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Abstract

Protection of public health from waterborne disease requires surveillance and
monitoring of microbial pathogens in order to minimize human exposure to organisms in
water and food. Monitoring results should ideally be available in real-time; however,
current regulatory methods for assessing recreational water quality and the safety of
shellfish require days to complete. This work focused on the application of a
commercially available biosensor, the Analyte 2000™, for rapid detection of the bacterial
pathogen Vibrio vulnificus, and the indicator bacteria/opportunistic pathogen
Enterococcus faecalis. V. vulnificus causes gastroenteritis, wound infections, and
septicemia, and can be contracted via breaks in the skin or by ingestion (most frequently
as a result of consumption of raw oysters). The enterococci are recognized by the USEPA
as indicators of fecal pollution in saline waters, and are used across the country to assess
recreational water quality. Certain members of the genus, including E. faecalis, are
opportunistic pathogens and are significant etiological agents of nosocomial infections.

The Analyte 2000™ is an immunosensor, that is, it relies on antibodies for
capture and detection of target analytes. Polyclonal antibodies were generated in rabbits
against V. vulnificus that had been lysed by sonication. Antibodies comprising the I1gG
fraction of the antiserum were biotinylated for binding to streptavidin-coated biosensor
waveguides, or linked to the fluorophore cyanine 5 (Cy-5) for detection of the bound
target. The resultant immuno-sandwich assay was able to detect as few as 1 10° CFU V.
vulnificus in sterile deionized water, 1 10" CFU in seawater, or 100 CFU in 4-hour
enrichment cultures. The direct biosensor assay required ~3.5 hours to complete, while
the enrichment assay required ~ 7.5 hours. The biosensor assay was highly specific, as
nontarget vibrios and nonvibrios did not generate a signal. Progress toward a real-time
polymerase chain reaction (PCR) assay for V. vulnificus was also made during this study.

The development of the Enterococcus biosensor assay was more problematic.
Numerous commercial antibody preparations and strategies for generating specific, high-
affinity antibodies toward E. faecalis were attempted with limited success. The lowest
detection limit achieved was 2 X 10° CFU in seawater.

This work suggests that fiber optic biosensors/immunosensors with the sensitivity
and specificity needed to detect low numbers of target bacteria in environmental samples
may eventually be developed; however, the instrument used in this study could not
achieve that goal given the antibodies and fluorophores available. Sample enrichment
improved the sensitivity of detection for V. vulnificus, and ultimately 100 CFU could be
detected in saltwater in one working day. The differences between the assays conducted
with enterococci vs. V. vulnificus illustrate the necessity of a high-affinity antibody
preparation for success of immunosensors. Because antisera are a biological product, they
are generally a less reproducible ligand or identifier than other types such as
oligonucleotides. Furthermore, as proteins, they are subject to degradation over time, and
may not be ideal for use in remote platforms. However, in many instances high-affinity
antiserum preparations have proven useful in the medical field, and the goal of
optimization of biological ligands for use in sensor technology remains a worthwhile one.

Keywords: biosensor, Vibrio, Enterococcus, indicator, pathogens, PCR, water
quality



Introduction

Humans can come in contact with waterborne pathogens in estuarine waters via
recreational water use, or by consumption of shellfish such as oysters. Conventional,
culture-based methods are available to detect microbial pathogens in water and shellfish,
but are often time consuming, require extensive training in microbiology, and are not cost
effective (17). Ideally, a detection system should identify pathogenic microorganisms in
real-time, or near real-time, be sensitive to low cell numbers and specific to the target
pathogen, and utilize equipment and techniques that are easily operable (18).

Protection of surface water and drinking water quality is generally accomplished
by enumeration of indicator organisms, which are ubiquitous in fecal material and which
are meant to warn of the risk of pathogen presence. The USEPA has approved
quantification of Enterococcus species (enterococci) as an indicator organism for
recreational water quality in fresh and saline waters (22). Current protocols for
enumerating indicator organisms or pathogens require at least 24 hours to complete,
leading to the potential for human exposure to pathogens in the lag time between sample
collection and availability of results. By the same token, a beach that has been closed or
posted due to exceedance of indicator organism standards cannot be cleared for use until
test results are in, which can exacerbate the economic losses incurred by findings of poor
water quality. Clearly, a rapid, reliable detection system for indicator organisms would
better protect both public health and economic interests than the current system.

Vibrio vulnificus is a human pathogen that is both autochthonous to and
commonly found in estuarine waters, and causes necrotizing wound infections and
fulminant primary septicemia (1). Infections caused by the consumption of shellfish
contaminated with V. vulnificus are the leading cause of food-borne deaths in the state of
Florida (7). The mortality rate for patients with V. vulnificus-induced septicemia has been
reported at greater than 50% (14), and death can occur within a day or two of the onset of
symptoms (13). The potential presence of this pathogen in natural waters requires a need
for quick and accurate detection methods. This research focuses on the use of the
Analyte 2000™ fiber optic evanescent-wave biosensor (Research International,
Woodinville, WA) to detect Vibrio vulnificus in estuarine waters.

Conventional Methods of V. vulnificus Detection

Current methods used for detecting bacteria from the environment rely primarily
on culturing organisms on selective-differential media, frequently following an
enrichment step of one day or longer. The time needed to culture and identify various
bacteria range from one day to over two weeks. The current method specified by the
U.S. Food and Drug Administration (FDA) for the isolation of V. vulnificus from oysters
includes a 12-16 hour enrichment step in alkaline peptone water (APW) (5% peptone and
1.0% NacCl in sterile deionized water, pH 8.0) followed by incubating enrichments on
selective media (mCPC or CC) at 39-40Y'C for 18-24 hours (8). Furthermore, once these
organisms are cultured, it may take additional time to perform the biochemical or
molecular tests necessary to determine if a specific organism is present. In the time it
takes to detect and confirm the presence of specific organisms using culture methods, a
foodborne or waterborne outbreak may have already occurred, or may even have run its
course before positive identification is made.



Biosensors

Biosensors would ideally provide high sensitivity and selectivity combined with a
significant reduction in sample preparation, assay time, and reagent expense compared to
most conventional detection methods. Much research has been performed, and is still
being performed, attempting to optimize biosensors for practical use. Although very few
devices have demonstrated commercial success, biosensors are finding applications in
quality assurance and process control in biotechnology, food and drink sectors, and
environmental protection (3, 10).

Physical, chemical and biological characteristics of molecules have proven useful
in designing biosensors. Piezoelectric mass-sensing biosensors utilize quartz crystal
microbalance (QCM) resonators that measure resonance frequency changes that occur
when a binding event, such as an antibody to an antigen, occur (20, 25, 26). Surface
plasmon resonance (SPR) biosensors are analogous to quartz crystal microbalances in
that they also detect a change in resonance frequency in response to binding of analyte.
However, SPR systems utilize light energy to sense changes in refractive indexes of an
evanescent field when bio-molecular hybridization events occur on the sensor surface
(12). Like QCM sensors, these binding events include antibody/antigen interactions used
in immunoassays and direct nucleic acid detection (19). Evanescent wave biosensors
utilize a laser that travels down a fiber optic waveguide, creating a region of laser light
energy (evanescent wave) extending roughly 100 nm from the surface of the waveguide.
Fluorescent molecules within this region emit light energy when excited by the
evanescent wave. This emitted light energy travels back through the waveguide and is
detected by software (24), like the aforementioned sensors.

