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COMMENTARY 

ARE VESICLES NECESSARY FOR RELEASE OF 
ACETYLCHOLINE AT CHOLINERGIC SYNAPSES‘? 

LADISI.AV TAllC 

Yvcttc 

The view that in a process analogous to that used 
by gland cells, synaptic vesicles are involved in the 
transport of the transmitter from the axoplasm into 
the synaptic cleft across the lipid bilaycr membrane 
of the terminal presvnaptic membrane. was initially 
based on the necesiity to find a way in which the 
transmitter can be released in molecular packets. In 
the original formulation of the ‘vesicular hypothesis’. 
Del Castillo & Katz [l] assumed that the recentl! 
discovered synaptic vesicles contain the transmitter 
substance and that when thev. in their random move- 
ment, touch the presynaptic membrane at critical 
contact zones, they discharge their content by exo- 
cytosis; the prob~~biiit~ of contact increases v.ith 
nerve stimulation. This was not only a satisfactory 
explanation of the occurrence of both miniature end- 
plate potentials (mepp) and of the quanta1 character 
of the evoked end-plate potential (epp) [2] but it 
also explained how the quanta are formed and stored 
in the nerve terminal for ready release. 

The demonstration that in cholinergic neurons 
synaptic vesicles effectively contained ACh (3. 11 
considerably asserted the vesicular hypothesis: since 
then no other concept of transmitter release has been 
seriously developed as it seemed absurd to consider 
any other than vesicular transport. 

In the last few years, however, obs~rv~~tiotls were 
accumulated which seriously question the validity of 
the vesicular hvpothesis: ACh was found not only 
confined in vesicles but also ‘free’ in the cytoplasm 
at a concentration which would permit its release 
through a specific channel following its concentration 
or electrochemical gradient; such release would also 
be yuantal; the cytoplasmic ACh, and not the veb- 
icular one is renewed during stimulation; enzymatic 
destruction of the cytoplasmic ACh blocks synaptic 
transmission: the replacement of ACh by a ‘false’ 
transmitter does not lead at intermediate stages to 
a bimodal distribution of ‘false’ and ‘true‘ mepp: 
membrane m~~dificatiolis which were attributed to 
exocytosis of synaptic vesicles seem to appear too 
late to be responsible for ACh reiease. These and 
some other difficulties which face the vesicular theory 
would justify the elaboration and experimental test- 
ing of another model for the transmitter release. It 
appears however that the first step necessary to 
initiate such a research is to remox-e from the vcsi- 
cular hypothesis its aura of abs~~lut~sni and place it 
at the same rank as other concepts present and to 
come. The aim of this article is to present a short 
critical survey of the vesicular hypothesis. It is limited 
to cholineriic synapses, the only system where 
enough experimental data are available to seriously 
discuss this matter. 

Frarrcc 

ACh IS PRESENT IN SYNAPTIC VESICLES ANI) IN THE TER- 
MINAL AXOPLASM 

The vesicular and extravesicular concentration of 
acetylcholine (AC%) was extensively studied in the 
electric organ of Tov~t&. since this organ has a 
homogcnous and very dense ch(~linergic input. It 
was possible. using density gradient fr~lct~on~~ting 
methods, to isolate synaptic vesicles [5-S] and 
pinched off presynaptic terminals (synaptosomes) 
were successfully prepared [Y-l 11. By correlating the 
volume of nerve terminals of the electric organ 16, 
121 or of the synaptosomes 113, Id]* with the total 
ACh content. It was possible to estimate the mean 
presynaptic concentration of ACh to be about 7f& 
27 mM in both cases. Two nearly equal compart- 
ments of ACh were defined biochemically [ 151. des- 
ignated as ‘free’ which in a homogenate is exposed 
to hydrolysing action of acetylcholinesterase ( AChE) 
and destroyed. the other one ‘bound’ and protected 
from the UIideresti~nation of the number of vesicles 
found to be equivalent to vesicular ACh. It was 
estimated that the concentration of ACh in the vcs- 
icles corresponds to about 7ONO mM, and that in 
the ‘free’. most probably axoplasmic compartment, 
ACh is present at a concentration of about 10 mM. 

Higher values (~O(~~O~ mM) for ,4Ch vesicular 
c~)ncentration were given by Whittaker er ni. 171 and 
Wagner et al. [16]; possibly thcsc high figures result 
from the underestimation of the number of vesicles 
taken into account. Anyway these values are the 
mean, supposing ii homogenous vesicular 
population. 

