
Biochemical Pharmacology. Vol. 41. No. 2. pp. 163-169, 1991. 
Printed in Great Britain. 

CCl&2952/91 $3.00 + 0.00 
@ 1990. Pergamon Press plc 

COMMENTARY 

INTRACELLULAR MECHANISMS IN EXOCYTOTIC SECRETION 

FELIX E. SCHWEIZER,* THEO SCHAFER-l and MAX M. BURGER 
Friedrich Miescher-Institut. CH-4002 Basel, Switzerland 

Understanding the exocytotic process is of profound 
importance for understanding a spectrum of pheno- 
mena, ranging from unicellular defense mechanisms 
to endocrine regulatory functions, neuro- 
transmission, and killer cell action. Elucidation 
of the cellular mechanisms constituting the process 
of secretion has been thwarted, however, by their 
protection inside the intact cell. The complexity of 
the process has hindered its reconstitution in vitro. 
Thus, permeabilization of the plasma membrane 
with preservation of secretion has led to enthusiastic 
activity in the investigation of stimulated secretion. 

Chromaffin cells, best known for their secretion 
of adrenaline under situations of stress, have been 
used to study stimulated secretion of hormones in 
viuo, in the perfused gland, in tissue sections, and 
in primary cell cultures. The possibility of obtaining 
large amounts of homogeneous tissue has enabled 
the purification of several proteins putatively 
involved in secretion. The secretory process in chro- 
maffin cells has several characteristics in common 
with secretion in other cells, but it is becoming 
increasingly clear that exocytosis is regulated dif- 
ferently in various cell types. One of the main dif- 
ferences seems to exist between the secretory 
mechanisms of excitable versus non-excitable cells. 
In mast cells for example, Ca*+, the common second 
messenger of excitable cells, has been proven to be 
neither sufficient nor necessary for secretion. In this 
commentary we will discuss recent data that suggest 
the excitable chromaffin cell as an excellent model 
system for the study of fast excitation-secretion 
coupling. The combination of biochemical and elec- 
trophysiological techniques in this system may pro- 
vide new clues to the understanding of 
neurotransmitter secretion. 

The calcium dependence of secretion 

The application of cell membrane permeab- 
ilization techniques in the field of chromaffin cell 
biology has led to interesting findings [l-3]. Bypass- 
ing the signal pathway from receptor occupation, 
membrane depolarization and Ca*+ influx, down to 
the introduction of Ca2+ through artifical pores 
apparently does not affect the final secretory output. 
Equal amounts of catecholamines can be secreted by 
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permeabilized cells upon raising the free Ca*+ to 
micromolar concentrations and by intact cells upon 
stimulation with the physiologically relevant trans- 
mitter acetylcholine. The secretory responses in both 
cases show similar kinetics, with half-maximal values 
reached within minutes of stimulation. This has been 
interpreted uncritically as activation of the same 
intracellular mechanisms. Secretion in permeabilized 
cells shows surprisingly little specificity for ions and 
nucleotides. In essence, Mg2+-ATP proves to be suf- 
ficient when it is induced by elevation of the intra- 
cellular free Ca2+ concentration. Individual Ca2+- or 
Mg2+-ATP-dependent steps, however, could not be 
characterized. 

Since cells permeabilized by detergents or bac- 
terial toxins lose the bulk of soluble cytoplasmic 
components [2-4], the secretory machinery must be 
amazingly stable. Partial responses to raising the 
Ca2+ concentration can be measured for periods up 
to 1 hr following permeabilization [.5]. This indicates 
that either a portion of the chromaffin granules, the 
secretory vesicles of chromaffin cells, remains in a 
stable, fusion competent configuration and/or the 
key elements of the secretory process diffuse from 
their proper site of action only slowly. 

The steps of secretion 

The secretory process can be subdivided into three 
phases. The initial phase comprises synthesis, modi- 
fication and sorting of the molecules to be secreted. 
In a transport phase, these secretory products, pack- 
aged into vesicles, are translocated to the cell peri- 
phery by mechanisms not yet identified. The 
peripheral phase includes two opposing principles, 
namely inhibition versus promotion of fusion 
between the secretory vesicles and the plasma mem- 
brane. It is the inhibitory mechanism which guaran- 
tees availability of vesicles at the fusion site and thus 
represents the key element in stimulated secretion. 
The other principle promotes the fusion of the two 
opposed membrane bilayers which may well be based 
on mechanisms common to sundry membrane fusion 
processes. 

