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The release of acetylcholine (Ach) from Torpedo synaptic vesicles 
has been investigated. Factors have been found which induce Ca+' dependent 
Ach release from the synaptic vesicles. 
the vesicles are not affected by Ca'2. 

In the absence of these factors, 
Addition of a soluble factor to 

the vesicles induces a Ca+2-dependent release of their Ach. This sec- 
retion is enhanced by a non-vez?ular membranous component which, by 
itself, does not induce the Ca -dependent release. These results 
demonstrate that vesicular Ach release may be studied in vitro and thus -- 
will enable the study, at the molecular level, of the biochemical events 
underlying neurotransmission. 

Cho:Linergic neurotransmission has been studied very extensively. 

However , ILittle is known about the biochemical mechanisms underlying acetyl- 

choline (Ach) release. The quanta1 nature of Ach release shown by 

electrophysiological studies (1,2) strongly suggests that the synaptic 

vesicles, which reside in the presynaptic cytoplasm and contain the 

neurotransmitter, play a physiological role in this process. 

It has been shown that Ca +2 is essential for Ach release (3). 

Furthermore, Miledi (4) has shown that Ach release may be induced by 
c2 direct intracellular injection of Ca . The mechanism by which elevated 

i-2 cytoplasmic levels of Ca trigger this process is not yet known. Since 

synaptic vesicles seem to be involved in Ach release, it is of great 

interest to investigate whether in vitro, +2 Ca may induce Ach release from 

synaptic vesicles and whether other subcellular components may affect this 

process. 

The electric organ of the elasmobrsnch Torpedo is extensively 

Abbreviations: Ach, Acetylcholine; AchE, Acetylcholinesterase; 
EGTA, Ethyleneglycol-bis-@-Aminoethyl ether)N,N'-Tetraacetic acid. 
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innervated with purely cholinergic synapses, and is thus very suitable for 

molecular investigations of synaptic transmission. Highly purified 

synaptic vesicles can be prepared from the electric organ (5,6,7). This 

is the only vesicle preparation available, which contains only one type 

of neutrotransmitter, and is thus most fitting for the investigation of 

the biochemistry of presynaptic release. 
+2 In the present study we investigated the Ca -dependent release of 

+2 Ach from Torpedo synaptic vesicles. It is shown that Ca -dependent Ach 

release may be induced by the addition of non-vesicular factors to the 

synaptic vesicles. 

EXPEEIMENTAL 

Preparation of synaptic vesicles and subcellular fractions. Torpedo 
ocellata were caught alive off the coast of Tel-Aviv and maintained in 
sea water aquaria up to six months prior to use, While in captivity the 
Torpedos were fed with live Blenny which they readily devoured. 

Subcellular fractions of the Torpedo electric organ were prepared 
as previously described (8,9). Crude synaptic vesicles were obtained by 
centrifugation of Sp at 240,OOOg for 1 hr. The supernatant (Sg) was 
kept and used later in the Ach release experiments. The pellet (Pg), 
which constituted the crude synaptic vesicles, was resuspended in O.gM 
glycine. Further purification of the P 3 synaptic vesicles was carried 
out by discontinuous sucrose density gradient centrifugation (to be 
published). The purified synaptic vesicles (Ip) band between the 0.2 
and 0.4M sucrose layers. This fraction (12) contains virtually all the 
Pg-derived Ach and ATP (800 nmoles Achfmg protein, the ratio of Ach to 
ATP was 251), and was shown by electron microscopy to be highly enriched 
in synaptic vesicles. 

Assays. Ach was extracted by standard procedures (10,ll) and assayed 
with the guinea pig ileum bioassay (12). ATP was determined by the 
luciferin luciferaze method employing a procedure similar to that of 
Holmsen et al (13). The photomultiplier case and sample holder were 
built according to Hastings and Weber (14). Protein was determined 
according to Lowry et al (15) and Acetylcholinesterase (AchE) was essayed 
according to Ellman et al (16). 

