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Session Day Date Topic Instructor 

1 Tue 6/1 Design of an electrophysiology setup Hayar 

2 Thu 6/3 Neural population recordings Hayar 

3 Thu 6/10 Single cell recordings Hayar 

4 Fri 6/11 Analyzing synaptic activity Hayar 

5 Mon 6/14 Data acquisition and analysis Hayar 

6 Wed 6/16 Analyzing and plotting data using OriginLab Hayar 

7 Fri 6/18 Detecting electrophysiological events Hayar 

8 Mon 6/21 Writing algorithms in OriginLab® Hayar 

9 Wed 6/23 Imaging neuronal activity Hayar 

10 
 

Fri 
 

6/25 
 

Laboratory demonstration of an 
electrophysiology and imaging experiment 

Hayar 
 

11 Fri 7/9 Article presentation I: Electrophysiology Hayar 

12 Mon 7/12 Article presentation II:  Imaging Hayar 

13 Wed 7/14 Exam  and studentsô survey about the course Hayar 
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postsynaptic neurons

The synapse is a point of information processing 

An adult human brain contains ~ 1011 neurons = 100 billions, 

(thereôs about 180 million more on the left side)

and each neuron might receive 103 synapses apiece, for a 

total of 1014 synapses.  

Most of these synapses form during the first 2 year of life. 

Thus 1014synapses/108 s = 106 synapses/s form in a fetus and 

infant!

Conduction velocity of action potential  (2 - 400 km/hour)

Greek, ñconnection, junctionò
presynaptic neuron





Steps in Chemical Neurotransmission

1.  Action potential invades, and depolarizes, the nerve terminal.

2.  Depolarization causes voltage-dependent Ca2+ channels to open and Ca2+ flows down its 
concentration gradient into the terminal.

3.  Vesicles fuse with the presynaptic membrane and release their contents into the synaptic 
cleft (quantal release).

4.  Neurotransmitter diffuses across the cleft and binds to its postsynaptic receptors.

5.  Receptor activation leads to opening of associated ion channel and alters membrane 

potential of postsynaptic cell (for, e.g., ACh, GABA, glycine) or activation of certain enzyme 

systems (e.g., norepinephrine in the brain) that have a wide variety of effects not necessarily 
restricted to changes in membrane potential.

6.  Transmitter dissociates from receptor.

7.  Transmitter is inactivated or cleared from the synaptic cleft.



Integration

Many different 

axons synapse with 
the cell body of 

the post -synaptic 

neuron. The 

summed influence 
of their input 

determines 

whether or not an 

action potential 

will be sent down 

the axon 

extending below.

Excitatory 

neuron

Inhibitory 

neuron

Postsynaptic 

neuron



Convergence, Integration & Divergence

A single neuron receives thousands of inputs 

from other neurons = CONVERGENCE

A single neuron synapses with thousands 

of other neurons = DIVERGENCE

A single neuron óIntegratesô all these inputs



IPSP "shunt" 
- IPSPs closer to the 

trigger zone can "shunt" 

EPSPs 

- Effectiveness therefore 

depends on synapse 

location

Spatial and Temporal Summation of PSPs

Spatial Summation Occurs when synaptic potentials arising from different synapses spread through the dendritic 
tree, to produce a new effect on the cell that is different than either would produce alone.

Temporal Summation Occurs when postsynaptic potentials arise at the same synapse in such rapid 

succession that the effects become additive.  



Types of Synaptic Contacts



In vitro Microelectrode Arrays

Data Acquisition System
Amplifier Software

http://www.multichannelsystems.com/products-mea/microelectrode-arrays.html


Recording of field potentials in an acute hippocampal slice. A slice was placed onto the electrodes (no nylon mesh was 

necessary to hold the slice in place) and current pulses were applied through one MEA electrode to locally stimulate the slice. 

The other electrodes were used for extracellular recording of electrical activity in the slice. (a) Picture of a hippocampal slice on 

a 3D MEA. The stimulation electrode is shown in white. (b) Responses evoked in the shown hippocampal slice by ī/+ 360 ɛA, 

120 ɛs lasting stimulation pulse on Schaffer collateral fibers in the CA1 region (black dot). In each case, the signal collected at 

the corresponding electrode is represented. (c) Evoked responses obtained at the electrode above the stimulation electrode 

(case no. 27) located in CA1 region, 200 ɛm away stimulation electrode, when applying ī/+ current pulses having amplitudes of

90, 180 and 360 ɛA, respectively, and lasting 120 ɛs. Note that the evoked population spike was multiple.

SEM picture of 3D MEA recording area. It 

is composed of 60 tip-shaped protruding 

platinum electrodes. The height of the 

glass tips is about 60 ɛm, however, only 

40 ɛm at the top of the tips form the 

effective recording electrodes. A thin 

epoxy layer insulates the electrode leads.

A three-dimensional multi-electrode 

array for multi-site stimulation and 

recording in acute brain slices 

(Heuschkel et al. 2002)



ME-System Adapters

Data Acquisition and Recording

Miniature Preamplifiers

NeuroExplorer Software: This analysis software 

package is for statistical analysis of spike trains and 

other event data. It features standard histogram, raster, 

and correlational analyses for both point events (e.g. 

spikes, behavioral events) and continuous variables 

(e.g. field potentials), joint PSTH, burst analysis and 

many more.

