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Nanostructuring the MC 7

surface prior to
MRP coating
greatly enhances responses
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Bioaffinity Approach
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Deflection (nm)
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1 - 50 mg/L L-tryptophan (anti-L-AA)

2 — 50 mg/L L-phenylalanine (anti-L-AA)
3 — 50 mg/L D-tryptophan (anti-L-AA)
4 — 50 mg/L D-phenylalanine (anti-L-AA)
5 — 50 mg/L L-phenylalanine (I1gG)
6 — 50 mg/L D-phenylalanine (1gG)

= 3 & 4 no response with

“wrong” Ab (exceptional
selectivit
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Distributed Selectivity Approach

Laser array pitch matches
that of MC array; lasers —

S 850 nm, 5 mW typically
photodetector scanned over MC array

in less than one second
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Coating D
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Each MC in the array
produces a characteristic response

o
~

that depends on the MRP & analyte
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Back-Propagation Diagram
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10 min. training time (computer!)'
- Five snapshots of training showing
zeroing-in on 1.0 probably that
analyte is DIOXANE

Wo . W —>Most components in 10 analyte
Ws are weighting factors test suite identified with > 95%
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-2 SERS In Environmental Analysis
The Optical Process

Anti-Stokes Scatter

Stokes Scatter

Raman scattering iIs an
Information rich process but,
unfortunately, it is also very
Inefficient

Vibrational
Signatures
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lead to poor sensitivity, however Raman signals can be greatly
enhanced by SERS and resonance effects (enhancements >
1012 have been reported in rare cases)

- Commonly used optical methods fluorescence &
absorbance are “information poor” while Raman methods
provide detailed vibration information (unambiguous
Identification when needed)

SERS - Why Not
- Limited qualitative & quantitative reproducibility

surface/




of EM field and polarizability of

molecule :
Potential

“Hot
Spot”

- Electromagnetic model ( “E”) ->
Radiation-induced polarization in
nanometer-dimensioned precious
metals enhances field (E)
experienced by proximal analytes; > Closely spaced metal

metal type (Ag & Au), dimensions nanospheres (or other shapes)
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3y technique and substrate advances, address
analytical limitations and apply to EDCs

Our Advanced substrates are metal — polymer nano-
composites substrates formed by vapor depositing Ag or Au onto:

Moldable PDMS Films E-Beam Resist Pillars

->Lithographically prepared

- Spontaneous generated
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4-Aminobenzoic
acid (PABA)

1200 4
Wavenumber (cm™)
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SERS -Mapping

STT-SERS

Reproducibility:
Intra-Well RSD: <7%
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obility scales rougnly with charge to mass ratios ot the 10ns

- Running buffer is electrokinetically pumped through the capillary

- Neutrals can be separated based on differential association with charged
running buffer additives (e.g., CDs)

- Capillary format can be changed to a lab-on-a-chip platform using
lithographic techniques

* Cartoon of CE separation Detector

Rec?rder

CE Characteristics: efficient,
fast, versatile, diminutive
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=2 Some Targeted EDCs in Our Work

Previously tested with Bioreporters Promising SERS responders

Bisphenol A 17 aestradiol

HO
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objective "™\

Center for Environmental
Biotechnology Bioreporter System

Regulato
Protein

V bioreporter
titer well

Transcription

Reporter gene(s)

- Engineered by fusing genetic regulatory
elements to a reporter gene (yeast &
mammalian cells systems)

—>Inducer is typical analyte of interest (e.g., EDC)

—>Regulatory protein activates transcription of

light emitting system (currently measurements
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created in PDMS using
photolithography; footprint
size of microscope slide

:@

Vwaste-l

- PDMS has been used
to house living cells

- Suitable manipulation of
applied voltages (Vs) allows
flow control for sampling, injection,
and separation/detection

made in titer well format)
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of offset with <1 ul
of well contents

V bioreporter
titer well W e




Vwaste-l

V bioreporter

Injection performed,
cross channels cleared,
the separation proceeds
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bioluminescence V butfer reservoir
plate reader.
objective

\Y bioreporter
titer well
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bioluminescence V buffer reservoir
plate reader.
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- MCA modifications (phases and nano structuring) to enhance responses & selectivity
- Advanced SERS substrates to enhance sensitivity
- Fate studies of DES and other EDCs

- Develop conditions for on-chip separations for various target EDC combinations
- Perform correlation studies involving mating our advanced methods

with bioluminescence reporting in titer well format
- Work toward integrating the individual analytical components

and field portability

Key Members of Research Team:
UT-Chemistry — Maggie Connatser, Kasey Hill, Jenny Oran
Pampa Dutta, Marco DeJesus
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= Information rich spectroscopy:

of substituted aromatics
with CE cyclodextrin
additives, and large plate
courts, give rise to
high selectivity




chromatographic analytical attributes are not present.
However, selectivity is attainable through the clever
uses of molecular recognition phases (MRPS).

/ Two viable approaches \

Use of highly selective MRPs Use of moderately selective

with large binding constants: Phases in arrays for
“distributed selectivity™:

* Bioaffinity

* Selective chelates for metal ions
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Analyte SAM SAM 17 nm 17 nm 50 nm

(smooth) | (nano) | (smooth) | (nano) (nano)

2,3-DHN 290 4.8 31 0.99 0.025

2,7-DHN 250 36[X>75 39 39K21.0 0.039
Tolazoline 300 17 214 13 4.9
Benz. Acid 1500 140 250 42 18

- Example of the dramatic improvement in LODs (in ppm)
with: - nanostructuring

STIAR EDC-’06
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motion is opposite during 10-mer conplementary st/ m

immobilization and
hybridization of ss-DNA on

L]

two different surfaces =
(dealloyed gold, smooth £ ]
gold). S -100°
g | b b
> Inconsistencies maybe & ol  tideted20imerrehd,  10ner2itemal nisnatch)

related to the complexity of : (20p0/mi) (20ug/ml)

surface charge, adsorbate-
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 Reasons for heavy metal detection . Take advantage of thiol-gold
- Highly toxic binding to form SAMs of

- Bioaccumulation monodentated ligands

e Traditional detection methods AET PT
HoN—CH 2—CH 2— SH H3C—CH2—CH2—SH

- Chromatography
- : MPA ODT
- Flow-injection systems HS—CHo—CHo—COoH  HS— (CH 2) 17—Me
- Atomic absorption
) MUA PDT
- Electrochemistry H02C— (CH2)10—SH  HS—CHp—CHo—CHp—SH
- Sensors MP
. HO—CHo—CHo—CHp—SH || HS— (CPl'Z) g— SH

MUD
HS— (CH 2) 11 —OH Cyst ("2
HS—CH2>2—CH—CO 2H
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Nanostructured surface
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Selectivity patterns
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Objectives:

- Develop conditions for capillary then on-chip electrokinetic separations

- Optimize nanocomposite-based SERS substrate morphologies
for greatest activity and survey responses

- Evaluate nanomechanical response signatures using functionalized MCAs
- traditional molecular recognition phases
- bioaffinity phases for EDCs

—> Integrate bioreporter yeast conditions for total systems with
bioluminescence-based screening of EDCs and the aforementioned
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