Another evidence of the presence of cytoplasmic 
ACh was given by Birks [17] who found that in the 
sympathetic ganglion stimulated for 20 min. the 
amount of synaptic vesicles decreased to ;I half. 
whereas. because of active synthesis. the total 
amount of ACh in the ganglion did not change. 
Either each vesicle now contained twice as much 
ACh as at rest or ACh was now preccnt in the 
cytoplasm at a coslccntr~ltion of 50 mM or more. This 
second alternative seems more plausible. as the vcs- 
icular concentration of ACh at rest was already 
estimated to be at least 750 mM. 

At the neuromuscular junction. ACh outflow at 
rest is about 200 times higher than that which would 
be expected from the spontaneous discharge result- 
ing in mepp (18, 191. In fact, this can be explained 
by a steady leakage of molecular ACh from the 
terminal, as demonstrated bv Katz & Miledi 1201. 
Local injection of rl-tubocura;inc on the resting frog 
anti-esterase treated nerve end-plate induced a small 
local hyperpolarization in the postsynaptic muscle 
tibre resulting most probably from the blockage of 
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postsynaptic AC’h receptors. continuousI) activated 

by a presynaptic non quanta1 leakage of cvtoplasmic 
ACh. It was assumed that the cytoplasn;ic conccn- 
tration of Ath was ~lppr(~xilil~~tel~~ 37 mM. Similar 

results were obtained by VyskGiI ci lllc\ jril] at 
mouse neuromuscular junction. 

After all. it is not r&pri\ing that AC‘h IS pre\ent 

free in the cytoplasm of the terminal. AC‘h sbnthc- 

tizing enzyme. choline acetyltransfer~~xe. is a qto- 
plasmic. not vesicular. en7vme. It is imp0rt;int to 

know that A(% c~)Ilcelitr~~ti~),i in the ~~~(~i~l~1~11~ 
reaches values which make possihlc to consider the 

reality of a release mechanism in which the trans- 

mitter would not necessarily need to go through 

vesicular confinement. 

Although there seems to be a general agreement 

that vesicle numhcr is reduced following intense 

stimulation of synapses [ 1 2. 17. 22-273. there is not 
a simple correlation hetwecn the number ot \eGclcs 
and the amount of ACh released [ 12. 171. The situ- 

ation is stitl more complicated when the vcaicular 
content <of ACh is considered. After ha\ ing applied 
a strong tetanic stimulation to the Topdo electric 

organ, Zimmerman & Whittaker [25] have analyccd 

the recovery from fatigue; they found that the num- 

ber of vesicles recovered in 4 hr. the global electrical 
response in 5 hr but the vesicular A<‘h concentration 

in 3 days. The total AC% IV;IS ~~n~(~rt~li~~~t~t~ not 

measured. It is clear that such ;I rcsuit cmrx~t hc 

explained in classical terms of vesicular hypothesis. 
Zimmerman K: Whittaker proposed a model in which 

only a small part of vesicles effectively pirrticipatcs 

to release. In later work (38-X)]. Whittakcr‘s group 
claims to have separated. by dcnGt> gradient ccn- 

trifugation. the vesicular- l?~)~?~il~tti(~ii into t\vo frac- 

tions: one monodiapcrsc. less dense. pure \.cGcular 
fraction VP!. and ;I second denser fraction VPJ. in 
which the vesicles are associated with membrane 

fraqlients, supposedly mainly de,-i\ed from the cleft 

region of the presynaptic membrane. When an A(‘h 
radioactive precur-sor was xklecl to the organ prior 

to the stirnuI~~ti[~ti [2X/. it \t‘;ts this VP: fraction which 

showed the highest specitic activity iil~jic~itilig large 

incorporation of k~belied ACh. Whittakcr’s group 
thus attributed to the vesicles in the VI’: fraction the 

role of the active \,csicular subpopulation suppwdl~ 

involved in transmitter release hv csocvtosi\. 

But already several years ago.. IsraEl’s group [ 17, 
31, 32] published the work on the ev~~llrttorl of the 
two ACh con~partmel~ts when the 7h~[&0 electric 
organ underwent repetitive stimulation in the prcs- 
ence of labeled precursors. Six minutes stimulation 
at lO/sec depressed the electrical response to nearly 
zero. Surprisingly enough (at least in the view of the 

vesicular theory). at the end of the stimulation 
period, the number of vesicles remained comtant. 

the amount of vesicular ACh was unchanged anit the 

absence of any change of specific radioactivity indi- 
cated that no new ACh was incorporated into the 
vesicles. On the contrarv. cytoplasmic A(‘h 
decreased to half of its i&al value and its high 
specific radioactivity pointed to an intense renewal 

of ACh in this c~~lilp~~rtt~~nt. 

