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The effect  of gangliosides on act ivi ty  of N a , K - A T P a s e  and K-dependent  n i t rophenyl -phosphatase  
was studied. Gangl iosides  in low concentra t ions  were  shown to ac t iva te  Na ,K-ATPase ,  but to 
inhibit  it in high concent ra t ions .  In all  concentra t ions  used the gangl iosides  had only an inhib- 
i tory  act ion on K-dependent  n i t rophenyl -phosphatase .  Inhibition of the enzyme by gangliosides 
was r e v e r s i b l e  and compet i t ive  re la t ive  to K +. Calculat ion of Hi l l ' s  coeff icient  showed that  
gangl ios ides ,  whether  the i r  act ion was act ivat ing o r  inhibitory,  behaved as a l los te r i c  ef fec tors .  
To elucidate  the m e c h a n i s m  of act ion of gangliosides on the enzyme the i r  effect  on m i c r o s o m a l  
m e m b r a n e s  was studied by the f luorescen t  p robe  method. Gangliosides we re  found to produce  
marked  conformat ional  changes in m i c r o s o m a l  m e m b r a n e s  of the brain .  
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Gangl iosides ,  speci f ic  components  of neuronal  m e m b r a n e s ,  have a marked  c e r e b r a l  va socons t r i c t o r  
action of myot rop ic  nature  [7], and this s e rved  as the bas i s  for  the study of the i r  inhibi tory effect,  in model 
exper iments ,  on ac t ive  t r a n s p o r t  N a , K - A T P a s e ,  the inhibition of which leads to depolar iza t ion  of m e m b r a n e s  
with the development  of m us cu l a r  cont rac t ion  [14]. 

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

The p repa ra t ion  of N a , K - A T P a s e  [10] and intact m i c r o s o m e s  [1] were  isolated f rom albino ra t  bra in  by 
dif ferent ia l  centr ifugation.  N a , K - A T P a s e  ac t iv i ty  was de te rmined  f rom the i nc rea se  in inorganic phosphate or  
po ten t iomet r ica l ly ;  act iv i ty  of K-dependent  n i t rophenyl -phospha tase  was de te rmined  f rom the i nc rea se  in p -  
ni t ropheaol ,  and prote in  by the method of Lowry  et al. [13]. To study in teract ion between gangliosides and 
m i c r o s o m a l  m e m b r a n e s ,  the anionic p robe  1-ani l inonaphtha lene-3-su l fonate  (ANS-) and the cationic p robe  
acr id ine  orange (AO+) were  used. The p a r a m e t e r s  of f luorescence  were  recorded  on the MPF-2A (Hitachi) 
s p e c t r o f l u o r o m e t e r  with automat ic  co r r ec t ion  fo r  sensi t ivi ty .  Effects  of dilution and the internal  f i l t e r  [9] 
w e r e  taken into account.  Absorpt ion s pec t r a  were  photographed on the USP-2 spec t ropho tomete r .  The quan-  
tum yield of f luo rescence  was m e a s u r e d  by a re la t ive  method, using t ryptophan as the s tandard  [15]. Ganglio-  
s ides  w e r e  isolated f rom the g r a y  m a t t e r  of the human bra in  by Bogoch's  method with ce r ta in  modif icat ions [8]. 

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

As Table  1 shows, gangl ios ides  in a concentra t ion of the o rde r  of 4- 10 -4 mM or lower had a marked  ac -  
t ivat ing action on Na, K - A T P a s e .  In higher  concentra t ions  they inhibited act ivi ty  of the enzyme; the inhibi tory 
effect  inc reased  during pre ineubat ion of the gangl ios ides  with the m e m b r a n e  p repa ra t ion  (Fig. 1A). The study 
of the effect  of gangliosides on act ivi ty  of K-dependent  n i t rophenyl -phosphatase  showed that, in both low and 
high concentra t ions ,  they had a s i m i l a r  action, namely  inhibition, and this was seen pa r t i cu la r ly  c l e a r l y  when 
preincubat ion was used {Fig. 1B}. These  resu l t s  sugges t  that the inhibitory act ion of gangliosides on act ivi ty  
of the enzyme was evidently connected with the i r  effect  on the phosphatase  react ion,  which is the third s tage 
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TABLE 1. Effect  of Different  Concentra t ions  
of Gangl iosides  on N a , K - A T P a s e  Act ivi ty  
(in # m o l e s  P i / m g  prote in / ra in ;  M ~ m) 