One particular evanescent wave biosensor, the Analyte 2000™ flow through
injection system (Research International, Woodinville, WA), has been used to detect
between 3-30 CFU of Escherichia coli O157:H7 seeded in ground beef (4) and 10-1,000
CFU of Listeria monocytogenes seeded in hotdogs following a 20 hour enrichment step
(5). An automated, portable version of the Analyte 2000, the RAPTOR fiber optic
biosensor (Research International, Woodinville, WA), was recently used to detect
Salmonella enteritidis Typhimurium from spent irrigation water used on alfalfa sprouts,
when seeds were contaminated with 50 CFU/g prior to germination (9). The bacteria in
both assays were detected through a sandwich assay in which a capture antibody, bound
to a polystyrene waveguide, immobilizes the target cells. The detection antibody, which
is labeled with cyanine-5, is then introduced, providing the fluorescent molecule
necessary to generate a signal.

Analyte 2000 Biosensor

The Analyte 2000 Biosensor (Research International, Woodinville, WA) emits
light at 635 nm. The most common use of this biosensor system is in conjunction with a
sandwich-type immunoassay that uses fluorescent dye-labeled antibodies for generation
of the detection signal. A laser diode provides the excitation light, which is launched into
the proximal end of a dual tapered fiber optic waveguide. The light energy from the laser
propagates an evanescent field approximately 100 nm outside the shaft of the waveguide.
Fluorophore molecules caught inside the evanescent wave become excited, and emitted
light is recoupled back to the sensor (16, 24). A photodiode is used to quantify the
emitted light at wavelengths of 650 nm and above. The signal, in picoamps (pA), is then
displayed using dedicated computer software specific. Non-bound fluorophores in the



waveguide chamber, which are farther from the surface of the waveguide than analyte-
bound antibody-fluorophore complexes, experience much lower evanescent field strength
and therefore are not excited by the laser. This greatly reduces the effects of background
interference and the occurrence of false positive detection signals. All evanescent wave
biosensors benefit from this strategy and thus can obtain comparatively clean signals
from samples containing a high degree of impurities. The absence of bulk sample
fluorescence, and the ability to examine relatively impure sample homogenates, makes
the fiber optic biosensor a good candidate for the detection of water-borne pathogens.

Objectives

The original project objectives are described below. These objectives were not
completely met due to unexpected difficulties encountered in the research; however, we
feel that considerable progress was made on the project. Furthermore, some additional
work was accomplished on development of a real-time PCR assay for V. vulnificus that
was not presented in the original objectives. Specific problems are detailed in the Results
and Discussion sections, and generally included lack of availability of antibodies, and
antibodies that were not sufficiently high-affinity for the application.

1. Develop biosensor assays for representative waterborne pathogens Vibrio
vulnificus and indicator organisms (Enterococcus spp) for use in marine and
estuarine waters.

2. Evaluate the use of the Analyte 2000 biosensor for real-time detection of
pathogens (Vibrio vulnificus, E. coli O157:H7) and indicator organisms
(Enterococcus spp.) in marine and estuarine waters of the GTM NERR.

Methods
A. Vibrio vulnificus Biosensor Assays
Vibrio vulnificus preparation for biosensor assays

A clinical Vibrio vulnificus isolate (ATCC 27652) and an environmental isolate,
designated V. vulnificus MC0603S [confirmed by API-20E Enteric Identification System
(BioMerieux, Inc., Hazelwood, MO) and PCR using species specific primers (11)], were
used to develop the biosensor assay. V. vulnificus from frozen stocks were inoculated
into 10.0 ml of brain heart infusion (BHI) broth (1.0% NaCl) and incubated for 24 hours
at 37°C with shaking. Cells were then streaked from BHI onto thiosulfate-citrate-bile
salts-sucrose (TCBS) agar and incubated at 37°C for 24 hours. Green colonies were
inoculated onto Marine agar 2216 (Difco™, Becton Dickinson, Sparks, MD) slants,
overlayed with sterile mineral oil, and kept at room temperature in the dark to maintain
viable cultures between biosensor assays.

Growth of cultures was initiated by inoculating cells from slants into 10.0 ml of
BHI broth (1.0% NaCl) and grown at 37°C with shaking for 24 hours. Following
incubation, the entire broth culture was centrifuged at 10,000 _ g for 10 minutes at room
temperature. The supernatant was removed and the pellet was washed twice with 1.0 ml
sterile artificial salt water (ASW), prepared with synthetic sea salt (Instant Ocean
Aquarium Systems, Mentor, OH) (18%o). The pellet was re-suspended in 10 ml of ASW
while plate counts were incubated. Serial dilutions of the suspension were spread onto



Marine agar 2216 and allowed to incubate at 37°C overnight. Culturable plate counts
were performed on serial dilutions to determine the concentration, in colony forming
units per milliliter (CFU/ml), of the cell suspension. Accurate culturable counts to be
assayed with the biosensor were acquired by pipeting the appropriate volume of
suspension, which would give the target CFU, into a sterile 1.5 ml microcentrifuge tube.
The cells were pelleted by centrifugation at 10,000 g for 10 minutes at room
temperature and the supernatant was removed. The cells were then resuspended in 200 pl
(capacity of the waveguide chamber) sterile deionized water or filter-sterilized estuarine
water. The entire 200 ul volume was injected into the waveguide chamber for biosensor
assays.

For assays performed on V. vulnificus cell extracts, cells suspended in 200 pl
sterile deionized water or filter-sterilized estuarine water were subjected to probe
sonication (Sonic Dismembrator, model 100, Fisher Scientific, Pittsburg, PA) for 5
minutes at 14 Watts while holding on ice. The entire 200 pl volume of cell extract
suspension was exposed to the waveguide during the biosensor assays. To confirm cell
lysis by sonication, the waveguide along with the entire volume of target effluent (post
assay), was placed into 10.0 ml of BHI broth (1.0% NaCl) and was allowed to incubate
overnight at 37°C for 24 hours with shaking. The entire volume of broth, along with the
waveguide, was placed in a 10-ml test tube and centrifuged at 10,000 g for 10 minutes
at room temperature to improve recovery of cells. The supernatant was removed and the
pellet was resuspended in 1.0 ml of sterile ASW. The entire volume of cell extract
suspension was spread onto Marine agar 2216 and allowed to incubate at 37°C for 24
hours. No colonies formed from suspensions of cell extracts, confirming loss of viability
by sonication.

Specificity of V. vulnificus biosensor assay

The specificity of the biosensor immunoassay was tested using several non-target
bacteria. Vibrio species that are closely related to V. vulnificus (Vibrio cholerae ATCC
11623, Vibrio parahaemolyticus ATCC 49398, and Vibrio alginolyticus ATCC 51160)
and Escherichia coli ATCC 96370 were grown in BHI broth (1.0% NaCl for non-target
Vibrios; 0.5% NaCl for E. coli) at 37°C with shaking for 24 hours. Cells were
centrifuged at 10,000 g for 10 minutes at room temperature, the supernatant was
removed, and cells were resuspended in 10.0 ml of sterile ASW for non-target Vibrios,
and 10.0 ml of sterile phosphate buffered saline (PBS) for the non-target E. coli.
Enumeration of culturable cells was accomplished by plate counts performed on serial
dilutions of cells grown on Marine agar 2216 (non-target Vibrios) or tryptic soy agar
(TSA) (E. coli) at 37°C for 24 hours. Target concentrations of cells were diluted into
sterile deionized water at a total volume of 200 pl. For specificity assays on non-target
cell extracts, cells were sonicated for 5 minutes on ice, as previously described, prior to
assay. The entire volume of whole cell or cell extract suspension was exposed to the
waveguide during the immunoassays.