In a I-ccent controversial discussion hct\\cen ttlc 

two groups. Dunant & Israi;l [i-l/ deny the cxistcncc 
of specific active vesicles xnct consider that A<% rjf 
high specific radioactivity detected 17~ Suszkia <‘I (iI. 

[38j in the fraction VP? RX thcrc bccau~c of the 

‘survival’ of qtoplarmic ACh (not detcrmincrl II\ 

Suszkiw YT trl. [7X1) which M’;I\ more‘ OI- Ic\\ spccif- 
ically associated to memhrane~ hca\ icr than the \\ n- 

aptic \,esictes. Comparison between the euperimcr;t;Il 

\*atues given by the two groups ( Ii. 2SJ \hou indectl 
that during stimulation ve\icular At(‘h remained \[;I- 

hlc, whereas cytoplasmic AC’h and Ac’h in the \‘I’~ 

fraction were modificcl itIcnticall> 

it is clear fr-om these i-c\uit\ that 2 va5t majclrlt> 
of synaptic vesicle\ do not participate in tran\mittcl 

release: remembering the formulation of the \,L*\i- 

cular hvpothesis. c,ric can question whether it I\ 

appropr’iatc that the ‘new look’ \ caicula~- hvpothc+ 

of ~~hitt~~ker’s qtup hears that label. 

Morphological changes at \timulatetl \\ napsc\ 

would be cxpectcd if exocvtosis mcKtet \\a\ appli- 

cable. i\iforlitic;iticttls(ttftftc nerve terminal mcml~r~tnc 
were actually obscrvcd ;I( the hcarii>: stil~~tll~ltc~l f~-c+ 

neuromuscular junction. tnv;i~inatlt~n~ arid Illt‘nl- 

hrane foldings were described 13. 35-371. Marc- 

over, horseradish pcroxidase [ ih] ;III~ acctylchotin- 

esterase I%] were found in ;I popul;ttion of synaptic 
vesicles following a prolonged stimulation. These 

chances were interpreted as illiiic~ttiI~g the fusion 

and ~nc‘,rp~,r~~t~~~il of synaptic \csicles with the ter- 
minal membrane and the reformation of these \c\- 
icles through retrieval of the cytopk~~mic mcmbranc 

forming coated vesicles which coalcscc into cikternac 

and divide Inter to form new synaptic vesicles (‘the 
recycling hypothesis’). Without entering Into the 

classical controvers! regarding the int~l-l~r~t~ttiotl ()I 

anatomical data, it is c~hvious that the eventual rcalit! 

of exocytosis of synaptic vesicic\ dot5 not provide 
the evidence that the given vesicles contained ACh. 
The fact that vesicle\ can he charged hy an estra- 

cellular marker indicates that the): CXII contain othcl 
substances than ACh. Stimulated terminal\ accu- 
mulate Llndesir~lblc ions and cataholites: v~siclc~ 
could be good orpancllr~ to 2ct rid 01’ thc’m. 

That the content of an exocytosing \,c\iclc might 

be different from the content determined by bio- 
chemical studies of isolated synaptic \,cxicIc>. appcan 

frotn the measurement ot ATP outtlo\~ tram stimu- 
lated synapses, It uas established that synaptic \c\- 

icles contain not onI); ACh hut also ATP. AC‘h being 
three to tivc times more colicentr~lt~~i than ATP 1 16. 
39, 401; yet 110 release of ATP ~‘as ctbscrvcd in 

stimulated sympathetic ganglia 141 1, nor wa\ the 
ACh release accompanied hy the r~lcase of adentb 

side nucleotides in the chemically \timutated Tar- 
pdo synaptorcX~res (M)j. This i\ contrary to hormone 
secretion. where it \\;I\ sho~vn that ;\TP contained 
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in the secretory vesicles is correleased with the hor- 
mone [42, 431. Thus, admitting the exocytosis of 
synaptic vesicles exists. the content of these vesicles 
may be different from that of the vesicular mass, 
either because the vesicular population is hetero- 
genous (for instance vesicles containing ACh do not 
contain ATP) or the content of a vesicle has changed 
prior to its fusion. The proposal that they really 
contain ACh is thus mostly conjectural. 

