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ABSTRACT

A wide spectrum of chemicals, toxins and microbiological materials including
some bacterial exotoxins has potential for use in a warfare or terror attacks. Both
civilian and military sources predict that over the next decade the threat from pro-
liferation of these chemical and biological warfare agents will increase significantly.
Recent terrorist events and threats have shown that an urgent and effective method
is required for sensing the threat detection, especially chemical and biological war-
fare agents. So, reliable and rapid detection and identification of these biochemical
agents is one of the primary concerns that physicians and other health staff have
to deal with. In this paper, biosensor, which is one of these prominent detection
systems is overviewed from the aspect of medical response against these weapons.
Application fields of biosensors highlighting the use in detection and identification
of biochemical weapons of mass destruction have been described to emphasize the
trends on new technology of sensors. Various types of sensors have been devel-
oped and extensively evaluated on field. This paper also describes this developing
technology for detecting such agents. It may be envisaged that national capability
to detect these terror agents rapidly should be improved in terms of recognition of
the exposure.

Key Words: biosensor, chemical, biological, weapons, detection.

OZET

Genis bir spektrumda kimyasallarin, toksinlerin ve bazi bakteriyel ekzotoksinlerin
de dahil olmak tizere mikrobiyolojik materyallerin bir savag veya bir terdr ortamin-
da kullanilma potansiyeli bulunmaktadir. Hem sivil hem de askeri kaynaklar 6nii-
miizdeki donemlerde bu kimyasal ve biyolojik savas ajanlarindan dogabilecek teh-
didin artabilecegini tahmin etmektedirler. Son terdr olaylar1 ve tehdidi de goster-
mektedir ki, bu kimyasal ve biyolojik ajanlardan kaynaklanabilecek bu tehditlerin
ortaya ¢ikarilmasi icin acil ve etkili bir yonteme ihtiya¢ bulunmaktadir. Bu biyo-
kimyasal ajanlarin giivenilir ve siiratli bir sekilde saptanmasi ve taninmasi hekim-
lerin ve diger saglik personelinin iistesinden gelmesi gereken konulardan birisidir.
Bu makalede, 6nde gelen saptama sistemlerden olan biyosensoérler, bu ajanlara karst
verilecek tibbi yanit agisindan gézden gegirilmektedir. Biyokimyasal kitle imha si-
lahlarinin saptanmasi ve taninmasinda uygulanmasinin éne ¢ikarildig: biyosensor-
lerin kullanim alanlar1 yeni sensor teknolojileri vurgulanarak anlatilmaktadir. Ce-
sitli tipte sensorler gelistirilmis ve genis bir sekilde alanda denenmistir. Bu maka-
le bu ajanlarin saptanmasi i¢in bu gelismekte olan teknolojiden de bahsetmektedir.
Maruziyetin ortaya konulmasinda bu terror ajanlarinin siiratle saptanmasi igin ulu-
sal yeteneklerimizin gelistirilmesinin de gerekli oldugu 6ngoriilmektedir.

Anahtar Kelimeler: biyosensor, kimyasal, biyolojik, silah, saptama
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Overview on Biosensors

Biosensor is an analytical device with a biological ele-
ment, which transforms chemical parameters within a
system into an optical or electrical signal (1).

Thus, a biosensor consists of a bioreceptor and a trans-
ducer. Bioreceptor is a biomolecule, which can identify
the analyte targeted to be found out, but transducer is a
component, which transforms the identified value into a
signal that can be measured. These two components are
integrated into a system to form a biosensor.

Table-1: The application fields of biosensors are wide as is mentioned
below

- Clinical diagnosis and biomedicine
- In agriculture field and veterinary applications

- Fermentation control and analysis of the food and drink
production

- Microbiology, bacterial and viral analysis
- In pharmaceutical field and medicine analysis
- Control of the industrial waste
- Control and monitoring of environmental polluters
- Military applications

Use of biosensors in identification of chemical and bio-
logical warfare agents:

Chemical and biological warfare is to cause disease of
human beings and animals or to use chemicals and bio-
logical agents to damage foods or materials and plants.
One of the important ways of the protection against such
toxic agents is to ensure early diagnosis and therapy, ef-
fective intelligence, and improvement and use of infor-
mation technology. Currently, conventional methods are
still used to detect these chem-bio agents. However, the
information about which microorganism or which agent
is used during an attack before causing the disease or ex-
posure, will allow us to early diagnose the possible dise-
ase and apply an effective and appropriate treatment and
approaches against it. Therefore, such biosensors, which
can allow rapid and precious diagnosis, have been desig-
ned in recent years in particular. It is obvious that there
is an increasing need for rapid and cost-effective com-
mercial devices to detect microbial contamination of
food, industrial water wastes and clinical samples. This
caused the development of biosensors in recent times in
order to ensure microbial detection of microorganisms
and chemical terror materials based on their optical,
electrochemical, biochemical and physical features (2).