Measurement of Ach release from synaptic vesicles. The crude (Pg) and 
purified (12) synaptic vesicles contain a small fraction of the total AchE 
activity. Thus, upon release of the vesicular Ach to the external media, 
it is rapidly hydrolysed. Furthermore, since under the conditions of 
our experiments there was no detectable synthesis of Ach (results not 
shown), the Ach retained in a synaptic vesicles suspension is only that 
which has not been released. The kinetics of vesicular Ach release were 
monitored by withdrawing samples at different time intervals after 
stimulation and measuring their Ach content. The experiments were per- 
formed in the following manner: synaptic vesicles (1.5-3 nmoles Achiml) 
were preincubated with the appropriate subcellular fractions for 5 min at 
25'C. The incubation buffer was 5 mM Tris pH 7.4 which contained 30 mM 
NaCl, 30 mM KCl, 0.65 mM MgC12, 0.2 mM EGTA and 730 mM glycine. Ach 
release was induce $ by the addition of CaClz and/or ATP. The concen- 
tration of free Ca 
and 0.65 mM MgClz, 

2 in the reaction mixtur.s2which czttained 0.2 mM EGTA 
as well as endogenous Ca and Mg present in the 

subcellular fractions, was calculated by the method of Portzehl et al (17). 

548 



Vol. 80, No.. 3, 1978 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

RESULTS 

ca+* , at concentrations up to 1 mM, did not induce Ach release either 

from the purified (I*) or from the crude (P3) synaptic vesicles. However, 

ATP did cause some Ach release, the extent of which varied in different 

preparations. On the average, ATP induced the release of 10% of the Ach 

contained in the purified synaptic vesicles and 25% of that contained in 

the crude vesicles. This effect was concentration dependent: it was 

half maximal at about 0.5 mM ATP, and reached a plateau at 1 mM ATP. At 

all ATP concentrations the release was immediate and was completed within 

less than 30 sec. A similar pattern was observed in the presence of 
+2 

both ATP and Ca . 
+2 

Since Ca had no effect on the synaptic vesicles, we examined the 
+2 possibility that non-vesicular factors are required for the Ca -dependent 

release. +2 Figure 1 illustrates the effect of Ca on the release of Ach 

from crude synaptic vesicles preincubated with the soluble fraction S3. 

In the presence of S3, +2 
Ca induced a gradual release of virtually all the 

vesicular Ach (t)i $ 4 min.). This release was half maximal at about 

50 pM Ca*', and its extent was a function of the concentration of S3 

(Fig. 2); Maximal effect was obtained at about 35 I.rg S3 protein per ml. 

S3 by itself did not induce any Ach release. The effect of ATP on 

synaptic vesicles preincubated with S3, was similar to that observed with 

the vesicles only. Similarly to what was shown for Ach release from 

+2 Torpedo synaptosomes (9), Sr (0.2 mM) +2 and Ba (0.4 IIM) can replace +2 Ca 

in evoking vesicular Ach release. 

The releasing effect of +2 Ca did not depend on the addition of 

external ATP (up to 0.3 mM). 
+2 

On the contrary, when Ca (150 pM) was 

added together with nmolar levels of ATP, its releasing effect was greatly 

diminished. However since S3 contained intrinsic ATP (about 3x10 -5M in 
+2 the reaction mixture) the Ach release induced by Ca in the absence of 

added ATP could still be dependent on the ATP present in S3. To examine 

this possibility the concentration of ATP in S3 was reduced by prior 

treatment with apyrase. The releasing effect of +2 Ca was unaltered 

after this treatment, even though the concentration of free ATP in the 

reaction mixture was less than 5x10 -%. 

S3 was inactivated by either boiling for 20 min. or by dialysis. 

The dialysed S3 could not be reactivated by the addition of either ATP 

(0.4 mM), or GTP (0.1 mM) or CAMP (O.lmM) or cGMP (0.033 ti). 

