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Structural  glycoprotein (SGP) of connective t issue isolated f rom bovine heart  valves and nasal 
septal car t i lage forms water-soluble  complexes with prote in-chondroi t in-4-sul fa te  and with 
various fract ions of heparin~ SGP does not form these complexes with hyaluronic acid. It is 
postulated that this phenomenon plays an important  role in the formation of collagen and 
elastic fibers.  
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The s t ructural  glycoprotein (SGP) of connective t issue plays an important  role in the formation of col- 
lagen and elastic f ibers ;  it enters  into their  composit ion [8, 12, 15] and is one of the most  powerful antigens 
of that tissue [11]. However, the physical and mechanical  nature of the SGP and its relat ionship to proteogly-  
cans, glycosaminoglycans,  and other components of the ground substance of connective t issue have received 
little study, despite the direct  re levance of this question to the elucidation of the biochemical role of this 
glycoprotein.  

In this investigation the chemical  composition of SGP preparat ions  isolated f rom bovine hear t  valves 
and nasal septal car t i lage and also its interaction with prote in-chondroi t in-4-sul fa te  (PCS) and with individual 
fract ions of heparin containing three (HP-3S) and four (HP-4S) sulfate res idues to one residue of glucosamine 
and hyaluronic acid (HUA), was investigated. 

E X P E R I M E N T A L  M E T H O D  

SGP was isolated by the method of Robert  and Dische [ 14] with some modifications. The original t issue 
was washed free of blood, f i r s t  with cold running tap water and then with distilled water,  after which it was 
minced twice in a mincer  (4~ Five volumes of buffer solution (1 M CaC12, T r i s - c i t r a t e ,  pH 7.6) were then 
added to 0.5-1 kg of the result ing mass .  The mixture was homogenized at 14,000g (3 min, 4~ allowed to 
stand for 24 h (4~ the residue was separated by centrifugation (6000g, 20 rain, 40C); it was again treated with 
5 volumes of the above buffer, homogenized, and centrifuged, and all these operations were repeated 8 to 10 
times. The final, residue was washed with water  and treated with 5 volumes (relative to the weight of the or ig-  
inal tissue) of 3% TCA at 90~ for 5, 15, 25, and 30 min consecutively,  each time separat{ng the cold residue 
by centrifugation (6000g, 15-20 min, 18~ the residue was then washed with water to remove the acid. The 
washed residue was treated with 10 volumes of 8 M urea  and homogenized (8000g, 3 min). After the mixture 
had been allowed to stand for 24 h at 18~ the supernatant containing SGP was separated by centrifugation 
(57,000g, 40 rain), and the extraction was repeated 5 t imes.  The pooled ext rac ts  were dialyzed against water to 
remove the urea. The residue formed during dialysis  was separated by centrifugation (6000-10,000g, 15 min). 
The SGP was separated f rom the t ransparent  solution by lyophilization. The yield of SGP was 1.5-3g. 

PCS was obtained by isolation f rom bovine cart i laginous t racheal  rings or nasal septal cart i l lage [11, 
and hyaluronic acid f rom a human umbilical  cord [2]. Heparin (Spofa, Czechoslovakia) was separated into in- 
dividual fract ions [ 3]. 

The content of protein [13],  hydroxyproline [71, aminosugars  [41, hexoses (anthrone method), and hex- 
uronic [ 9] and sialic ( resorcin method) acids were determined in the SGP preparat ions.  
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T A B L E  1. R e s u l t s  of A n a l y s i s  (%) of SGP 
P r e p a r a t i o n s  

