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NanoBio Interface: Nanosensors ’

Sensitivity:
sensor technology & surface chemistry issue;
science is very advanced

Selectivity:

molecular issue (capture agents)
biospecimens
science is not advanced



Nanowire Sensors & Surface Chemistry
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SiO, has an isoelectric point of ~3, meaning
that above pH=3, the surface is negatively
charged. At pH = 7.4, thereis about 1 charge
per 0.8 nm? 5
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Relates surface counterion density (r.) and

surface charge density (s) to bulk electrolyte
concentration (r,). For glass in 0.1M NaCl g,
surface counterion density is about 12 Molar.
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As a result of Debye screening and the nature of an ’
SiO,/aqueous interface, nanowire sensing experiments
are almost always done in
pure water
desalted serum (canot do w
air
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Three possible solutions: |

1. Lower charges on NW surface

2. Decrease distance between NW surface, capture agent, and

captured analyte (remove native oxide from Si NW sensor)
3. Use sensors only as gas phase chemical sensors (any advantages?)

Scheme 1. Functionalization of Si (100) Oxide Surface with Amine

NH2 NH2
NH2

?

o Me—Si—Me Me—Si—Me
OH OH oH  p'e 5 '

o)
 ———

toluene

Scheme 2. Functionalization of Si (100) Surface with Amine
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Si(100) with native oxide
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Sensitivity to proteins in electrolyte still very poor

NW sensors are not obviously a good solution for
biomolecular detection

10 picoM detection limit for ssDNA in electrolyte is not
particularly great;

detection of proteins is far worse (with antibody
capture agents)

Limited by surface chemistry
(perhaps fundamentally limited)

3. Use sensors only as gas phase chemical sensors (any advantages?)
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Sensitivity similar to previously
reported gas phase NT & NW
Sensors on inorganic
substrates by Dai & Lieber
groups
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Highly sensitive NW sensor noses on plastic

substrates (wearable; implantable)

Nature Materials, 2007
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As a nose, the nanowire array works

In principle, but with caveats:
sensitivity is good
selectivity is poor
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McAlpine, et al., Nature Materials, 2007
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A nanowire-based nose with increased selectivity
via specific peptide/small molecule interactions

J. Am. Chem. Soc. 2008
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Surface Science & Traditional Protein & Cell’
Detection Assays

Microfluidics-integration

Blood proteomics & the biological sample
Rare cell detection & sorting
Miniaturization of assays to single cells
Protein Capture agents
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DEAL:DNA - encoded antibody libraries
for multiparameter diagnostics

A co-detection of cDNAS, proteins, and cells
Generation of hydrazide Gene rat I on
groups on antlbody terminated DNA
N -
*@W . .
° ° Ryan Bailey

> ™

N\ Vv
M ,bo 0@
‘0 '0

15 Bailey, Witte & Heath groups, et al., JACS 2007
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DEAL ‘
DNA -Encoded Antibody Libraries

When introduced to a pin spotted
DNA microarray, DEAL encoded
sandwich assays self-assemble

cDNAs & Proteins & Cells Detected
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Reducing Cross- reactivity of oligomers:
/in sifico orthogonalization of DNA oligomers

Non-complementary hybridization
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Surface Chemistry: Controlling the Sensitivity &

Range of Protein Detection

Standard Surface: DNA oligomers
spotted onto T NH,; terminated

glass

100 nM 10 nM 1nM 100 pM 10 pM - control

' DNA oligomers spotted onto
! I polylyscine coated glass

(60-fold higher DNA loading)
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Amplification (using photographic process) enables
much higher sensitivity but

A introduces noise
A Lowers the measurement accuracy
A greatly increases the time of the assay
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Photographic-process amplification
of Au NP labeled 2° AB
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DIGITAL DEAL (Dr. Rong Fan)

A Sensitivity to 10-16M (100 attoM)
A Concentration Range to ~106

A Quantitative (no calibration)

A automated, digital analysis

40 nm Au
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Digital Proteomics

Spiked blood (10 pM) Healthy blood
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Conventional Blood protein measurement

Extract ~1 ml blood

Serum from
which proteins
are measured

Centrifuge to separate plasma or serum

Gel
Measure proteins in 96 well plate separator !cells

ASlow (few hours);
Ahuman intervention (costly)
Anot comfortable for patient
ADoesndt scale to |l ots of
AlLacks sensitivity & dynamic range
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Separating Plasma from whole blood .

Dr. Brian Yen & Ophir Vermesh
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Plasma separation design adapted from Yang, Undar, Zahn (2006)