Mixed culture biosensor assays for V. vulnificus

V. vulnificus ATCC 27652 and V. cholerae ATCC 11623 cells were grown
separately in BHI broth (1.0% NaCl) at 37°C with shaking for 24 hours. Following
incubation, the entire broth culture from each culture was centrifuged at 10,000 g for 10



minutes at room temperature to pellet cells. The supernatant was removed and the pellet
was washed twice with 1.0 ml of ASW to remove any residual broth. The pellet was re-
suspended in 10.0 ml of ASW and stored at room temperature while plate count media
was incubated. Serial dilutions of the suspension were spread onto Marine agar 2216 and
allowed to incubate at 37°C overnight. Direct plate counts were performed on serial
dilutions to determine the concentration of the cell suspensions. Target CFU to be
assayed with the biosensor were acquired by pipeting volumes of suspensions from both
cell lines (giving a 1:1 ratio of V. vulnificus to V. cholerae) into the same microcentrifuge
tube. The mixed suspension was centrifuged at 10,000 g for 10 minutes at room
temperature and the supernatant was removed. The cells were then resuspended in 200 pl
sterile deionized water. The entire volume of sterile deionized water containing the V.
cholerae/V. vulnificus mixture was injected into the waveguide chamber during biosensor
assays.

Detection of V. vulnificus in estuarine waters

Estuarine water (salinity at 24.1 %o0) was acquired from Northern Tampa Bay
(Tampa, FL) in July 2004 at the same location where other environmental V. vulnificus
were isolated from oyster tissue. The estuarine water was filter-sterilized by passing it
through a sterile 0.2 um syringe filter. V. vulnificus 27562 was grown in BHI broth
(1.0% NacCl) at 37°C with shaking for 24 hours. Following incubation, the entire broth
culture was centrifuged at 10,000 g for 10 minutes at room temperature to pellet cells.
The supernatant was removed and the pellet was washed twice with 1.0 ml of ASW. The
pellet was re-suspended in 10.0 ml of ASW and stored at room temperature while plate
count media was incubated. Serial dilutions of the suspension were spread onto Marine
agar 2216 and allowed to incubate at 37°C overnight. Culturable plate counts were
performed on serial dilutions to determine the concentration of the cell suspension.
Target CFU to be assayed with the biosensor were acquired by pipeting the appropriate
volume of suspension, containing the target CFU, into a microcentrifuge tube. The cells
were pelleted by centrifuging at 10,000 g for 10 minutes at room temperature and the
supernatant was removed. The cells were then resuspended in 200 pl of estuarine water
and assayed. For the cell extract assays, cell dilutions in estuarine water were sonicated
for 5 minutes on ice prior to the assay as previously described. Assays were performed
on both whole cells and cell extracts from V. vulnificus 27562 diluted in estuarine water.

V. vulnificus enrichment culture assays

V. vulnificus 27562 was grown at 37°C for 24 hours in 10.0 ml of BHI broth
(1.0% NaCl) with shaking. The entire broth culture was centrifuged at 10,000 g for 10
minutes at room temperature to pellet cells. The pellet was re-suspended in 10.0 ml of
ASW and stored at room temperature while plate count media was incubated overnight.
Serial dilutions of the ASW suspension were spread onto Marine agar 2216 and allowed
to incubate at 37°C overnight. Culturable plate counts were performed on serial dilutions
to determine the concentration of the cell suspension. Two enrichment cultures inoculated
with the same volume of cell suspension (prepared above) were prepared for each assay
as detailed below: one was eventually injected into the waveguide chamber and assayed,
and one was used after enrichment to enumerate the culturable cells that were exposed to
the waveguide at the time of the assay (post-enrichment).



The appropriate ASW dilutions were centrifuged at 10,000 g for 10 minutes at
room temperature and the pellet was resuspended in either alkaline peptone water (APW)
(5% peptone and 1.0% NacCl in sterile deionized water, pH 8.0) or PNCC enrichment
broth (6). The entire volume of enrichment broth seeded with known CFU incubated at
37°C with shaking for 4 hours. The entire volume of enrichment broth was centrifuged at
10,000 g for 10 minutes at room temperature. The pellet to be assayed with the
biosensor was resuspended in 200 pl sterile water, sonicated for 5 minutes on ice, and
assayed with the biosensor. The pellet to be enumerated was resuspended in ASW and
plate counted on Marine agar 2216 incubated at 37°C overnight.

V. vulnificus antibody preparation

Polyclonal anti-V. vulnificus antibodies targeting internal epitopes were made at
Strategic Biosolutions (Newark, DE) by inoculating two New Zealand White rabbits
(Specific Pathogen Free, designated A7310 and A7311) with cell extracts from V.
vulnificus 27652. Antiserum was bled from both rabbits on five different dates in 2003
(January 1, January 17, January 23, May 8, May 12, August 26, and August 22).
Antibodies were purified from the rabbit antiserum using a HiTrap” rProtein A affinity
purification kit (Amersham Biosciences, Arlington Heights, IL) according to
manufacturer instructions. Conjugates of this antibody preparation were used as both
capture and detection moieties in all subsequent immunoassays.

Anti-V. vulnificus antibodies purified from the aforementioned antiserum were
used as the basis for developing the immuno-sandwich biosensor assay. The capture
antibody was formed by conjugating purified polyclonal antibodies with biotin using the
E-Z Link™ NHS-LC-LC Biotin (Pierce Biotechnology, Rockford, IL) buffer exchange
system, according to manufacturer specifications. Briefly, concentrations of purified
antibody were estimated using ultraviolet spectrophotometry at 280 nm. Antibodies were
diluted to 2.0 mg/ml in 0.025 carbonate buffer (pH 9.3). After 0.5 mg of EZ link NHS-
LC-LC Biotin was dissolved in 1.0 ml N, N-dimethylformamide (DMF), 75 pl of this
solution was added to 475 pl of purified antibody solution. The sample was then inverted
several times to mix and was allowed to incubate on ice for 2 hours at room temperature.
Unincorporated biotin was removed by gel filtration on a Bio-Gel P10 column (Bio-Rad,
Hercules, CA) equilibrated with PBS and 0.02% sodium azide. Total protein
concentration in stock solutions of the biotin-labeled anti-V. vulnificus polyclonal
antibodies was estimated by ultraviolet spectrophotometry at 280 nm. Antibody
preparations were stored in the dark at 4°C until needed. For each biosensor channel, 200
ul of biotinylated capture antibody (diluted to 100 mg/ml total protein concentration in
PBS) was incubated on the waveguide. The capture antibody adheres to the streptavidin
coated waveguide utilizing the strong, non-covalent, biotin/avidin association. The
capture antibody is responsible for adhering the target antigen to the surface of the
waveguide awaiting detection.

