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A Calc ium-Sensi t iz ing System from Human Platelets and its Activity on Muscle and Platelet Acto- 
myos in  

Muscle c o n t r a c t i o n  is k n o w n  to be  r egu la ted  b y  t r ace  
a m o u n t s  of Ca2+-ions. I n  v e r t e b r a t e  muscles  t he  t r o p o m y o -  
s i n - t r opon in  complex  is i nvo lved  1, whereas  a myos in-  
d e p e n d e n t  r egu la to ry  s y s t e m  has  been  descr ibed  in mol-  
luscs ~. T h r o m b o s t h e n i n ,  t he  ac tomyos in- l ike ,  con t rac t i l e  
p r o t e i n  of b lood p la te le t s  m a y  be  cons idered  as a p ro to-  
t y p e  for con t rac t i l e  p ro t e in s  of n o n - m u s c u l a r  cells. I t  
t he re fo re  appea r s  of p a r t i c u l a r  i m p o r t a n c e  to k n o w  more  
a b o u t  i ts  mode  of ac t iva t ion .  Accord ing  to a r ecen t  r epo r t  8, 
t h e  a c t i v i t y  of t h e  Mg~+-st imulated A T P a s e  of t h r o m -  
b o s t h e n i n  is indeed  regu la ted  b y  Ca2+-ions. I n  t he  p r e sen t  
work,  an  a t t e m p t  of cha rac t e r i z ing  t he  p ro te ins  respons ib le  
for th i s  effect  has  been  m a d e ;  these  r egu la to ry  p ro t e ins  
h a v e  been  s epa ra t ed  f rom the  con t rac t i l e  p ro te ins  proper ,  
a n d  t h e i r  a c t i v i t y  has  been  assessed b y  compar i son  a n d  
h y b r i d i z a t i o n  w i t h  a s y s t e m  der ived  f rom s t r i a t ed  muscle.  

Methods. For  t he  p r e p a r a t i o n  of t h r o m b o s t h e n i n  f rom 
h u m a n  b lood  pla te le ts ,  t h e  p rocedure  descr ibed  b y  BET- 
TEx-GALLAND et  al. 4 was  essent ia l ly  followed, w i t h  t he  
excep t ion  t h a t  all  s teps  l ead ing  to  t he  f i rs t  c rude  e x t r a c t  
were car r ied  ou t  in  the  presence  of 0.5 m M  d i t h i o t h r e i t o l  
(DTT).  Desens i t ized  a c t o m y o s i n  and  t h e  r egu la to ry  p r o t e in  
s y s t e m  (con ta in ing  t r o p o m y o s i n  and  t r o p o n i n  compo-  
nen ts )  f rom r a b b i t  ske le ta l  musc le  were p r e p a r e d  as 
descr ibed  earl ier  ~,6. The  cond i t ions  for t he  e s t i m a t i o n  of 
ATPase -ae t i v i t i e s  are g iven  in t he  Tables ;  in  all cases t he  
i n c u b a t i o n  t i m e  was 20 ra in  a t  22~ Supe r p r ec i p i t a t i on  
was assessed b y  a t u r b i d i m e t r i c  me thod ,  w h e r e b y  t h r o m -  
b o s t h e n i n  was s t i r red  s lowly in t he  presence  of 5 m34 r A T P  
(see t e x t  of F igure  1 for details) .  

Results. The  Mg2+-s t imula ted  A T P a s e  of t h r o m b o s t h e -  
n in  p repa ra t ions ,  o b t a i n e d  b y  r ep rec ip i t a t i on  of c rude  
e x t r a c t  in  t he  absence  of DTT,  was i n v a r i a b l y  i n h i b i t e d  
in t he  order  of m a g n i t u d e  f rom 20 to 50% b y  t he  add i t i on  
of e t h a n o l  dioxy-bis- (e thylamine)  t e t r a - ace t i c  acid (EGTA) 
to  a f ina l  c o n c e n t r a t i o n  of 2 re;act. Supe r p r ec i p i t a t i on  was 
accord ing ly  af fec ted  b y  t he  Ca2+-chelator  (Figure 1). 

