t  p r o t e i n

Ca

1 u .  3 u .  5 u .  10 u.

X 5 .9  7 .8  9 .7  1 2 .9  1 1 .6  1 6 .0  1 4 .9  2 3 .0
SD 0 .5  0 .4  0 .2  0 .6  0 .7  0 . 4  0 .6  1 .4

%  p r o t e i n  r e l e a s e d  from p ig  p l a t e l e t s  by

C on tro l  ADP c o l la g e n  
(with out a g g r e g a t i n g )  1Q- 4  M 1 -3  M 5 pg/mg  o f  p l a t e l e t  

a g e n t s  p r o t e i n _______

X 2 .5  5 .8  9 .3  1 0 .0
SD 0 .3  0 .6  0 .5  1 .2

N o t e :  Washed p i g  p l a t e l e t s  (30-50 mg o f  p l a t e l e t  p r o te in )  
were in c u b a te d  with thrombin a t  d i f f e r e n t  c o n c en tra t ion  (w ith  and 
w ithout 10 mM CaC l?)»  with ADP o r  c o l l a g e n  in  a medium c o n s i s t i n g  
o f  0 .1 0 9  M NaCl, 4 .3  mM KH2PO i,l6  mM Na,HP04, 8 .3  mM NaH2P04,
5 .5  mM g lu c o s e ,  pH 7 . 4 .  C ontrol  in c u b a t ion  without any a g g reg a -
t i n g  ag e nt  was c a r r i e d  out i n  th e  same ways. P ro te in  co nten t was 
m easured by m ic ro b iu re t  method [ 2 ]  in  su p e rn a tan t  a f t e r  p l a t e l e t  
c e n t r i f u g a t i o n .

As we can see  thrombin a t  th e  h ig h e s t  c o n c en tra t io n  (10 u .  NIH 
p e r  mg o f  p l a t e l e t  p r o t e i n )  c a u se s  th e  r e l e a s e  o f  1 4 .9  + 0 .6  and
2 3 .0  +1.4% o f  t o t a l  p l a t e l e t  p r o t e in s  in  the  absence  and in  the  
p r ese n ce  o f  ca lc ium  i o n s ,  r e s p e c t i v e l y .  C o lla gen  and ADP in used



c o n c e n t ra t io n s  r e l e a s e d  c o n s id e r a b ly  l e s s  p r o t e i n s .  I t  i s  a l s o  
in d i c a t e d  th a t  p l a t e l e t s  bo th  during th e  washing proc ed ure  and 
susp end in g in  b u f f e r  l o s e  some p r o t e i n s .

The amounts o f  s e c r e t e d  p r o t e i n s  depend on n a t u re ,  do se  o f  
a g g r e g a t in g  f a c t o r  a s  w e ll  a s  on tem peratu re  and p r ese n c e  o f

F i g .  1 .  D i f f e r e n t  amounts o f  p r o t e in  r e l e a s e d  from washed p i g  
p l a t e l e t s  a f t e r  t reatm en t with d i f f e r e n t  a g g re g a t io n  a g e n t s .  P la-
t e l e t  su sp en s ion  ( 2 .5  mg o f  p l a t e l e t  p r o te i n  in  ml) was in cuba-
te d  with  thrombin ( 7 . 5  u .  NIH/mg o f  p l a t e l e t  p r o t e i n )  a t  37°C -o -  
a t  37°C with  1 mM EDTA - • -  and a t  4 C - A - .  On th e r i g h t  s i d e  
th e  amount o f  r e l e a s e d  p r o t e i n s  a t  3 7 °C a f t e r  tre atm en t with
thrombin ( 7 .5  u .  NIH/mg o f  p l a t e l e t  p r o t e i n )  - o - ,  c o l l a g e n  -  □ -  a t  