The detection antibody was formed by conjugating purified polyclonal antibodies
with cyanine-5 using the FluoroLink™ Cy5 Reactive Dye pack (Amersham Life
Sciences, Arlington Heights, IL) according to manufacturer specifications. Briefly,
concentrations of purified antibody were estimated by ultraviolet spectrophotometry at
280 nm. Antibodies were diluted to 2.0 mg/ml in 0.1 M carbonate—bicarbonate buffer
(pH 9.3) for a total volume of 500 pl. The entire 500 pul volume was added to the dye



vial, capped, mixed thoroughly, and incubated in the dark at room temperature for 30
minutes. Labeled antibody was purified from free dye by gel filtration on a Bio-Gel P10
column equilibrated with PBS and 0.02% sodium azide. Efficient labeling was
confirmed by estimating the protein to dye ratio using ultraviolet spectrophotometry at
280 nm and 650 nm respectively. No aliquot of labeled antibody with less than a 2:1 dye
to antibody ratio was used in any immunoassay. Stock solutions of cyanine-5 labeled
anti-V. vulnificus antibodies were estimated for total protein concentration using
ultraviolet spectrophotometry at 280 nm and stored in the dark at 4°C until needed. For
each channel assayed with the biosensor, 200 pl of the biotinylated capture antibody
(diluted to 10.0 pg/ml total protein concentration in blocking buffer) was incubated on
the waveguide. The detection antibody is responsible for finishing the detection
sandwich in the immunoassay by incorporating the fluorescent moiety (cyanine-5) which
is excited and measured by the biosensor.

Preparing polystyrene waveguides for biosensor assays

Optics grade polystyrene fibers (waveguides) (Research International,
Woodinville, WA) were washed by sonication in an isopropanol bath (FS30 Ultrasonic
Bath Cleaner, Fisher Scientific, Pittsburg, PA) for 30 seconds at 130 Watts. The
waveguides were rinsed with sterile deionized water and allowed to dry by inverting in a
waveguide holder (Research International, Woodinville, WA). The tips of the
waveguides (approximately 1.0 mm of the distal end) were dipped into flat black enamel
paint (Testors, Rockford, IL) and allowed to dry for 30 minutes. The waveguides were
then placed into sealed glass capillary tubes and incubated in a streptavidin (Sigma-
Aldrich, Saint Louis, MO) solution at 100 pg/ml in PBS overnight at 4°C, allowing the
streptavidin to adsorb to the surface of the waveguide.

V. vulnificus immunoassay development for the Analyte 2000 biosensor

Streptavidin-coated waveguides were placed into four chambers attached to each
of the four channels of the biosensor. One milliliter of sterile PBST (PBS with 0.1%
Tween 20, pH 7.0) was injected with a syringe through the chamber to wash away any
non-adsorbed streptavidin from the waveguide. Two hundred microliters of biotin-
conjugated ant-V. vulnificus capture antibody (100 pg/ml) was injected into the
waveguide chamber and allowed to incubate at room temperature for 30 minutes. The
waveguide was then rinsed with 1.0 ml PBST to wash away any unbound capture
antibody. The waveguides were then incubated with 200 pl blocking buffer (PBS
containing 2.0 mg/ml bovine serum albumin, 2.0 mg/ml casein) for 30 minutes at room
temperature to inhibit capture antibody from adsorbing to the waveguide non-
specifically. The threshold signal level that must be exceeded to constitute a positive
detection event was determined separately for each for each channel of the Analyte 2000,
which includes four channels. Two hundred microliters of detection antibody (10.0 pg/ml
cyanine-5 conjugated anti-V. vulnificus antibody diluted in blocking buffer) was injected
into each chamber and allowed to incubate at room temperature for 5 minutes. The
chambers were then rinsed twice with 1.0 ml PBST, the laser was activated, and
fluorescence measurements (picoamps; pA) were taken. The incubation with detection
antibody, rinses, and readings were repeated five more times to acquire six total
background readings for each channel. The threshold signal for each channel was
determined by calculating three times the standard deviation of the signal changes



between each consecutive background signal, added to the mean signal change (threshold
signal = [(standard deviation of _ signal between each consecutive background signal
3) + (mean _ background signals)].

After the last background signal was taken, 200 pul of the diluted V. vulnificus
sample was injected into the chamber and incubated under static conditions at room
temperature for 10 minutes. The waveguide was again rinsed with 1.0 ml PBST.
Detection antibody (same composition and volume used in background readings) was
injected into the chamber and incubated at room temperature for 5 minutes, allowing the
cyanine-5-conjugated antibodies to bind to the captured V. vulnificus antigen. A final
rinse of 1.0 ml PBST was injected to wash away any unbound detection antibody from
the surface of the waveguide. Fluorescence measurements were taken following the last
wash. Any detection signal greater than the threshold signal determined for a given wave
guide is considered a positive detection event, while a signal less than the threshold is
considered a non-detect. A schematic representation of the components comprising the
immunoassay is given in Figure 1.

Correlation between mean corrected detection signals and CFU

Corrected detection signals for all assay settings were acquired by subtracting the
threshold signal from the detection signal for each detection event. Signals acquired from
whole cell and cell extract assays for V. vulnificus 27562 assayed in sterile water, V.
vulnificus (MCO0603S) assayed in sterile water, and V. vulnificus 27562 assayed in
estuarine water were compared. Also, signals acquired from both enrichment assays
(APW and PNCC) were compared. The mean corrected detection signals were compared
with CFU in each of the assay settings. Correlation coefficients were calculated for
normally distributed values (Pearson’s r), and for non-normally distributed values
(Spearman’s r). Also, p values (_ = 0.05) and 95% confidence intervals were calculated
for each correlation.

Comparison between clinical and environmental V. vulnificus isolates

Corrected detection signals were compared between whole cell and cell extract
assays on both clinical (ATCC 27562) and environmental (MC0603S) V. vulnificus
isolates suspended in sterile water. The sample sizes for some assay settings were too
small to determine the distribution. In these instances, normal distribution was assumed,
and unpaired t tests with Welch corrections were performed on mean corrected detection
signals. Two-tailed p values (_ = 0.05) were calculated for each comparison to determine
if the differences between detection signals for both isolates were statistically significant.

B. Enterococcus faecalis Biosensor Assays
Antibody evaluation for Enterococcus faecalis biosensor assay

Antibody production was carried out at the University of Florida by immunizing
mice with boiled suspensions of E. faecalis (ATCC 19433), E. faecium (ATCC 12592),
or pure group D streptococcal cell wall carbohydrate (glycerol teichoic acid linked to
cytoplasmic membrane) and was measured for titer at the Advanced Biosensors
Laboratory (ABL) at the University of South Florida. The commercially available
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polyclonal antibody, Anti-Strep Group D polyclonal antibody from American Research
Products, Inc.™ (ARP) (Belmont, MA), was also measured for titer.

A 10-fold serial dilution of a broth culture of E. faecalis (4.6 x 10° CFU/mL) was
made and cross-linked to a microtiter plate. The test bleed serum was used as primary
antibody and was diluted (1:100). Subsequent serial dilutions were made in a microtiter
plate. After a 30-minute incubation period at room temperature, the plate was washed
and anti-rabbit IgG conjugated to horseradish peroxidase (diluted 1:500) was added and
incubated for 30 minutes at room temperature. After washing, Quanta Blue substrate
(Pierce, Rockford, I1) was added and incubated for 25 minutes at room temperature.
Quanta Blue stop solution was added at the end of incubation and the relative
fluorescence was measured using a fluorescent plate reader (CytoFluor 4000° Series
Fluorescence Multi-well Plate Reader, Applied Biosystems, Foster City, CA)

Another polyclonal antibody preparation was made at Strategic Biosolutions
(SBS) (Newark, DE) by immunizing New Zealand White rabbits (Specific Pathogen
Free) with a boiled lysate of E. faecalis 19433. Antibody was purified from antiserum
using either a HiTrap" rProtein A IgG purification kit (Amersham Biosciences, Arlington
Heights, IL) or a CarboLink™ Kit (Pierce, Rockford, IL) by following manufacturer’s
instructions.