Concentratto~ Number ~ Experi- 
o fganglio- | of ex- t Control P 
s.t.aes, mM ] perimentst ment 

2.10 -5 ] 10 1,40• 2,10-1-0,12 
l 

4.10 -5 ] 10 0,51__0,06 0,94• 
1.i0 -~ i0 0,79"+-0,03 1,59• 
2. !0. -4 10 2, I0____.0.02 4,80_____0,004 

d0,05 
do,  col 
do, ooi 
<0,01 
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8./0 "~ 1/I0 -3 ~-'/O-3mM/-,~0 -5 /qO-* 1./0 -a / /0-2mM 
Mg .iom/lite~.,..~ C [I](l--i) D 

" l 2 3 ; 2,'5 ~0 Z5 ,0mmolesK 
Nos. of tubes s 7a /5 20 mmoles Na 

Fig. 1. Effect  of gangliosides on Na ,K-ATPase  (A), K-  
dependent n i t rophenyl -phosphatase  of brain  (B), and 
ac t ive  outflow of Na+ f rom s a r t o r i u s  musc le  (C). A 
and B: 1) Without preincubat ion,  2) with preincubat ion 
of gangl iosides .  C: 1) Incubation in medium containing 
10 mM KC1 (without gangliosides);  2 ,3 )wi thgang l ios ide  
concentra t ion of 2" 10 -4 and 2 . 1 0  -3 mM, respec t ive ly ;  
4) in absence  of KC1. D) Competi t ion between gangl io-  
s ides  and K + for  Na ,K-ATPase  (1) and K-dependent  
n i t rophenyl -phospha tase  (2); absence  of compet i t ion 
with Na + (3). 

of the N a , K - A T P a s e  t r a n s p o r t  cycle  [5]. Consequently,  the inhibitory effect  of the gangl iosides  was achieved 
through the i r  action on the outer  s ide of the m e m b r a n e ,  where  the po tass ium combining s i te  of the enzyme is 
located; the act ivat ing effect,  on the other  hand, could be asc r ibed  to the i r  action on the f i r s t  s tages ,  namely  
the action on the Na + and ATP combining s i tes ,  which a r e  concentra ted on the inner side of the m e m b r a n e  [4]. 

The abil i ty of gangliosides to effect  the i r  inhibitory action on N a , K - A T P a s e  through the outer  side of the 
m e m b r a n e  also was demons t r a t ed  by expe r imen t s  to invest igate  act ive  Na + t r a n s p o r t  in the s a r t o r i u s  musc le  
of the f rog  Rana cameran i .  Af ter  sa tura t ion  of the musc le  with Na + at  2-4~ when v i r tua l ly  no Na ,K-ATPase  
act ivi ty  was presen t ,  subsequent  preincubat ion of the musc le  at 24~ was accompanied  by act ive  outflow of Na + 
into the medium.  As will be c l e a r  f r o m  Fig. 1C, which demons t r a t e s  the resu l t s  of de te rmina t ion  of the Na + 
concentra t ion in the incubation medium by f lame photomet ry ,  gangliosides in all  concent ra t ions  used  inhibited 
the working of the sodium pump. 