c o n c e n tr a t ion  25 pg/m l and ADP - A - ( 1 0 “£ M) i s  p re se n te d
I l o ś c i  b i a łk a  uwolnionego z przemytych p ły te k  w iep rza  w wyniku 
d z i a ł a n i a  różnych czynników a g r eg u ją c y c h . Zaw ies inę p ły te k  ( 2 , 5  
mg b i a łk a  płytkow ego/m l) inkubowano z trom biną  ( 7 .5  u .  NIH/mg 
b i a łk a  p ł y t e k )  w 37°C - o - ,  w 37°C z 1 mM EDTA - • -  i  w 4°C - A - .  Z 
prawej s t ro n y  i l o ś ć  b i a ł k a  uwolnionego w 3 7 °C w yniku  d z i a ł a n i a  
trombiny ( 7 , 5  u .  NIH/mg b ia łk a  płytkow ego) - o - ,  k olag enu -  n -  w 

s tę ż e n iu  25 fig/ml i  ADP -  A -  (1 0 “ Ł M)
Die Menge d e r  f r e i g e s e t z t e n  P ro te in e  a u s  gewaschenen Schweine-
b l u t p lä t tc h e n  nach d er  Wirkung von ver sch ied enen  A g g r e g a t io n s f a -  
k to re n . B lu tp lä t tc h e n s u sp en s io n e n  ( 2 . 5  mg von P lä t tc h e n p r o te in e  in  
ml) wurden m it Thrombin ( 7 . 5  u/mg von P r o te in e  -  3 7°C ) - o - ,  mit 
Thrombin zusammen m it 1 mM EDTA - • -  und U°C -A  -  i n k u b ie r t .  Es 
wird d ie  Menge d er  f r e i g e s e t z t e n  P ro te in e  ( r e c h t s )  nach Wirkung 
(3 7 °C ) d er  Thrombin - o - ,  - o -  K o llag en  (2 5  Ug pro ml und ADP

-A ( 1 0 ' *  M g e z e i g t )



EDTA ( F i g .  1 ) .  A l l  th e  v a lu e s  p r e se n te d  a r e  c o rr e c te d  f o r  spon-
ta neous  l i b e r a t i o n  o f  p r o t e in  and added p r o t e i n .  The means o f  
5-8  experim ents  with  SD have been scivpn.

450 0 0 0  
3 00  0 00

25  000

a b c
F i g .  2 .  SDS-p olyacry lam id e g e l  e le c c r o p h o r e s i s  (5% g e l )  o f  p ro-
t e i n s  r e l e a s e d  from p l a t e l e t s  a f t e r  thrombin a c t io n  ( a ) ,  p lasm a 
p r o t e i n s  (5  p i  o f  p la sm a )  (b )  and p r o t e i n s  l i b e r a t e d  from p l a -

t e l e t s  to  th e  b u f f e r  d ur ing washing procedu re  ( c )
E le k tr o f o r e z a  w ż e lu  poliakryloamidowym (5%) w ob ecn ośc i SDS b i a -
ł ek  uwolnionych z p ły t e k  w wyniku d z i a ł a n i a  trombiny ( a ) ,  b i a łe k  
plazmy (5  p i  p lazm y) (b )  i  b i a ł e k  uwolnionych z p ły te k  p od cz as

przemywania ( c )
SD S-P o lya k ry lam id eg e le lek trop h orese  von: a  -  f r e i g e s e t z t e n  Ge-
sam tp r o te in e ,  b -  P lasm ap ro te ine ,  c -  P ro te in e  aus  d e r  F l ü s s i g -

k e i t  nach den zweiten Washen d e r P lät tch en

A ft e r  washing th e  p l a t e l e t s  and removing them, th e  superna-
ta n t  c o n t a in s  n o t on ly p lasm a p r o t e i n s  but th e  p r o t e i n s  d e r iv ed  
from p l a t e l e t s  too ( F i g .  2 ) .  Among th e  p l a t e l e t  p r o t e in s  l i b e r a -
ted  to  th e  washing medium th e re  i s  a  low m o le c u la r -p r o te in  f r a c -
t i o n  (a b ou t 25 000 d a l t o n s ) .  T h is  p r o t e i n  i s  a b se n t  in  the  p l a -
sma but p r e se n t  in  th e  m a t e r i a l  r e l e a s e d  by thrombin (F ig .  2 ) .