E. faecalis antibody preparation

For biosensor assays in which cells were not directly adsorbed to the waveguides,
antibodies were labeled with either biotin or cyanine-5 to be used as capture and
detection moieties, respectively. Capture antibodies were biotinylated using an E-Z
Link™ NHS-LC-LC Biotin kit (Pierce Biotechnology, Rockford, IL) according to
manufacturer’s instructions. Detection antibodies were labeled with cyanine-5 using a
FluoroLink™ Cy5 Reactive Dye pack (Amersham Life Sciences, Arlington Heights, IL)
according to manufacturer specifications (see V. vulnificus antibody preparation above
for details).

Direct adsorption biosensor assay for E. faecalis in seawater

Dilutions of a broth culture of E. faecalis 19433 culture (1 _10°, 1 107, and 1 10®
CFU) were made in filter-sterilized seawater. Cells were mixed with unlabeled ARP
antibodies, and were allowed to adsorb directly to waveguides for 30 min at room
temperature prior to the assay. In an attempt to increase the signal-to-noise ratio, a
secondary anti-IgG antibody was labeled with cyanine-5 and used as the detection
antibody.

ELISA studies comparing the effect of different cell preparations of E. faecalis on
the sensitivity of the immunoassay

Cell preparations of E. faecalis 19433 included sonication, boiling, and freeze-
thawing of samples prior to ELISA detection. Cells were either sonicated intermittently
for 25 minutes, boiled for 30 minutes, or freeze-thawed (dry ice and denatured ethanol)
for six cycles. All of the samples were examined under a compound light microscope
before and after each treatment in order to detect morphological changes caused by the
treatments. Individual cell structure appeared unchanged in all of the three treatments.
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The only noticeable difference was that prior to each treatment, the cells appeared to be
associated either in chains or clusters while after the treatments, the cells were found
more in singles and pairs. This was particularly applicable to the sonicated sample.

A ten-fold serial dilution of E. faecalis 19433 was made. The untreated cells were
incubated on an ELISA microtitre plate (all concentrations of the dilution series). A
concentration of 1 10® CFU/ml was treated with sonication, boiling, or freeze-thawing.
The various treated samples were then diluted and incubated on the microtitre plate. The
plate was incubated overnight at 4°C. After an initial wash, primary ARP antibody was
added at a 1:1000 dilution. Following another wash step, the primary antibody (anti-
rabbit IgG conjugated to horseradish peroxidase) was incubated for 30 minutes in each
well. After a final wash, Quanta Blue substrate (Pierce, Rockford, IL) was added and
incubated for 25 minutes. Quanta Blue stop solution was added, and the relative
fluorescence was measured on the fluorescent plate reader (CytoFluor 4000® Series
Fluorescence Multi-well Plate Reader, Applied Biosystems, Foster City, CA).

Initial biosensor assay on E. faecalis ATCC sonicated supernatant

E. faecalis 19433 cells (viable count 1.5 10° CFU/ml) were resuspended in PBS
and sonciated for 30 minutes. The standard sandwich immunosensor assay was
performed using the biotin labeled ARP antibody (100ug/ml) as the capture moiety and
cyanine-5 labeled ARP antibody (20pg/ml) as the detection moiety. Sonicated
supernatants from three serial dilutions of the initial viable count were assayed.
Supernatants from consecutively higher concentrations were incubated on the same
waveguide to determine whether an increase in the  signal was proportional to the
increase in cell concentration.

Affinity antibody purification for improving sensitivity of E. faecalis biosensor assay

Two methods for purifying antibody were evaluated in attempt to increase
sensitivity of the E. faecalis-specific biosensor assay. Polyclonal antibody from
antiserum obtained from SBS was purified using either a HiTrap® rProtein A IgG
purification kit (Amersham Biosciences, Arlington Heights, IL) (see above V. vulnificus
antibody preparation), or a CarboLink™ Kit (Pierce, Rockford, IL) following
manufacturer’s instructions. Briefly, teichoic acid was extracted from E. faecalis 19433
by first growing an overnight culture in BHI broth at 37°C with shaking. The culture was
pelleted by centrifugation at 10,000 g for 10 minutes at room temperature, the
supernatant was removed, and the pellet was resuspended in 2 ml of PBS. DNase, RNase,
and lysozyme were added to the suspension and allowed to incubate overnight at 37°C.
Five milliliters of 100% ethanol was added prior to centrifugation at 10,000 g for 10
minutes at room temperature. The supernatant was decanted and the pellet was
resuspended in sterile deionized nanopure water. This final suspension was pelleted by
centrifugation at 10,000 g for 10 minutes at room temperature to remove any
insolubles. This crude carbohydrate extraction was oxidized using CarboLink™
Oxidizing Agent (Pierce, Rockford, IL) and the oxidized sample was incubated on the gel
column provided for 6 hours. The antibody was then purified against the teichoic acid
antigen using this column per manufacturer’s instructions. An ELISA was performed on
serial dilutions of E. faecalis 19433 using purified antibody as the primary antibody and a
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horseradish peroxidase (HRP)-conjugated anti-rabbit IgG as secondary. Quanta Blue
substrate (Pierce, Rockford, IL) was used to generate fluorescence as previously stated.

E. faecalis biosensor assay comparing affinity purified antibody to IgG purified
antibody

A standard sandwich-type biosensor immunoassay (see above) was carried out
using labeled SBS antibody purified using either the CarboLink™ (Pierce, Rockford, IL)
affinity purification system or the HiTrap® rProtein A IgG purification kit (Amersham
Biosciences, Arlington Heights, IL). Three dilutions of E. faecalis 19433 (3.3_10°,
3.3 107, and 3.3 _10° CFU) were sonicated for 30 minutes and assayed using antibodies
from both preparations.

C. Other
Sample collection

Water and oyster samples were collected on a bimonthly basis from the Guana-
Tolamato-Matanzas National Estuarine Research Reserve (GTMNERR) on seventeen
sampling events between June 2002 and January 2004. For each sampling event, the
temperature and salinity of the water being collected was recorded.

Isolation and confirmation of target vibrios

Water samples were directly spread plated, using 100 pL, onto thiosulfate-citrate-
bile salts-sucrose (TCBS, Becton Dickinson, USA) agar and modified cellobiose-
polymixin B-colistin (mCPC) agar (21). Water was also enriched in 1:10 alkaline peptone
water (APW) at 37°C for 24 h. The enrichment was then plated on TCBS and mCPC and
incubated at 37°C for 24 h. Oysters were shucked and the tissue (~5 g) was homogenized
with 9ml g' APW. The homogenate was then divided into two equal portions and
enriched at 37 and 42°C for 24 h. These enrichments were then diluted and 100ul was
spread plated, onto mCPC and TCBS agars, which were incubated at 37°C for 24 h.
Characteristic yellow (V. cholerae) and green colonies (V. vulnificus or V.
parahaemolyticus) on TCBS and yellow colonies (V. vulnificus) on mCPC were
enumerated, streaked onto Marine Agar 2216 (MA, Becton Dickinson, USA) and
incubated at 37°C for 24 h. API 20E strips (BioMerieux, USA) were used to obtain the
biochemical profiles for each isolate following the manufacturer’s instructions. All
isolates identified as V. cholerae, V. parahaemolyticus or V. vulnificus were confirmed
with conventional PCR using species-specific primers (Table 1) and DNA template
purified with a commercial kit (Qiagen DNeasy kit). Amplicon production and size were
confirmed by agarose gel electrophoresis.