Component 
SCO preparation 

from heart from nasal 
valves septal 

cartilage 

Ptoteitl 
Hy, d.roxyproline 
H ~ e x o s e s :  �9 

.~mino sugar 
Hexuroni6 acids 
Sialic acids 

87.0 
0.2 
4,0 
1,6 
0,1 
0,0 

0;3 
6,6 
2~1 
0,1 
0.0 

I n t e r a c t i o n  be tween  SGP and p r o t e o g l y c a n s  and g l y c o s a m i n o g l y c a n s  was  s tud i ed  by add ing  d i f f e r e n t  quan -  
t i t i e s  of t h e s e  b i o p o l y m e r s  to ~ a s u s p e n s i o n  of S G P  in 0 .0 I  M buf fe r  ( g l y c i n e - H C 1 ,  pH 3.5),  c on t a in ing  4 m g  of 
the g iven  g l y c o p r o t e i n  in 1 mI  of so lu t ion .  The  to ta l  vo lume  of the m i x t u r e  was  2 ml .  The  con ten t s  of the m i x -  
t u r e  w e r e  s t i r r e d  for  5-10 ra in  at  4~ a f t e r  wh ich  it w a s  c e n t r i f u g e d  (4500g, 15 min ,  4~ The  r e s i d u e  was  
washed  s e v e r a l  t i m e s  with  the a b o v e - m e n t i o n e d  buf fe r  so lu t i on  and  d r i e d  o v e r  p h o s p h o r i c  a n h y d r i d e  in vacuo  
to a c o n s t a n t  weight .  T h e  quan t i ty  of p r e c i p i t a t e  was  d e t e r m i n e d  g r a v i m e t r i c a l l y  and e x p r e s s e d  as  a p e r c e n t -  
age of the quan t i ty  of SGP taken .  The  con ten t  of h e x u r o n i c  a c i d s  was  d e t e r m i n e d  in the r e s i d u e s  and in the 
pooled  s u p e r n a t a n t  and w a s h i n g s .  

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

A n a l y s i s  of s SGP p r e p a r a t i o n s  showed tha t  the  p r e d o m i n a n t  s t r u c t u r a l  e l e m e n t s  of the  c a r b o h y d r a t e  
c o m p o n e n t  of t h i s  g l y c o p r o t e i n  w e r e  an a m i n o  s u g a r  and h e x o s e s .  H e x u r o n i c ,  s i a l i c ,  and s u l f u r i c  a c i d s  w e r e  
not  p r e s e n t  in the SGP p r e p a r a t i o n s .  H y d r o x y p r o l i n e  was  v i r t u a l l y  a b s e n t  f r o m  the p r o t e i n  componen t  of SGP, 
which  accoun ted  fo r  about  90% of the to ta l .  D i f f e r e n c e s  in the con ten t s  of t h e s e  c o m p o n e n t s  be tween  SGP i s o -  
l a t ed  f r o m  h e a r t  v a l v e s  and n a s a l  s e p t a l  c a r t i l a g e  v a r i e d  wi thin  the l i m i t s  of e r r o r  of the  p r e p a r a t i v e  and 
a n a l y t i c a l  m e t h o d s  (Tab le  1). The  a b s e n c e  of h y d r o x y p r o l i n e  and of s i a l i c  and h e x u r o n i c  a c i d s  in the SGP 
p r e p a r a t i o n s  p r o v e s  that  t h e s e  p r e p a r a t i o n s  w e r e  u n c o n t a m i n a t e d  by c o l l a g e n  p r o t e i n s ,  o t h e r  g l y c o p r o t e i n s ,  
o r  g l y c o s a m i n o g l y c a n s .  A c o m p a r a t i v e l y  low c a r b o h y d r a t e  con ten t  was  a f e a t u r e  of the SGP obta ined  f r o m  

c o n n e c t i v e  t i s s u e .  