During our experim ents we have n o t i c e d  t h a t  p r o te i n  m a te r ia l

■



fraction number

F i g .  3 .  Seph arose  4B p r o f i l e  o f  th e  r e l e a s e d  p r o t e i n s  (.deprived 
o f  f ib r i n o g e n )  from th e  su p e rn a ta n t  o f  th rom bin-ag greg ated  wash-
ed p i g  p l a t e l e t s  (10 u .  NIH p e r  mg o f  p l a t e l e t  p ro te i n ) .  The con-
c e n tra te d  su p erna tan t  (6  ml) co n ta in in g  40 mg o f  p r o t e i n  was ap-
p l i e d  to  a  Seph arose  column (60  x  2 .5  cm) and g e l  f i l t r a t i o n  was 
perform ed a t  a  f low  r a t e  o f  25 ml/h u s in g  25 mM T r is - H C l ,  1 mM 
EDTA, 3 .8  mM b o r a te ,  0 .1 5  M NaCl, pH 8 .8 ,  3 ml f r a c t i o n s  were

c o l l e c t e d
P r o f i l  ro z d z i a łu  na Se p h a ro z ie  4B b ia ł e k  (pozbawionych f ib ry n o -  
genu) uwolnionych p od c z as  a g r e g a c j i  przemytych p ły te k  wieprza  
spowodowanej trom biną  (10 u .  NIH/mg b i a ł k a  płytk ow eg o).  Zatężony 
su p e rn a ta n t  (6  ml) z a w i er a ją c y  40 mg b i a ł e k  nanoszono'na  kolum-
nę (60  x  2 ,5  cm) wypełnioną  Sep haroz ą  i  prowadzono są c z e n i e  na 
ż e lu  s t o s u j ą c  szybk ość  e l u c j i  25 m l/h  i  25 mM T ris -H C l ,  1 mM 
EDTA, 3 ,8  mM b oran , 0 ,1 5  M NaCl, pH 8 ,8  ja k o  e lu e n t.  Zb ierano  

f r a k c j e  o o b j ę t o ś c i  3 ml
Ein ty p is c h e s  E l u t i o n p r o f i l  (Sep h arose  4B) d e r  f r e i g e s e t z t e n  Pro-
t e in e  (ohne F ibr in og en)  a u s  dem Su p ern ata n t d e r  Thrombinaggre-
g i e r t e n  B lu t p lä t t c h e n .  Das k o n z e r t r i e r t e  Sup ern ata nt'  (6  ml) m it 
40 mg von P r o te in e  wurde a u f  Seph arose  4B aufgegeben  und m it 
G esch w ind igk e i t  von 25 m l/h  f r a k t i o n i e r t .  3 ml Frak t ion en  wurden

gesammelt
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F i g .  4 .  Sep h arose  4B p r o f i l e s  o f  th e  p r o t e i n s  r e l e a s e d  from wash-
ed p i g  p l a t e l e t s  by c o l l a g e n  - A - ( 25  pg p e r  ml) and by ADP -o -  
(10-4 m ) .  Concentrated  su p ern a tan t  was chrom atographed a s  des-

c r ib e d  in  F i g .  3
P r o f i l e  r o z d z ia łu  ch rom atog raf ic zneg o  na S ep h a roz ie  4B b i a ł e k  u- 
wolnionych z przemytych p ły te k  w wyniku d z i a ł a n i a  ko lagenu -  A -  
(2 5  jjg/m l) i  ADP -o -  ( 1 0 " *  M). Warunki ro z d z ia łu  zatęż onego  su-  

p e m a t a n tu  ja k  w o p i s i e  r y s .  3
Ein ty p i s c h e s  E l u t i o n p r o f i l  (Sep h arose  4B) d e r  f r e i g e s e t z t e n  Pro-
t e in e  nach d er  Inku bation  d er  gewaschenen Sc h w e in eb lu tp lät tch en  
m it K o l la g en  -A  -  25 pg/m l und m it ADP (10“ * M) - o - .  Das kon-
z e n t r i e r t e  Su pe rn a ta n t wurde wie f rü h e r  ( F i g .  3 )  chrom atogra-

