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OVERVIEW

Why do we need single-cell recordings? Pros and Cons of 
the approach 
Using single-cell recordings to study memory and cognition 

Basic approach (rodents, monkeys and humans) 
Rodents (majority of literature) 

Humans (few studies) 

Using single-cell recordings to understand other brain 
systems and functions.  
Potential for medical breakthroughs



Pros 
Direct measure of neural activity (e.g., spiking activity of 
individual neurons) 
High temporal resolution (ms level) 
Provides information about how a structure can support 
a specific type of memory

WHY DO WE NEED SINGLE CELL RECORDING TECHNIQUES? 
PROS AND CONS OF ELECTROPHYSIOLOGICAL METHODS

Cons 
Poor “coverage” from each electrode 

Though large arrays of electrodes are now being used 

Intrusive 
Very challenging, time-consuming

*** No one method is ideal ***



Huettel, Song, & McCarthy (2004)

WHY DO WE NEED SINGLE CELL RECORDING TECHNIQUES? 
REVIEW: SPATIAL AND TEMPORAL TRADE-OFFS
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USING SINGLE CELL REC’S TO STUDY MEMORY & COGNITION 
BASIC APPROACH (IN RATS, BUT SIMILAR IN PRIMATES)

from Muller, Kubie and Ranck (1987)

1939 Muller et al. * Place Cell Firing in a Fixed Environment 
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Figure Block diagram of the data- 
acquisition system. The box marked 
Detect end offrame derives 60 Hz tim- 
ing pulses from the video signal. The 
pulse is used to trigger (interrupt) the 
computer to read the data from the last 
video scan. After a delay, the same pulse 
is used to reset the spike and position 
registers, so that thev are available to 
hold information frdm the upcoming 
scan. The X and Y headlight coordi- 
nates are obtained by converting the 
time of headlight detection during the 
TV field to 6-bit numbers. This infor- 
mation, along with a count of the num- 
ber of spikes (4 bits) fired during the 
TV field make up a single sample. Sam- 
ples are stored in the computer as a time 
series, and put onto a disk at the end 
of the session for data analysis. Addi- 
tional description in text. 
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not interlace. The X jitter occurs because the 5 MHz clock is not syn- 
chronized to the start of each line. As a result, the apparent time of 
headlight detection can vary by % clock cycle. Since the 2 least significant 
bits of the b-bit X counter are ignored, this error is also ‘14 pixel. 

Running a recording session. Before each session, a new piece of paper 
is put on the laboratory floor to eliminate constant cues from the floor. 
The selected apparatus is put on the paper and positioned according to 
the coordinates of a test light set on a known spot of the apparatus. 
Next, the animal is brought inside the curtains and the recording/power 
cable is attached to the selected electrode. The unit’s waveform is checked 
against established discriminator settings. The headlights are turned on, 
the threshold of the headlight detector is adjusted, and the session is 
started. During the session, one of us watches the rat on a TV monitor, 
listens to the unit activity, and throws about 3 food pellets per minute 
over the curtains. If  too much electrical noise is seen or if the cable 
comes loose, the session is terminated and the data discarded. 

Analysis and presentation of data 
Unpacking of serial samples. The first step in analysis is to transform 
serial samples into spikes-in-location and time-in-location distribu- 
tions. The first byte of each sample contains the 2 most significant spike 
count bits and the 6 bits of Y position data. The second byte contains 
the 2 least significant spike count bits and the 6 bits of X position data. 
The X and Y positions are used as indices into a 64 x 64 time-in- 
location array and a 64 x 64 spikes-in-location array. The indexed 
element in the time array is incremented by 1; the same element in the 
spike array is incremented by the number of spikes fired during the I/&h 
set sample interval. This sequence is repeated for all the samples in the 
time series. A 64 x 64 rate array is then filled by dividing the time 
array into the spike array on an element-by-element basis. Unvisited 
pixels are marked by setting the appropriate elements of the rate array 
to -1. 

Recognizable errors in the data are found and eliminated before the 
firing rate array is constructed. A zero Y coordinate means that the 
headlights were not detected during the sample. With no detection, the 
animal’s position is indeterminate, and spikes fired during the sample 
are ignored. Nondetects usually make up a few (< 5) percent of the total 
sample and are generally due to occlusion of the headlights by the 
recording cable, although unusual postures on the part of the animal 
can also produce them. 

The second class of recognizable errors involves samples for which 
the rat was apparently outside of the apparatus. Samples outside the 
apparatus are found by comparing each sample to a template of the 
apparatus. The number of “displacement” errors is the difference be- 
tween the total number of samples and the sum of the “good” and 
nondetect samples. Most displacement errors are caused by setting the 
threshold of the headlight detector too close to background light levels; 
if a relatively bright region is found by the threshold device before the 
headlights are detected, an “impossible” position can be registered. This 
sort of error implies there may be samples inside the apparatus that are 
displaced from their proper location. With experience, we have reduced 
the occurrence of displacement errors to near zero. 

Presentation of data. Most of the figures in this paper are color-coded 
maps that summarize a time, a spike, or a rate array from a single 
experimental session. For each map type, increasing values of the rel- 
evant variable are coded in the following order: yellow, orange, red, 
green, blue, and purple. We use this split spectrum because it produces 
spike and rate maps in which firing fields show up as dark areas on a 
yellow background. The correspondence between the numerical value 
of an array element and the color of the displayed pixel is established 
on a relative rather than absolute basis. The method calculates a target 
number of pixels to be printed in each color, and then finds the appro- 
priate breakpoints between color categories. 

