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Fig. 1:

Patched confluent human heart endothelial cell

under investigation with the LSM 510;

(Objective: LD Achroplan 40x/0.60 corr. Ph2)

Transmitted light phase contrast image together

with fluo-3 fluorescence of non stimulated cells;

shadow = tip of patch pipette

The membrane potential plays
a central role in the regulation
of the intracellular Ca2+ con-
centration. Therefore, many
physiological and pharma-
cological investigations need
the simultaneous measurement
of these two parameters. 
The laser scanning microscope
LSM 510 from Carl Zeiss offers
the possibility to combine con-
focal fluorescence detection
with electrophysiological in-
vestigations.

Background

Voltage dependent L-type Ca2+

channels are responsible for
the Ca2+ release from the
sarcoplasmatic reticulum 
(Ca2+ sparks) in heart muscle
cells. The electromechanical
coupling of heart muscle cells
was discovered investigating
these processes /1,2/. 
In blood vessel endothelial cells
the membrane potential regu-
lates the influx of Ca2+. Vaso-
active agonists like ATP lead to
an increase of the intracellular
Ca2+concentration that in turn
stimulates the NO synthetase.
The NO release results in a
vasodilatation.

Human heart endothelial cells
do also show the correlation
between Ca2+concentration
and membrane potential which
can be detected by simulta-
neous measurement of these
parameters.
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Method

The experimental setup combi-
nes the technique of confocal
laser scanning microscopy for
Ca2+ flux imaging with 
patch clamp technology for
electrophysiological measure-
ments. On an active vibration
damped table the inverted
microscope stand Axiovert
100 M and a patch-clamp
tower (List Electronic, Darm-
stadt, Germany) were installed.
The scanhead was connected
to the microscope in a base
port position e.g. under the
table.

Procedure

Living human fluo-3 stained
heart endothelial cells were
patched with a micropipette.
The positioning of the patch
pipette was done in the trans-
mitted light mode of the
LSM 510 at low laser light
intensity controlled by AOTF
(Acousto Optical Tunable
Filter) to prevent any bleaching
of the fluorescent dye or
damage of the cultured cells
(fig. 1). The membrane poten-
tial of the confluent monolayer

of heart endothelial cells was
measured by microelectrode
and at the same time the 
fluo-3 fluorescence was imag-
ed indicating the Ca2+ concen-
tration (488 nm excitation, 
LP 505 nm emission filter). 
The application of the vaso-
active agonist ATP during a
time series experiment resulted
in an increase of the intra-
cellular Ca2+ concentration
(fig. 2) and a simultaneous
depolarisation of the whole
monolayer. The mean fluores-
cence intensity was quantified
for the whole monolayer 
(fig. 3). Mean fluorescence
values for up to 99 regions of
interest (ROI) can be detected
and then evaluated automati-
cally by the optional Physio-
logy/Time Series software.
The electrophysiological mea-
surements where not affected
by the fully motorised equip-
ment of the LSM 510 detection
unit.
Long distance objective lenses
(such as LD Achroplan 
40x/0.6 corr., 1.8 mm working
distance) are very suitable for
high resolution images and to
insulate the electrophysiologi-
cal setup completely from the
optical system.

Fig. 2: 

Time series of fluo-3 fluorescence in heart endothelial cells;

control: t = 0 s, t = 30 s;

change of Ca2 + concentration in the presence of ATP: t = 60 s, t = 90 s



Summary

For physiological investigations
a LSM 510 base port configu-
ration is useful. The installation
of the scan head below the
Axiovert 100 M microscope
leads to high optical resolution
and signal intensity due to 
a straight and short optical
beam path. This setup also
allows the use of the complete
work bench for electrophysio-
logical installations (micro-
manipulation unit) and  easy
operator access to the comple-
te system. Measurement of the
membrane potential by 
microelectrode and confocal
imaging of the intracellular
Ca2+ concentration by LSM 510
was possible without inter-
ference between both
methods.
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Fig. 3: 

Fluo-3 fluorescence (dashed line) and 

simultaneously measured membrane 

potential (solid line) of the confluent heart

endothelial cells of Fig. 2. 

The fluorescence intensity of the whole 

monolayer is given as a mean fluorescence

intensity (left axis).

The membrane potential (right axis) was

measured simultaneously in the current-

clamp mode of the whole cell configuration.

The application of 10 µM ATP (bar) results 

in an increase of the fluo-3 fluorescence inten-

sity and in a simultaneous depolarisation

from -25mV to +2mV.
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