SGP i s o l a t e d  as  d e s c r i b e d  above  had low s o l u b i l i t y  in w a t e r  and s a l t  so lu t i ons .  On s t a n d i n g  in the cold  
(4~ th is  b i o p o l y m e r  s e p a r a t e d  r a p i d l y  f r o m  so lu t ion ,  e v i d e n t l y  a s  a r e s u l t  of the f o r m a t i o n  of c o m p l e x  a g -  
g r e g a t e s .  T h e s e  a g g r e g a t e s  did not  d i s s o l v e  at  20~ in s o l u t i o n s  of s o d i u m  and c a l c i u m  c h l o r i d e s  
(0 .01-0 .10  M), s o d i u m  p y r o p h o s p h a t e  (0 .1 -1 .0  M), h y d r o c h l o r i c  and s u l f u r i c  a c i d s  {0.01-0.10 M), p e r c h l o r i c  
(0 .1 -1 .0  M) and t r i c h l o r o a c e t i c  (0 .3-1 .0  M) ac id s .  The  f e a t u r e s  of SGP m e n t i o n e d  above  d i s t i n g u i s h  i t  f r o m  
the r e m a i n i n g  g l y c o p r o t e i n s  of the a n i m a l  body.  

A s tudy  of i n t e r a c t i o n  be tween  SGP,  on the one hand,  and PCS,  HP-3S ,  and H P - 4 S  on the o t h e r  hand, 
showed tha t  t h e s e  b i o p o l y m e r s  so tub i [ i z e  th i s  g l y c o p r o t e i n  (Fig .  1). Sod ium and c a l c i u m  c h l o r i d e s  r e d u c e d  the 
s o l u b i l i t y  of SGP in the  p r e s e n c e  of PCS, H P - 3 S ,  and H P - 4 S .  T h e s e  c h l o r i d e s  r e d u c e d  the s o l u b i l i t y  of SGP 
much  m o r e  s t r o n g l y  if PCS was  p r e s e n t  in the so lu t i on  than if H P - 3 S  and H P - 4 S  w e r e  p r e s e n t .  No s i g n i f i c a n t  
d i f f e r e n c e  was  found in the ac t i on  of s a l t s  on the s o l u b i l i t y  of SGP in the p r e s e n c e  of H P - 3 S  o r  H P - 4 S  {Fig.  2). 
In SGP r e s i d u e s  r e m a i n i n g  in the s a m p l e s  b e c a u s e  the q u a n t i t i e s  of PCS and h e p a r i n  f r a c t i o n s  w e r e  i n su f f i c i en t  
to c a u s e  c o m p l e t e  so lu t i on  of th is  g l y c o p r o t e i n ,  and a l s o  in r e s i d u e s  f o r m e d  in the p r e s e n c e  of s a l t s  f r o m  
s o l u t i o n s  of m i x t u r e s  of SGP and the a b o v e - m e n t i o n e d  b i o p o l y m e r s ,  no h e x u r o n i c  a c i d s  w e r e  found. 

HUA had no ac t i on  w h a t s o e v e r  on the s o l u b i l i t y  of SGP even  in r e l a t i v e l y  high c o n c e n t r a t i o n s  (F ig .  1). 
The  r e s i d u e s  l e f t  behind  u n d e r  t h e s e  c o n d i t i o n s  con ta ined  no HUA. S o l u b i l i z a t i o n  of SGP in the p r e s e n c e  of 
PCS,  HP-3S ,  and H P - 4 S  was  due to the  f o r m a t i o n  of so lub l e  c o m p l e x e s  of t h i s  g l y e o p r o t e i n  wi th  t h e s e  m a c r o -  
po l yan ions  a s  a r e s u l t  of e l e c t r o v a l e n t  i n t e r a c t i o n  be tween  the su l f a t e  g r o u p s  of t h e s e  m a c r o p o l y a n i o n s  and the 
b a s i c  g r o u p s  of the SGP.  T h i s  is  p r o v e n  by the d e c r e a s e  in f o r m a t i o n  of so lub l e  c o m p l e x e s  in the p r e s e n c e  of 
s a l t s  s c r e e n i n g  the c h a r g e s  on the c o m p o n e n t s .  Sa l t s  c a u s e  l i b e r a t i o n  of f r e e ,  u n d i s s o l v e d  SGP f r o m  the d i s -  
so lved  c o m p l e x  into the  r e s i d u e ,  as  is  c o n f i r m e d  by the a b s e n c e  of PCS o r  h e p a r i n  f r a c t i o n s  in such  r e s i d u e s .  
In the a b s e n c e  of s a l t s  in the so lu t ion ,  no i n s o l u b l e  c o m p l e x e s  of SGP with PCS,  H P - 3 S ,  and HP-4S  l i k e w i s e  
a p p e a r e d ,  fo r  the r e s i d u e s  l e f t  behind if  the amoun t s  of PCS, HP-3S ,  and HP-4S  w e r e  i n s u f f i c i e n t  to d i s s o l v e  
a l l  the SGP did not  con ta in  t h e s e  m a e r o p o l y a n i o n s .  C o m p l e x e s  of SGP with  PCS,  H P - 3 S ,  and H P - 4 S  cannot  a s -  
s o c i a t e  into i n s o l u b l e  a g g r e g a t e s  b e c a u s e  of  t h e i r  high n e g a t i v e  c h a r g e ,  c r e a t e d  by the an ion ic  g r o u p s  of the  
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Fig .  1 F ig .  2 