p h ie r t



A 280 nm

fraction number

F i g .  5 . Rechrom atography o f  th e  low m o lec u lar  p ro te in  f r a c t i o n  
r e le a s e d  by throm bin (peak  3 , F ig .  3 )  on Sephadex G-200 (100 x 
x 2 .5  cm ). Gel f i l t r a t i o n  was perform ed  a t  a flow  r a te  10 m l/h  
w ith  th e  same b u f fe r  a s  d e sc r ib e d  und er F ig .  3 . 3 ml f r a c t i o n s

were c o l le c t e d
R e c h r o m a to g ra f ia - f ra k c ji  b ia łe k  n isk ocz ąsteczk o w y ch  uwolnionych 
w wyniku d z ia ł a n ia  trom biny ( r y s .  3 , sz c z y t  3)  na Sep h ad ek sie  G- 
-2 00  (100 x 2 ,5  cm ). S ą c ze n ie  na ż e lu  prowadzono p rz y  sz y b k o śc i 
e l u c j i  10 m l/h  s to s u ją c  ten  sam b u fo r  ( r y s .  3 ) .  Z b ierano  f r a k c je

o o b ję to ś c i  3 ml
D ie A uftrennung a u f  Sephadex G-200 (100 x 2 .5  cm) d er  niederm o-
le k u la re n  P ro te in e  nach T hrom b in in d u zierter F r e i se tz u n g . G e l f i l -
t r a t io n  wurde m it G esch w in d ig k e it  von 10 m l/h , P u ffe r  wie frü h e r  

( F i g .  3 )  verw endet. 3 ml F ra k tion e n  wurden gesam m elt

r e le a s e d  by throm bin c o n ta in s  f ib r in o g e n  which c o n s t i t u te s  about 
one ten th  o f  t o t a l  p r o te in  se c r e te d  by p l a t e l e t s .  The f ib r in o g e n  
h as been c l o t te d  ov e rn ig h t a t  4°C .



traction number

F ig .  6 . Sep h arose  6B p r o f i l e  o f  the  p r o te in s  r e le a s e d  by throm bin 
(10 u . NIH p e r  mg o f  p l a t e l e t  p r o t e in ) .  Gel f i l t r a t i o n  was p e r -

form ed in  th e  same way a s  on Sep h arose  4B (se e  F i g .  3)
P r o f i l  r o z d z ia łu  na S ep h aroz ie  6B b ia ł e k  uwolnionych w wyniku 
d z ia ł a n ia  trom biny (10 u . NIH/mg b ia łk a  p ły tk ow eg o). Warunki są -

c z en ia  na ż e lu  ta k ie  same, ja k  w przypadku Sepharozy  4B ( r y s .  3)
Ein ty p is c h e s  E lu t i o n p r o f i l  a u f  Sep h arose  6B P ro te in e  nach Throm-
b in in d u z ie r te r  F re ise tz u n g  (10 u . p ro  m g). G e l f i l t r a t i o n  wurde 

wie fü rh er  m it t e l s  Sep h arose  4B d u rch ge fü h rt

Chrom atohraphic a n a ly s i s  re v e a le d  th a t  Sep h arose  4B e lu tio n  
p r o f i l e s  o f  p r o te in  r e le a s e d  from p ig  p l a t e l e t s  by d i f f e r e n t



s t im u l i seem to  be r a th e r  s im i la r .  Whenever r e le a s e  r e a c t io n  was 
cau sed  by throm bin , c o lla g e n  o r  ADP, th e  th ree  d i s t i n c t  p eak s 
were o b ta in ed  ( F i g .  3 and F i g .  4 ) .

