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Phosphorylation of the neurospecific protein synapsin 1 (SI) by various cellular protein kinases was studied. The analysis of functional properties 
of phosphosynapsins showed that in the case of PK II-mediated modification of the protein, it becomes capable of self-degradation. The latter 
process was found to be specific and did not appear to be characteristic of the phosphoforms emerging after the protein modification by IX C 

or PK A. A possible involvement of the process in the regulation of neurotransmittcr secretion is discussed. 

Synapsin I: Calmodulin-dependent protein kinase II; Phosphorylation; Self-degradation 

1, INTRODUCTION 

Synapsin I, a neurospecific protein described for the 
first time by Greengard [l], is localized in synaptic ter- 
minals of nerve cells. It was found that SI is associated 
with the cytoplasmic surface of synaptic vesicles and, in 
all probability, acts as an anchor for vesicles, because 
it has potency of binding to cytoskeletal proteins as well 
[2]. The protein can be phosphorylated by various cellu- 
lar protein kinases both in vivo and in vitro [3,4]. Phos- 
phorylation of SI is considered as one of the mccha- 
nisms of the regulation of neurotransmitter secretion 
and synaptic vesicle functions. 

The main goal of this study was to investigate possi- 
ble changes in the structure and function of an SI mole- 
cule following its modification by various protein kina- 
ses. 

2. MATERIALS AND METHODS 

The following rcagcnts were used (y-“‘)ATP (I000 Ci/mmol) from 
Amcrsham: Tris, ATP. EGTA, C&I, from Scrva, and phosphatidyl- 
serine from Sigma. 

PK C was isolated as dcscribcd in [5]. The isolation proccdurc of 
human brain calmodulin was as in [G] with modifications. Human 
brain SI was obtained according to [7], PK II was isolated from rat 
brain following the tcchniquc given iti [B]. The pcptidc mapping procc- 
durc was the same as in [4]. Limited protcolysis of proteins in a gel 
was pcrformcd by the modified method of Clcvcland [9]. St was phos- 
phorylatcd by PK C itccordillg 10 [IO], cxccpl that SI WIS USC~ instead 

n/~/~~ricr/i~t.v: SI, synapsis I: PK C, protein kinasc C: I’K A, CAMP- 
dcpcndcnt protein kinasc: PK II, celmodulin-dcpcndcnt protein ki- 
IlilSC. 

Cirrrc.s/~rr,rlks~(.(, trddrw~ Corrcspondcncc wldrcaxS.1~. Scvcrin. Rcsc- 
;lrch Ccntcr of Molecular Di;~g~ros~ics. USSR Minidry of’ I-fc~ltll. 
Synrphcropolaky hhd. H. M~scaw I I.7 149. USSR. 

of histone HI. by PK A and PK II as in [3] with slight modifications. 
Protein electrophoresis was run under denaturing conditions on 
20x15x0.75 cm plates by the method of Laemmli [I 11. 

The catalytic subunit of pig brain CAMP-dependent protein kinase 
was kindly provided by M.V. Nestcrova of the Research Center of 
Molecular Diagnostics, USSR Ministry of Health. 

3. RESULTS AND DISCUSSION 

In our experiments both homogeneous and partially 
purified human brain SY was used. Homogeneous SI is 
represented in the electrophoregram as a double band 
corresponding to polypeptides of 86 kDa (synapsin Ia) 
and 80 kDa (synapsin lb) [7]. 

In our previous studies we demonstrated that human 
brain SI can be phosphorylated by PK A and PK II and 
also by PK C isolated from the same source [lo]. It was 
found that these 3 kinases phosphorylate SI at different 
sites (data not shown). 

Our investigation of SI phosphorylation by the above 
protein kinases using the method of limited proteolysis 
of proteins according to Cleveland, revealed that PK 
II-dependent SI phosphorylation leads to degradation 
of the SI molecule. 

SI phosphorylation by the kinases was carried out in 
the presence of (Y-“~P)ATP and corresponding activa- 
tors for 15 min at 37°C. The samples were fractionated 
by polyacrylamide gel electrophorcsis using the system 
of Laemmli [I 11, The gel slab containing SIa and Sib 
were cut out. incubated in the equilibration buffer and 
placed into wells of the second gel with cxtendLd stac- 
king gel (5 cm). The electrophorcsis conditions main- 
tained allowed proteins to be kept in the concentrating 
gel for about 1.5 to 2 h, whereupon they were scparatod 
under standard conditions in the PAAG gradient. In 
modification of the procedure proposed by Cleveland. 
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Fig. I. (A) Degradation of various phosphoforms of SI phosphorylated by: (a) PK C: (b) PK A; and (c) PK Il. (B) Degradation of the partially 

purified preparation of Sl phosphorylated by PK II. (see details in section 3). 

we introduced no proteases into our samples. Fig. IA,c The depolarization-induced increase in the concen- 
demonstrates that the SI preparation phosphorylated tration of calcium in a synaptic terminal activates pro- 
by PK II produces SI fragments of about 35 kDa and tein kinase C which phosphorylates B.50 protein whose 
18 kDa. No degradation under similar experimental dephosphoform is capable of binding to calmodulin 
conditions was detected in the case of nonphosphoryla- [14]. After B50 phosphorylation. the released calmodu- 
ted SI or SI phosphorylated by PK A and PK C (Fig. lin activates PK II which, in turn. phosphorylates SI. SI 
lA,a,b); SI did not degrade in the presence of PK II but phosphorylated by PK II undergoes proteolytic degra- 
in the absence of ATP (data not shown). Hence self- dation, which results in the release of the synaptic vesi- 
degradation of phospho-SI appears to be a specific cle from the cytoskeleton and subsequent secretion of 
Ca’+, calmodulin-dependent process. neurotransmitters. 

To confirm the above mentioned results, we repeated 
the experiment in a slightly modified form. Using a 
partially purified SI preparation, we cut out the whole 
track of gel after running the first electrophoresis, then 
treated it as described above and placed it into the se- 
cond gel with an extended stacking gel. The autoradio- 
gram of this gel revealed degradation of proteins of 
86-80 kDa and 67 kDa (Fig. IB), the latter of which 
being an SI fragment as evidenced by immunoblotting 
(data not shown). 
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In as much as the observed effect was found to be 
specific merely for SI phosphorylatcd by PK II, one 
can suppose a certain physiological significance for this 
phcnomcnon. Our findings allow us to propose the fol- 
lowirlg hypothetical schcmc of ncurotrunsmittcr sccrc- 
tion. 
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