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I N T E R A C T I O N  B E T W E E N  A C T I N - L I K E  B R A I N  

AND I S O L A T E D  S Y N A P T I C  V E S I C L E S  
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Mg-ATP was shown to increase  the light diffusion of a suspension of ra t  brain synaptic vesicles 
(SV) in the presence  of ra t  brain actin-like protein (ALP) (superprecipitation reaction). ALP 
increases  the Mg-ATPase activity of SV and also the liberation of endogenous noradrenalin 
from SV of bovine hypothalamus, which is abolished by cytochalasin B. Gtycolipids (ganglio- 
sides and cerebrosides)  inhibit the superprecipitation reaction. The results  a re  examined 
from the standpoint of the contracti le hypothesis of mediator secretion.  

KEY WORDS: brain actin-like protein; synaptic vesicles; secret ion of mediators.  

In teres t  in the study of contracti le proteins of nonmuscular origin, especially proteins of brain tissue, 
has recent ly  strengthened. For  instance, an aetin-like protein (ALP) has been localized in brain nerve endings 
mainly in presynaptic membranes (pre-gM); a myosin-like protein (MLP) mainly in synaptic vesicles (SV); 
and troponin- and tropomyosin-l ike protein in f ree  SM and to some extent also in SV [5, 6]. In an enriched 
r a t  brain synaptic membrane fraction 11% of the total protein has been found to consist of ALP [11]. 

According to the contractile hypothesis of mediator secretion [2, 5], the act of secretion of mediators 
by nerve endings is the resul t  of interaction between the MLP of the SV membranes with ALP which is a 
structural  component of pre-SM. The formation of an actomyosin-like protein complex (AMLP) is initiated 
by an increase  in the Ca ++ concentration in nerve endings during their  depolarization. The act of secretion 
also involves t ransport  of SV to the active zone of pre-SM, possibly on account of interaction of the vesicles 
with microtubules and neurofilaments. Data on the blocking of secretion of various mediators by mitotic 
alkaloids [1, 2] can be regarded as confirmation of the contracti le hypothesis. The effect of potentiation o f  
l iberation of exogenous mediator into the incubation medium from isolated SV, previously loaded with [ i t  ]- 
glutamate, on interaction between SV and brain ALP preparation or  actin from skeletal muscles, containing 
Ca-sensi t ive components of the contractile system - in these experiments the formation of an AMLP complex 
was tested by finding increased Mg-ATPase activity of the SV fraction [13]. 

In the present  investigation an attempt was made to test  the contracti le hypothesis on a new model: l iber-  
ation of endogenous noradrenalin (NA) mediator from SV during the formation of an AMLP complex, monitored 
by measuring Mg-ATPase activity and changes in light diffusion of the SV suspension in the presence of ALP. 
The ro le  of glycolipids as possible regulators of formation of the AMLP complex ~so  was studied. 

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

A preparation of ALP containing Ca-sensit ive proteins also was isolated from bovine cerebral  cortex 
[12]o Tests  showed that the ALP preparation did not possess ATPase activity and did not contain lipid com- 
ponents~ The SV fraction was isolated from bovine hypothalamus or  from whole ra t  brain (without the cerebel -  
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TABLE 1. Effect  of Bovine Bra in  ALP on 
Mg-A T P a s e  A ctivity of SV F rac t i o n  of Rat 
Bra in  (M �9 In) 

Mg-ATPase activity, % 
Experirmental I--[ ALP -ALP (50 /lg +ALP' (500 
conditions j protein) V g protein) 

t00-----5 (12) 91,9~12,2 (121 134-----7" (6) 

I13~8 (9) 119,3-----5,8 (8) 122~10 (6) 

Legend .  M g - A T P a s e  act ivi ty  of  SV f rac t ion  
was 7.9 ~moles  P i / m g  p ro te in /h  a t  3 TC.  
Incubation medium (in raM): KC1 50, T r i s -  
HC1 (pH 7.4) 20, A T P - N a  2 3, MgC12 5, CaC12 
0.1; - C a  4+ signifies addition of 0.1 mM EGTA. 
As te r i sk  indicates  value differ ing signif i-  
cant ly  f rom control  at  P < 0.05 level .  H e re  
and in Table  2 the  number  of exper iments  
i s  shown in paren theses .~  

sv (100 ug 
protein) + 
Ca ++ 

sv (t00 ~g 
protein) - 
Ca++ 

=- 
o 

1.4 

~,0 ~ 1.2 

2 

I 2 / ~ ' - ' ~  2 ! 