If, however ,  c rude  t h r o m b o s t h e n i n  was r ep rec ip i t a t ed  
in t he  presence  of 0.5 m M  DTT,  a n d  t he  p rec ip i t a t e  t h u s  
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Fig. 1.Time course of superprecipitation of thrombosthenin (0.8 mg/mI) 
in 50 mM KCI, 10 mM infidazole buffer (pH 7) and 5 mM MgC12 in 
the presence and absence of 2 mM EGTA. 5 mM ATP was added at 
zero time. 

o b t a i n e d  was s t i l t ed  gen t ly  a t  low ionic s t r e n g t h  for 10 rain, 
E G T A  no longer  i n h i b i t e d  t h e  Mg~+-st imulated A T P a s e  
of such  p repa ra t ions ,  wh ich  are s u b s e q u e n t l y  t e r m e d  
'desens i t ized  t h r o m b o s t h e n i n ' .  I n d e p e n d e n t l y  of t he  
presence  or absence  of DTT,  ha l f  or more  of the  t o t a l  
p ro t e in  r e m a i n e d  in so lu t ion  a f te r  p r ec ip i t a t i on  of 
t h r o m b o s t h e n i n  a t  low ionic s t r e n g t h  a t  p H  6.2 (cf. 4), 
The  A T P a s e  ac t iv i t i es  of these  s u p e r n a t a n t s  cor responded  
to those  of t h r o m b o s t h e n i n ,  b o t h  w i t h  Mg 2+ or Ca2+ 
(2.5 m M  f ina l  concen t r a t i ons ) ;  t he  p resence  of E G T A  was 
w i t h o u t  effect  on t he  Mg~+-st imulated A T P a s e  of e i the r  
s u p e r n a t a n t .  
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Fig. 2. Dellsitometric tracings of electropherograms of 80 100 [zg 
protein on 10% polyacrylamide gels in the presence of 0.1% sodium 
dodecylsulphate 11. The abscissa gives the molecular weights as 
inferred from the known molecular weights of muscle aetin 15, the 
3 light chains of myosin TM and platelet tropomyosin 3. a) Actomyosin 
from striated rabbit muscle. 3I, myosin heavy chains; A, aetin; 1, 2, 3, 
myosin light chains, b) Thrombosthenin from human blood platelets. 
TM, tropomyosin, c) Fraction containing regulatory proteins from 
thrombosthenin, d) Fraction containing regulatory proteins from 
rabbit actomyosin. 
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Table I. Effect of Cat+-sensitizing protein fraction (CFS) from 
platelets on desensitized thrombosthenin (DTS) and actomyosin 
(DAM) 

Table II. Effect of regulatory protein system (RPS) from skeletal 
musele on desensitized aetomyosin (DAM) and thrombosthenin 
(DTS) 

DTS DAM CSF Ratio of Specific Mg-ATPase 
(mg/ml) (mg/ml) (mg/ml) CSF to Mg-ATPase activity 

DTS or to activity (%) 
DAM 

DAM DTS RPS Ratio of Specific Mg-ATPase 
(mg/ml) (mE/m1) (mg/ml) RPS to Mg-ATPase activity 

DAMor to activity (%) 
DTS 

0.4 
0.4 
0.4 
O'.4 

0.15 
0.15 
0.15 
0.15 

0 0.0124 100 
0.55 1.38 0.0085 68 
1.10 2.75 0.0086 69 
2.20 5.50 0.0085 68 

0 0.485 100 
0.2 1.33 0.488 101 
0.4 2.67 0.380 79 
0.8 5.33 0.322 67 

0.23 
0.23 
0.23 
0.23 
0.23 

0.58 
0.58 
0.58 
0.58 
0.58 

0 0.564 100 
0.06 0.26 0.385 68 
0.12 0.52 0.330 59 
0.24 1.04 0.234 41 
0.48 2.09 0.250 44 
0 0.0138 100 
0.15 0.26 0.0124 90 
0.30 0.52 0.0102 74 
0.60 1.03 0.0080 58 
1.20 2.07 0.0083 60 

Experimental conditions: 25 mM KC1, 25 mM tris-HC1 (pH 7.6), 
2.5 mM MgCI~, 2.5 mM ATP and 2 mM EGTA. The ATPase activity 
expressed as ~moles Pi liberated per mg of DTS or DAM per rain 
(ef. ~) was determined on CSF separately and subtracted in each case. 