Reorganization of the peripheral filament network. 
The peripheral phase can be viewed as a succession 
of individual steps (as displayed in Fig. 1) repre- 
senting levels of control for fine-tuning of the system. 
The first inhibitory elements encountered by the 
chromaffin granule on its translocation towards the 
eventual fusion sites seem to be the subplas- 
malemmal cytoskeletal network [6]. This dense net- 
work, primarily composed of actin filaments, may 
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Fig. 1. Scheme of steps involved in the peripheral phase of stimulated secretion. Chromaffin granules 
transported to the cell periphery are hindered by a microfilament network from proceeding to the plasma 
membrane. Only upon rearrangement of this network can granules advance to the cell membrane and 
dock in a stable configuration. Transmembrane signalling produces intracellular second messengers 
which induce exocytotic fusion of chromaffin granule and plasma membrane. A detailed description and 

discussion of the steps is given in the text. 

directly hinder the chromaffin granules from advanc- 
ing to the plasma membrane. Specific binding to 
this cytoskeleton through membrane-located actin- 
binding proteins could restrain chromaffin granules 
from further translocation and diffusion, thus 
accumulating them in the cell periphery. Only after 
local disassembly of the network can granules pro- 
ceed close to the cell membrane. A general, transient 
disassembly of the peripheral actin network in 
response to severe stimulation has been observed 
[7]. Disintegration of the network can be prompted 
by raising intracellular CAMP levels. It is inde- 
pendent of intracellular Ca*+ concentrations and is 
not sufficient to induce secretion. Only in con- 
junction with a rise in Ca *+ does disassembly of the 
network result in maximal secretory activity [8]. 

The link between granule membrane and the fila- 
ment network is postulated to be accomplished by 
the actin-binding protein o-fodrin, localized in the 
chromaffin cell periphery [9]. Functional involve- 
ment in exocytosis is inferred from experiments in 
which the introduction of anti-a+fodrin antibodies 

into detergent-permeabilized chromaffin cells 
inhibited secretion of catecholamines by about 50% 
[lo]. The role of acfodrin could not be defined more 
precisely, and the effect of antibodies on the actin 
network under these conditions was not investigated. 
The partial block of secretion by anti-cu-fodrin anti- 
bodies together with the effects of various stimuli on 
disassembly and/or secretion are consistent with a 
gating function of the actin filament network in the 
cell periphery. The regulation of disassembly and 
reassembly however, remains to be established. 

Docking of chromaffin granules. Local reor- 
ganization of the dense peripheral network, possibly 
together with directional transport and docking of 
the granules to the plasma membrane prior to fusion, 
may restrict secretion to specific regions of the 
plasma membrane. Such localized secretion, a 
characteristic of synaptic nerve endings, was 
observed recently in chromaffin cells cocultcred with 
fibroblasts [ll]. Subpopulations of vesicles in close 
contact, or docked to the plasma membrane, are 
displayed in a variety of systems such as the neuro- 
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muscular junction [12], the synapses between parallel 
fibers and Purkinje cells [13], and the unicellular 
organism Paramecium [14]. In PC 12 cells, a rat 
pheochromocytoma cell line, which contain a high 
proportion of docked vesicles, the can clearly be 
recognized lined up along the plasma membrane in 
electron micrographs, even when cells are per- 
meabilized [ 151. Morphological evidence for docked 
granules also has been obtained recently in chro- 
maffin cells [ 161. The docking complex may be com- 
posed of receptor-ligand pairs specific for the chro- 
maffin granules and the plasma membrane [17]. A 
putative component o the docking complex has been 
isolated from chromaffin cell plasma membranes 
[18]. Functional involvement of this protein in a step 
distal to Ca2+-influx was shown in single cells [19] 
(see below). 

Docking could have multiple functions in stimu- 
lated secretion. First, it can contribute to spatial 
specificity of secretion. Second, it can represent the 
final inhibitory mechanism to block spontaneous 
exocytotic fusion of the two membranes. Third, 
docking of granules can allow an immediate reaction 
to stimulation. The docked, supposedly fusion com- 
petent granule is held in close contact with the plasma 
membrane ready to react to an appropriate signal 
like an arrow in a bent bow. Locking a responsive 
system in a final step allows it to meet all time- and 
energy-consuming requirements long before trig- 
gering. This enables the cell to respond instan- 
taneously to a stimulus by secretion of part of the 
stored catecholamines. 