' ~ ' ~ ' ~ ' ~ ' rain 

Fig.  1. Changes in intensi ty  of l ight diffusion of  
r a t  b ra in  SV suspension in p r e s e n c e  of  bovine bra in  
ALP (superprecip i ta t ion  react ion) .  Incubation m e -  
dium (in m_M): KC1 50, Tr is -HC1 (pH 7.4) 20, ALP 
80-90/~g prote in  pe r  sample,  SV 100 ~g prote in  
pe r  sample .  Volume of sample  2.5 ml,  22~ A r -  
rows  indicate  additions of: 1) MgCI~ 1.0 raM, 2) 
A T P - N a  2 1.25 raM. 

lum) by file method in [8]. F o r  this  purpose  the  f rac t ion  of unpurif ied synaptosomes was t r ea t ed  by hypo- 
osmot ic  shock (with 0.5 ml deionized water  to I mg pro te in  of the  fract ion) followed by a single f reez ing  
(-20~ and thawing. The r e s idue  a f t e r  centr i fngat ion (18,000g, 30 rain) was discarded.  The SV frac t ion 
was obtained by ceat r i fngat ion (120,000g, 40 niin) of the supernatant  and was suspended in 100 mM KC1 and 
20 mM Tr i s - R C I ,  pH 7.4; the  SV f rac t ion  was used  on the  day of i ts  isolat ion.  

A T P a s e  act ivi ty was de te rmined  by measur ing  accumulat ion of inorganic phosphorus in the incubation 
(20 ~ 3WE) medium by the  method of  Lowry  and Lopez.  P ro t e in  was de te rmined  by Lowry ' s  method.  The 
inte~mity of  l ight  diffusion was m e a s u r e d  at an angle of 90 ~ at 22~ in a Hitachi-204 (Japan) spec t ro f luoromete r  
a t  520 nm. The  total  f rac t ion  of  gangliosides [14] and ce r eb ro s id e s  [10] was isola ted f ro m  bovine bra in .  
Glycolipids we r e  emulsif ied in water .  NA was de te rmined  by a f luoromet r i e  method [9], 

E X P E R I M E N T A L  RESULTS 

It  will be  c l e a r  f rom Table  1 that  in te rac t ion  between SV and ALP in medium containing Ca +~ (0.1 raM) 
led  to a cons iderable  and signif icant  i n c r e a s e  in M g - A T P a s e  activity of the ves ic les  fract ion,  possibly evi-  
dence o f  the  format ion  of an AMLP complex.  Th i s  conclusion was drawn f ro m  the t e s t  fo r  format ion  of 
musc l e  ae tomyosin  and act in in the  p r e s e n c e  of  C a - s e n s i t i v e  prote in  coenzymes .  The addition of  ALP to SV 

~Table 2 does not appear  in the Russ ian  or iginal  - Consultants Bureau.  
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Fig,  2. Action of gangliosides (1) and cerebrosides  (2) on 
Mg-ATPase of  SV fractions (A) and on superprec ip i ta t ion  
react ion (B). Ordinate: A) change in Mg-ATPase activity 
(in %); B) change in intensity of light diffusion (in ~; AILD) 
on addition of I mM MgC12 and 1.25 mM ATP-Na 2 to mix- 
tu re  of  SV and ALl); change in light diffusion in ab sence  
of l ip ids  (AT 0 in Fig. 1) taken as 100%; abscissa, concen- 
trat ion of glycolipids, in ~g/ml.  For  experimental con-  
dit ious see Table 1 and Fig .  1. 

in the presence of EGTA caused virtually no increase  in Mg-ATPase activity. It can tentatively be suggested 
that formation of the AMLP complex in these experiments was Ca-dependent in character ,  in agreement with 
data in the l i te ra ture  [13]. 