Water samples were also filtered through 0.45um nitrocellulose filters. The filters
were placed on mFC agar and mEI agar and incubated at 44.5°C and 41.5°C respectively
for 24 h. Blue colonies on both media were enumerated, representing the fecal coliform
group and Enterococcus spp. respectively.

Real-time PCR

Previously published, conventional PCR primers targeting thk4 (hemolysin)
gene (11) were adapted for real-time PCR for V. vulnificus. Extracted DNA was
quantified and diluted to allow incorporation of 4-20 ng into each 20 ul reaction. Each
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20 pl reaction contained 2mM MgCl,, 0.5 uM each of forward and reverse primers
(Table 1), 2 ul LightCycler FastStart DNA Master SYBR Green I (Roche) and 2 pl
template DNA. A LightCycler™ (Roche) was used, allowing amplification and melting
curve analysis to be completed (Table 2). Specificity of the cycling parameters was tested
using Vibrio cholerae O1 (Ogawa 124) (obtained from M. Tamplin), Vibrio
parahaemolyticus (ATCC 49398) and Vibrio alginolyticus (ATTC 51160) as well as
environmental strains of V. vulnificus isolated during the course of this project.

Results
1. Vibrio vulnificus biosensor assay

Initial detection of whole cell V. vulnificus 27562 using the biosensor

An initial assay was performed with a high number of whole (intact) cells to
confirm the usefulness of the anti-V. vulnificus polyclonal antibodies in the
immunoassays. Three whole cell suspensions (1_10%, 1 10°, and 1_10°) were assayed
(Table 3), and all gave positive detection events. A positive signal was not generated in
the negative control (no target antigen) channel (Table 3 and Table 4-assay 1). It is
important to note that the numbers given in all subsequent tables are not concentrations
(i.e. CFU/ml), but are actual cell numbers (CFU) exposed to the waveguides. The assay
was replicated twice (assays 2 and 3, Table 4), each time with similar results.

Determining the sensitivity on whole cell V. vulnificus (ATCC 27562)

The initial biosensor assay was repeated with lower cell numbers in order to
determine the sensitivity of the assay in detecting whole cells. Suspensions of 1_10%,
1 10°, and 1_10* whole cells were assayed (assay 4, Table 4) and replicated twice (assays
5 and 6, Table 4). None of the assays were able to detect 1 _10” or 1_10° CFU, yet all
detected 1_10* CFU. There were no positive signals for any of the negative channels.

Testing the reproducibility of the biosensor for detection of 1_10* whole cell V.
vulnificus (ATCC 27562)

The reproducibility of biosensor detection of whole cells was tested by assaying
suspensions containing 1 10° and 1 _10* CFU (assay 7, Table 4) and was replicated nine
times (assays 8-16, Table 4). Cells were grown in BHI broth (1.0% NaCl) at 37°C with
shaking for 24 h. CFU were enumerated, suspended in 200 pl of sterile water, and
assayed with the biosensor. To more rigorously control the accuracy of the assays, an
extra negative control (2 channels) was added to each assay. In all ten assays, the
biosensor was able to detect 1_10* CFU, but not 1_10°> CFU. No positive signals were
observed in the negative control channels.

Detection of V. vulnificus (ATCC 27562) cell extracts using the biosensor

Sonicated cell extracts were assayed with the biosensor in attempt to lower the
limit of detection (minimum CFU required to produce a positive detection event) of the
assay. Cell extract suspensions containing 1 _10°, 1 _10* and 1_10° CFU (three replicates
each) were assayed. All had positive detection events with no positive signal in the
negative control channel (assay 17, Table 5). The assay was replicated twice (assays 18
and 19, Table 5), each time with similar results.

Determining the sensitivity toward V. vulnificus (ATCC 27562) cell extracts
The initial biosensor assay was repeated on cell extracts containing fewer CFU in
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order to determine the sensitivity of the assay. Extracts from 1_ 10 1 _10°, and 1_10"
cells were assayed (assay 20, Table 5) and replicated (assays 21 and 22, Table 5). None
of the three assays were able to detect extracts containing 1 107 cells, yet all detected the
1 10’ and 1 10" suspensions. There were no positive signals for any of the negative
control channels.

Testing the reproducibility of the biosensor for detection of cell extracts from 1_103
V. vulnificus (ATCC 27562)

The reproducibility of the biosensor for detection of cell extracts was tested by
performing an assay on extracts from 1 10> and 1_10° CFU (assay 23, Table 5), and
replicated nine times (assays 24-32, Table 5). To more rigorously test the accuracy of
positive detection events, an extra negative control was added to each assay. In nine of
the ten channels interrogated, the biosensor was able to detect extracts from 1_10° CFU,
with no positive signals in either the 1 10 suspensions or the negative channels. One of
the replicate assays was not able to detect extract from 1_10° CFU (assay number 26,
Table 5).

Detection of V. vulnificus environmental isolates (whole cells)

V. vulnificus (MC0603S) isolated in June 2003 from sediment (cultured in the
Harwood lab) at a site on Marshall Creek in the Guana-Tolamato-Matanzas National
Estuarine Research Reserve was identified by API-20E and confirmed by PCR using
species-specific primers (11). The environmental strain was assayed to better represent
the final goal of the biosensor, which is to be able to detect autochthonous V. vulnificus in
marine and estuarine waters. Three suspensions containing intact cells (1 10, 1_10°,
and 1_10° CFU) were assayed (assay 33, Table 6) and replicated (assays 34 and 35, Table
6). All yielded positive detection signals, with no positive signal in any of the negative
control channels.

Detecting cell extracts of V. vulnificus environmental isolates

Cell extracts from cultures of the environmental V. vulnificus (MC0603S) isolate
were assayed to determine if the sensitivity could be improved by lysing cells, as it was
with extracts from the clinical (ATCC 27652) isolate.  Extracts from three cell
suspensions containing 1 _10°, 1 _10*, and 1_10° CFU before sonication, were assayed
(assay 36, Table 7) and replicated (assays 37 and 38, Table 7). Two of the three assays
were positive for extracts from 1_10° CFU (assays 36 and 38, Table 7) and one was
negative (assay 37, Table 7). No positive signals occurred in any of the negative
channels.

Testing the specificity of the biosensor assay against closely related Vibrio species
and E. coli

To study the possible cross-reactivity of the V. vulnificus-specific polyclonal
antibodies with other ATCC Vibrio spp. strains, intact V. cholerae (ATCC 11623) (assays
39-41, Table 8), V. parahaemolyticus (ATCC 49398) (assays 42-44, Table 8), and V.
alginolyticus (ATCC 51160) (assays 45-47, Table 8) cells were assayed with the
biosensor. Whole cells from a non-vibrio, E. coli (ATCC 9637), were also assayed for
cross-reactivity (assays 48-50, Table 8). Cell extracts from the same non-target
organisms (V. cholerae 11623 (assay 51, Table 9), V. parahaemolyticus 49398 (assay 52,
Table 9), V. alginolyticus 51160 (assay 53, Table 9), and E. coli 9637 (assay 54, Table 9))
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were also assayed for cross-reactivity. No positive detection events occurred with any
non-target Vibrio spp. or E. coli (whole cell or extracts), while the positive control V.
vulnificus (ATCC 27562) was detected in all assays. There were no positive detection
events for any of the negative controls used with each assay.