IS EXOCYTOSIS OF SYNAPTIC VESICLES CONTEMPORARY 
TO ACh RELEASE? 

If ACh is extruded by the fusion of vesicles with 
the presynaptic membrane, one would expect that 
the corresponding invaginations would be contem- 
porary to transmitter release. To ascertain this, Heu- 
ser at al. [44. 811 have developed a sophisticated 
technique which permitted to freeze, in a fraction 
of a msec. the frog neuromuscular junction a short 
time after it was stimulated. 4-Aminopyridine was 
added to the preparation to considerably increase 
the postsynaptic response. Effectively. figures of 
exocytosis were seen in freeze fraction views after 
a single stimulation, but not earlier than 5 msec after 
the stimulus was delivered. However. the experi- 
mental conditions were such that most of the trans- 
mitter would be discharged within 3 msec, taking 
into account the conduction of spike and the synaptic 
delay, but at 3 msec. no pits were apparent [34. 811. 
This, on the basis of data so far published by Heuser 
et al., it appears that the exocytotic figures are pos- 
terior to ACh release for which it is difficult to see 
how they could be responsible. 

There are many theoretical difficulties to under- 
stand vesicle fusion with cytoplasmic membranes [45. 
46). One such aspect waas discussed by Parsegian (471 
and concerns the repulsive forces between phospho- 
lipid membranes. The vesicle, in order to approach 
the membrane and to fuse. has not only to overcome 
electrostatic repulsive forces (which would be event- 
ually bridged by Ca”). but below about 30 A sep- 
aratlon, encounters the force of hydration. rep- 
resenting the work of transfer of water-soluble polar 
groups that stabilize membrane surfaces. With fur- 
ther approach. this repulsive force grows to such a 
value that to allow approach of membranes and 
subsequent membrane fusion without internal loss 
of vesicle content, it appears necessary to remove 
some hydrophylic groups from both vcslcles and the 
cytoplasmic membrane by an enzymatic. presumably 
phospholipase. mediated process. Alternatively the 
stabilizing polar group could be pulled away from 
the place of membrane confrontation by contractile 
proteins, like neurostenin (481. 

In both cases, the ttme necessary to perform such 
an operation would be of the order of a millisecond. 
Or does the synapse possess so much time to release 
the transmitter‘? 

Llinas and his co-workers [4Y] measured with an 
improved voltage clamp technique. the time which 
elapses between the calcium entry in a stimulated 
terminal of the squid giant synapse and the start of 
the postsynaptic potential. This time was 200 psec. 
during which period the calcium has to reach the 
strategic sites inside the nerve terminal and activate 

the release mechanisms. the transmitter has to cross 
the 200 A of the synaptic cleft, and bind to post- 
synaptic receptors. and finally the ions have to start 
crossing the opened postsynaptic channels. OnI? a 
fraction of these 200 ksec is devoted to the activation 
of the release mechanism. This time left is several 
times shorter than that necessary to perform any 
enzymatic or contractile protein intervention known 
to permit vesicular fusion. Moreover. Llinas [49] 
points out that squid giant synapse is not the fastest 
synapse known; for instance, the rat neuromuscular 
junction ,is much more rapid [-SO]. The time require- 
ments for the vesicular fusion possibly explain why 
Heuser & Reese were unable to observe figures of 
exocytosis in the first milliseconds. The actual trans- 
mitter release process is much faster than our present 
knowledge of fusion mechanisms would permit. 

No such problems exist for the extrusion of secre- 
tory material from glandular structures, as there the 
system functions in a much slower mode and the 
fusion of vesicles has all time needed for known 
processes to operate. 

BLOCKING OF THE TRANShllSSION WHEN CYTOPLASMIC 
ACh IS HYDROLYSED BY AChE 

Landmesser and Pilar [51] studied the onset and 
development of transmission in the chick ciliary gan- 
glion. They found that when the ganglion cells were 
fully transmitting at stage 33.5 the synapses did not 
contain synaptic vesicles. HOW could ACh be 
released f&m vesicles which did not exist? 