Activation of the fusion process. A possible inter- 
ference from docking is that both interacting mem- 
branes are “primed” for fusion, and that stimulation 
of the cell releases a block between them to initiate 
exocytosis. Physiological stimulation leads to mem- 
brane depolarization and Ca2+ influx. Depolarization 
in the absence of Ca2+ influx has been shown to 
contribute to exocytotic fusion in a neuromuscular 
junction of a crayfish [20]. In chromaffin cells secre- 
tion crucially depends on the influx of Ca*+. Inter- 
estingly, the introduction of Ca*+ through ion- 
ophores in intact cells does not lead to the full 
secretory response [21], whereas the introduction of 
high amounts of Ca*+ through a patch pipette induces 
exocytosis even in the absence of depolarization [22]. 
In a cell-free system, isolated chromaffin granules 
and plasma membrane fractions were shown to 
aggregate, but fusion could not be induced by raising 
the Ca*+ concentration [23]. This suggests that either 
correct docking was not attained in vitro, the two 
membranes were not fusion competent, or the block 
between the membranes could not be removed by 
Ca*+ alone. 

Alternatively, the plasma membrane may not be 
fusion competent, but fusogenic components in this 
membrane may be generated only upon stimulation 
of the cell. In permeabilized PC 12 and chromaffin 
cells, the increase in Ca*+ to micromolar con- 
centrations apparently is sufficient to generate fusion 
competence. Secretion can be initiated by only tran- 
siently raising the Ca2+, and continues for more than 
10 min even in the presence of Ca2+ chelators [15]. 
The fusogen produced in the Ca*+-dependent step 
may persist under these conditions for a prolonged 
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period of time, the actual fusion of the chromaffin 
granules being Ca2+-independent. 

Inhibitors of phospholipase AZ, an enzyme liber- 
ating fatty acids from membrane phospholipids, were 
shown to be potent inhibitors of catecholamine secre- 
tion in both intact and permeabilized cells [24,25]. 
As stimulation of cells liberates fatty acids con- 
comitant with or even prior to secretion [25], a 
phospholipase could be one of the relevant intra- 
cellular Ca2+ targets. Products of Ca2+-dependent 
phospholipases, lyso-phospholipids and free fatty 
acids or some of their metabolites, may be the fuso- 
genie compounds. In a set of in vitro experiments we 
recently found that chromaffin granules fuse with 
tar et membrane vesicles even in the absence of 
Ca 9 ‘, provided these vesicles contain fusogenic com- 
ponents previously liberated from membrane 
phospholipids [26]. In vitro, the fusogen is stable in 
the target membranes in the absence of free Ca*+, 
as it is in the permeabilized PC 12 and chromaffin 
cells mentioned above. These experiments do not 
exclude that Ca*+ may be involved in several other 
processes contributing to. secretion. One of these 
may include the Ca +-binding protein calpactm, 
which has been shown to fuse chromaffin granule 
membranes in vitro when arachidonic acid is present 
[27]. Calpactin is also able to restore secretory 
activity partially lost in permeabilized cells after pro- 
longed incubation [28]. Addition of a consensus 
peptide found in a family of Ca*+-binding 
proteins including calpactin [29] partially inhibits 
secretion. These results suggest a role for calpac- 
tin, together with Ca2+ and fatty acids, in the 
fusion process. 

Extensive secretory activity observed in per- 
meabilized or in heavily stimulated intact cells could 
be the result of unrestrained activation of fusogenic 
compounds due to the general elevation of the free 
Ca*+ concentration throughout the cell. In contrast, 
short stimulation of intact cells may transiently acti- 
vate fusogens in restricted regions of Ca*+ influx. 
Termination of secretion could be regulated by 
degradation of the fusogen or by its dilution through 
diffusion. 

In this context it seems worthwhile to recall a 
publication [30], dating back almost to the intro- 
duction of the term “stimulus-secretion coupling” 
[31]. It reports the release of prostaglandin, a metab- 
olite of arachidonic acid, from the perfused adrenal 
gland upon stimulation by the splanchnic nerve. 
Unlike the role of Ca*+, the involvement of prosta- 
glandins in secretion was not followed up until 
recently 1321. 