Testing the sensitivity of the biosensor assay on a mixture of whole cell V. vulnificus
(ATCC 27562) and V. cholerae (ATCC 11623)

Mixed suspensions containing 1 _10*and 1_10° CFU V. vulnificus (ATCC 27562)
and V. cholerae (ATCC 1162) (1:1), were assayed and replicated once with the biosensor.
The assay was able to detect mixed suspensions containing 1 10*and 1_10°> CFU in both
assays, with no positive detection signal in either of the negative control channels (assays
55 and 56, Table 10).

Detection of V. vulnificus (ATCC 27562) in estuarine water

Estuarine water (salinity at 24.1%o0) was acquired from northern Tampa Bay
(Tampa, FL) at the same location where environmental V. vulnificus were isolated. The
estuarine water was filter sterilized, and aliquots of V. vulnificus (ATCC 27562) were
added and assayed using the biosensor. For the cell extract assays, cells were suspended
in estuarine water and sonicated for 5 minutes prior to detection. Assays were performed,
with one replicate each, on both whole cell (assays 57 and 58, Table 11) and cell extract
(assays 59 and 60, Table 12) suspensions. In both whole cell assays in estuarine water,
there was no detection for 1 10" CFU suspensions, although this number was detectable
when assayed in sterile water. Both 1 10’ and 1 _10° CFU were detected.

In both cell extract assays in estuarine water, there was no detection for 1_10°
CFU suspensions, which was a detectable limit when assayed in sterile water (Table 12).
Cell extract from both 1_10* and 1_10° cells were detected in replicate assays No
positive detection events occurred in any of the negative channels. The sensitivity of the
assay was therefore decreased ~tenfold in estuarine water compared to deionized water.

Detection of cell extracts from V. vulnificus (ATCC 27562) after enrichment in
alkaline peptone water

The use of enrichment cultures to increase the sensitivity of the V. vulnificus assay
was investigated. Two enrichment cultures in alkaline peptone water were prepared for
each assay. Each culture was inoculated with the same volume of the same cell
suspension, but one was eventually injected into the waveguide chamber and assayed,
and one was used for culturable counts after enrichment to enumerate the culturable cells
that were exposed to the waveguide at the time of the assay (post-enrichment). Cell
extracts from enrichments seeded with 1 10, 5 10, and 1 10’ CFU were assayed twice
with the biosensor (assay 61a and 62a, Table 13). Positive detection events occurred for
extracts from enrichments seeded with 5 10% and 1 10’ cells in both assays, while no
detection occurred for enrichments seeded with 1_10* cells in either assay. Cells from
the parallel suspension in ASW were enumerated by plate counts to approximate the CFU
exposed to the waveguide at the time of the parallel assay (61b and 62b, Table 13).

Detection of cell extracts of V. vulnificus (ATCC 27562) in sterile water after
enrichment in PNCC enrichment broth
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V. vulnificus (ATCC 27562) was were enriched for a short time in PNCC
enrichment broth (5.0% peptone, 1.0% NaCl,, 0.08% cellobiose, and 1 U of colistin per
ml, pH 8.0) in attempt to further lower the limit of detection of the biosensor assay. Two
enrichment cultures inoculated with the same CFU were prepared for each assay: one was
eventually injected into the waveguide chamber and assayed, and one was used for
enumeration after enrichment to enumerate the culturable cells that were exposed to the
waveguide at the time of the assay (post-enrichment). Extracts from enrichments seeded
with dilutions of 50, 100, and 500 CFU were assayed twice on the biosensor. Neither of
the two assays (assay 63a and 64a, Table 14) were able to detect extracts from PNCC
enrichments seeded with 50 CFU, while extracts from enrichments seeded with 100 CFU
were detected in both assays. CFU from the enumeration suspension in PNCC
enrichment broth were enumerated by direct plate counts to approximate the CFU
exposed to the waveguide at the time of the parallel assay (63b and 63b, Table 14).

Correlation between mean corrected detection signals and whole cell assays for V.
vulnificus

The mean corrected detection signal of the biosensor assays with whole V.
vulnificus cells is shown under the various assay conditions (Figure 2). The correlation
between CFU and mean corrected detection signals for whole cell V. vulnificus ATCC
27562 (r=0.8839) (Table 16) and whole cell environmental (r=0.9149) (Table 15), as well
as whole cell ATCC assayed in estuarine water (r=0.9650) (Table 15), was statistically
significant.

Cell extract assays using V. vulnificus

The mean corrected detection signal of the biosensor assays with cell extracts is
shown under the various assay conditions (Figure 3). The correlation between CFU and
mean corrected detection signals for extracts from V. vulnificus 27652 (r=0.9389) (Table
16) and the environmental isolate (r=0.9869) (Table 15) assayed in sterile water, as well
as V. vulnificus ATCC 27562 extracts assayed in estuarine water (r=0.9262) (Table 15)
was statistically significant.

Assays on extracts from enrichment cultures of V. vulnificus

Mean corrected detection signals from V. vulnificus 27652 extracts enriched in
APW and PNCC (assayed in sterile water) are shown (Figure 4). The correlation
between CFU and mean corrected detection signals for extracts from cells enriched in
APW and PNCC (r=0.9479 and r=0.9260 respectively) (Table 15) was statistically
significant.

Comparison of mean corrected detection signals between clinical and environmental
V. vulnificus isolates

Corrected detection signals were compared between whole cell and cell extract
assays on both clinical (ATCC 27562) and environmental (MC0603S) V. vulnificus
isolates suspended in sterile water. Two-tailed t tests (_ = 0.05) were calculated
performed for each comparison to determine if the differences between the detection
signals for the isolates were statistically significant. The mean signals for 1 _10* whole
cell CFU were significantly different for the clinical and environmental isolates (Table
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17). Furthermore, the mean signals for cell extracts from 1_10° CFU in sterile water were
significantly different for the clinical and environmental isolates (Table 17).

I1. Antibody evaluation for Enterococcus faecalis biosensor assay

Antisera from test bleeds of mice by ELISA were screened for anti-E. faecalis
antibody titer (Figure 5). Antibody titers for all immunized mice were too low (no
activity above 1:400 dilution) to be used in biosensor assay development. However, the
commercially available ARP polyclonal antibody preparation had an activity level
detectable at the 1:40000 dilution (Figure 5), which made it a candidate for biosensor
development.

ELISA studies comparing the effect of different cell preparations of E. faecalis on
the sensitivity of the immunoassay using ARP antibody preparation

E. faecalis 19433 cells were prepared by sonication, boiling, and freeze-thawing
of samples prior to ELISA detection. Cells were either sonicated intermittently for 25
minutes, boiled for 30 minutes, or freeze-thawed (dry ice and denatured ethanol) for six
cycles. Sonication improved the sensitivity of the ELISA with ARP polyclonal antibodies
by an order of magnitude or more over the other cell preparation methods (Figure 6).

Initial biosensor assay on E. faecalis 19433 sonicated supernatant

The standard immuno-sandwich assay was performed on serial dilutions of E.
feacalis 19433 sonicated supernatant (Figure 7). Biotin and cyanine-5-labeled ARP
antibodies were used as capture and detection moieties respectively. When cells were
sonicated, the assay was about an order of magnitude more sensitive, which agreed with
ELISA results. The biosensor assay was not able to detect 1 10° CFU/ml (2_10° CFU)
sonicated cells, but was able to detect 1 10" CFU/ml (2_10° CFU) and 1 _10° (2_10’
CFU) (Figure 7).