The incubation medium in which the proteins tabulated above were 
contained, had the following composition: 5 mM KC1, 10 mM 
imidazole buffer (pH 7), 2,5 mM MgC12,1 mM ATP, and 2 mM EGTA. 
Specific ATPase-activity is given ill tzmoles Pi liberated per mg of 
DAM or DTS per min (efd). 

Desensi t ized t h r o m b o s t h e n i n  regained its CaS+-sensi - 
t i v i ty  only af ter  t he  add i t ion  of the  s u p e r n a t a n t  ob ta ined  
in the  presence  of 0.5 m M  DTT (Table I). This  f ind ing  
corresponds  to  s imilar  observa t ions  made  on ac tomyos in  
p repa ra t ions  f rom rabb i t  skeletal  muscle,  where  regula tory  
pro te ins  are ob ta ined  by  ex t rac t ion  of crude p repa ra t ion  
at  low ionic s t r eng th  5. 

Therefore,  it  was a t t e m p t e d  to  isolate these  prote ins  
f rom a t h r o m b o s t h e n i n  superna tan t ,  using the  techniques  
developed for the  separa t ion  of the  t r opomyos in - t ropon in  
complex  f rom muscle  pro te ins  6, S, % U n f o r t u n a t e l y  no 
def ined act iv i t ies  were  obta ined .  However ,  b y  gel-f i l t ra-  
t ion  of a D T T - s u p e r n a t a n t  of t h r o m b o s t h e n i n  on Sepha-  
dex G-200 in 80 m M  KC1, 20 m M  Tris-HC1, p H  8.0, and  
0.5 m M  DTT, followed by  c h r o m a t o g r a p h y  on D E A E -  
Sephadex  A-50 in 20 m M  Tris-HC1 and 0.5 m M  DTT, and  
elut ion wi th  a KCl-grad ien t  (from zero to  0.4 M),  a 
CaS+-sensitizing f rac t ion was ob ta ined  at  KC1 concent ra-  
t ions  ranging  f rom 0.2-0.3 M. However ,  it  was still  
c o n t a m i n a t e d  wi th  a Mg~+-stimulated ATPase,  mos t  
l ikely t he  one descr ibed by  Ross I  ~~ since its ac t iv i ty  
was  s t rongly  inh ib i ted  by  small  a m o u n t s  of Ca~+-ions. 

As shown in Table I, th is  p ro te in  f rac t ion  no t  only 
res tored  CaS+-sensitivity to  desensi t ized th rombos then in ,  
bu t  also to  desensi t ized ac tomyos in  f rom rabb i t  skeletal  
muscle (Table I). On the  o ther  hand ,  the  regula tory  
p ro te in  conta in ing  f rac t ion  f rom rabb i t  m u s c l e  was able 
to confer  CaS+-sensitivity to desensi t ized t h rombos then in ,  
p rov ided  the  ATPase  assays were carr ied out  a t  low ionic 
s t r eng th  (~ = 0.02) and  in the  presence  of an excess of 
Mg 2+ over  A T P  (Table II).  

Disc-elect rophoresis  pa t t e rn s  of t he  ac tomyos ins  f rom 
rabb i t  muscle and f rom h u m a n  blood platelets ,  as well as 
of the  regula tory  p ro te in  conta in ing  f ract ions  used in 
these  hybr id iza t ion  exper iments ,  are shown in Figure  2. 