F ig .  1. F o r m a t i o n  of so lub l e  c o m p l e x e s  of SGP with PCS, HP-3S ,  and H P - 4 S :  1) SGP + 
HP-3S;  2) SGP + HP-4S;  3) SGP + PCS; 4) SGP + HUA. O r d i n a t e ,  s o l u b i l i t y  of SGP (in %); 
a b s c i s s a ,  c o n c e n t r a t i o n  of m a c r o p o l y a n i o n  (in %). 

F ig .  2. F o r m a t i o n  of c o m p l e x e s  of SGP with  PCS, HP-3S ,  and HP-4S  as  a funct ion of ionic  
s t r e n g t h  of s o l u t i o n :  A) c o m p l e x  f o r m a t i o n  in p r e s e n c e  of s o d i u m  c h l o r i d e :  1) SGP + HP-3S;  
2) SGP + HP-4S ;  3) SGP + PCS; B) c o m p l e x  f o r m a t i o n  in p r e s e n c e  of c a l c i u m  c h l o r i d e :  
4) SGP + HP-3S;  5) SGP + HP-4S ;  6) SGP + PCS. 

m a c r o p o l y a n i o n s  le f t  u n d e c o m p o s e d  d u r i n g  the f o r m a t i o n  of the compound  with  SGP. Such d i f f e r e n c e s  as  w e r e  
found in the amoun t s  of s o l u b l e  c o m p l e x e s  f o r m e d  by SGP with PCS, HP-3S ,  and HP-4S  when the c o n c e n t r a -  
t ions  of t h e s e  m a c r o p o l y a n i o n s  w e r e  i n su f f i c i e n t  to c a u s e  c o m p l e t e  c o n v e r s i o n  of the SGP into a so lub le  c o m -  
p l ex  (F ig .  1), w e r e  due to the  p h y s i c a l  and c h e m i c a l  d i f f e r e n c e s  be tween  t h e s e  v a r i o u s  m a c r o p o l y a n i o n s .  The  
m o l e c u l a r  weight  of PCS is  much  h i g h e r  than tha t  of H P - 3 S  and HP-4S;  f u r t h e r m o r e ,  the  PCS m a c r o m o l e c u l e  
c o n t a i n s  much  m o r e  of the  c o v a l e n t l y  bound p r o t e i n  c o m p o n e n t  than the h e p a r i n  f r a c t i o n s .  T h i s  p r o b a b l y  e x -  
p l a i n s  why c o m p l e t e  c o n v e r s i o n  of SGP into a s o l u b l e  c o m p l e x  t a k e s  p l a c e  in much  l o w e r  m o l e c u l a r  c o n c e n t r a -  
t ions  of PCS than of H P - 3 S  o r  HP-4S ,  as  we l l  as  the s t r o n g e r  in f luence  of s a l t s  on c o m p l e x  f o r m a t i o n  in that  
c a s e .  

