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Abstract
The importance of identifying the sequence and the structure of proteins and polypeptides is crucial, because misfolding of proteins is believed to be related to neurodegenerative
diseases such as Parkinson's and Alzheimer[1] as well as the post-translational modifications[2].
According to the recent literature, it has been demonstrated that the atomistic scale recognition of amino acids and peptide-bonds in polypeptides and proteins is in principle
possible by measuring the tunneling current flowing across a narrow nano-gap in graphene nano ribbons during the peptide translocation[3]. A DFT-based ab initio study, in
conjunction with the Non Equilibrium Green Function (NEGF) method and the Landauer-Büttiker approach has evidenced clear peptide bond fingerprints made of two, well defined
current peaks of the order of magnitude of nA in the case of glycine omo-peptide translocating across the gap[3]. Now, we concentrate on the tunneling current signal properties
measured for nano-gaps of different sizes in order to investigate possible solutions for larger gap sizes that can be actually realized according to the present state of the art subnanometer nano-pore and nano-gap technology[4].

Device Design

Results

The device proposed is composed by an array of
nano-gaps deposited onto a substrate, each of which
is formed by six hydrogenated 2-ZGNRs (zig-zag
nanoribbons) arranged as shown in figure. The
transverse current is measured between the GNRs
leads while the peptide is forced to translocate across
the gap.

Only the central three amino-acids
of the peptide chain have been
considered. In the figure below, it is
reported the name of the
configurations: the value of the
current in SC3 is the one recorded
when the corresponding atoms are
located in the gap and in the 2ZGNR plane.

Methods
The case of study regards an amino acid chain
composed by 5 Glycine.
Computational protocol:
• Molecular Dynamics simulations for modelling the
passage of the peptides chain through the gap;
• selection of most relevant configurations for the abinitio study;
• geometry optimization of the selected structures at
T=0 K in the context of denisty functional theory;
• calculation of the transverse current that flows
through the system at a given voltage (1V).
The last passage was conucted for three different
values of the size of the gap (5, 6, 7 Ang)[4].
The system is composed by two semi-infinite
electrodes (left L and right R) coupled via a contact
region (C). A voltage bias is applied between L and R.

The current flowing across the contact region C is
given by the Landauer-Büttiker formula
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Tunneling current signals flowing across the 2-ZGNR nano-gap devices of different sizes (5, 6, 7 Ang):
• the scale factors of the current signals for the 5, 6 and 7 Ang wide gaps are respectively 1, 10 and 100.
• all the curves have minima when the side-chain is located in the middle of the gap (SC2, SC3 and SC4
configurations).
• the characteristic double peak [3] (see solid line) evolves to a broad structured peak, centered at PB23 and PB34,
as the gap size is increased.

Bond current decomposition of CNB3 and PB34 configurations for two different gap sizes 5 Ang (a) and 7 Ang (b):
• the main contribution to the peak on CNB3 comes from SC3 with a very intense peak of 580 pA, which is larger
than the sum of the two main contributions from the SC3 and SC4 (respectively of 248 and 198 pA) calculated for
the PB34 configuration (figure a);
• the main contribution to the peak on CNB3 comes from SC3 with a peak of 1.5 pA, but this time it is lower than the
sum of the two main contributions from the SC3 and SC4 (respectively of 1.6 and 1.4 pA) calculated for the PB34
configuration; the effect is the lost of the double peak feature (figure b).

Conclusions
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where :
• f(ε) is the Fermi-Dirac distribution function;
• µL(R) is the electrochemical potential of the left(right)
electrode;
• T (ε,V) is the transmission coefficient, calculated using
the non Non Equilibrium Green Function method
implemented in the TRANSIESTA code [6].

In conclusion, we studied the gap size dependence of the tunneling current signal obtained during a Gly homopeptide
translocation across the two semi-infinite hydrogenated graphene nano ribbons electrodes. By increasing the gap size
from 5 to 7 Ang, the current intensity dropping by two orders of magnitude, but it still remains well within the measurable
range (order of tens of pA): this is a key factor for the practical realization of the proposed device because the largest
gap size employed is within the present capability of the current state of the art sub-nanometer pore technology. Then,
we have evidenced that the double peak signal that characterizes the peptide bond in a 5 Å wide gap is reduced to a
single wide peak signal per peptide bond for the larger 6 and 7 Ang gaps and this is due to the minor contribution of SC3
to the overall transimission of the peptide when the gap increase.
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