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What is electrophysiology

Elektrophysiology is the study of the electrical properties of animal
and plat cells and tissues.

aufBBen

4 mmol/l

Depolarizing
phase
>
=
A Repolarizing R
Cooling IES 5s
stimulus

Resting Refractory
potential

160 mmol/l -

o Cooling

,/

innen

Fromm and Lautner 2007: Plant, Cell and
Environment 30:249-257

Dudel, Menzel, Schmidt: Neurowissenschaft



Elektrophysiology from tissues to channels

Entire
organs/tissues

summed potentials
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EMG: electromyogram 11
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EOG: electrooculogram

ECG: electrocardiogram

EEG: electroenecephalogram
EAG: electroantennogram

ERG: electroretinogram
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Elektrophysiology from tissues to channels

Entire Multiple cells Single cells Single channels
organs/tissues

Summed potentials extracellular extracellular patch clamp
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EKG

EOG

multielectrode intracellular
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Electrophysiology equipment 1

electrical filtering/ visualisation/
contact with amplification recording
specimen

recording filter chart recorder
electrode amplifier

oscilloscope
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analog-digital-
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Electrophysiology equipment 2

audio monitor

‘ 50 mV
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Electrophysiology equipment 3

vibration isolation

micromanipulator
table




U=R * |




Electrophysiology equipment 1

electrical
contact with
specimen

recording
electrode

reference
electrode




Electrodes 1
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electrodes 2

extracellular intracellular patch clamp
etched metal rods glass micro electrodes glass micro electrodes
(tungsten or (impedance ca. 100 MQ) (impedance ca. 5-15 MQ)

platinum/iridium)
copper wires
suction electrodes

glass micro cappillaries

skV X1,200  10pm UMD SEM

Modified from Scharmann 1996 www.d.umn.edu/news/2008/August/Human_hair.jpg



electrode puller




Measurement of electrode resistance

injection of a defined current

(usually 1 nA)

electrode.

U=R*|

=100 MQ

Application of Ohm’s law:

100 mV

Measurement of voltage across

R=U/I1=100 mV/1 nA=10" V/10° A=108 Q



Electrophysiology equipment 1

filtering/
amplification

filter
amplifier




Why filter?

Removing of unwanted frequency bands, e.g.:

-noise
-offset/drift
-50 Hz or 60 Hz hum

avoidance of aliasing




Transfer functions of filters
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effects of high pass filters

input signal output signal

l l 500 Hz HP

| |

K\V ‘\ 50 Hz HP
/H/ﬁ/ 5 Hz HP

1s




effects of low pass filters

input signal output signal
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effects of high pass filters
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effects of low pass filters
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Electrophysiology equipment 1

visualisation/
recording

chart recorder

oscilloscope

analog-digital-
converter/Computer




Digitization of analog signals

sampling interval: 0.33 ms
sampling rate: 3 kHz

2 ms




Digitization of analog signals

sampling interval: 0.66 ms

sampling rate: 1.5 kHz

2 ms




Digitization of analog signals

sampling interval: 1.33 ms
sampling rate: 750 Hz

2 ms




Digitization of analog signals

sampling interval: 1.33 ms

sampling rate: 750 Hz

2 ms




Digitization of analog signals

sampling interval: 1.33 ms
sampling rate: 750 Hz

2 ms




Digitization of analog signals

sampling interval: 1.33 ms

sampling rate: 750 Hz

2ms
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Nyquist-Shannon theorem

amplitude

The sampling frequency has to
be at least 2 times that of the
highest frequency in the signal.



Elektrophysiology from tissues to channels
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Spike sorting




Multi unit recording
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Elektrophysiology from tissues to channels

Entire Multiple cells Single cells Single channels
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Summed potentials extracellular extracellular patch clamp
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Action potential
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Intracellular recording

Ganglion
stellatum

Stellarnerv
N\ (mit Riesen -
3 axon)

Fig. 1.
OMICROGRArIL OF ELECTRODE INSIDE GrANT
AXoN. 1| sCALE nrvisioxy = 33 u.

"
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Fig. 2.
ACTION POTENTIAL RECORDED BETWEEN INSIDE AND
OUTSIDE OF AXxoX. TIME MARKER, 500 CYCLES/SEC.
THE VERTICAL SCALE INDICATES THE POTENTIAL OF

THE INTERNAL ELECTRODE IN MILLIVOLTS, TUE SEA
WATER OUTSIDE BEING TAKEN AT ZERO FPOTENTIAL.

Penzlin (2005) Lehrbuch der Tierphysiologie Hodgkin AL, Huxley AF 1939: Nature 144:710-711



Nobel Prize Medicin/Physiology 1963

John Carew Eccles Alan Lloyd Hodgkin Andrew Fielding Huxley

“for their discoveries concerning the ionic mechanisms involved in excitation and inhibition in the peripheral and
central portions of the nerve cell membrane”

nobelprize.org




Voltage clamp
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Elektrophysiology from tissues to channels
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Single channel recording

a 500 ms
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Neher E, Sakmann B 1976: Nature 260: 799-802



Patch Clamp Technique

Micropipette (tip diameter: 0.5-1 um)

low resistance

membrane l

underpressure
cell-attached ' .
fi ti Gigaseal
configuration (1-100 GQ)
excision of patch rupture of
through pull of patch through
pipette suction
Unterdnuc
inside-out whole-cell
configuration configuration

Hermey et al. 2010
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Neher E, Sakmann B 1976: Nature 260: 799-802



Nobel Prize Medicine/Physiology 1991

Erwin Neher Bert Sakmann

"for their discoveries concerning the function of single ion channels in cells"

nobelprize.org



Choose your tools according to the questions you want to
answer

Know which filters you are using and why

Know the Shannon-Nyquist theorem and choose your
sampling frequency accordingly

Keram.Pfeiffer@uni-wuerzburg.de
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