Discussion.  The results  p resen ted  here  clearly demon-  
s t ra te  t h a t  the  ac t iv i ty  of t h r o m b o s t h e n i n  is control led 
b y  Ca 2+ in a way  similar  to  ac tomyosin .  Ev idence  for t he  
presence of regula tory  prote ins  has been  found. Tropo-  
myos in  has been isolated and  charac ter ized  before by  
COI~EN and  COHE~ a. The ques t ion  t h e n  arises whe t h e r  
p la te le ts  also con ta in  a t roponin- l ike  materiaI .  Whereas  
t he  isolation and charac te r iza t iqn  of the  t ropon in  complex  

f rom these  ceils has  as y e t  no t  been  achieved,  t he  hybr i -  
d iza t ion  expe r imen t s  w i t h  mater iM ob ta ined  f rom rabb i t  
muscle clearly indica te  t h a t  p la te le t  pro te ins  can subst i -  
t u t e  for the  regula tory  prote ins  of s t r i a ted  muscle  and vice 
versa.  

The similari t ies in the  e lec t rophore t ic  p a t t e r n  of desensi-  
t ized t h r o m b o s t h e n i n  wi th  t h a t  of r ab b i t  ac tomyosin ,  
wi th  its easily ident i f iable  bands  of the  myos in  h e a v y  
chains, ac t in  and the  3 myos in  l ight  chains  (cf. 12), are 
qui te  str iking.  I t  is obvious t h a t  t h r o m b o s t h e n i n  mos t  
l ikely conta ins  the  same myos in  chains,  and fu r the rmore  
t h a t  these  are also comparab le  w i t h  respec t  to  molecular  
weight .  Di f ferent  f rom desensi t ized ac tomyosin ,  desensi-  
t ized  t h r o m b o s t h e n i n  shows the  presence  of an addi t ional  
band  which  is inser ted  be tween  the  posi t ions of act in  
( th rombos then in  A) and the  largest  myos in  l ight  chain. 
The ap p a ren t  molecular  weigh t  of th is  fraction,  30,000 
Dai tons,  makes  it l ikely t h a t  th is  is t r opomyos in  (cf.S), 
which  seems to separa te  more  easily f rom the  muscle t h a n  
f rom the  p la te le t  cont rac t i le  proteins ,  

Ne i ther  the  CaS+-sensitizing f rac t ion f rom platelets ,  
nor  t he  f ract ion conta in ing  the  regula tory  pro te ins  of 
muscular  origin, con ta in  heavy  myos in  chains,  b u t  in bo th  
act in  is still present .  The two fas tes t  moving  bands  in the  
muscle p repa ra t ion  correspond to the  componen t s  of 
f8,000 and  23,000 Dal tons  of the  t ropon in  complexla,  14. 
U n fo r t u n a t e l y  it is no t  ye t  possible to  a t t r i bu t e  the  bands  
of the  p la te le t  CaS+-sensitizing sys tem to e i ther  t ropon in  
or to  myos in  l ight  chains.  The fact, however,  t h a t  th is  
s y s t e m  can be r emoved  f rom in tac t  t h r 0 m b o s t h e n i n  and  
confers CaS+-sensitivity to desensi t ized musc le-ac tomyo-  
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sin seems to ind ica te  t h a t  i t  resembles  m u c h  more  t he  
t r o p o m y o s i n - t r o p o n i n  t y p e  of r e g u l a t o r y  p ro t e in s  found  
in ske le ta l  musc le  t h a n  t he  myos in - l i nked  t y p e  p r e s en t  in  
t he  muscles  of molluscs.  

Zusammen/assung. Die Mg-ATPase  des k o n t r a k t i l e n  
Sys t ems  yon  Blutpl~Lttchen, T h r o m b o s t h e n i n ,  wi rd  d u r c h  
S p u r e n  yon  Ca lc iumionen  regul ier t .  E ine  Regula t ionse i -  
weisse e n t h a l t e n d e  F r a k t i o n  k a n n  yon  T h r o m b o s t h e n i n  
a b g e t r e n n t  werden.  Zugabe  dieser  E iwe i s s f r ak t ion  zu 
s o g e n a n n t e m  <~desensibilisierten~> T h r o m b o s t h e n i n  abe r  

