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Detecting pathogens in water by electrochemical immunoassay 
William R. Heineman, Agnese Jurkevica, H. Brian Halsall, and Carl J. Seliskar, Department of Chemistry, University of Cincinnati, 301 Clifton Court, Cincinnati, OH 45221-0172, Fax: 513-556-9239 

The rapid detection of pathogens in drinking and recreational water is important for preventing exposure to natural or purposeful contamination with harmful biological agents. Microbead immunoassays have been developed for detecting viruses, bacteria and spores in water using the following simulants: MS2 bacteriophage virus, B. globigii spore and E. coli O157:H7 heat killed bacterium. The assays are based on the detection of β-galactosidase or alkaline phosphatase as the enzyme label on the secondary antibody for a sandwich immunoassay. Electrochemical detection of enzyme-generated p-aminophenol by oxidation is by rotating disk electrode on a single drop of assay solution. The immunoassays were able to detect each of the simulants spiked into 20 water samples collected from various water supplies throughout the nation. The assay for E. coli has been developed to distinguish between live and dead bacteria by detecting β-galactosidase produced by live bacteria captured with antibody on the microbeads. 
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Microfabrication techniques for the development of a miniaturized Hg-free ASV sensor for drinking water 
Lukasz Sztaberek1, Michael D. Martin2, Richard P. Baldwin1, Thomas Roussel Jr.3, Robert Keynton3, Naber John2, and Kevin Walsh2. (1) Department of Chemistry, University of Louisville, Louisville, KY 40292, l0szta01@louisville.edu, (2) Department of Electrical and Computer Engineering, University of Louisville, Louisville, KY 40292, (3) Department of Bioengineering, University of Louisville, Louisville, KY 40292 

Anodic stripping voltammetry (ASV) is known as a highly sensitive method that is well suited for field analysis of heavy metals. In this project, our goal has been to develop and characterize a stand-alone ASV-based sensor for drinking water quality monitoring. In particular, we have employed microfabrication techniques to construct a miniaturized electrode platform for ASV that may be applicable for the continuous, remote monitoring of ppm-ppb levels of contaminants such as copper, lead, cadmium, mercury and arsenic. 

Our current system contains an array of four (or more) microfabricated flow-through working electrodes on a 1-cm silicon chip together with pseudo-reference and auxiliary electrodes. The chip is fixed into PEEK™ platform. A primary advantage of microfabrication is that it allows one to create chips with several redundant working electrodes, operated independently (e.g., at different potentials) and even made of different materials (e.g., gold and bismuth), to permit optimum analysis of a range of metals. In addition, it also makes it possible to precisely control and vary electrode size and orientation down to the micron level. 
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Temperature independent lead sensing based on a fluorescent DNAzyme sensor 
Nandini Nagraj, Juewen Liu, Jenny Wu, and Yi Lu, Department of Chemistry, University of Illinois at Urbana-Champaign, 600 S. Matthews Ave, Urbana, IL 61801, nagraj@uiuc.edu 

Lead contamination in the environment such as water, poses a serious health hazard, particularly for young children and pregnant women. Several efforts have been made in the development of biosensors that can detect trace amounts of lead in the environment. We have previously demonstrated the use of the “8-17” DNAzyme as both fluorescent and colorimetric sensors for lead detection. Universal applicability of these sensors in different environments and regions is an important consideration for development and optimization, in particular, for real-time and on-site applications. Our current goal includes expanding the applicability of the fluorescence-based lead sensor to work at different temperatures. Through the introduction of mutations on the “8-17” DNAzyme, we have been able to tune the fluorescent DNAzyme sensor to be temperature independent from 4°C to 35°C. Our research efforts and results in this direction will be discussed. 
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Synthetic glycoconjugates for the precise detection of toxins and pathogens 
Suri S. Iyer1, Ramesh R. Kale1, Duane M. Hatch1, Colleen McGannon2, Cynthia Fuller-Schaefer2, Agnese Jurkeva1, Michael J. Flagler3, H. Brian Halsall1, William R. Heineman1, and Alison A. Weiss3. (1) Department of Chemistry, University of Cincinnati, 404 Crosley, Cincinnati, OH 45221, Fax: 513-556-9239, iyersi@email.uc.edu, (2) Department of Molecular Genetics & Microbiology, University of Cincinnati, OH, (3) Department of Molecular Genetics, Biochemistry & Microbiology, Cincinnati, OH 45267 

Current challenges to minimize health risks resulting from a potential bioterrorist attack necessitate the development of autonomous environmental monitoring systems and compact portable biosensors. Most point-of-care diagnostics use antibodies as capture and recognition elements. However, monoclonal antibodies are expensive and exhibit poor shelf life at standard operating temperatures. Unlike antibodies, cell surface oligosaccharides are robust molecules and not prone to facile decomposition. They are natural receptors for several cellular processes such as proliferation, differentiation, migration and changes in cell shape. However, carbohydrates have not been used as recognition motifs in biosensor technologies because of their apparent lack of selectivity. 

