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Summary: Biological peptides have emerged as promising candidates for data storage applications due to their 
versatility and programmability. Recent advances in peptide synthesis and sequencing technologies have 
enabled the development of peptide-based data storage systems for realizing novel information storage 
technologies with enhanced capacity, durability, and data access speeds.  

In particular, solid-state Nanopores are powerful platforms for single biological molecule sensing without any 
labeling and with high sensitivity. The detection principle using Nanopores relies on measuring the relatively 
small variations of ionic current as charged peptide immersed in an electrolyte traverse the nanopore, in response 
to an external voltage applied across the membrane.  

 
The passage of the molecule through the pore yields information about its structure and chemical properties. 
Atomically thin two-dimensional materials with nanometer-sized pores, such as single-layer MoS2, represent 
the ideal sensor because of their ultimate thinness. Despite the benefits they offer, their application for peptide 
sequencing remains challenging since the fast translocation speed provides short observation time per single 
molecule.  

In this study, we will performed the sequencing of biological peptides through single-layer MoS2 Nanopores 
using Molecular Dynamics. Peptide sequences will be comprised of amino acids representing bit 0 and bit 1 
information (see below), with the nature of amino acids in the sequence being changed to generate the best 
possible configurations. From MD, the goal will be to evaluate the efficiency of these peptide sequences to 
represent binary information based on ionic current traces monitored during their passage through the nanopore.  

 

  
Type of project (theory/experiment): Theoretical / Computational project 
 

Required skills: Atomistic Modeling / Molecular Dynamics / Programming (Python or Matlab)  

and noise. Noise can also be lowered by decreasing the
electrolyte contact area [43].

MoS2 nanopores have been reported to differentiate
between isolated individual nucleotides using ionic
liquids [12]. An important transformative advantage of
2D nanopores is their signal-to-noise ratio and spatial
resolution. Thin nanopores lead to large ionic currents
due to decreased nanopore resistance, and only a small
section of the molecule resides in the pore at any given
time. Molecular dynamics studies of graphene nanopores
have found that in three-layer graphene pores, hydropho-
bic interactions lead to reduction in the conformational
fluctuations of the nucleotides [44]. Most of the new 2D
materials are hydrophobic and nanopore wetting was
ensured by first immersing the nanopores in ethanol/
water [32,33]. MoS2 nanopores have also been used for
power generation [45], and non-linear ion-current versus
voltage curves have been measured in sub-nm diameter
MoS2 nanopores, [43,46] in contrast to linear current–
voltage curves [32,33]. WS2 nanopores readily allow DNA
translocation with similar noise levels to MoS2 [33]. The
atomic configuration at the pore edge affects the ion
concentration profile [47!], as observed for MoS2 pores
where the classical equation of pore conductance fails to
describe the conduction in sub-1-nm diameter pores
[47!,48!]. Recently, data from triangularly-shaped pore
in BN were compared to circularly-shaped MoS2 pores

[49]. Hydrophilic 2D pores in phosphorene were also
made [50,51]. 2D materials further possess opportunities
for band-gap engineering. Emerging 2D materials, like
2D MXenes [52], can further enrich the 2D nanopore
research.

Other geometries including 2D nanoribbons (NR) and
nanoelectrodes are also being explored. In the case of 2D
nanoribbons with nanopores, the sensing is via the out-of-
plane ionic signal and the in-plane electronic signal in the
nanoribbon. Recent studies [53–55] calculated NR signals
from nucleic acids for different NR widths, edge structure
and pore position. Qiu et al. further modeled graphene
and MoS2 NRs [56]. An analysis of expected signals and
noise for experimentally realistic conditions was also
reported [57!]. Because the nanoribbon-nanopore device
turns voltage changes into current changes in the ribbon
channel, transconductance, that is, the ribbon current
gained by changing the gate voltage, is an important
experimental parameter to be maximized.

At high frequencies, high-transconductance nanoribbon-
nanopore devices can outperform ionic current measure-
ments [57!]. Realizations of these ideas include Si wires
[58] and graphene nanoribbons [59–61]. Here, experi-
mental efforts include minimization of defects in the 2D
material [61], and encapsulation [59,60,62], to prevent
leakage currents. Similar efforts include carbon
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Schematic of typical nanopore sensor chips and nanoporous membranes. (a) Cross-sectional and top view of a silicon-based or 2D material
membrane (‘nanopore membrane’) with a nanopore suspended over a circular aperture in a supporting substrate (e.g. silicon, glass). (b) Voltage-
induced translocation of an elongated charged molecule (like DNA) through a single nanopore immersed in an electrolyte solution (left) giving rise
to ionic current changes, representing a sensing event (right). (c) Size-dependent molecule species (ion or gas) rejection through a membrane with
multiple nanopores or a nanoporous membrane (left) resulting in a variable molecule flux (right).
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