Format ion of the AMLP complex also was confirmed by the superprecipitation reaction, tested by de- 
termining the change in intensity of light diffusion at an angle of 90 ~ A s Fig. 1 shows, successive addition 
of microvolumes of MgC12 and ATP-I~a 2 (10 ~1 of each, pH 7.4, final concentration 1.0 and 1.25 mM, re spec -  
tively) caused a marked increase  in the intensity of light diffusion. An increase  in the ATP concentration in 
the medium led to a decrease  in the intensity of light diffusion, possibly indicating dissociation of the AMLP 
complex which had been formed. This revers ib le  reaction can be shifted toward formation of the complex by 
the addition of high concentrations of Mg ++. In this case the AMLP complex was evidently formed on the sur -  
face of the SV membranes at sites of attachment (incorporation) of ML1% Incidentally, the superprecipitation 
reaction between SV and the ALP preparat ion is described here  for the f i rs t  t ime. Previous e lec t ron-micro-  
scopic investigations demonstrated the formation of filaments of F-act in from skeletal muscles on the surface 
of chromaffin granules isolated from bovine adrenal glands [7]. The same authors observed brightening of 
the chromaffin granules, f rom which they concluded that catecholamines passed out of the granules into the 
incubation medium. 

I n  the next ser ies  of experiments the possibility of l iberation of endogenous mediator (NA) from SV 
isolated from bovine hypothalamus was sindied. It was shown f i rs t  that spontaneous liberation of NA from 
hypothalamic SV into the medium during incubation with bivalent ions and ATP (without ALP) amounts to 45%. 
Addition of ALP led to an increase (by 30%) in the amount of NA liberated into the incubation medium. The 
incubation medium has the following composition (in raM): KC1 250, Tris-HC1 (pH 7.4) 20, ATP-Na 2 0.2, 
MgC12 0.2, CaC12 0.1; SV 90-120 pg protein per sample, ALP 70-90 ~g protein per sample. The volume of 
the sample was 4 ml; the tempera ture  wa s 37~ The formation of an AMLP complex during contact between 
SV and the ALP preparation, evidently by causing structural  changes in the vesicle membranes,  led to l ibera-  
tion of portions of mediator  into the incubation medium {NA output 130 �9 10%; n = 9). Experiments with the 
mitotic alkaloid cytochalasin B (10 mg/ml) showed that this mitotic poison, by binding selectively with actin, 
inhibited NA liberation (output 112 ~- 12%; n = 6) on account of inhibition of formation of the AMLP complex. 
Mitotic alkaloids (colchicine, vinblastin, and cytoehalasin B) are  known [4] to block the secretion of biogenic 
amines during potassium depolarization of isolated nerve endings (synaptosomes). 

Interaction between isolated SV and contractile brain proteins can thus be used as a model of mediator 
secret ion iu vitro and the regulation of this process.  

The wr i te rs  postulated previously [1, 2] that in a resting state the ALt ) in pre-SM is in the form of a 
complex with glycolipids but during excitation the ALP is l iberated from its ~lipid guardianship �9 and becomes 
accessible for  contact with SV. This hypothesis is based on the selective binding of isolated AMLP with gly- 
colipids observed in [3]. It is also known [15] that during electrophoresis  of synaptic membrane proteins in 
polyacrylamide gel a protein fraction determined as ALP was identified from histochemical data as a glyco- 
protein.  
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To test  this hypothesis, the effect of brain gangliosides and cerebrosides  on interaction between SV and 
ALP was studied. As Fig. 2A shows, gangliosides and cerebrosides  in high concentrations (100-300 ~g/ml) 
considerably inhibited the Mg-A TPase  of the SV fraction (without addition of ALP).  Meanwhile, incubation 
(5 m~-; 20QC) of ALP with glycolipids in a concentration of 20-50 ~g/ml ,  i.e.,  in concentrations in which these 
lipids did not affect the Mg-ATPase of the S u  fraction (see Fig. 2A), inhibited the superprecipitation reaction 
(Fig. 2B). In the lat ter  case  the inhibitory effect was more  marked for gangliosides than for cerebrosides .  
When bound with glycolipids, ALP thus loses  i ts  ability to i ~ e r a c t  with SV, i.e., to form an AMLP complex. 
The resul ts  of these  investigations indicate that glycolipids may regulate contact between pre-SM and SV 
membranes and the process  of e ~ c y t o s i s .  
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