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ABSTRACTS 

These descriptions are meant to serve as succinct, accurate descriptions of the proposed work when separated 
from the application. 

PROJECT OBJECTIVE:  This work aims to prepare optical biosensors that can detect and diagnose 
interactions between probe and unlabeled target biomolecules using infrared spectroscopy.  The key 
milestones and innovations will be 1. the use of lithographically prepared nanoparticle array substrates 
for sensitivity enhancement that, in turn will allow 2. the use of information-rich infrared spectroscopy 
for detection. 
TECHNICAL ABSTRACT FOR EXPERT REVIEWERS:  
The use of optical biomolecular interaction analysis (BIA) based on surface plasmon resonance (SPR) is 
rapidly expanding.  In the SPR-BIA setting probe molecules are bound to the sensor surface and the 
binding of target molecules is detected as a change in the surface refractive index.  Flow-injection SPR-
BIA is sensitive, non-destructive (receptor may be screened against many targets), does not require 
fluorescent labels and is informative of both thermodynamics and kinetics.  The key feature that SPR-
BIA lacks is spectral selectivity – the ability to discriminate between the desired probe and interferant 
molecules.  This is because SPR gives a one-dimensional response that cannot distinguish, for example, 
between two different proteins, or between proteins and carbohydrates etc.  To address this deficiency, a 
spectroscopic tool is needed – the obvious choice being infrared vibrational spectroscopy (IRVS), which 
is both sensitive and selective.  But three factors have limited IRVS applications – 1. Water is a severe 
interferant in IRVS 2. IRVS sensitivity is barely adequate for single-layer BIA detection and 3. Older IR 
spectrometers are too slow for real-time analysis.   This proposal addresses these limitations with surface 
enhanced infrared spectroscopy (SEIRS) in an attenuated total reflection (ATR) geometry.  The ATR 
geometry imposes a < 1 μm limit on the path-length of the IR radiation in the water (addressing 1) and 
the SEIRS effect enhances the IR absorption of near-surface species by a factor of 10 to 40 – (addressing 
2).  With a relatively new FTIR, spectra can be streamed and analyzed rapidly enough to follow BIA 
events selectively and in real-time. (addressing 3) 

EXECUTIVE SUMMARY  [NON-CONFIDENTIAL, NON-TECHNICAL ABSTRACT FOR PUBLIC INFORMATION OR 
PROGRAM PROMOTION]:  State in layman's terms the application’s broad, long-term objectives and specific aims, making 
reference to the potential public benefits of the project relevant to California.  Do not include proprietary or confidential 
information.  This may be distributed before the funding decision has been finalized. 
This project will develop a novel method to greatly extend the utility of the highly successful biosensor 
motif pioneered by Biacore-Pharmacia known as surface plasmon resonance-biomolecular interaction 
analysis (SPR-BIA).  The new approach will extend the existing technology in two interrelated ways.  
Firstly, the gold film sensor surfaces of SPR-BIA will be replaced with arrays of nanoscopic gold 
particles that will optimize the sensitivity of the method as guided by the principles of optical physics.  
Secondly, the new sensors will operate using infrared light rather than visible light.  This latter innovation 
allows the sensor to operate with an additional dimension of information – the vibrational spectrum of the 
molecules being detected.  The information in the infrared spectrum will allow the biosensor to 
discriminate between the intended analyte target and interfering chemicals and provide some information 
about the chemical state of the molecule that was captured.   
Such a sensor motif will have an important impact in the biotechnology sector by enabling more robust 
and informative assays measurements of drug-receptor interactions and genetic testing.  These 
measurements are of  fundamental importance to biotechnology and hence to the California economy. 


