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Introduction: We report on our computer simula-
tions of ion transport across model prebiotic peptide 
channels composed of antiamoebin (AAM) and tricho-
toxin (TTX). Ion channels are seemingly necessary 
components of protocells, as they allow for efficient 
transport of ions across the protocellular membrane 
[1]. The effects of channel size and composition on the 
transport efficiency and ion selectivity is discussed. In 
the absence of specific ion-peptide interactions, the the 
transport depends on the size of the free energy barrier 
as it crosses the channel. This barrier is largely deter-
mined by the size of the water-filled pore. The selec-
tivity of these channels for cations over anions is also 
largely determined by the size of the pore, as the ca-
tions can transit the pore with their solvation shells 
intact while the anions are transported with loss of a 
water molecule from the solvation shell.  

The uptake of nutrients by protocells was a major 
constraint on protocellular evolution. For this reason, 
understanding transport across walls of protocells is an 
important goal in studies of the origins of life. The 
emergence of transport mechanisms facilitated by 
membrane proteins was a step that, most likely, greatly 
increased the rates and capabilities of protocellular 
evolution. In spite of their simple structure, protobio-
logical protein channels could have possessed func-
tional properties that, at the first sight, appear to re-
quire much greater complexity. In particular, the effi-
ciency and selectivity towards ionic charge of simple 
ion channels could have been comparable to that of 
their complex, contemporary counterparts. This sug-
gests that the primary evolutionary driving force to-
wards the complexity of ion channels was the need to 
achieve precise regulation rather than to improve effi-
ciency. 

Background: Membranes create particularly high 
barriers to unassisted ion transport. In the aqueous 
environment, small ions strongly polarize the sur-
rounding medium so that dipoles of water molecules 
tend to align themselves with the electric field created 
by the ion. As the ion moves into the membrane, 
strong, favorable water-ion interactions are substituted, 
at a considerable free energy expense, by weak inte-
ractions between ions and oily groups inside the bilay-
er. In the language of classical, continuum electrostat-
ics, this process can be considered as the transfer of 
charge from a high to a low dielectric medium. How-
ever, the structure of a bilayer being crossed by an ion 
should not be considered as rigid. Instead, ions induce 

local, transient thinning defects in the membrane, whe-
reby water and polar head groups of lipids penetrate 
the nonpolar membrane interior. This allows the ion to 
remain partially solvated by polar groups throughout 
the transfer across the bilayer, which substantially 
lowers the Born barrier and increases the permeability 
of the membrane. Even in the presence of thinning 
defects, this barrier remains quite high[1]. 

The inherent limitations of unassisted ion transport 
in supporting cellular functions lead to the conclusion 
that the emergence of molecular structures capable of 
mediating the transfer of ions across membranes must 
have been a relatively early event in protocellular evo-
lution. In their absence delivery of material would be-
come a limiting step in the development of protocells. 
Ion channels and other membrane proteins mediate a 
variety of functions that are essential to all cells. They 
include not only transport of ions, nutrients and waste 
products across cell walls, but also capture of energy 
and its transduction into a form usable in chemical 
reactions, transmission of environmental signals to the 
interior of the cell, cellular growth and regulation of 
osmotic pressure. Their universal presence across all 
domains of life and the ubiquity of their functions sup-
port the notion that they were essential for protocellu-
lar evolution. 

It appears that the formation of α-helical channels 
under primordial conditions was quite feasible [3]. 
Peptides with the amino acid sequence capable of 
forming α-helices, in which hydrophobic and hydro-
philic residues are located at opposite faces readily 
fold at water-membrane interface. The match between 
the polarities of the peptide and its environment rend-
ers these amphiphatic helices particularly stable. The 
specific identity of amino acids appears to be less im-
portant. This is a desirable protobiological property 
because neither a precise protein synthesis mechanism 
nor the full suite of amino acids was required for the 
formation of amphiphatic helices. Considering that 
these helices had to fulfill only very modest sequence 
constraints, their presence in the protocellular envi-
ronment should not have been rare. The peptides 
folded at the interface could have become inserted into 
the membrane such that they spanned the lipid bilayer. 
While the insertion of an α -helix into a membrane is 
unfavorable, stability can be regained by specific rec-
ognition and association of peptides into larger assem-
blies. In contrast to folding and insertion, this process 
is strongly sequence-dependent. In fact, the ability to 

5575.pdfAstrobiology Science Conference 2010 (2010)

mailto:Michael.A.Wilson@nasa.gov
mailto:Chenyi.Wei@nassa.gov
mailto:milan.mijajlovic@nasa.gov
mailto:Andrew.Pohorille@nasa.gov


associate was probably one of the selection mechan-
isms operating on protocellular transmebrane peptides. 

Discussion: We have investigated the structure and 
stability of transmembrane channels formed from oc-
tameric and hexameric channels of AAM and hepta-
meric channels of TTX. In the presence of an applied 
electric field, the conductance of the channel to K+ 
and Cl- ions is computed. The observed conductances 
are compared with experimental results to validate the 
models. These conductances are also compared with 
traditional, diffusive (Nernst-Planck) models of trans-
port. 

 
 

 
 
Figure 1. top (left) and side (right) view of a hydrated 
K+ ion (purple) trichotoxin ion channel (brown helic-
es) with the glutamine residues shown as sticks. The 
waters hydrating (red and white shpheres) the ion are 
also shown. 
 

In addition to direct transport calculations, we have 
calculated the underlying free energy surface for ion 
transport across the channel as well as the diffusion 
coefficients of the ions in channel region. Both the free 
energy surface and diffusion coefficients are necessary 
inputs for using diffusion models of transport. The 
selectivity of the channel for K+ over Cl- is largely 
determined by the free energy barriers encounted by 
the individual ions as they cross the channel. The larg-
er free energy barrier encountered by the anions is due 
to losing water from the solvation shell as they cross 
the channel. 
 
 

 
 
Figure 2. Free energy profiles for transporting K+ and 
Cl- across the AAM channel. The larger free energy 
barrier for Cl- is due to loss of a water molecule from 
its salvation shell in the center of the channel. 
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