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The motile endings of the neurites are the nerve terminals. It
is a highly polymorphic and polyfunctional structure and plays a sig-
nificant role in the functioning of the nervous system. A knowledge
of this structure is of fundamental importance for the understanding
of the activity of the nervous system. The nerve terminals release
and respond to neurotransmitters, elongate, orient the advancing neu-
rite in the right direction, make synaptic contacts with specific tar-
get cells and modify these synapes when necessary. All these activi-
ties are associated with specific changes in the morphology of the
nerve terminal. This review concentrates on the morphological changes
associated with two such activities, i e., exocytosis and rapid filo-
podial formation.

Filopodia of the nerve terminals are believed to play various ro-
les including neurite extension, recognition of target cells, adhesion
to suitable substrates, and probably synaptic plasticity. Video
enhanced contrast differential interference contrast (VEC-DIC)
microscopy and fluorescence microscopy revealed various’activity of
the growth cone. The extension and slow movement of filopodia,
veiling of lamellipodia, advancement of granules to the periphery and
constriction of the main body of the growth cone were observed. The
treadmilling of actin fibers plays major role in filopodial extension
and movement. The structure and properties of the filopodia and the
nerve terminal per se are modified by electrical stimulation, treat-
ment with neurotransmitters, presence of calcium in the extracellular
medium, and the state of differentiation of the neuron. Filopodia can
be induced to form rapidly by electrical stimulation and K-depolari-
zation (within a few hundreds of milliseconds) in the nerve terminal

of neuronally differentiated chromaffin cells and PC12 cells. The
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growth length reaches 10 pm and the growth rate reaches 2 ym/s. This
rapid growth can be suppressed by removal of external Ca ion, addition
of La ions or local anesthetics (lidocaine) to the external medium.
Repetitive stimulation induced such filopodia much more effectively
than single stimulation. These filopodia are transient in nature and
very flexible to show Brownian motion (reflecting a sparsity of cyto-
skeleton). In other cells (hippocampal neurons and astrocytes),
glutamate could induce the formation of actin containing filopodia.
The mechanism of their formation and their physiological role is un-
clear at the moment. Since repetitive stimulation is very effective
it is our speculation that rapidly induced filopodia may be involved
in synaptic plasticity.

Nerve terminals release neurotransmitters by exocytosis. This
process involves the fusion of secretory granule membrane with plasma
membrane and the formation of the omega figure observed by electron
microscopy. Evidence for the fusion was also obtained from bio-
chemical and immunohistochemical studies which showed addition of
granule membrane to the cell surface membrane. VEC-DIC microscopy is
an effective method to study the dynamics of exocytosis at a very high
magnification in real time. Exocytosis was seen by VEC-DIC as an
abrupt change in the light intensity of secretory granules. In very
thin cells, the omega figure can also be captured. This can be seen
in isolated nerve terminals of the rat neurohypophysis and neuronally
differentiated chromaffin cells in culture. The rate of release of
transmitters or hormones from a single granule can be measured from
the rapid light intensity change. [t ranges from 8 ms to 15 ms.

A very stable baseline of the light intensity record before the abrupt
change indicates that the granules or vesicles do not move a distance
larger than one tenth the diameter immediately before the membrane

fusion process. The video image also indicates that granules do not
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swell before the membrane fusion process. Subtraction of a video
image from another image of a 300 ms interval shows a faint pattern
due to movement of many granules in the nerve terminal. The intensity
histogram of pixels in this image reflects the mobility of a group of
granules. Such a quantitative comparison of granule movements in-
dicates that each granule tends to slow down or stop moving during the
stimulated state. These findings provide evidence against traditional
hypotheses for triggering mechanism of granule fusion with the plasm
membrane. Continuous time differentiation of image allows counting of
exocytotic events in single cells. By image analyses, the frequency
of exocytosis and its spatial distribution in nerve terminals can be
studied. Application of K-rich solution induces a persistent response
of exocytosis. Repetitive electrical stimulation induces facilitated
responses of exocytosis. The frequency of exocytosis is very high
especially in the region near the terminal-cell contact. When the
frequency of exocytosis is high, a small omega figure made after an
exocytotic response of a single granule grows to a large caveola and
serves as an enlarged plasm membrane to provide a large fusion site,
thereby facilitates the exocytotic responses. These investigations of
the morphological changes associated with the neuronal events provide

clues to the molecular mechanism underlying these events.
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