The su l fa t ed  p r o t e o g l y c a n s ,  which  a r e  e v i d e n t l y  p r e s e n t  in much  l a r g e r  qua n t i t i e s  than HUA in the ground  
s u b s t a n c e  of m a t u r e  c o n n e c t i v e  t i s s u e ,  e v i d e n t l y  f o r m  a so lub le  c o m p l e x  with SGP; by  i n t e r a c t i n g  with t r o p o -  
c o l l a g e n ,  th is  c o m p l e x  p a r t i c i p a t e s  in the f o r m a t i o n  of the co l l agen  f ibe r .  In the g round  s u b s t a n c e  of e m b r y -  
onic connec t i ve  t i s s u e ,  on the o t h e r  hand,  b e c a u s e  it c o n t a i n s  p r e d o m i n a n t l y  HUA, the g r e a t e r  p a r t  of the SGP 
does  not  f o r m  these  so lub l e  c o m p l e x e s  but a s s o c i a t e s  into m i e r o f i b r i l s  [17] which,  by i n t e r a c t i n g  with t r o p o -  
e l a s t i n ,  c o n v e r t  i t  into an e l a s t i n  f i b e r  [ 16]. The  p r e s e n c e  of l a r g e  qua n t i t i e s  of HUA in e m b r y o n i c  connec t ive  
t i s s u e  f a c i l i t a t e s  the a s s o c i a t i o n  of SGP into m i c r o f i b r i l s  for ,  by c r e a t i n g  t h r e e - d i m e n s i o n a l  s t r u c t u r e s  ac t i ng  
as  o s m o t i c  c e l l s  and m o l e c u l a r  s i e v e s  in so lu t i ons ,  th is  ac id  c o n c e n t r a t e s  the v a r i o u s  t i s s u e  e l e m e n t s  wi th in  
the s m a l l e s t  p o s s i b l e  vo lume  [ 5, 6]. 
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ACTION OF VASOPRESSIN ON ATPase ACTIVITY 

OF MICROSOMAL FRACTIONS OF RABBIT 

HEART AND LIVER 

N. M. D m i t r i e v a ,  G. V. C h e r n y s h e v a ,  
a n d  M. D. V a k a r  

UDC 612.434r14.018.2:[612.17 + 612.35 

Intravenous injection of vasopress in  in a dose of 5 p r e s s o r  uni ts /kg body weight led after  1 h to 
changes in the ATPase  activity of rabbit  hear t  and l iver mic rosomes .  These changes differed 
in direct ion:  Mg- or  Ca=activated ATPase  activity of the cardiac  m i c r o s o m e s  was very  slightly 
increased,  whereas ATPase  activity of the hepatic m ic rosomes  was reduced. 

KEY WORDS: ATPase  activity; m i c r o s o m e s  of hear t  and liver; vasopressin .  

In recent  years ,  vasopress in  in combination with macromolecu la r  dextran has been used in order  to 
produce acute experimental  dis turbances of the coronary  circulation. This use was based on the ability of 
vasopress in  to cons t r ic t  the small  coronary  vesse ls ,  to change the permeabi l i ty  of biological membranes ,  and 
thereby to increase  the aggregating effect of macromolecu la r  dextran [4-6] .  Under these conditions changes 
were observed in cardiac  function, accompanied by marked shifts in the protein and energy metabol ism of the 
myocardium [ 2]. 

Since muscle contract ion is influenced by the state of the sa rcoplasmic  ret iculum (SPR) and, in par t icu-  
lar,  of its ATPase  sys tems ,  changes in Ca-  and Mg-ATPase  activity of SPR fragments  f rom hear t  muscle were 
studied during the action of vasopress in .  To emphasize the role of SPR in the contract i le  activity of the cell, 
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