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28. ELECTROCHEMICAL NANOBIOSENSOR
ALARM DEVICES FOR THE DETERMINATION
OF ENDOCRINE DISRUPTOR AGENTS

Emmanuel Iwuoha
Nocolette Hendricks and Priscilla Baker
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The role of cytochrome P450 (CYP) enzyme systems
in the detoxification of bioactive and hydrophobic
xenobiotics, such as drugs, environmental pollutants,
food supplements, steroids and endocrine disruptors,
cannot be over-emphasized. In this study we present
the development and amperometric transduction of
cytochromal biosensor alarm device for the
determination of endocrine disruptors. As a class II
microsomal b-type heme enzyme, CYP3A4 requires
the obligatory presence of electron transfer donor
redox protein, NAD(P)H, and cytochrome b5 for its
physiological reactivity. Optimal reconstitution assays
preferably involves vesicle forming phospholipids,
detergents and specialized reducing agents.
Biosensor offers the possibility of observing direct
electron transfer reaction of cytochrome P450-3A4
(CYP3A4) without the requirement of the enzyme's
physiological redox partners (1,2). In this study, a
nanobiosensor alarm device for the determination of
2,4-dichlorophenol (an endocrine disruptor and
hepatocarcinogen) was developed with genetically
engineered CYP3A4 imprinted on carbon electrode
chips that was modified with polypyrrole-gold
nanoparticles. The sensor amperometric signals
resulted from the two-electron monooxygenation
reaction between the ferri-heme CYP3A4 enzyme and
the endocrine disruptor compound. The biosensor was
interrogated electrochemically for its ability to detect
and report the presence of the endocrine disruptor
compound in real time. Accordingly, the response
time, sensitivity, storage stability, dynamic linear range
and detection limits of the device were evaluated. The
biosensor alarm device had a detection limit of 43 ng/L
for 2,4-dichlorophenol which is lower than the
European Union limit of 300 ng/L for pesticide
compounds in ground water; as well as the USA
Environmental Protection Agency's drinking water
equivalent level (DWEL) of 2000 ng/L (3,4).
Chromatographic studies despite their tedious sample
preparation and time-consuming pre-concentration
steps report detection limits (10-500 ng/L) that do not
compare with those of the CYP3A4 nanobiosensor
alarm device.
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The acute toxicity of oximes is crucial for the
assessment of a dose applied as a treatment for
organophosphorus intoxications. This is why we
decided to investigate which morphological lesions
could be produced in Wistar rats after treatment with
increasing doses of HI-6, Obidoxime, K027, K048, and
K075. In the first part of this study, tested oximes were
preliminarily tested in order to obtain their LD50 values.
Survival rates were monitored 24 hours after
application of each oxime. In separate experiment
animals were sacrificed 7 days after single im
application of 0.1 LD50 and 0.5 LD50 of each oxime,
and hearts, diaphragms and musculus popliteus were
obtained for pathohistological analysis. Tisue damage
score (TDS) was based on an estimation scale from 0
(no damage) to 5 (strong damage, massive necrotic
fields). In rats treated with of 0.1 LD50 of HI-6 and
K027 microscopic findings were similar to those
evaluated in the control groups, only. More intensive
alterations, but still mild and reversible degenerative
and vascular changes, were established in tissue
samples after treatment with 0.1 LD50 of Obidoxime,
K048 and K075, but their values were also similar to
the control group. Acute lesions were developed in
tissue samples within 7 days following treatment with
0.5 LD5o of all oximes. The most severe tissue
alterations were found in rats treated with 0.5 LD50 of
K048 and K075 (p < 0.001 vs. control and HI-6).
These observations of the earliest tissues events are
helping to guide of applications of novel development
oximes.

Key Words/Phrases: Oximes, Heart, Diaphragm,
Musculus popliteus.
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RESPONSES TO BIOTERRORISM IN CANADA
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Throughout 2007, the CRTI Biological Cluster
conducted a series of biological terrorism exercises
within a project entitled Bi-Ex West. The overall
purpose of Bi-Ex West was to determine how the
federal science and technology community could
assist responders in a bio-terrorism attack involving a
zoonotic agent. Bi-Ex West consisted of three
immersive electronic tabletop exercises, which
culminated into a two-day full-scale field exercise
involving more than 200 players distributed throughout
six sites. Participants represented 18 agencies,
including agricultural, health and emergency
management organizations at the federal, provincial
and municipal levels, as well as first responders from
the law enforcement and fire rescue communities.
These exercises were conducted in a learning
environment that fostered knowledge sharing between
local, provincial and federal agencies and enabled
participants to exercise their roles, responsibilities and
procedures when responding to a biological terrorist
event. It also provided agencies with an opportunity to
gain a better understanding of how to integrate their
various response plans to improve coordination.
Observations and recommendations were collected
from evaluators and participants over the course of the
exercise. The resulting 70 recommendations have
been grouped under the following categories: Roles
and Responsibilities; Communication; Training,
Education and Planning; Resources and Equipment;
Security and; Exercise Design. In addition to action
items attached to the recommendations, a number of

CBRNE activities resulted from Bi-Ex West increasing
the capacity of resources within the Federal
Government and the Province of British Columbia
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31. STRATEGIC APPROACHES TO CBRN
DECONTAMINATION RESEARCH DESIGN
AND INVESTMENT

Peter Jutro
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Research funding is society's investment in its future,
but in difficult economic times, investment in anything
with a less than immediate payoff can be a challenge.
Making federal research investment decisions for large
scale issues with political, social, and economic
consequences has always involved competition for
available resources played out in universities, Federal
executive departments and agencies, and in the
authorizing and appropriating committees and
subcommittees of the legislature.
Designing a research program that relates to the
national need for a long-term strategic approach to
consequence management is a challenge in the
natural and social sciences as well as in political
analysis. A successful effort must involve intensive
interactions by research managers with consequence
managers, evaluation of the relative cost and potential
effectiveness of alternative research strategies, an
estimation of time to completion and potential for
success of research, and having a common
understanding of roles and responsibilities of national
and local governments, as well as private enterprise
and affected individuals. All this must be undertaken in
concert with the development of risk communication
strategies that are science-based but deal with
managing societal expectations based on the costs
and practicality of potential alternative suites of
solutions.
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issues having to do with critical infrastructure protection,
homeland security, terrorism, disasters, and risk.
Dr. Jutro received the PhD from Cornell University in 1975.
He came to EPA in 1983 from the faculty of Cornell
University. In 1996, he was elected as a Fellow of the
American Association for the Advancement of Science, and
in 2002 received the Administrator's Medal of Excellence for
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