The possibility that factors other than S3 are required for Ach 

release, +*- was examined by comparing the extent of the S3-metiated Ca 
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Fig. 1. A. Ca+2- dependent Ach release from crude synaptic vesicles (P3) 
in the presence of the soluble component SS. The reaction 
mixture contained 0.1 mg prot$in/ml of Pg, 35 ng protein/ml of 
S3, and the following free Ca concentrations: -I- no Ca 
(O-O); 0.6 pM (o-o); 10 uM (A-A) 
B. Dose-response curve of the Ca 

50 nM (D-L)) and 150 PM (A-A). 
'2-induced Ach release. The 

points shows are taken from Fig. 
of Ca+2 

lA, 5 min. after the addition 
. 

Fig. 2. The effect of various concentrations of 53 on the Ca+2-stimulated 
Ach release from crude synaptic vesicles (Pg). 0.1 mg protein/ 
ml of P3 were preincubated for 5 min. with the following 
concentrations of S3: no S3 (o-o); 0.2 (A-A); 4 (0-0); 
12 (m-m) and 36 (A-A) ng protein/ml. Ach-release was then 
induced by the addition of 150 uM free Ca+2 ions at t=O. 

Fig. 3. A comparison of the Ca+2 -stimulated Ach release from crude (P3) 
and purified (12) synaptic vesicles. P3 (e-o) and I2 (A-A) 
at a concentration corresponding to 2 nmole Ach/ml were 
incubated with 35 ug protein/ml of S3. Ach-release was 
induced by the addition of 150 yM free +2 Ca ions at t=O. 
(o-o) corresponds to the+;bove experiment (average of Pg and 
12) in the absence of Ca . 
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dependent A'ch release from both the purified and the crude synaptic 

vesicles. Figure 3 illustrates the results obtained from such an 

experiment. A smaller fraction of the Ach is released from the purified 

vesicles as compared to the crude ones. The extent of the difference 

varied in different preparations. +2 The S3-dependent Ca -stimulated Ach 

release from the purified vesicles was enhanced by the addition of the 

membranes, contained in the crude vesicle fraction and not in the pure one. 

DISCUSSION 

In this communication we report the presence of a soluble factor 

which induces +2 Ca -dependent Ach release from the purely cholinergic 

Torpedo synaptic vesicles. The stimulating activity of this soluble 

factor is enhanced by a non-vesicular membrane fraction, which by itself 
c2 does not induce the Ca -dependent release. The chemical nature and 

subcellular origin of these factors is not yet known. However, the 

observation that the activity of the soluble factor is lost by dialysis 

and destroyed by heat, tempts to suggest that it may be a polypeptide or 

a protein. The low levels of +2 Ca required for Ach release, and the 

finding that for optimal release both soluble and membranous factors are 

required, suggest that our findings may be an in vitro manifestation of -- 
the presynaptic release process. 

+2 It is of interest that the Ca -induced Ach release does not require 

external ATP. Since the Torpedo synaptic vesicles contain high concen- 

trations of ATP, this observation may suggest that the energy required for 

the release process is supplied from the vesicular ATP rather than from 

cytoplasmic pools. +2 In the absence of Ca , high levels of ATP cause the 

release of a small fraction of the vesicular Ach. The physiological 

significance of this effect is not yet clear. 

Our findings are similar to those recently described by Hata et al 

(18) who demonstrated the presence of a soluble factor, possibly a low 

molecular weight peptide-like substance, which is required for Ach release 

from crude rat synaptic vesicles. However, Berl et al (19) suggested 
+2 that Ca may trigger neurosecretion via a high molecular weight actomyosin- 

like protein (neurostenin). 

Reclently, Davis and Lazarus (20) described an in vitro system for -- 
studying insulin secretion. The experiments described here demonstrate 

that the release of the neurotransmitter Ach from Torpedo synaptic vesicles 

may also be studied in vitro. -- We are presently attempting the purification 

of the Torpedo soluble and membranous factors which induce the Ach release, 
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so that their molecular properties and subcellular localization may be 

further investigated. 
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