Fusion and restoration. To investigate the mech- 
anism of the actual membrane fusion, liposomes and 
planar lipid bilayers are used as model systems. 
Despite many efforts, the fusion process is still far 
from understood (for a recent concept, see Ref. 33). 
It is also not clear whether these models mimic fusion 
in biological systems (for discussion, see Ref 34). 
Promising results come from the application of the 
patch-clamp technique which allows the investigation 
of exocytotic fusion processes in single cells with high 
temporal resolution [35,36]. It could be demon- 
strated that in mast cells of the beige mouse the 
exocytotic membrane fusion of giant secretory ves- 
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icles with the plasma membrane is initiated by the 
formation of a fusion pore through both membrane 
bilayers. The initial pore can open and close in a 
flickering manner over several milliseconds before 
expanding into a larger opening of the secretory 
vesicles towards the extracellular medium [37,38]. 
The size of the initial pore can be estimated from 
conductance measurements to be approximately 
1 nm (230 picosiemens). Interestingly, formation of 
a pore initiating the fusion also has been reported in 
a completely different system, the fusion of eryth- 
rocyte ghosts with fibroblasts transformed with a 
viral fusion protein [39]. It suggests the existence of 
a general principle in biological membrane fusion 
processes, although the molecular basis for pore 
formation, e.g. pure lipid conformation changes or 
pore forming proteins present on both membranes, 
remains to be established. It will be interesting to 
examine the putative docking complex composed of 
chromaffin granule and plasma membrane con- 
stituents for the presence of molecules capable of 
forming such an initial fusion pore. The protein 
synaptophysin, present on clear synaptic vesicles of 
brain synaptosomes, has been shown to form a pore 
when reconstituted in liposomes [40]. The presence 
of this protein on the large dense-core chromaffin 
granules, however, is still a matter of dispute, per- 
haps due to the small number of synaptophysin mol- 
ecules per chromaffin granule. The controversy may 
be resolved only when a counterpart of syn- 
aptophysin on the plasma membrane can be ident- 
ified functionally. Expansion of the hypothetical 
fusion pore results in the incorporation of the chro- 
maffin granule membrane into the plasma 
membrane. The specific granule membrane proteins 
are restricted from lateral diffusion by an unknown 
mechanism which allows the cell to take up the 
granule membrane by endocytosis, and to recycle it 
in a next round of secretion [41]. 

To permit a prompt response to further stimu- 
lation, the cell has to re-establish the original status 
immediately after or even during exocytosis. This 
implies buffering of the elevated Ca*+ concen- 
trations, transport of granules to the periphery, reor- 
ganization of the microfilament network, and re- 
docking of granules. These processes may be regu- 
lated by a number of different second messengers 
produced upon activation of various receptors, mem- 
brane depolarization and Ca*+ influx. The involve- 
ment and functional role of phosphatidylinositol 
turnover, CAMP formation, protein kinase C and 
GTP-regulatory proteins during exocytosis and the 
restoration process are only beginning to be unrav- 
elled [42]. 

Physiological relevance of secretory activity measured 
in vitro 

When stimulated, permeabilized cells secrete high 
proportions, in some reports more than .50%, of the 
stored hormone. Most likely this is the result of the 
strength and duration of the stimulus applied, i.e. 
the flooding of the cells with high concentrations of 
free Ca2+ during many minutes. Secretion may also 
be augmented by loss or inactivation of desensitizing 
or inhibitory mechanisms. As similarly high pro- 

portions of catecholamines can be secreted by cul- 
tured intact cells stimulated with acetylcholine, the 
physiological significance of such massive secretion 
has not been questioned. Such over-exposure of 
the secretory machinery to Ca*+ probably does not 
happen in vivo, where secretion is triggered 
by short depolarizations leading to transient Ca2+ 
influx and, therefore, may explain the discrepancy 
between the amounts of catecholamines secreted 
in permeabilized cells and in the adrenal gland 
in vivo. 