450 000 

300 000

Albumina

25 00 0

14 doo

F ig .  7 .  SD S-p o lyacry lam id e  g e l  e le c t r o p h o r e s i s  g e l )  o f  p l a t e -
l e t  p r o te i n s  r e le a s e d  a f t e r  throm bin a c t i o n : a  -  p r o te in s  o f  
f r a c t i o n  4 ( F ig .  6 ) ,  b -  t o t a l  p r o te in s  r e le a s e d  from  p l a t e l e t s

a f t e r  throm bin a c t io n
E le k tro f o r e z a  w ż e lu  pollakryloam idow ym  (5%) zaw iera jący m  SDS b ia -
łe k  płytkowych uwolnionych w wyniku d z ia ł a n ia  trom b iny: a  -  b i a ł -
ka f r a k c j i  4 ( r y s .  6 ) ,  b -  c a łk o w ite  b ia łk o  uw olnione z p ły te k  

w wyniku d z ia ł a n ia  trom biny
S D S-p o ly a k rv lam id eg e le lek tro p h o rese  von P ro te in e  d er  Schweine- 
b l u tp la t tc h e n : a  -  F ra k t io n  4 ( F i g .  6 ) ,  b -  f r e i g e s e t z t e  Gesam t-

p ro te in e

However, th e  p r o te in s  r e le a s e d  by ADP c on ta in ed  extrem ely  
sm a ll amounts o f  h igh  m o lec u lar  p r o te in  (p ea k  1 , F i g .  4 ) .  Low 
m o lec u la r f r a c t io n  (peak 3 ) ap p eared  to  be th e l a r g e s t  one o f  them 
a l l ,  p a r t ic u la r l y  in  c a s e  o f  throm bin a c t io n  ( F i g . 3 ) .  T h is  f r a c -

* \ 
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t io n  a lw ays c on ta in ed  (3-thro m b oglob u lin  a s  a  component. T h is 
could be d em onstrated by means o f  rech rom atography on Sephadex G- 
-20 0 a c co rd in g  to  M o o r e  e t  a l .  [ 5 ]  ( F i g .  5 , peak C ).

The h etero g e n ity  o f  p r o te in  m a te r ia l  se c re te d  from p l a t e l e t s  
by throm bin was shown in  F ig .  6 and F ig .  7 . As a  r e s u l t  o f  g e l  
f i l t r a t i o n  on Sep h arose  6B, 5 d i s t i n c t  p eak s were o b ta in e d  ( F ig .  
6 ) .  The high  m o lec u lar  w eigh t fr a c t i o n  (peak  1) was about 450 000 
d a lto n s  w hile f r a c t i o n  2 seemed to  have m olec u lar  w eigh t ap pro-
x im a te ly  300 000 d a l t o n s .  The com position  o f  low m olec u lar  f r a c -
tio n  (p ea k  4 , F ig .  6 )  was very  ch an g eab le . U su a lly  were ob served  
3 main b an d s: 25 000 d a l t o n s ,  14 000 d a lto n s  and a  band c o r re s -
ponding to  album in .

D isc u ss io n

P l a t e l e t  r e le a s e  r e a c t io n  was in v e s t ig a t e d  by m easuring p ro-
te in  r e le a s e d  from c e l l s  in to  the  e x t r a c e l l u la r  p h a se . The p la -
t e l e t s  were washed and resu sp en ded  in  an a r t i f i c i a l  medium to  
remove p lasm a p r o te in s .  However, some p a r t  o f  p l a t e l e t  p r o te in s  
was removed in to  th e  w ashing s o lu tio n  d ur in g th e se  p roc e d u re s .

The trea tm en t o f  p ig  p l a t e l e t s  w ith  a g g r e g a t in g  a g e n t s  re -
s u l t s  in  th e r e le a s e  o f  g r e a t  amount o f  p r o t e in s  from c e l l  g r a -
n u le s .  The amount o f  se c re te d  p r o te in s  depends on ty pe  and con-
c e n tra tio n  o f  a g g re g a t in g  a g e n ts . Thrombin t r e a te d  p l a t e l e t s  se -
c r e te d  th e  g r e a t e s t  amount o f  p ro te in  p a r t ic u l a r l y  in  the  p re-
sence o f  ca lc ium  io n s .

