
YouSheng Shu Andrea Hasenstaub Alvaro Duque Bilal Haider 

Carlos Mauriera 

McCormick Lab 

Yuguo Yu Robert Sachdev Carolina Oliva 

David McCormick, Yale Medical School                         KITP, Oct 13, 2010 





Circle 7” 
Diameter 

Circle about 
16” Diameter 





Cortical Networks Are Widely 
Interconnected and Complex. 

This Highly Interconnected Nature is 
Designed to Allow Flexible Behavior.  

Flexible Behavior is Possible Because 
Functional Connections are Highly 
Dynamic on a Rapid (10’s msec) Time 
Scale. 

This Flexible Behavior of the Cortex Allows 
Activity to Flow According to Context and 
Behavioral Demands.  From Felleman and Van 

Essen  Cerebral Cortex 
(1991) 1: 1-47 











What is the synaptic 
Basis of Ongoing 
Activity? 

How Does this 
Influence Neuronal 
Responsiveness? 

What are the 
Functional 
Consequences? 





Goldman-Rakic 

Working Memory is 
Associated with 
Persistent Activity in 
Cortical Neurons 











The Slow Oscillation in Ferret Prefrontal Cortex In Vivo (Anesthetized)  



The Cortical Slow Oscillation is Generated Through Recurrent 
Excitation Controlled by Local Inhibition 











Spatial Attention – Different Ways to Modulate Input-Output 
Functions of Visual Cortical Neurons 



Attention Modulates Input-Output Function of V4 Neurons 

Reynolds, Pasternak, Desimone Neuron 26: 703. 

Monkeys Trained  to Attend to RF or to Opposite Field 



Some of the effects of spatial attention can be explained by a simple 
rapid change in membrane potential 

Effect of attention on contrast response function curve in monkey V4    Maunsell et al. 





Synaptic Activity has 3 Main Effects: 

Change in Membrane Potential, Conductance and Variance 

How do These Changes Affect the Input-Output Relation of Single Neurons? 



Inject 

Record 

Cycle of Record, Calculate, Inject 
(10,000 Hz Bridge; 3,000 Hz DCC) 

Use Dynamic Clamp to Examine the Effect of Synaptic Activity on Input-Output 
Relations 

“Noise” 
PSPs 

John White and Alan Dorval Ann. Biomed. Eng. 29: 
897 
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Chance, Abbott, Reyes Neuron, 35:773. 



Ferster et al 



Murphy and Miller, J. Neurosci. 23: 10040 (2003) 



Cat Experiments 



Some of the effects of spatial attention can be explained by a simple 
rapid change in membrane potential 

Effect of attention on contrast response function curve in monkey V4    Maunsell et al. 



Depolarization of Membrane Potential 
Replicates Attention 



Examining visual responses during 
spontaneous changes in Vm in Cat V1 

Effect of spontaneous changes in Vm on contrast response 
function in Cat V1 

Some of the effects of spatial attention can be explained by a simple 
rapid change in membrane potential 