If transmission is effective without synaptic ves- 
icles, one would expect that if cytoplasmic ACh is 
absent, transmission should be impossible. This type 
of approach for the identification of releasable ACh 
was tried on a cholinergic neuronal couple in the 
buccal ganglion of Aplysirr by artificially introducing 
AChE into the presynaptic neurone and controlling 
the transmissions across the synapse by measuring 
the psp[52-541. About 2 hr after intracellular injec- 
tion of AChE the psp started to decrease and event- 
ually disappeared. Histochemical control revcalrd 
that the delay of the AChE action was due to the 
transport time of the enzyme down to the nerve 
terminals distant about 30&500 pm from the cell 
body. After the blocking of the synapse. electron 
micrographs have shown that the presynaptic vesicles 
were present in apparently unchanged numbers and 
clear of AChE. This was expected as it is known that 
AChE even at high concentration does not penetrate 
in the synaptic vesicles and does not de$trov vesicular 
ACh (61. 

To decide whether the depression of the evoked 
psp is due to a depletion of vesicular ACh or to a 
decrease of cytoplasmic ACh. the synapse was rep- 
etitively stimulated for 10 min when, after the injec- 
tion of AChE. the psp was depressed to about a half 
of its original amplitude. Two effects of such stimu- 
lation could be expected: (1) if the vesicular hypoth- 
esis is true. the stimulation should accelerate the rate 
of depression of the psp. this because the number 
of ACh charged vesicles is limited. exchange between 
vesicular and cytoplasmic ACh i5 very slow. and 
because of the impossibility of new vesicles to be 
recharged by cytoplasmic ACh. which at that time 
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was already hydrolysed by AChE. (2) If the vesicular 
hypothesis IS wrong. the stimulation should not mod- 
ify the rate of depression of the psp, the conccntril- 

tion of ACh in the cytoplasm resulting only from the 
equilibrium between ACh synthesis and hvdrnlysis 
by AChE, so that the rate of the decrease 01 the psp 

is governed by the increasing levels of AChE coming 
down into the terminal. 

The experimental result wa\ in agrct’mcnt with 

the second hypothesis: the rate‘ of cfecrease of the 

psp was unaffected by the stimulation. To ascertain 

that the blocking of the transmiGon was due to 
AChE on cytoplasmic ACh. ;I series of control 
experiments was performed. The possibility of the 
action of the injected enzyme on spike conduction 
was discarded bv studying the ACh rclcasc with 
direct depolarization in the presence of tetrodotoxin: 
the specificity was established by the absence of 
action of injected AChE preCous1y inactivated bv 
an irreversible organophosphorus blocker. phohphci- 
line. Injection of radioacti\ e AC’h precursor into the 
ir~terneuro~le led to an iilti-~icellLil~~r synthesis of 
labeled ACh, which could be chcmrc;~ll~ \cparatcd 
into free (probabl!; cytopiasmic) and hound (proh- 

ably vesicular) poois. Injection of AC‘hE and the 
subsequent blocking of the Afh release induced :I 
drastic diminution of the ‘free’ pool Ica\ing the 

‘bound’ pool unchanged. This can be interpreted as 
indicating that when the synapse was blocked by 

AChE. cytoplasmic AC% was destroyed but AC’h 
was still prcscnt in the vesicles. 

These results are in m_x~~-dm~t' with the concept 

that the vesicular AC’h cannot he rclcn\ed dircctll 
into the synaptic cleft by erocytosis. Prior to its 
liberation. ACh has to hc prc\ent in the asoplasm 

in a fllrm in which it can he rspostd to the hydra- 

lysinp action of AChE. 

l&E OF FALSE TRANSMITTERS 

Some choline an~~lo~u~s cm hc taken up into the 
nerve terminal by a high affnit!, system. acetylated 
and eventually released on <timulatlon as fnlsc trans- 
mitter [S5-571. One of them, the acetyl-tnonoeth~l- 
choline (AMECh). when released, can be distm- 
guished from ACh by the fact that the miniature 
end-plate currents in rat muscle due to AMEC’h have 
a shorter time constant of decay than that due to 
ACh. This is because ~ostsyn~~~~c charm& opened 
by AMECh have a briefer lifetime than these opened 
by ACh [SX]. When MECh was added to the rat 
phrenic nerve diaphragm and the preparation rtimu- 