Here, we present that it is possible to tailor sugars to achieve high selectivity and sensitivity. Using a modular synthetic approach, we have synthesized a panel of high affinity glycoconjugates for the differentiation of closely related serotypes of Shiga toxin. In addition to the structure of the recognition motif, we observe that the spacer length also plays a significant role in defining the binding efficiency. We have also synthesized a robust, tailored biotinylated glycoconjugate and used it as a capture ligand instead of antibodies in a live E. coli detection assay. Lower limits of detection were achieved with the synthetic glycoconjugate compared to commercial antibodies. These robust, synthetic recognition elements can be directly incorporated onto existing biosensor platforms. 
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Hierarchical oligonucleotide primer extension (HOPE) for quantitative and qualitative analyses of biotic contaminants 
Pei-Ying Hong and Wen-Tso Liu, Division of Environmental Science and Engineering, National University of Singapore, WS2 03-14, 1 Engineering Drive 3, Singapore 117576, Singapore, Fax: 65-6516-5266, peiyinghong@nus.edu.sg 

16S rRNA genes of certain Bacteroides spp. are host-specific and may act as biomarkers in distinguishing sources of fecal pollution. Examination of the abundance of all or specific Bacteroides spp. may, thus, be essential for performing fecal source tracking. To do so, a new molecular method, termed hierarchical oligonucleotide primer extension (HOPE), is developed to determine relative abundance of Bacteroides spp. present in fecal microbiota and wastewaters. Genomic DNA in feces of humans and swines and in wastewaters were extracted, and total bacterial 16S rRNA genes were PCR-amplified and used as a DNA template in HOPE. Ten oligonucleotide primers were designed to detect a total of six Bacteroides spp. at different hierarchical levels (domain, order, cluster and species), arranged and used in three multiplexing HOPE reactions. Using species-specific primers, B. vulgatus, B. thetaiotaomicron, B. caccae, B. uniformis and B. fragilis were individually detected in human feces and at abundances down to 0.29% of PCR-amplified 16S rRNA genes. Bacteroidales in human feces was further observed to account for 34% of PCR-amplified 16S rRNA genes and was six- and three-fold, respectively, higher than that observed in swine fecal microbiota and in wastewaters. Besides providing qualitative and quantitative analyses of biotic contaminants, HOPE has also shown clear advantages in terms of its throughput, versatility, specificity and sensitivity. Therefore, by further complementing this method, which determines abundances of host-specific Bacteroides spp., to conventional fecal indicator tests, a better understanding of fecal contamination in drinking water sources can potentially be achieved. 
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DNAzyme-based biosensors for colorimetric sensing of trace contaminants in the environment 
Yi Lu1, Geng Lu1, Debapriya Mazumdar2, Jung Heon Lee1, Zidong Wang1, and Juewen Liu1. (1) University of Illinois, 600 S. Mathews Ave, Urbana, IL 61801, Fax: 217-333-2685, yi-lu@uiuc.edu, (2) Department of Chemistry, University of Illinois at Urbana-Champaign, Urbana, IL 61801 

Highly sensitive and selective colorimetric sensors for trace contaminants in the environment is an important area of research as they allow simple, on-site and real-time detection and quantification without the need of sophisticated equipment. To the goal, we use a combinatorial biology method called in vitro selection to obtain catalytic DNA molecules (DNAzymes) that can bind any metal ion of choice strongly and specifically1-3. By labeling DNAzymes with gold nanoparticles, we have developed sensitive and specific colorimetric sensors for Pb2+ and UO22+ 4,5. Practical applications such as the detection of Pb2+ in leaded paint and dust, below the federal threshold of 1 mg/cm2 (paint) and 40 µg/ft2 (dust) has been demonstrated. Recently we have expanded to a new methodology, called label-free detection which does not require attachment of the gold nanoparticles to the DNA, thus lowering cost for the tests. In addition, this method is faster and has lowered the detection limit for both Pb2+ and UO22+ to 1 nM, which is significantly below the drinking water toxicity level defined by EPA as 75 nM for Pb2+ and 130 nM for UO22+. 1. Jing Li et al. Nucleic Acids Res. 28, 481-488 (2000). 

