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Building Blocks of Life

Proteins, one of the main biological 
molecules, are giant molecules that 
may contain electrical charges and may 
rearrange their structure. Voltage-gated 
ion channels are proteins with pores that 
open and close with a gate in response to 
changes in the voltage in a cell membrane, 
allowing the passage of certain charged 
atoms or ions. 

Ion channels are present in the entire 
range of known lifeforms and perform 
the key function of moving ions across a 
cell membrane. The membrane separates 
the water-like inside and outside of the 
cell with an oil-like barrier through which 
ions cannot pass, meaning that a channel 
is needed to provide a tightly controlled 
path for the ions. Voltage-gated potassium 
channels allow the rapid and selective 
flow of potassium ions through cell 
membranes, and are vital to cell growth 
and differentiation, hormone release, 
maintaining cardiac activity, and the 
electrical signalling of brain and nervous-
system cells such as neurons. 

A great deal is already known about these 
channels: they are made up of four voltage-
sensing domains, each with four segments 
that span the membrane, and these have 
electrical charges. Two segments from each 
of these voltage-sensing domains form a 
joint central conduction pore through which 
ions can travel. The voltage sensors rearrange 
with changing membrane voltage, altering 
the conduction channel either structure or 

charge distribution, and leading to either 
opening or closing of the ion conduction 
pathway gate. When the membrane is 
polarised, with positive charges on one 
side and negative charges on the other, the 
gate remains closed, and as ions cannot 
otherwise pass through membranes, this 
gating mechanism stops ion traffic. 

Figure 1: A, B: Two views of the channel protein: A: looking sideways, inside the cell at the 
bottom, the potassium path upward from there to the outside. The gate is at the bottom of the 
membrane section, just above the level labeled T1. B: View from outside the cell, with the central 
pore being the potassium path, and the colored sections at the outside the voltage sensing 
domains. C: The linker connecting the voltage sensing domain and the gate, expanded view. 
The voltage-gated potassium channel. Reproduced with permission of Michael Green from  
https://doi.org/10.3390/membranes12070718 under a Creative Commons Attribution license. 
Credit: Michael Green.

UNDERSTANDING HOW 
CHARGED PARTICLES 
CROSS LIVING CELL 
MEMBRANES
Living organisms function through a complex interplay of cellular 
mechanisms. The movement of charged atoms across cell membranes 
is key to diverse processes like cell growth and electrical signalling in 
the brain, and channels in these membranes open and close to allow 
charged atoms to pass through. Dr Michael Green and Alisher M. Kariev 
at the City College of the City University of New York challenge current 
models of channel opening and closing to provide a more complete 
understanding of this crucial and widespread biochemical process.
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Challenging Conventional Models

Gates in the channels inside the cell membranes open and close 
to let ions pass – but how and why? Although charges clearly 
move when a channel opens, researchers are unsure of the exact 
mechanism involved.

As voltage gating in ion channels is such a key process in living 
systems, various models have been proposed to explain it. The 
accepted conventional model describes particular membrane 
segments that move to open the channel because of a change in 
the distribution of electrical charge. According to this idea, these 
same segments then move in the opposite direction when the 
membrane returns to its initial charge distribution. 

Dr Michael Green and Alisher Kariev at the City College of the 
City University of New York suggest that caution may be required 
when interpreting evidence that has been taken to support 
the conventional approach, which attributes the movement of 
charges occurring when gates open to extensive rearrangements of 
membrane sections. ‘No complete model of such a rearrangement 
has been found, and no conclusive experiment exists,’ says Dr Green.

From Structural Shifts to Moving Charges

The researchers developed an alternative model to explain ion 
channel gating, in which mobile charges within the membrane are 
explained in terms of the transfer of protons – stable subatomic 
particles with a positive electrical charge.
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They focused their investigations on the path taken by protons, 
making the assumption that these are the moving charges in the 
channel. ‘This is the controversy – most people believe the charges 
are not protons,’ adds Dr Green. ‘But the standard model has never 
been completed, with no version being consistent with all the data.’

The researchers aimed to provide a clear and robust description 
of this key phenomenon, describing new proton paths in voltage-
gated potassium channels. ‘It is part of a model of ion channel 
gating that is interesting in that it differs from the most common 
models,’ adds Dr Green. ‘This is part of a project intended to 
determine whether protons could be the source of the gating 
current in ion channels.’

Atomic-level calculations

The need to shed light on the underlying processes involved in 
channel gating prompted the team to use detailed computational 
techniques to calculate the properties of an ion channel. They used 
high-precision atomic-level computer modelling tools to obtain 
the structure, charge, and energy of a simulated channel system.

Dr Green and Alisher Kariev’s hunt for the optimal properties of 
their model channel began with a computer model of an open-
gated channel made of over 1,300 atoms, including several water 
molecules, which was built according to a structure that had been 
experimentally determined using X-rays.

The researchers added two protons to the model using a technique 
that describes the different flexible states that are accessible to 
proteins that are in an equilibrium state. 

The rapid movement of hydrogen ions along a chain of hydrogen-
bonded water molecules – known as a proton wire – is, in the 
Green-Kariev model, an important mechanism in channels, and 
the team found this effect in the portion of the channel running 
between the voltage sensor and gate.

Discovering New Proton Paths

Their precise atomic-level calculations provided the researchers 
with a set of optimised atomic structures for a voltage-gated 
potassium channel, complete with details on energy and electronic 
charges. By observing the right kind of proton-transmitting residues 
at each end of the computed path, the team was able to show that 
the channel gate, which opened and closed to let ions pass, was 
connected to voltage sensors by proton paths. They uncovered two 
clearly defined proton paths between the voltage sensors and gate, 
and discovered that a crossover path between these also existed.

The gating concept proposed by Dr Green and Alisher Kariev opens 
up the potential to develop more detailed models to describe ion 
channels. While the researchers state that further calculations are 
needed to completely understand gating mechanisms, they have 
successfully shown that protons can traverse a key section of a 
voltage-gated potassium channel, shedding light on a process 
occurring in almost every living organism on the planet.

A schematic diagram of an ion channel that responds to voltage by 
opening to transmit potassium ions (K) from the inside to the outside  
of the cell.  
Credit: Michael Green.
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