lated, endogenous ACh was replaced progressively 
by AMECh. In the terms of vesicular hypothesis. 
one would expect that at intermediate state of 
exchange new vesicles would be preferentially filled 
with AMECh and released together with older ones 
containing ACh. This should have given rise to 
bimodal distribution of miniature end-plate currents 
(mepc), the shorter due to AMECh, the longer due 
to ACh. Such was not the case [S]; on the contrary, 
there was a progressive shortening in the mepc 
indicating a c(3ntinLlous mixing of the ‘true’ and 'false' 
transmitter. If the mepc wrrr produced by the extru- 
sion of the content of a vesicle. it would mean that 
there exists a rapid exchange between the cytoplasm 

andvesicular compartments. This was the COIICIU~IOII 
of the authors [%I. However as reported :tho\,c. 
such rapid exchange between cvtoplasmic and \ U+ 
icular ACh was not observed ;n an\: biochemical 
study (cf. 132, .?a]). Consequently. q&ta of miscd 
‘false’ and ‘true’ transmitters must have cc~me Irctrn 

the cytoplasmic compartment. 

One irnp~)rt~lnt obsersatfon ~3~)ili~~n~, 11) an ;iditi- 
tional complexity to the problem 01 tl-~~il~~i~ill~~l- 
release. is that the i~~c~)r~3or~lti~l~~ of ALIIS<‘h iittcl ihi. 
quanta rcleascd by nerve stimulation appc‘;frcd IO 
take piace m(3rc rapidlt than its incorpor:tticlrl inlet 
spontaneously rclcased quanta. This points 10 ;I po+ 
sibility that different Poole of transmitter. IKI\ IV 
responsible for spontaneous and c\.okcrl ri’lc;l\c>. In 
regenerating frog muscle fiber. Denni\ R Xliletli lf~lll 
have found that the ITI~~I~ ;u~~pliturle of \pont;lnc’ouk 
mepp was smaller than that of quanta contributing 

to evoked endplate potentials. hlcI_;~chl;~n /()I 1 
stimulated the hei?iicholiiiiurn treated guinc;i pia 
superior cervical gan+n (her~iich~)iiniti~i~ ~rcndcr~ 

the synthesis of ACh ~t~ip~~ssib~~) and fotmcl thai the 
evoked ~~~~stsyii~t~?tic potential ~liii~~littl~lc &YI-C~I~CI~ 

much more rapidly than that of the ~i~iiult;r~ic~~~t\l\ 
recorded miniature posts\~n;@ic potcntiatx. .\ftibi 
prolonged stimulation. _ she could oh+~~r\ c CY crh~,tl 
psp’\ which were smaller than the \pont;lncou\I~ 
appearing mpsp’s. A comparable situatloil !\:I\ 
found by Bennett 6’1 (II. [h2] in the Mauthncr iiht~~- 
giant syn+se of the hatchctfish. \vhcrc \t1mul;1tlon~ 

at high frequencv depressed the e\~tked post\vn;lptic 
potential below the amplitude of the miniatl;tc /X/J. 

This duality in evoked and spontancou\ I-P+OIN~\ 
has not so far received satisfactory rt*q><ln\<: it no: 

result from pluralitv of AC% coiiipartrnrIIi~. from 
different local dyi~~lrl,ic~~l cll~~r~~ctcri~tic\ cri iltc 
release system. from dift’crcnt Iocalir;itictn\ 01 ih~ 

evoked and local response\. or in ~111 i‘\trcm<. C;IW 

from different release mechanism<. 

Heuser 1821 states that .‘the evidence in favour r)I 
svnaptlc vesicle csocvtosis is o~~r\vtieliiiiii~“. I’tiI~ 

is perhaps true. but” it ih no\\ doubtful th:ct thi\ 
exocytosis is responsihlc for the bulk of tran~mittc~r 

release. Moreover, it is impossible to maint:un thL 
original concept supposin, 0 ;I more or Ii‘\\ I-;indom 
~i?ov~rneIlt of a h~~l~l(3~~r~o~is synaptic ~~Gcle pclp~~- 
lation. The new proposal that onlt ;I \pcci;tli7c(i 
smafl vesicular fraction participates cffccti\cl\ to !hi* 
transmitter release. in\;alidatcs in fact ni:tnt ‘trgri- 
ments thought to hc in favoui- ot the, \c\icul;tI 
hypothesis. 

If most of the vesicles are not the agent\ ot iZC’I, 
extrusion, what can he their role? As aireaclv men- 
tioned. the vesicles might serve to pith up fr;)m the 
cytosol the unwanted subproducts of synaptic tran+ 
mission. The most annoying type ofwast~ is c;IIcium. 

the cytoplasmic concentratmn of which must bc ht%pt 
low (IO-‘. IPM). 