In subsequent  invest igat ions some  aspec ts  of the inhibi tory action of gangliosides on N a , K - A T P a s e  were  
studied. As the g raphs  of Hunter  and Downs [12] show, gangliosides compete  with K + fo r  the po tass ium c o m -  
bining s i te  of N a , K - A T P a s e  and K-dependent  n i t rophenyl -phosphatase  molecules :  The value of the express ion  
[I](1 - i ) / i  (where I is the concentra t ion  of inhibitor,  i that pa r t  of the act ivi ty  of the enzyme which was inhibited 
by the ion in the given concentrat ion) inc reased  with an inc rease  in the K + concentra t ion in the medium.  Corn- 
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Fig. 2. Effect  of gangliosides on p a r a m e t e r s  of f luorescence  of probes  bound with bra in  m i -  
c r o s o m a l  m e m b r a n e s .  A) Inc rea se  in intensi ty of f luorescence  of ANS- (1) and AO + (2) in 
p r e sence  of different  concentra t ions  of gangliosides;  B) f luorescence  of ANS- (1, 2), and AO + 
(3, 4) in p r e s e n c e  of di f ferent  concentra t ions  of p robe  ( rec iproca l  coordinates)  and in absence  
(2, 4) and p r e s e n c e  (1, 3) of gangl iosides  (10 -4 raM); C) changes in max imum of f luorescence  
(1) and "half-width" of m ax i m um  (2) in p r e sence  of different  concentra t ions  of gangliosides.  

petition Of gangliosides with Na + was not found (Fig. ID). The possibility thus cannot be ruled out that 
the mechanism of the inhibitory action of gangliosides on the enzyme under investigation is based on their 
ability to compete with K +. 

It was also discovered that the inhibitory effect of gangliosides is a reversible process, for with dilution 
of the incubation medium the degree of inhibition of Na,K-ATPase and K-dependent isophenyl-phosphatase ac- 
tivity decreased correspondingly. To study the cooperativeness of action of gangliosides on Na,K-ATPase by 
the difference method [6], Hill's coefficient was calculated; it was found to be 1.93 for activation and 1.51 for 
inhibition, evidence of the cooperative character of the action of gangliosldes on the enzyme. 

To elucidate the membrane component of the action of gangliosides on Na,K-ATPase by means of fluo- 
rescentprobes the effect of gangliosides on the m icrosomal membranes was investigated. Gangliosides were 
shown to potentiate (Fig. 2A) fluorescence of ANS- and AO + induced by brain mierosomes; the intensity of 
fluorescence depended on the concentration of gangliosides. The results of measurement of fluorescence in 
the p r e s e n c e  of changing concent ra t ions  of p robes  a r e  plotted in Fig. 2B between r ec ip roca l  coordinates :  
1 / I l l  = f (1 /Cprobe) .  This  graph  makes  an in te rcept  on the ordinate  approx imate ly  equal {inversely proport ional)  
to the number  of combining s i tes ,  and on the continuation of the a b s c i s s a  an in tercept  approx imate ly  equal to 
the combining constant  [2]. As the graph  shows, during the action of gangliosides the number  of combining 
s i tes  of ANS- was a l m os t  unchanged whereas  the number  for  AO + increased;  meanwhile,  the combining con-  
s tant  inc reased  fo r  ANS- and was unchanged for  AO +. Consequently,  the i nc rea se  in f luorescence  of ANS- was 
evidently connected with an inc rease  in the quantum yield,  as a r e su l t  of conformat ional  changes induced by 
gangl ios ides  in the m e m b r a n e .  In the ca se  of AO + the potentiation of f luorescence  m a y  have a r i s en  through 
an inc rease  in the e lec t ronega t iv i ty  of the m e m b r a n e  caused by gangliosides.  

It  will also be noted that the i nc rea se  in f luorescence  of ANS- was accompanied  by a sho r t -wave  shift of 
the max imum of wavelength (kmax) and a d e c r e a s e  in Ak (Fig. 2C), which can be in te rpre ted  as the r e su l t  of 
the abil i ty of the gangl iosides  to reduce  the po la r i ty  of the combining s i tes  of the probe  and the abil i ty of mo l -  
ecules surrounding the p robe  to undergo reor ien ta t ion  during the l i fe t ime of the excited s tate  of ANS- [3], and 
also to i nc rea se  the r ig idi ty  of the m i c r o e n v i r o n m e n t  of the probe  in the m e m b r a n e  [11]. 