Sometimes a whole cell can also serve as a biorecep-
tor. Microbial cells immobilized on electrodes are used
as detectors. Here, the oxygen consumption is measured
based on the microbial metabolism. Microorganisms are
immobilized on a cellulose membrane and this complex
is integrated into a membrane, a reacting layer, to set up

Turk J Biochem, 2010; 35 (1) ; 72-74.

a system. In this system, Rhodococcus erythropolis and
Issatchenkia orientalis may be used as the basic micro-
organisms (2).

In addition, the Man-portable Analyte Identification
System (MANTIS) has been developed. This system
is a fiber optic biosensor that is used for detecting the
staphylococcal enterotoxin B, a bacterial toxin of S. au-
reus, which mostly causes food poisoning. This system
can be used in the field and identify the toxin in liquid
and gas samples (3).

New Horizons Diagnostics Corp. (NHD) has also deve-
loped a sensor by using modified larger colloidal gold
particles within a small plastic cassette and recombinant
FAB antibodies. According to this system, it is possib-
le to detect 3 nanograms of botulinum toxin positivity
within 5 minutes (4). Another system developed by the
same company allows the identification of live bacteria
in the air or liquid by determining ATP contents of the
bacteria within a time less than 1 minute. In this system,
the sample is mixed with BRA (Bacterial Releasing
Agent), this mixture is transferred to a membrane co-
vered with luciferin-luciferase and the emission of light
correlated with existing ATP is measured by an illumi-
nometer (5). In addition, a biosensor is reported to be de-
veloped against staphylococcal enterotoxin B (SEB) that
has the potential to be used as a biological weapon. Here,
a 20-MHz piezoelectric quartz crystal sensor has been
integrated into a flow-injection system and polygonal
antibody is used where detection limit is 0.1- pg/ml (6).

Similarly, Francess Ligler and his colleagues from Ge-
orge Town University Naval Research Laboratory have
developed a sensor able to identify the bacteria in the air.
This fiber-optic system based on Antigen-Antibody re-
action performs the sampling by remote controlling on
the ground and identifies the agent and transmits the re-
sulting data to the operator. The antibody that is develo-
ped against the fluorescence-marked is immobilized on
the fiber on which the avidin-biotin molecules are cross-
linked. In this system, the detection limit is 3000 colony/
ml and the air volume it can sample is 100 L/min (7).

Furthermore, efforts have been spent to use the bio-
sensor technology to ensure early detection of chemi-
cal warfare agents, especially nerve gases. The fact that
nerve gas agents have the same structure with organop-
hosphorus insecticides has facilitated these studies (8,9).

It is also possible to express acetylcholinesterases in vit-
ro and use as a biosensor for detecting organophosphates
and carbamate insecticides (10). For this purpose, enz-
yme expression has been made from bovine erythrocy-
te, Electrophorus electricus, Drosophilia melanogaster,
Torpedo california and Caenorhabditis elegance. As a
result, it has been found out that D. melanogaster is 8 ti-
mes more sensitive to the enzyme than E. electricus, and
this sensitivity may increase up to 12 times due to a mu-
tation in 408" position. (11)

Similarly, a biosensor has been developed based on the
method of potentiometric enzyme electrode to provide
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direct measurement of organophosphorus nerve agents.
In this system, organophosphorus hydrolase is immo-
bilized via cross-links with bovine serum albumin and
glutaraldehyde and bound to a pH-electrode. It is based
on the measurement of the amount of protons resulting
from the hydrolysis of the enzyme in proportion to the
concentration of enzyme substrate. The best sensitivity
and response time in this method has been achieved by
the sensor operating in 1- mM HEPES buffer, 8.5 pH,
which has been developed with 500 IU organophospho-
rus hydrolase. Similarly, it has been found that such or-
ganophosphoric compounds including 2 uM paraoxon,
ethyl parathion, methyl parathion and diazinon have
been measured under same conditions (12).

In addition, for detecting OP nerve agents, a fiber-optic
microbial biosensor has been developed by using re-
combinant E.coli cells. It is based on the detection of
end products obtained as the result of organophospho-
rus hydrolysis catalyzed by OP hydrolase expressed in
the cell surface. It has been pointed out that this system
is advantageous in comparison to traditional microbial
sensors and enzyme-based sensors because of the fact
that such cells containing metabolic enzymes on the sur-
faces are used, and analytes and products do not show
any resistance during the transition through cell memb-
rane, and it is cost effective due to the elimination of the
enzyme purification (13).

Additionally, in another biosensor developed, OP pesti-
cides and recombinant E.coli cells have been used to di-
rectly identify OP neurotoxins and to hydrolyze chemi-
cal warfare agents having this structure. Here, a potenti-
ometric system has been used as transducer (13).

Conclusion

The biosensors to be used in the detection of WMD inc-
luding biological and chemical weapons must have a
high sensitivity and their sensitivities must be increased
to nanomole, even picomole levels. In our country facing
the potential threat of biological or chemical attack, rela-
ted studies must immediately be accelerated with multi-
disciplinary efforts and a biosensor network must be de-
veloped to detect such an attack in a short time and take
the required measures.
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