2. Jing Li and Yi Lu, J. Am. Chem. Soc. 122, 10466-10467 (2000). 

3. Juewen Liu et al. Proc. Natl. Acad. Sci. 104, 2056-2061 (2007). 

4. Juewen Liu and Yi Lu, J. Am. Chem. Soc. 125, 6642-6643 (2003). 

5. Juewen Liu and Yi Lu, J. Am. Chem. Soc. 127, 12677-12683 (2005). 
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Effect of electrolyte properties on charge transfer at a monolayer modified electrode 
Chaitanya Gupta1, Mark A. Shannon2, and Paul J. A. Kenis1. (1) Department of Chemical and Biomolecular Engineering, University of Illinois at Urbana-Champaign, 114 Roger Adams Laboratory, Box C-3, 600 S. Mathews Avenue, Urbana, IL 61801, Fax: 217-244-6534, cgupta2@uiuc.edu, (2) Department of Mechanical Science and Engineering, University of Illinois at Urbana-Champaign, Urbana, IL 61801 

We describe an experimental methodology to measure charge transfer through ω-functionalized alkanethiol films on gold when there is no electro-active ion in the electrolyte. A generalized expression for the admittance of a model thin-film electrode system is proposed and this expression, when fit to a potential-based spectrum of low frequency impedance values, enables the calculation of parameters that characterize charge transport in the monolayer. We demonstrate the existence of two thermodynamic free energy barriers that limit the kinetics of the charge transfer process: (a) a transport barrier that limits charge transport through the monolayer film and (b) an activation energy barrier to the transfer of electrons across the monolayer-electrolyte interface. Electrolyte properties like pH, salt concentration and cation/anion type are shown to have a significant effect on the observed transport barriers. This enables the use of simple monolayer-modified electrodes as platforms to detect and quantify chemicals within aqueous systems. 
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Pb2+ detection in hybrid nano/microfluidic device utilizing DNAzymes immobilized on gold-coated nano-capillary array membrane 
Aigars Piruska, Department of Chemical and Biomolecular Engineering, University of Notre Dame du Lac, 311 Cushing Hall, Notre Dame, IN 46556, apiruska@nd.edu, Yi Lu, Department of Chemistry, University of Illinois, Urbana-Champaign, and Paul W. Bohn, Department of Chemical and Biomolecular Engineering, University of Notre Dame, Notre Dame, IN 46556 

DNAzymes are appealing alternatives for heavy metal detection in environmental water samples. Selective Pb2+ detection has been demonstrated previously with DNAzyme constructs that consist of double-stranded DNA complex with a single RNA base in one of the strands. In the presence of the analyte, the strand is cleaved at the RNA base that results in dehybridization of the DNAzyme complex. Thus optical detection of labeled single-strand DNA fragments is used for Pb2+ detection. Previously, immobilization of DNAzyme constructs on gold-coated nanocapillary array membranes (NCAMs) has been shown and characterized in some detail. Current work involves investigating the potential of Pb2+ sensing in a hybrid nano/microfluidic device with gold-coated NCAM. The device consists of a NCAM that is sandwiched between two microfluidic channels. The gold-coated NCAM is used as a solid support for DNAzyme immobilization. The high surface-to-volume ratio and small dimensions of nanopores are advantageous for rapid analyte delivery and detection. Electrochemical desorption of DNAzyme constructs is investigated for dosimeter type of operation that could lead to significantly lower detection limits. 


ENVR 186 

Simultaneous ultrasensitive detection of heavy metals using chelate-functionalized carbon nanotube-modified electrodes 
Jeffrey Morton and Adam K. Wanekaya, Department of Chemistry, Missouri State University, 901 S National Avenue, Springfield, MO 65897, jeffrey619@missouristate.edu 

We describe an ultrasensitive voltammetric detection of trace heavy metal ions using chelate-functionalized carbon nanotube-modified electrodes. Suspensions of multi-walled carbon nanotubes (MWNTs) were covalently bound with various metal-specific chelate in separate reactions. The suspensions of the chelate-functionalized MWNTs were then mixed in different ratios and cast on glassy carbon electrodes. The resulting multichelate-functionalized carbon nanotube glassy carbon electrodes were suspended in a solution containing multiple heavy metals resulted in accumulation of various metals via complexation reactions. Preliminary stripping voltammetric analysis results indicate extremely sensitive and simultaneous detection of multiple heavy metals. The procedure was optimized with respect to the ratios and amount MWNT cast, applied reduction potentials, pH and concentration of the buffer solution used for accumulation and voltammetric detection.
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