In itimulatcd synapses. calcium w;is she\\ n to 
accumulate inside the nersc t~riilirl~il CIIW ICI th< 
presyna~tic membraile [(l-1. 631 and calcium bintling 
of synaptic vesicles wit\ demonstr:rted in ~C\c’r:i/ 
instances 124. C+67j. It is trmpting 10 ;ittr‘ihritc~ 1~1 
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the vesicles the role of sequestering and exocytosillg n~echanism), I propose a more eloquent and a more 
calcium [X4]. coloured term ‘vesigate’. 

Analysing Llinas results on the squid giant synapse 
1491, Parsegian [47] estimates that about 1.7 x 10’ 
Ca’+ ions flow into the presynaptic terminal during 
an action potential, and releases 5 x 10’ quanta. 
Supposing that a quantum is formed of .lO’molecules 
of the transmitter, it appears that about 30 times 
more calcium ions penetrate into the terminal than 
transmitter molecules leave the cell. 

We can imagine that part of this calcium enters 
the vecicles and is evacuated by exocytosis. The 
vesicles close to the plasma membrane would be 
first affected. Yet the high af~nity calcium binding 
axopIasmic system was found to be neither mito- 
chondrial nor vesicular [h8]. Thus possibly this mode 
of extrusion of calcium by synaptic vesicles is used 
only during a heavy entry of calcium (for instance 
prolonged stimulation. acidic formaldehyde fixation. 
stimulation in presence of 4-aminopyndme) where 
the elevation of Ca’+ concentration cannot be han- 
dled by normal pumping of exchange mechanisms 
and high affinity Ca’+ buffering systems are satu- 
rated. This would explain why in normally stimulated 
synapses the exocytosis pits are practically never 
found on eIectron micrographs [44]. 

Speculation about the structural correlate of the 
vesigate might designate a membrane formation 
attached to the presynaptic membrane. This might 
be for instance part or the whole of the vesicular 
presynaptic grid, a geometrical combination of dense 
projections and depressions or ‘holes’ forming a 
hexagonal sieve, supposed earlier to represent a 
guiding device for synaptic vesicles to reach per- 
formed loci at the synaptic sites 1761 and to help in 
dispensing the transmitter towards the receptive ele- 
ments of the postsynaptic surface (‘Synaptopores’. 

177,781). 

Following this concept, the vesicles wouid serve 
as reserve of ACh which in more or less extreme 
cases they would exchange against calcium and 
extrude this latter by exocytosis. This function is not 
less noble than that leading to the release of the 
transmitter. 

It is fairly possible that Whittaker and Zimmer- 
mann 1791 are right when they claim to have isolated 
in the VP:! fraction (see above) the membrane ‘chan- 
nel’. However. these ‘channels’ are not necessarily 
vesicles with some special properties as they think. 
but the ‘contaminating’ membrane fragments which 
seem to be mainly derived from the cleft region of 
the presynaptic membrane. If these membrane frag- 
ments included saturated vesigates, it is expected 
that ACh in this VP: fraction showed the same spe- 
cific radioactivity as the cytoplasmic pool, although 
no occluded cy.toplasm was present, Alternatively 
the heavier vest&s might effectively be part of the 
membrane release mechanism from which they were 
separated by the fracti~~nating method used. 

How otherwise may the transmitter be released 
than by the exocytosis of synaptic vesicles? A gate 
hypothesis was suggested by Birks [ 171 and proposed 
by Marchbanks (69-711. It has to overcome three 
major difficulties. First, the release of a quantum is 
not eicctrogenic. as would be expected if cytoplasmic 
ACh diffused through a channel following its elec- 
trochemical gradient (721. Second, the amplitude of 
the mepp remains constant whichever polarization 
is imposed on the terminal 173): the quantity of Afh 
released as a cation would indeed be expected to 
change with the presynaptic membrane potential. 
Third, fast oscillations of cytoplasmic ACh content 
during nerve activity observed with a period of about 
5 set by Dunant et al. 1741 are not accompanied by 
a change in the size of miniature end platepotentialh. 

Many questions remain without answer, especially 
why in some cases one sees a divorce between evoked 
and spontaneous release. Perhaps more than one 
mechanism of release coexists in the same synapse 
and it cannot be excluded that some of the exocy- 
tosing vesicles still contain acetylchnline. 
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