The ch rom atographic  p r o f i l e s  o f  th e  se p a ra t io n  o f  r e le a se d  
compounds on Sep h arose  4B a r e  g e n e ra lly  s im i l a r ,  however th ere  
a r e  some d i f f e r e n c e s .  The A D P-treated p l a t e l e t s  r e le a s e  only 
very  sm all amounts o f  h igh  m olec u lar  p ro te in  f r a c t i o n .  T his 
f r a c t i o n  i s  extrem ely  d i s t i n c t  in  th ro m b in -re lea sed  m a te r ia l  and 
corre sp ond  to  "throm bin  s e n s i t i v e  p r o t e in "  c a l le d  throm bospon- 
din  -  a g ly c o p ro te in  d e sc r ib e d  re c e n t ly  by L a w l e r  e t  a l .
[ 4 ] .  The low m o lecu lar  f r a c t io n  ob ta in ed  by se p a r a t io n  on Sep-
h aro se  has a r a th e r  v a r ia b le  co m p ositio n . However i t  can be 
se p a r a te d  on Sephadex G-200 in to  th ree  d i s t i n c t  p e a k s . Peak I 
i s  p o s s ib l y  Ig  G, peak I I  i s  serum album in and peak I I I  seam s to  
be (3-th rom b og lob u lin  [5 ,  9 ] .



We suppose  th a t  th e  m ajor component o f  th ro m b in -t re ated  p ro-
t e i n s  i s  throm bospondin w ith  i t s  d e g ra d a tio n  p ro d u c ts  o f  m olecu-
l a r  w eight about 300 000 (d im e r), 150 000 d a lto n s  (monom er), a l -
bumin and (3 -th rom boglobu l i n .

The com position  o f  p r o te in s  s e c r e te d  from washed p ig  p la t e -
l e t s  re sem b les th e  co m p osition  o f  m a te r ia l  r e le a s e d  from human 
p l a t e l e t s .
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B a rb ara  Wachowicz, Tadeusz K ra jew sk i 

BIAŁKA UWOLNIONE Z PRZEMYTYCH KRWINEK PŁYTKOWYCH WIEPRZA

Badano i l o ś ć  o raz  sk ład  b ia łe k  uw alnianych z przem ytych p ły -
tek  wieprzowych po in k u b a c ji z różnymi czynnikam i a greg u jący m i. 
Uwalniane zw iązk i b iałk ow e ro z d z ie la n o  na Sep h a roz ie  4B, Sep- 
h aro z ie  6B, Seph ad ex ie  G-200 oraz w ż e lu  poliakrylam idow ym . 
Wśród uw aln ianych b ia ł e k  p rze w a ż a ją : f ib ry n o g e n , album ina o raz 
sp e c y fic z n e  b ia łk o  płytkow e (3-th rom b og lob u lin a .

W wyniku r e a k c ji  u w aln ian ia  stym ulow anej p rz ez trom binę , 
stw ierd zono  obecność  w ysokocząsteczkow ego b i a łk a  -  trom bospon di- 
ny .

B arb ara  Wachowicz, Tadeusz K ra jew sk i 

FREIGESETZTE PROTEINE AUS GEWASCHENEN SCHWEINEBLUTPLÄTTCHEN

Es wurden d ie  Menge und Zusammensetzung d er  f r e ig e s e t z t e n  
P ro te in e  a u s gewaschenen Sc h w e in eb lu tp lä ttch en  u n te rsu c h t und d er 
E in f lu s s  von versch ied en en  A g g re g a tio n s fa k to ren  b e o b a c h te t. Das 
f r e i g e s e t z t e  P ro te in m a te r ia l  wurde m it t e l s  G e l f i l t r a t i o n  a u f  
Sep h arose  4B, Sep h arose  6B, a u f  Sephadex G-200 f r a k t i o n i e r t  und 
m it t e l s  S D S-p o ly a k ry lam id eg e le lek tro p h o rese  a n a l y s i e r t .

Man z e i g t e ,  d a s s  d ie  au s  Sch w ein e b lu tp lättc h en  f r e ig e s e t z t e  
P ro te in e  a l s  Grundkomponenten F ib r in o g e n , Albumin und e in  sp e-
z i f i s c h e  P lä t tc h e n p ro te in  -  (3 -T hrom boglobulin  e n th a l te n . Nach d er 
T hrom b in-indu zierten  F r e is e tz u n g re a k t io n  i s t  auch d a s hochmole-
k u la r e s  P ro te in  -  Thrombospondin b eo b a ch te t.