15 R. S. ADELSTEIN, J. E. GODFREY" and W. W. KIELLEY, Biochem. 
biophys. Res. Commun. 12, 34 (1963). 

a u c h  zu ~desensibilisiertem>> A c t o m y o s i n  aus  Ske le t t -  
muske l  v e r m a g  die Mg-ATPase  be ider  Sys t eme  wieder  
yon  S p u r e n  yon  Ca lc iumionen  abh~ng ig  zu machen .  Die 
Regula t ionseiweisse ,  d .h .  der  T r o p o m y o s i n - T r o p o n i n -  
K o m p l e x  aus  Ske le t tmuske ln ,  ve rmSgen  ebenfa l ls  ~desen- 
sibilisiertes~) T h r o m b o s t h e n i n  wieder  Calcium-abh/~ngig 
zu machen .  
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Immunoassay for LysineS-Vasopressin (LVP): Comparison of Biological and Immunological Activ- 
ity of Lysine-Vasopressin and Some of its Synthetic Analogues 

I n  r a d i o i m m u n o s s a y  of vasopress in  a l r eady  r epo r t ed  
(KLEIN 1; PERMUTT2; MILLERa; EDWARDS et  al. ~; 
IROBnRTSON 5 ; JOHNSr0N 6) no  de ta i l s  a b o u t  t he  biological  
a c t i v i t y  of r a d i o i o d i n a t e d  molecule  a n d  t h e  role of t he  
va r ious  amino-ac id  res idues  in  t he  immuno log i ca l  
r e a c t i v i t y  are given.  I n  t h i s  repor t ,  t h e  an t i d i u r e t i c  
a c t i v i t y  of ~25I-LVP is m e a s u r e d  a n d  t h e  cross r e a c t i v i t y  
of vasopress in  ana logues  w i t h  a L V P  a n t i s e r u m  s tud ied  
w i t h  a v iew to  i den t i f i ca t ion  of t h e  an t igen ic  si tes of 
a n t i d i u r e t i c  h o r m o n e  a n d  to  c o m p a r i n g  t he  s t r u c t u r a l  
r e q u i r e m e n t s  for i ts  i m m u n o l o g i c a l  a n d  biological  ac t iv -  
i ty.  

Materials and methods. S y n t h e t i c  L V P  (Sandoz)  is 
c o n j u g a t e d  to  r a b b i t  s e rum a l b u m i n  b y  t he  m e t h o d  of 
GOODFRIEND et  al. 7. 0.5 m l  of con juga t e  c o n t a i n i n g  100 U 
L V P  is emuls i f ied  w i t h  a n  equa l  v o l u m e  of F r e u n d ' s  
a d j u v a n t .  A b o u t  0.4 ml  is in j ec ted  d i rec t ly  in to  r a b b i t  
sp leen a n d  t h e  o the r  p a r t  i n to  t he  toe  pads .  S u b s e q u e n t  
weekly  i.m. a n d  i.p. in jec t ions  are admin i s t e red ,  as well  as 
toe  p a d  in jec t ions  (on t h e  whole  100 U). 10 days  a f t e r  
t h e  6 th  i m m u n i z a t i o n ,  t he  s e rum is screened.  In j ec t i ons  
of s imi la r  ma te r i a l s  are  car r ied  ou t  a t  3 week  in terva ls .  

S y n t h e t i c  L V P  (5 to  8 tzg) is l abe l led  accord ing  to  
HUNTER and  GREENWOOD s us ing  2 mC 125I N a  specific 
r a d i o a c t i v i t y  h ighe r  t h a n  14 mC/Fg  (Rad iochemicaI  
Center ,  A m e r s h a m ) .  I~SI-LVP is s e p a r a t e d  f rom free 125I 
b y  passage  t h r o u g h  a 1 •  cm c o l u m n  (I) of D E A E  
cellulose deve loped  w i t h  0.02 M a m m o n i u m  ace t a t e  
buf fe r  p H  = 5.4. For  a f u r t h e r  pur i f ica t ion ,  125I-LVP f rom 
c o l u m n  I (1 ml) is app l ied  to  a G15 S e p h a d e x  co lumn  
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Fig. 1. Comparison between gel filtration of labelien 
I~SI-LVP (O--Q) and antidiuretie activity of non 
labelled LVP (O--O) on a G15 Sephadex eolumd 
(30 • 0.9 era). 