Direct adsorption E. faecalis biosensor assay in seawater

The standard immunoassay sandwich format used in the V. vulnificus biosensor
assays with ARP antibodies was modified to test the efficacy of using direct cell
adsorption to the waveguide (minus the biotin/avidin association) in filter-sterilized
seawater. As few as 10° CFU/ml (2_10°> CFU) E. faecalis 19433 could be detected using
the direct adsorption method in seawater (Figure 8).

Affinity antibody purification of SBS antibodies for improving sensitivity of E.
Jaecalis biosensor assay

The effect of antibody purification on the immunoassay using the SBS polyclonal
antibody preparation generated in rabbits was assessed. ELISA assays were performed
using serial dilutions of intact (not sonicated) E. faecalis 19433 as target antigen. Either
teichoic acid-affinity purified (CarboLink™) or IgG-purified (HiTrap" rProtein A) SBS
antibodies were used as primary antibody. The sensitivity of the ELISA assay was not
dependent upon the purification method used (Figure 9), and was approximately
equivalent to the sensitivity achieved with the ARP polyclonal antibodies (compare to
Figure 6).

Biosensor assay comparing affinity purified SBS antibodies to IgG-purified SBS
antibodies
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A sandwich-type biosensor immunoassay was performed targeting sonicated E.
faecalis 19433 using SBS affinity-purified and IgG-purified antibody as capture and
detection moieties. Results were not significantly different depending upon the
purification method, and between 10’ — 10° CFU could be detected (Figure 10).

III. Enumeration of Vibrio spp. in Guana-Tolomoto-Matanzas National Estuarine
Research Reserve (GTM-NERR)

Vibrio spp. were isolated from the GTM-NERR area (174 from oysters and 352
from water) on TCBS and mCPC agar on a monthly basis over the time period January
2002 to January 2004. A total of 526 isolates were selected for further characterization
based on their colony morphology on TCBS or mCPC agar. Of these, PCR confirmed 53
isolates as Vibrio cholerae, 15 as V. vulnificus and 54 as V. parahaemolyticus. Overall,
23.2% of the 526 isolates were confirmed as one of the three pathogenic Vibrio species.
Of 76 green colonies on TCBS tested, 72.4% were confirmed as V. parahaemolyticus,
which speaks to the abundance of this organism in the GTMNERR sites tested, and to the
organism’s ability to grow well on TCBS. Of 113 yellow colonies from TCBS tested,
53% were confirmed as V. cholerae.

It has been shown that vibrios, especidllyulnificus, respond to changes in
temperature and that their numbers are highest in the warm summer months (15). This
trend was reflected in the data collected (Figure 11). The majority (92.3%) of V.
vulnificus were isolated when the water temperature was above 23°C. V.
parahaemolyticus and V. cholerae followed a similar trend with 87% (47/54) and 86.7%
(47/53) respectively being isolated from waters above 23°C.

Real-time PCR for V. vulnificus

Attempts to directly convert the conventional PCR temperature parameters for use
with the LightCycler were unsuccessful. Parameter adjustments were made to the V.
vulnificus assay (Table 2) to effect species-specific binding as well as to eliminate the
production of more than one amplification product per reaction. Specificity was tested
using Vibrio cholerae O1, Vibrio parahaemolyticus (ATCC 49398) and V. alginolyticus
(ATTC 51160), and no amplification occurred using these non-target Vibrio spp. Melting
curve analysis of real-time PCR products for V. vulnificus show a narrow range of
amplification product melting temperatures (Ty,), with an average T, of 87.3 +£0.1°C.
Further work is underway to optimize this assay for detection of V. vulnificus in
environmental samples.

Discussion

Tourism at beaches is negatively impacted by high bacterial loads, beach closures
or advisories, and waterborne illnesses, as are marine-associated occupations such as
shellfish harvesting. As developing coastal areas receive ever greater impacts from
stormwater and agricultural runoff, sewer discharges and septic (onsite wastewater
treatment) system failures, there is an increasing need to rapidly and specifically identify
microbial pathogens and to identify the source of fecal contamination. Current practices
mandate beach monitoring and posting by culturing indicator bacteria (fecal coliforms, E.
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coli and/or enterococci), which requires a minimum of 24 h. Frequently, by the time
warnings to the public are posted, bacterial levels have already fallen. Even more
problematic from a public health standpoint is the 24 h window of exposure that occurs
because of the lag between sample collection and processing. More rapid methods for
assessing microbiological water quality, preferably approaching real-time speed, have a
better probability of protecting public health than the current methods.

Immunosensor methods such as the one used in this study rely heavily on high-
affinity, specific antibody preparations for efficacy. We did not have a great deal of
success in finding or generating such an antibody preparation, in spite of trials with
commercially available antisera, as well as polyclonal antibodies generated for this study.
While the reason for the difficulty in generating antibodies that performed well with the
Analyte 2000 is unknown, the result was that the best detection level that was achieved
was 10° CFU/ml (2 X 10° CFU), which is obviously not realistic for regulatory use given
the necessity of detecting tens of enterococci for monitoring purposes. Enrichment
methods (not attempted here) may improve the sensitivity of such assays.

The presence and/or numbers of Vibrio vulnificus in recreational and shellfishing
waters and in shellfish is not correlated with levels of fecal indicator bacteria. The serious
illnesses caused by this opportunistic pathogen make it an important target for rapid
detection methods. While the real-time PCR work initiated herein has great promise for
rapid detection, and potentially quantification, of V. vulnificus, it requires further
development, particularly in terms of sensitivity, before it can be applicable in the field.
The enrichment protocol using PNCC broth increased the sensitivity to 100 CFU with an
assay time of ~7.5 hours. To our knowledge, this level of sensitivity is equivalent to the
best sensitivity that has been achieved with biosensors, with the possible exception of E.
coli O157:H7 (4). The commercially available polyclonal antibodies for E. coli O157:H7
made by KPL happen to be of exceptionally high affinity for the target, which gives this
assay a marked edge over those for other organisms. A recent report on rapid detection of
Listeria monocytogenes reported detection of 4.3 X 10° CFU/ml after enrichment (5),
demonstrating that biosensor methods with these relatively low sensitivities remain of
interest to the scientific community, doubtless due to the potential for improvement.

Areas that should be explored for improvement of biosensor performance include
protocols for (a) generating high-specificity, high-affinity antibodies (polyclonal or
monoclonal cocktail), (b) rapid enrichment of target cells, and (c) cell concentration
methods from dilute samples.

Technology Transfer and Management Application

Because the biosensor technology is not yet at the stage where it is useful for
management applications, it has not been widely transmitted. Presentations and posters at
meetings resulting from this work are given below under “Achievements.”
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Technology Commercialization

The Analyte 2000™ biosensor has been commercially available for over five
years. There are no current plans for commercial development of this application of the
technology.

Scientific and Academic Achievement
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Robert M. Ulrich. Masters of Science in Microbiology. Thesis title: Development of a
Sensitive and Specific Biosensor Assay to Detect Vibrio vulnificus in Estuarine Waters.
URL: http://purl.fcla.edu/fcla/etd/SFE0000532  (Manuscript in preparation).

Katrina V. Gordon. Ph.D. candidate, Department of Biology. (Manuscript in preparation.)
Theresa Trindae. Ph.D. candidate, Department of Biology.
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