In adult rats, 40-5Opg of adrenaline is stored in 
the adrenals [43], whereas the plasma level of adrena- 
line is about 150pg/mL under resting conditions 
[44]. With less than 5 ng of adrenaline in the circu- 
lation, the ratio of stored versus plasma adrenaline 
is about 10,000 to 1. Under stress situations, increas- 
ing in severity from handling of animals to immo- 
bilization and decapitation, plasma levels of 
adrenaline increase up to lOO-fold [45]. As the effect 
of the various treatments on adrenaline clearance 
rates has not been determined, it is difficult to esti- 
mate the amount of adrenaline which has to be 
secreted for establishing the given plasma level. An 
upper limit for secretion under stress can be obtained 
from experiments performed on isolated rat adrenal 
glands. The adrenals can be removed with intact 
splanchnic innervation, and the adrenaline secreted 
upon stimulation by the nerve or by exogenously 
added acetylcholine can be determined in the per- 
fusate [46]. Secretion of adrenaline in the unstimu- 
lated gland was about 12 ng in 10 min. By maximal 
electrical stimulation at 10 Hz for 10 min, this value 
increased to about 300 ng [47], by stimulation with 
20 ,uM acetylcholine to about 400 ng, and by con- 
tinuous depolarization by high K+ to about 1 pg [48]. 
Since the total adrenaline content of an adrenal 
medulla is about 20 ,ug, maximal nerve stimulation 
leads to the secretion of l-2% of the stored hormone 
over lOmin, and even continuous depolarization 
releases only 5%. Such rates of secretion thus seem 
to be sufficient to increase the plasma level measured 
even under acute maximal stress. 

The 5- to lo-fold increase in adrenaline plasma 
levels in response to various types of chronic stress 
can probably be maintained by the secretion of less 
than 1% of the stored adrenaline. Since a rat chro- 
maffin cell contains about 30,000 chromaffin granules 
[49], this corresponds to the fusion of less than 300 
granules. The results from stimulated isolated glands 
are in good agreement with the in uivo measurement 
of increases in adrenaline secretion by stimulation of 
the splanchnic nerve in conscious calves [50]. The 
rate of in viuo secretion is thus much smaller than 
what is generally measured from cultured cells in 
vitro. Secretory activity in the physiological range of 
less than 1% of the stored adrenaline cannot be 
measured reliably in vitro, neither from intact nor 
from permeabilized cell populations. Nevertheless 
these in vitro systems still are very convenient to 
screen molecules supposedly involved in secretion. 
To study the exocytotic process of chromaffin cells 
under physiological conditions, a more sensitive 
technique and a more subtle way of stimulation have 
to be utilized. 
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Fast secretory responses detected by capacitance 
measurements 

Stimulation of chromaffin cells in response to ace- 
tylcholine released from the splanchnic nerve pre- 
dictably only triggers a brief and transient influx of 
Ca*+ through voltage-dependent Ca*+ channels. In 
vitro, this physiological sequence can be mimicked 
by clamping the voltage of the cell membrane at 
a hyperpolarized value and switching briefly to a 
depolarized state to allow for transient influx of 
Ca*+. Conventional voltage-clamp techniques are 
based on impaling the cell with microelectrodes. For 
small cells such as chromaffin cells, the patch-clamp 
technique in the whole cell configuration can be 
used. A very tight seal is formed between the cell 
membrane and a fire-polished glass pipette, and the 
piece of membrane below the pipette is ruptured to 
gain electrical and physical access to the cell interior 
[SI]. This allows one to control the membrane poten- 
tial, to measure cell membrane currents (e.g. inward 
Ca*+ currents), and to monitor the exocytotic activity 
of this individual cell using concurrent capacitance 
measurements [35, 52, 531. The cell membrane 
capacitance is proportional to the cell surface area, 
which increases during exocytotic incorporation of 
vesicle membranes into the plasma membrane. As 
biological membranes all have a similar specific 
capacitance of about 1 ,uF/cm*, the incorporation of 
a single chromaffin granule with a diameter of about 
200 nm will increase the cell membrane capacitance 
by about 1 fF (lo-l5 Farad). The total membrane 
capacitance of the chromaffin cell is about 5-10pF 
(5-10 x lo-* Farad) [35]. Changes of 1 fF cor- 
responding to the fusion of single chromaffin gran- 
ules fall just below the detection limit of the 
measurement. 

