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Overall Aims

A Understand the basic concepts behind the
electrical signals generated at the cell
membrane.

A Know the values of the key parameters
Involved.

A Remember the typical techniques used to
Investigate these phenomena



Overall Aims

...recordings were performed at 33, and HEK cells were recorded at room temperature |
the bath saline. For perforated patch experiments, pipettes contained saline (in 1dm):
KCl and 10 HEPES, pH 7.4 K&oHwholecell experiments, pipettes contained saline (in
mm): 130 Kgluconate, 10 KCI, 0.1 Ca@ MgATP, 1.1 EGTA, and 10 HEPES, pH 7.4 KO}
Bath saline contained the following (in mm}0 NacCl, 2.5 KCI, 2.5 GaCl2 MgCl 10
HEPES, and 11 glucose, pH 7.4 N&Z&{erformed an equimolar substitution of NaCl by
KCI for the 10 mm [k, experiments..... We usezD mV voltagagamp protocols over 1 s
periods to determine theeversal potentials of the leakubtracted muscimeactivated or
glycineactivated currentsThe voltages from wholeell experiments wereorrected

offline using a calculated liquid junction potential value (16.3 m\Qlampex (Molecular
Devices). Transverse hippocampal slices g4OPwere immersed in iceold cutting

solution containing the following (in mm§7 NacCl, 2.5 KCI, 0.5 Ga€b NaHC 1.25
NaHPQ, 7 MgCJ, 50 sucrose, and 25 glucose (equilibrated with 95%d 5% CJ).

Slices recovered for 1 h in ACSF containing the following: (inl@@n\aCl, 26 NaHGQ..5
NaHPQ, 2.5 KCI, 2 CaCP MgCJ, and 10 glucose at 3@.Electrodes filled with normal
ACSF @ Mmresistance) and positioned in layer Il of the medial entorhinal cortex were
used to record epileptiform activity in normal ACSF with elevated KCI (5 mm) and lackir
MgCl.

Sudhir Sivakumaran et al. J. Neurosci. 2015;35:8291-8296
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Overall Aims

Sudhir Sivakumaran et al. J. Neurosci. 2015;35:8291-8296
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Proposed Syllabus

Introduction & Electrochemical Gradient Synaptic Transmission

PassivédMembrane Properties Electrophysiology Techniques
Action Potentials Basic Circuits (Spinal Cord)
VoltageGatedlon Channels Sensory Systems Overview

LigandGatedlon Channels Synaptic Plasticity



Discoveri ectricity




The Role of Electrical Signals

lon channels and the electrical properties
they confer on cells are involved in every
human characteristic that distinguishes us
from the stones In a field. Every
perception, thought, movement, and
heartbeat depends on electrical signals
generated by the activity of ion
channels.........

Science. STKE (Signal transduction knowledge environment)
Vol. 2003, Issue 188, pp. rel0, 24 June 2003
AVoltage-Gated K Channelsfi

Clay M. Armstrong



Why a Nervous System?

ZNS PNS
Gehirn Hirnnerven
Plexus cervicalis
Rackenmark Plexus brachialis

Spinalnerven

Plexus
lumbosacralis




Moving Around

Elements of Molecular Neurobiology. C. U. M. Smith
Copyright © 2002 John Wiley & Sons, Ltd. 8
ISBNs: 0-470-84353-5 (HB): 0-471-56038-3 (PB)

Filament

Hook

Figure 13.1 Rotary mechanism of a bacterial
flagellum. The mechanism penetrates both the
outer and inner membranes surrounding the bac-
terium. Energy derived from a proton gradient
causes the ‘M ring’ (or motor) to rotate relative to
the ‘S ring’ (or stator) at about 100 revolutions per
second. The stator is embedded in the peptidogly- Rod
can layer. A rod links the M ring to a hook and then
to a helical flagellar filament. A ‘bearing’ in the outer

7]
| Quter membrane
J

Peptidoglycan layer

2 -
&0 | Inner (plasma)
& _| membrane

Sri
membrane acts as a seal. From Adler (1976), in (stgfo?-, wewesse npgall
Goldman, Pollard and Rosenbaum (eds), Cell
Motility, Cold Spring Harbor, NY: Cold Spring Mring
Harbor Laboratory; with permission. (motor)

A B
Figure 13.2 Anticlockwise and clockwise —_— 0
rotation of bacterial flagella. (A) Anticlockwise
rotation. The flagella stream together as a €

single bundle which propels the bacterium /e—’
forwards. (B) Clockwise rotation. The flagella

each pull away from the bacterium in the /
direction of the straight arrows. According to

the varying strength of the pull from each

flagellum the bacterium veers from side to side

and tumbles hither and thither.




