Semiconductor Nano-Pores Tunability for
DNA Sequencing*
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Bias voltage electrodes Buffer solution
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e Nanometrology of
Nanopores using TEM
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DNA Translocations through a Nanopore

(measurements using a 1nm diameter nanopore like a molecular Coulter counter)
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Sorting DNA polymers
(measurements using a ~1nm diameter nanopore as a stochastic sensor)
50mer ssDNA: poly(dT) 0.34nm/nucleotide 50bp dsDNA: 0.34nm/bp
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Molecular Dynamics of DNA in a Nanopore
(force fields: CHARM27: DNA, Si;N,, TIP3 H,0, ions; AMBER95: DNA)
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Molecular Dynamics of DNA in a SisN, Nanopore
E~1.4V/5.2nm
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« translocation time: 10nsec-3usec depending on field and pore interactions
* % blocking current correlated with molecular velocity
(* large fields cause the DNA to denature)

*Simulations: 1.4V/5.2nm — F~400pN
*DNA sequence is CCCCCCCCCCCCCCCCCCCC
*Only those ions that are within 1nm of either DNA or pore are shown;

some ions may appear or disappear. K. Schulten and A. Aksimentiev



Voltage-dependence of Blocking Current

(measurements using a 1.5nm diameter pore in a 10nm thick Si;N, membrane)
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The Electronic Device Aspect

Vertical cross-section

4.5nm poly-Si

The upper electrode
potential is recorded
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The lower electrode
potential is recorded
here




Nanopore-Membrane Electrostatic
Modeling |

Gracheva et al., Nanotechnology 17, 622-633 (2006)




Empty pore negative (left) and positive
(right) charge in the structure and
solution
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Multi-Scale “Self-consistent” Poisson Solver

(used in conjunction with “snapshots” provided by MD)
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Simulation of ssDNA
Translocation Through a 2.5nm
Nanopore
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Simulation of unstretched ssDNA
Translocation Through a 2.5 nm Nanopore

Electrode Voltage is sensitive to
DNA charge and conformation
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Decoding C

INA sequence and configuration

DNA sequence: C-C-C-C-C-C-C-C-C-C-C-C-C-C-C-C-C-C-C-C (ssDNA polyC20)

Voltage trace:
* length of the DNA
» features ~3.4 A apart

* base composition
(ACGT)
* DNA conformation
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Simulation of Stretched ssDNA
Translocation Through a 1.0nm Nanopore
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Upper electrode voltage for CSAC7 and its backbone
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The whole DNA translocation and
translocation of the eleven fragments
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Upper electrode voltage for C?’AC7 and C1 ’

A A S— [ C3ACT [i
= : : : -
2 ol o o |—esccreren)|
] i § : §
& 5 ' '
% s ] | E— AR Y AR 2 & G Rty M e
>

30} ; ................................... é ........... i
-40 20 40 60

Voltage, mV

0 20 .
DNA front position, A
Difference of 03A07 and C11 (for upper electrodes)

S ! ! !

—C3-A-C7(-)C3-C-C7

40 60

0 20 .
DNA front position, A

In the same
conformation!!!

C3-A-C7

C3-C-C7
or
C11-mutant

Difference

between A and C
~5mV



The whole DNA translocation
with one base mutation
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The whole DNA translocation
with one base mutation
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Semiconductor Membrane:
Electrical Tunability

Potential, (mV)
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Controlled Ionic Conductance & Filtering
(Linear Response)

Current-voltage characteristics:
assume constant field in the
nanopore

Conductance: G=dl/dV
Selectivity: S=[(G-Cy)/(Gg+Gy)l
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Toward Ionic Rectification: Static
Dipolar Surface Charges
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P-N Semiconductor Membrane
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Ionic Transport Model




Tunable Rectification and Ion Filtering

lon selectivity
Rectification
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Future: fast DNA sequencing?

* Nano-bio-electronic scheme for DNA sequencing

* Integrated multi-scale MD-Self consistent Poisson
approach.

* Individual bases electrically detectable, BUT noise
and conformation analysis!!!

* Electrical tunability of semiconductor membranes
for double layer control.

PN membranes for tunable rectification and ionic
filtering.