This approach to the study of exocytosis allows a 
very brief (millisecond) stimulation, a time reso- 
lution of exocytotic activity in the millisecond range, 
and the unambiguous detection of the fusion of even 
a few chromaffin granules corresponding to secretion 
of less than 0.1% of the stored catecholamines 
[35,54]. In addition, the solutions on both sides of 
the cell membrane can be manipulated inde- 
pendently without losing ionic gradients or the polar- 
ization of the membrane. Depolarizing voltage 
pulses as short as 10 msec elicit Ca2+ influx causing 
fast, step-like capacitance increases with an ampli- 
tude corresponding to the fusion of less than 100 
chromaffin granules. After depolarization there is no 
further increase in capacitance, indicating that the 
exocytotic fusion process is completed within milli- 
seconds. This reveals an exquisitely fast stimulus- 
secretion coupling in chromaffin cells. The step-like 
capacitance increases require the influx of external 
Ca*+ and their magnitude depends on the amount of 
Ca2+ that enters during depolarization (54,551. It 
is attractive to suggest that these fast capacitance 
increases reflect the fusion of chromaffin granules 
docked to the plasma membrane. 

A functional involvement of the plasma membrane 
51 kD chromaffin granule binding protein in 
exocytosis has been proven by exploiting this tech- 
nique. When antibodies or F,,-fragments against 
this conjectural docking protein are introduced into 

the cytoplasm through the patch pi 
is inhibited without affecting the Ca R 

ette, secretion 
currents [19]. 

The existence of docking sites for chromaffin gran- 
ules on the plasma membrane is strongly implied by 
these inhibition experiments. Simultaneous 
measurement of Ca2+ currents and exocytosis also 
reveals an influence of the calmodulin inhibitor tri- 
fluoperazine on Ca 2+ channels and a later step of 
exocytosis [SS]. The patch-clamp technique has also 
been applied successfully to test the influence on 
secretion of tetanus toxin. In chromaffin cells, which 
in contrast to neurons do not have surface receptors 
for this toxin, tetanus toxin injected into the cyto- 
plasm via the patch pipette completely blocks 
exocytosis induced by elevation of Ca2+ to the 
micromolar level [56]. Surprisingly, this elegant 
experimental system has not been used in chromaffin 
cells to determine the role of second messenger 
systems other than Ca*+ in the regulation of exocy- 
totic fusion. In the non-excitable mast cells, however, 
the capacitance measurement has been exploited to 
define multiple signalling pathways [57,58]. 

An intriguing aspect of the secretory response has 
been documented recently in isolated nerve endings 
from the neurohypophysis by capacitance measure- 
ments. Previous experiments had shown that the 
amounts of hormones secreted from these nerve 
terminals depends not only on the strength but also 
on the frequency of stimulation [59]. Substantiating 
these findings, the capacitance responses to depo- 
larization measured in individual terminals are not 
determined solely by the magnitude of the Ca*+ 
influx but vary with the pattern of stimulation [60]. 
The real-time, high sensitivity measurement of 
exocytosis thus offers the possibility to investigate 
directly the transduction of complex stimulatory pat- 
terns into intricate secretory responses such as facili- 
tation, potentiation, or desensitization. 

Summary and outlook 

Intact and permeabilized chromaffin cells have 
been used successfully to distinguish molecules 
involved in exocytosis, albeit their functional role 
in secretion could not yet be characterized. The 
inevitable over-stimulation by prolonged exposure 
to high concentrations of secretagogues has made it 
difficult to assess the physiological significance of 
these molecules. Stimulation of the intact perfused 
gland by the splanchnic nerve represents a physio- 
logically more relevant experimental situation, at 
least for measuring the influence of extracellularly 
administered molecules. But it is not suited to study 
individual cells nor to reach the intracellular com- 
partment with molecular probes. 

The patch-clamp technique in conjunction with 
capacitance measurements offers succour. Rigorous 
analysis of the step capacitance increases will allow 
the dissection of exocytosis into various steps such 
as transport, docking and fusion through their 
manipulation by proper control of both the extra- 
and the intracellular compartments. The stimulatory 
or inhibitory influence of extracellularly added 
ligands on secretion can be tested separately from, 
or concomitantly with, alterations induced in the 
intracellular second messenger systems. The chro- 
maffin cells can be viewed as giant presynaptic nerve 
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terminals offering many advantages over other prep- 
arations. They represent an almost homogeneous 
population of cells and are easily isolated in large 
amounts required for biochemical studies. The disco- 
very of fast excitation-secretion coupling has made 
the chromaffin cell an even more attractive model 
system to study neurotransmitter secretion. 
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