Reacting to a Gradient
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Elements of Molecular Neurobiology. C. U. M. Smith
Copyright © 2002 John Wiley & Sons, Ltd.
ISBNs: 0-470-84353-5 (HB): 0-471-56038-3 (PB)



Diffusion Times

Structure Dimension Time

Cell Membrane 1nm 100 nano seconds
Mitochondria 1 pm 1 millisecond
Small Cell 10 um 100 milliseconds
Large Cell 100 pm 10 seconds
Cortical Column 1 mm 16.7 minutes
Cortical Region 2 Ccm 4.6 days

Body 1m 31 years

Adapted from page 105Cellular Biophysics VII.F. Weiss, MIT Press 1996



Review

A Nervous systems can quickly transmit
iInformation.

A Central nervous systems can integrate large
amounts of sensory data, compute appropriate
reactions and control effector organs (muscles
and glands).

A This is achieved by an interplay of electrical and
chemical signals.

A Within neurons the signals are generally
electrical, between neurons they are mostly
chemical.



Electrochemical
Gradients

Introduction & Synaptic Transmission
Electrochemical Gradients

lon Gradients
CellMembranes
lon Channels

PassivéMembrane Properties Electrophysiology Technique

Action Potentials Basic Circuits (Spinal Cord)
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Study Material

A NEUROSCIENCE Third Edition
I DalePurves

A Chapter 2 pages 343

THE COVER
Dorsal view of the human brain.
(Courtesy of S. Mark Williams.)

NEUROSCIENCE: Third Edition

Copyright © 2004 by Sinauer Associates, Inc. All rights reserved.
This book may not be reproduced in whole or in part without permission.

Address inquiries and orders to
Sinauer Associates, Inc.

23 Plumtree Road

Sunderland, MA 01375 U.S.A.

www.sinauer.com
FAX: 413-549-1118
orders@sinauer.com
publish@sinauer.com



Aims for this Lecture

A Know the values of the main ion
concentration gradients.

A Understand the interaction between diffusion
gradients and electrical fields.

A Know and understand the Nernst equation.

A Understand the effect of multiple
permeabllities(Goldman equation).

A Know the typical resting membrane potential.



Recapitulation L1

A Diffusion is fast over short distances
(organelles to small cells), but very slow over
long distances (many cells to organs).

A Multicellular organisms need to communicate
and need to do so quickly and efficiently.

A Electrical signals across cell membranes are
the main signals in nervous systems.



Biophysical Basis

All the phenomena that we will be talking about in
the next two hours are manifestations of ion flux
across membranes.

2 KAOK ONARYy3I& dza G2 GKS OSyd N

A4 Pa

gKé& RAR UKS A2y (



Diffusion and Movement
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Wikimedia: Diffusion
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Electrical Potential
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Electrical Potential
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Equilibrium

Electrical Field Chemical Energy

Amount (Mol)

Valence (+1 for K)

Faradayos constant (charge of one

Potential

Gas constant

—|xm|m|n|N|>

Temperature (absolute K)

Concentration in the respective compartment

Mo | ¢



Nernst Equation

ZF(E - E,) = RTIn[K:]O
[K™]
e _RT [K,
zF  [K7]
NernstEquation

Describesequilibrium
No net flux



Specific Equilibrium Potentials

+ [K™]
E :ﬂln[KJO Ei = 6l(m\/) |Og + -
ZF [K ]i [K ]i
Intracellular | Extracellular E
Potassium |155 mM |4 mM -98 mV

lons

Sodium 12 mM 145 mM +6/mV
lons




Mixed Potentials

Goldmann, Hodkin, Katz