Microelectrode array

In vivo Microelectrode Array Systems



Silicon Microelectrode array



Spike Sorting



Simultaneous Recordings of Multiple Cerebellar Purkinje Cells with Tetrodes

de Solages et al. 2008

http://millerlab.ucsf.edu/tetrode/tetrode_instructions.htm


The local field potential is believed to 

represent the synchronized input 

into the observed area, as opposed 

to the spike data, which represents 

the output from the area. In the LFP, 

quick fluctuations in the potential 

difference are filtered out, leaving 

only the slower fluctuations. The 

quick fluctuations are caused by the 

short inward and outward currents of 

the action potential. Therefore the 

action potential plays no part in the 

LFP. The LFP is thus composed of 

the more sustained currents in the 

tissue, typical of the somato-

dendritic currents. The major slow 

current is the postsynaptic potential 

(PSP). It was thought until recently 

that EPSPs and IPSPs were the 

exclusive constituents of LFPs.

Spontaneous Local Field Potential (LFP)



Figure1. High-Frequency Oscillations Are Induced by Nicotinic Receptor 
Activation and Do Not Require Ionotropic Glutamate Receptors

(A) Enhanced levels of 
endogenous acetylcholine 
with physostigmine (10 ˃M) 
generate concurrent gamma 
and VFO rhythms. Example 
traces show data from a field 
electrode in the Purkinje cell 
layer. The spectrum of 
frequencies generated by 
physostigmine (black line) was 
reproduced by nicotine (10 
M˃) alone (red line). Scale 

bars: 0.1 mV, 100 ms.

(B) Concentration response for 
nicotine on gamma rhythms 
(left) and VFO (right). Note 
that maximal power in either 
band was obtained with 10 
M˃ nicotine.



Neuronal activity is synchronized with cerebral blood flow (CBF) under 

isoflurane anesthesia in a freely breathing rat.

Cerebral blood flow

Intracellular neocortical

recording (mV)

EEG, mV

Breath pulses



Parts Description

1. Bubble Trap

2. Heat Exchanger for Perfusion Fluid Submerged/Interface

3. Heat Exchanger for Perfusion Fluid to Sloped Insert

4. Control Temperature Sensor

5. Heating Element

6. Oxygen/Carbon Dioxide Gas Bubbler

7. Exit for Perfusion Fluid via Suction Line

Brain Slice Interface Chamber



The MS3 stage chamber allows interface methods of slice 

maintenance at room temperature on a compound microscope 

stage. Constructed from clear acrylic, it can be mounted in close 

proximity to the microscope condenser optics for optimal 

visualization. Slices rest in a flat channel with a 20mm central 

coverslip base. Fluid flows in a diamond-shaped channel above 

the slice with high oxygen tension above.



The Main Olfactory System

olfactory epithelium
main olfactory bulb

The sense of smell is mediated through the stimulation of olfactory receptors 

neurons (ORNs) by volatile chemicals. ORNs are contained in a neuroepithelium 

located at the top of the nasal cavity. Afferent information from these receptors is 

carried to the olfactory bulbs by the olfactory nerve, the first cranial nerve.

-Reproduction/maternal functions

-Recognition of predators and prey, food selection



from Mori et al., 1999

Projections from olfactory receptor neurons to the bulb

~1,000 olfactory receptor genes, ~1,000-2,000 glomeruli 

~10,000 olfactory receptor neurons express the same receptor

Olfactory receptor neurons of the same type targets one or few, 

topographically-fixed glomeruli on each side of the main olfactory bulb



Ý Olfactory bulb slices (400 µm thick) 

were cut from young rats (21- 30 days).

Ý Single and paired whole-cell current and 

voltage clamp recordings were made at 

30ÁC; drugs applied by perfusion.

Ý Recorded neurons filled with Lucifer 

Yellow and biocytin and their 

morphology was reconstructed.

Ý Olfactory nerve (ON) electrical 

stimulation.

Method

s



Each glomerulus is 

innervated by:

10,000 olfactory axons,

1000 juxtaglomerular 

cells 

50 tufted cells,

25 mitral cells,

Thus, juxtaglomerular 

cells outnumber 

mitral/tufted cells by 20-

40x

The Olfactory Bulb Network



ET ET

ET

MC

TC

ET cells may represent the rhythm generator of the glomerular circuit

PG

SA

ON: Olfactory nerve axons

ET: External Tufted

SA: Short Axon

PG: Periglomerular

TC: Tufted Cell

MC: Mitral Cell

Bursts of spikes

Bursts of EPSPs

Long-lasting depolarizations

ON



Dual multi unit ïsingle unit 

recordings indicate that JG 

neurons are entrained to a ~5 

Hz theta rhythm generated by 

rhythmically bursting ET cells  





Burst synchrony may be due to synchronous EPSCs



ET-2
ET-3

ET-1

ET cells communicate via synaptic and gap 

junction currents



ET cells provide monosynaptic excitatory input to PG/SA cells: Evoked 

bursts



Direct synaptic coupling between an ET cell and a PG cell



Event Detection

http://www.synaptosoft.com/MiniAnalysis/


Mitral & ET cell firings are correlated with the bursts of EPSCs in PG/SA cells



Spontaneous activity among ET-PG/SA cells of the same glomerulus is synchronous



ET-PG/SA pairs: synchrony of bursts of spikes and bursts of EPSCs



ET-PG/SA pairs: synchrony of bursts of spikes and bursts of EPSCs



Our results prove for the first time that PCs are synchronized by a common inhibitory input originating from an 

unidentified cell type

The source of inhibition could be basket cells 

because presynaptic axonal recording with a patch 

pipette containing a fluorescent dye has revealed 

that one basket cell can form at least 4 pericellular 

baskets and pinceau structures around adjacent PCs 

(Southan et al. 2000). 

20 µm


