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Multi-Functional Circuits: Circuit Modulation 
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• Establishing a connectome is necessary but not 
sufficient for understanding neural circuit 
operation.
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Impact of the Same Input on Different Circuit 
States in the Crab Stomatogastric Ganglion
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(Nusbaum et al, 2017 Nat Rev Neurosci)
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Crab (Cancer borealis) Stomatogastric Ganglion
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(Saideman et al, J Neurosci 2007)
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(Rodriguez et al, J Neurosci 2013)
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Hypothesis: Different Circuit States Respond 
Differently to an Unchanging Input 

Extrinsic
Input

Same
Pattern

Circuit 
Neural

Circuit 
Neural

Circuit 
Neural

Input A
Modulatory

Input B
Modulatory

A
Pattern

B
Pattern



Impact of the Same Input on 
Different Circuit States

Same

Pattern

MCN1

CabPK

Circuit 

Gastric
Mill

Circuit 

Gastric
Mill

Gastric Mill

Circuit 

Gastric
Mill

CCAP



Saline MCN1 Stim. (10Hz)

LG -50 mV
10 mV

(MCN1: Kirby and Nusbaum, 2007 J Neurophysiol)

PRO RET

A Slower MCN1-GMR With CCAP



(MCN1: Kirby and Nusbaum, 2007 J Neurophysiol)

Saline MCN1 Stim. (10Hz)

LG -50 mV
10 mV

CCAP (10-6M)

10 s

LG

PRO RET

A Slower MCN1-GMR With CCAP



(MCN1: Kirby and Nusbaum, 2007 J Neurophysiol)

Saline MCN1 Stim. (10Hz)

LG -50 mV
10 mV

PRO RET

CCAP (10-6M) MCN1 Stim. (10Hz) + CCAP (10-6M)

10 s
-50 mV

LG
10 mVPRO RET

PRO RET

A Slower MCN1-GMR With CCAP



(CabPK: Powell, Marder & Nusbaum, In Prep.)
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(CabPK: Powell, Marder & Nusbaum, In Prep.)
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5HT Prolongs Retraction During Both GMRs

(Powell, Marder, Nusbaum, In Prep.)
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• Different circuit states can generate the same 
neural activity pattern.
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• An extrinsic input can have divergent (CCAP) or 
convergent (GPR) action on different circuit 
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• Establishing a connectome is necessary but not 
sufficient for understanding neural circuit 
operation.
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(White and Nusbaum, 2011 J Neurosci)
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