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Development of Sensing Platforms
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~𝟏𝟎𝟏𝟏 molecules

~𝟏𝟎𝟐𝟑 molecules

Image Source: https://courses.lumenlearning.com
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Image Source: https://blog.crownbio.com/pdx-personalized-medicine

Single Molecule Sensor
Many people-many single 

molecule signals



- +

K+

Cl-

- +

K+

Cl-Nanopore cell

Patch clamp amplifier

KCl

Electrodes

single molecule detection

Theoretical and Computational Biophysics Group: NIH Center for Macromolecular Modeling and Bioinformatics: University of Illinois at Urbana-Champaign

current 

time

𝐼$

𝐼%
event

∆I

τ

4

Nanopore Operation and Detection
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Why Solid-state Nanopores?

Figure Ref: www.ks.uiuc.edu

1.4 nm

top-down view

Figure Ref: crystallography365.wordpress.com
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A Nanoelectronic Sensor Going Big

§ structural characterization/sequencing
§ discrimination
§ charge characterization
§ folding-unfolding electrokinetics
§ pH response
§ electrodeformation
§ bond strengths 

ACS Nano 2019, 13, 4, 4246–4254

Protein unfolding

Voltage 
increase



Heparin Contamination

Heparin Picture Ref: www.101nursing.com/

Anticoagulant 
drug
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OSCS Contaminant Detection in Heparin

https://ahdc.vet.cornell.edu/sects/coag/test/heparin.cfm

mode

Nature Communications, volume 9, 3278 (2018) 8

𝑓% = ∆𝐼

τ = duration
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Discriminating Virus with Different Therapeutic Cargo

Nanoscale, 2020, 12, 23721-23731 

https://news.wjct.org/



Characterising Virus with Different Genetic Cargo

∆𝐼

Nanoscale, 2020, 12, 23721-23731 11



Surface Modification by Electroless Gold Plating

12ACS Appl. Mater. Interfaces 2014, 6, 10952−10957 
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OHIOH Grand Challenge
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• table-top instruments
• not portable

Flow cell

• miniaturized
• portable

https://elements-ic.com/nanopore-reader/

Nanopore Instrumentation

Pictures: Dwyer Lab, URI
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Thin Nanopore Membranes

arXiv:2201.09024 
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Silicon Nitride Nanopore Fabrication

V.T Cossa et al, PLOS ONE, March 2014, 9, 3, e92880
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Sensor Surface 
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arXiv:2201.09024 
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Noise Levels of Nanopore Sensors

arXiv:2201.09024 
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Over Million Events

DNA

Protein



CT-CDB

20

CT-CDB and beyond

nanopore surface 
chemistry seems 
to be drastically 
different

2:9 bleach:1 M KCl (with 
~10 mM HEPES at pH ~7 ) 

Nanotechnology, 2020, 31, 33 
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• Stable baseline over a long time
• Higher frequency in DNA events
• Minimum pore clogging
• Self-correcting ability

CT-CDBzoomed in DNA

hSTf
Protein

Nanotechnology, 2020, 31, 33 

CDB

CT-CDB

CT-CDB and beyond
CDB
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High Bandwidth Studies

𝑇& = 0.35/𝐵𝑊

𝑒𝑣𝑒𝑛𝑡 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 < 2𝑇&

Attenuated events

100 kHz

10 MHz
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Neurofilament Sensing: Semi-complex Samples

Image: https://multiplesclerosisjourney.com/
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Develop

• Develop 
algorithms to 
differentiate 
between different 
protein signals.

Train

• Train the 
algorithms with 
each protein and 
then with a 
mixture of 
different proteins.

Identify

• Identify the 
presence and 
concentration of 
NfL in blood.

Machine Learning for Complex Samples
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