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Pacemaker Channels Regulate  
the Brain’s Local Field Potential

RISHIKESH N ARAYAN AN Associate Professor
Molecular Biophysics Unit

Action potentials, or spikes, are specific, transient changes in the electrical potential of the membrane of a 
neuron, and play a crucial role in communication among neurons. However, these are not the only electrical 
signals generated in the brain. Researchers have long known about another class of electrical signals called 
the local field potential (LFP), which refers to the slowly-varying component of the extracellular potential 
in a particular brain region. Although traditional dogma describes LFPs as a composite signal that reflects 
inputs impinging on neurons in that brain region, the precise origins of LFPs and how they are regulated are 
yet to be fully understood. 

A recent study by Manisha Sinha and Rishikesh Narayanan furthers our understanding of LFPs by showing 
that these electrical signals are not mere reflections of neuronal inputs, but are critically regulated by 
“subthreshold ion channels” that are present in neuronal dendrites.* Ion channels are pores in the neuronal 
membrane that regulate the flow of ions between the exterior and interior of neurons, thus mediating the 
generation of neuronal spikes. “Our study uncovers a distinct role for neuronal pacemaker channels formally 
referred to as the hyperpolarization-activated cyclic nucleotide-gated (HCN) channels, in regulating LFPs,” 
says Narayanan. HCN channels allow positively charged ions to enter neurons and, uniquely, are “open” at 
voltages below the threshold for action potentials. 
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A recent study by Manisha Sinha and Rishikesh Narayanan furthers our 
understanding of LFPs by showing that these electrical signals are not mere 
reflections of neuronal inputs, but are critically regulated by “subthreshold ion 
channels” that are present in neuronal dendrites

“To understand how these subthreshold-activated channels modulate the LFP, we constructed thousands 
of realistic model neurons, stimulated them with low-frequency inputs and measured the LFP,” explains 
Narayanan. His team found that introducing HCN channels in the model neurons resulted in a phase-lead 
in the LFP. The phase of the spikes, on the other hand, lagged when HCN channels were present, relative to 
the spike signal recorded without those channels. Along with alteration of the phase properties of spikes and 
LFP, the activity of HCN channels also increased the coherence between the phases of the two types 
of signals.

*Manisha Sinha and Rishikesh Narayanan. 2015. HCN channels enhance spike phase coherence and regulate the phase of spikes and 
lfps in the theta-frequency range. Proceedings of the National Academy of Sciences (USA). 112(17): E2207-E2216.
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Beating HIV  at its Own Game

NAREN DRA DIXIT Associate Professor
Department of Chemical Engineering

Though the symptoms of Acquired Immuno Deficiency Syndrome (AIDS) can be controlled with a cocktail 
of anti-retroviral drugs, the disease, caused by the Human Immunodeficiency Virus, or HIV, does not have a 
permanent cure as yet. The reason researchers have not been successful in this endeavour is because of the 
high rate at which the virus mutates, causing it to overcome the selection pressures imposed by drugs and 
potential vaccines.

From the virus’s point of view, however, there is a flipside to having very high mutation rates. If it increases 
beyond a tipping point, called error threshold, then it leads to low fitness in the virus, making it an ineffective 
pathogen.

Narendra Dixit and his team have been studying the process of infection caused by HIV and its evolution 
using stochastic simulation models. These models allow them to closely track the fitness levels of the genet-
ically diverse populations within a host and the factors that contribute to it. A recent study by Dixit and his 
student, Vipul Gupta, has demonstrated that if the mutation rate of HIV is increased over six times its natural 
mutation rate then the virus can be rendered inactive against its host.*
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