The time-in-location array is transformed into a map in which the 
number of pixels printed in each of the 6 colors is as close to the same 
as possible. Regions of space that were never visited are left white. Since 
the rats enter almost every accessible pixel during a session, the area of 
the apparatus appears as a colored region. 

The methods for producing spike and rate maps are much the same, 
except that yellow is used for visited pixels in which no action potentials 
were fired, so that finite spike counts or firing rates are coded with 5 
instead of 6 colors. Using yellow to code “zero” pixels is valuable 
because the frequent occurrence of such pixels makes firing fields stand 
out clearly; for instance, in the firing rate map of Figure 2C, the field 
is at 7 o’clock. For spike and rate maps, the numbers of pixels coded 
as other than yellow are made unequal; the number of pixels of a given 
color is set to 0.8 times the number of pixels in the next lower color. 
This means (with 5 colors) that the number of orange (lowest spike 
count or rate) pixels is about twice that of purple (highest spike count 
or rate) pixels. This enhances the contrast of the most intense part of a 
firing field against the rest of the field. 

Animal’s position

Spikes (amplified at least 10,000X)

Basic setup Modern setup (i.e., my lab)

Modern high-density 
recording headstage

Control >24 tetrodes 
(groups of 4 wires) 
independently 
Ultra-compact, ultra-light 
Stable for months

Connector and 
pre-amplifier

Data collection hardware
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Buzsaki, 2004

USING SINGLE CELL REC’S TO STUDY MEMORY & COGNITION 
BASIC APPROACH (IN RATS, BUT SIMILAR IN PRIMATES)

Bundles of electrodes help discriminate different cells

Pic	of	tetrode	+p

e.g., a tetrode is a bundle of 4 electrodes (recording wires)

Technique developed by Dr. 
Bruce McNaughton, now at UCI!



USING SINGLE CELL REC’S TO STUDY MEMORY & COGNITION IN RATS 
HIPPOCAMPAL NEURONS ENCODE SPECIFIC LOCATIONS IN THE ENVIRONMENT

Original report: O’Keefe and Dostrovsky, 1971

Cells showing place-specific activity are called “place cells”   

(since O’Keefe, 1976)



A little more precise:  Muller, Kubie and Ranck, 1987

Firing rate map

Spikes per pixel

Time spent in each pixel

Top view of circular environment

USING SINGLE CELL REC’S TO STUDY MEMORY & COGNITION IN RATS 
HIPPOCAMPAL NEURONS ENCODE SPECIFIC LOCATIONS IN THE ENVIRONMENT



More current:   O’Keefe and Burgess, 1996

Top view of square environment

Firing&rate:&
Red&>&yellow&>&green&>&blue&

USING SINGLE CELL REC’S TO STUDY MEMORY & COGNITION IN RATS 
HIPPOCAMPAL NEURONS ENCODE SPECIFIC LOCATIONS IN THE ENVIRONMENT



Latest technology 
~ 24-32 tetrodes in the hippocampus 
Recording from > 40 cells at once

USING SINGLE CELL REC’S TO STUDY MEMORY & COGNITION IN RATS 
HIPPOCAMPAL NEURONS ENCODE SPECIFIC LOCATIONS IN THE ENVIRONMENT



These findings provide support for the “Cognitive Map theory” 
The idea that the hippocampus builds a faithful map of the environment

We’ll see later that this is not the full story

USING SINGLE CELL REC’S TO STUDY MEMORY & COGNITION IN RATS 
HIPPOCAMPAL NEURONS ENCODE SPECIFIC LOCATIONS IN THE ENVIRONMENT



USING SINGLE CELL REC’S TO STUDY MEMORY & COGNITION IN RATS 
RECORDING FROM OTHER AREAS

What does this cell do?



USING SINGLE CELL REC’S TO STUDY MEMORY & COGNITION IN HUMANS 
INDIVIDUAL NEURONS ENCODE SPECIFIC EXPERIENCES
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e.g., what do neurons in the visual system do? 
“ON” cell in LGN (e.g., Hubel and Wiesel, 1959, 1962)

SINGLE CELL REC’S HELP US UNDERSTAND MANY BRAIN 
SYSTEMS AND FUNCTIONS

Most of their work was in cats, and monkeys in later years
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SINGLE CELL REC’S MAY LEAD TO MEDICAL BREAKTHROUGHS 
E.G. NEURAL PROSTHETICS
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Nicolelis lab, Duke University

http://www.theguardian.com/science/video/2014/apr/01/robotic-exoskeleton-world-cup-debut-video

Controlling an exoskeleton with your brain



SINGLE CELL REC’S MAY LEAD TO MEDICAL BREAKTHROUGHS 
E.G. NEURAL PROSTHETICS

For more details, check out Dr. Nicolelis’ TED talk

https://www.ted.com/talks/
miguel_nicolelis_brain_to_brain_communication_has_arrived_how_we_did_it#t-923952

https://www.ted.com/talks/miguel_nicolelis_brain_to_brain_communication_has_arrived_how_we_did_it#t-923952
https://www.ted.com/talks/miguel_nicolelis_brain_to_brain_communication_has_arrived_how_we_did_it#t-923952


SINGLE CELL REC’S MAY LEAD TO MEDICAL BREAKTHROUGHS 
E.G. “RESET” OF ABNORMAL BRAIN ACTIVITY PATTERNS