The invest igat ion thus showed that  gangl iosides ,  in compara t ive ly  high concentra t ions ,  a re  able to inhibit, 
N a , K - A T P a s e  by producing conformat iona l  changes in the m e m b r a n e .  According to data in the l i t e ra tu re ,  this 
enzyme leads  to depolar iza t ion  of m e m b r a n e s  with act ivat ion of the cont rac t i l e  s y s t e m  mad it may  be one of the 
mechan i sms  of the v a s o c o n s t r i c t o r  effect  p o s s e s s e d  by gangl iosides .  
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CHANGES IN COMPOSITION OF HEART PROTEINS IN 

EARLY ONTOGENY UNDER NORMAL CONDITIONS AND 

WHEN THE UTERO-PLACENTAL BLOOD FLOW IS REDUCED 

Z. N. Zhakhova and N. A. Tripol'skaya UDC 618.32:547.963"618.36 

The hea r t  of rabbi t  embryos  on the l l t h ,  12th, 14th, 16th, and 18th days of development  was 
studied under no rma l  conditions and when the u te ro-p lacen ta l  blood flow was reduced.  N o r -  
mal ly  the ra t io  weight of h e a r t - w e i g h t  of embryo  is pa r t i cu l a r ly  high in the per iod Of rapid 
development  of the hemodynamic  functional sy s t em e m b r y o - p l a c e n t a - u t e r u s  (12th and 14th 
days),  but l a t e r  the ra t io  fal ls .  The i nc r ea se  in total  ni t rogen in the h e a r t  and changes in the 
re la t ive  propor t ions  of its f rac t ions  as a r e su l t  of an inc rease  in the content of cont rac t i le  
prote ins  and pro te ins  of the St roma,  was pa r t i cu l a r ly  g r ea t  toward the 18th day. Under path-  
ological  conditions the weight of the embryo  and the weight of the hea r t  we re  reduced on all 
days of the exper iments .  The ra t io  weight of h e a r t - w e i g h t  of embryo  toward the 18th day 
indicated the onset  of spontaneous rehabi l i ta t ion as a r e su l t  of a gradual  improvemen t  in the 
u te ro -p lacen ta l  c irculat ion.  However,  the total  ni t rogen content in the hea r t  in all groups in-  
ves t igated remained  the s a m e  as in the control  or  it increased ,  poss ib le  evidence of dehydrat ion 
of the hear t .  Changes in the f rac t iona l  composi t ion  of the hea r t  prote ins  pointed to profound 
b iochemica l  d i s turbances  in the organ which could be one cause  of the d is turbance  of its func- 
t ional s ta te .  

KEY WORDS: embryogenes i s ;  hear t ;  cont rac t i le  prote ins ;  u te ro-p laeen ta l  c i rcula t ion.  

The development  of the hea r t  and, in pa r t i cu la r ,  the fo rmat ion  of its cont rac t i l e  function have a t t r ac ted  
and continue to a t t r ac t  the attention of b iochemis t s  and physiologis ts .  In the access ib le  l i t e r a tu r e  the re  is 
p rac t i ca l ly  no informat ion on the f rac t ional  composi t ion  of the hea r t  prote ins  f rom the t ime when the organ 
begins to function in the embryos  of placental  an imals  under  no rma l  and pathological  conditions. 

The c i rcula t ion  in the u te ro-p lacen ta l  region is cons idered  to be m o r e  than sufficient  to supply the e m -  
bryo with nutr ients  and oxygen [5]. However ,  as the w r i t e r s '  invest igat ions have shown, the re  is a connection 
between the dec r ea s e  in intensi ty of the u te ro -p lacen ta l  c i rcu la t ion  and the development  of the embryo ,  the 
mechan i sm of which is a d i s tu rbance  of the coupled development  of the hemodynamic  functional s y s t e m  of 
e m b r y o - p l a c e n t a - u t e r u s  [1]. The data in this r e spec t  a r e  of cons iderable  in te res t  not only for  age and c o m -  
pa ra t ive  b iochemis t ry ,  but also for  per ina ta l  medicine,  for  an impor tant  p rob lem at the present  t ime  is that  of 
delayed development  of the fetus [3, 6]. 
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