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Functional Study of Live Cells by Laser Trapping Technique
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We tested a hypothesis that water ejection takes place in the secretory cell. A micro bead was held at about 1
um distant from the cell surface by laser trapping with a 1064 nm light, and the position of the bead was
measured by DIC imaging with a visible light. A series of small displacements of the bead was detected
transiently upon stimulation of the cell, indicating repetitive occurrences of volume flow. The water ejection
from endocrine cell detected by the present technique has a significant role in the exocytotic release of hor-
mones.
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Fig. 1 Hypotheses for the process of transmitter release
upon the exocytotic response. Two models are com-
pared. Arrows indicate water flow.
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Fig. 2 Method for detecting minute ejection of water from
a secreting cell. Top; sectional view of a chromaffin
cell with a bead trapped nearby with a laser beam.
Bottom; DIC images of a chromaffin cell (right) and
a bead (left) held above it. Bar, 5 pm.
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Fig. 3 Displacement of the bead trapped above the cell. The
upward deflection indicates movements of the bead
away from the cell. A: some noise on the baseline
and many spiky responses appeared after an electri-
cal stimulation. B: spiky response recorded at a fast
time scale. C: slow response extracted by filtering
the raw signal by FFT filtering. The cell was stimu-
lated at the time indicated by the arrow.
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Fig. 4 Displacement signal recorded with a bead held at the
end of a thin glass fiber. The upward deflection indi-
cates the movement of bead away from the cell. The
cell was stimulated at the time indicated by the ar-
row.
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Fig. 5 Test of the hypothesis by evanescent field illumina-
tion with a laser microscope. The secretory vesicles
were stained fluorescently with acridine orange. A;
set-up of the laser microscope. The light was totally
reflected at the top surface of the glass. Vesicles were
excited with a thin layer of evanescent wave. The
broken line indicated the fluorescence from the acri-
dine orange. B: Change in fluorescence intensity upon
exocytosis of secretory vesicles. Some vesicles
showed a transient increase before their disappear-
ance (right) and some did not (left). C; Monte Carlo
simulation of the fluorescence intensity change with
(c) and without (b) water-ejection from the vesicles.
Each dot represents a molecule of acridine orange
(top) and its fluorescence intensity (bottom). GS,
glass surface. CM, cell membrane. V, vesicle. 1, to-
tal intensity of acridine orange fluorescence. The time
points a — ¢ in B correspond to schemes a - ¢ in C.
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