HIV treatment

In a June 2008 issue of the journal Autoimmunity Reviews, researchers S Planque, Sudhir
Paul, Ph.D, and Yasuhiro Nishiyama, Ph.D of the University Of Texas Medical School at
Houston announced that they have engineered an abzyme that degrades the superantigenic region
of the gp120 CD4 binding site. This 1s the one part of the HIV virus outer coating that does not
change, because it is the attachment point to T lymphocytes, the key cell in cell-mediated
immunity. Once infected by HIV, patients produce antibodies to the more changeable parts of the
viral coat. The antibodies are ineffective because of the virus' ability to change their coats
rapidly. Because this protein gp120 is necessary for the HIV virus to attach, it does not change

across different strains and is a point of vulnerability across the entire range of the HIV variant
population.

The abzyme does more than bind to the site, it actually destroys the site, rendering the HIV virus
inert, and then can attach to other viruses. A single abzyme can destroy thousands of HIV
viruses. Human clinical trials will be the next step in producing treatment and perhaps even
preventative vaccines and microbicide

Abzymes: Catalytic Antibodies

By exploiting the highly specific antigen binding properties of antibodies, experimental
strategies have been devised to produce antibodies that catalyze chemical reactions. These
catalytic antibodies, or abzymes, are selected from monoclonal antibodies generated by
immunizing mice with haptens that mimic the transition states of enzyme-catalyzed reactions.
For example, the 28B4 abzyme catalyzes periodate oxidation of p-nitrotoluene-methyl sulfide to
sulfoxide, as shown below, where electrons from the sulfur atom are transferred to the more
electronegative oxygen atom.
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The rate of this reaction 1s promoted by enzyme catalysts that stabilize the transition state of this
reaction, thereby decreasing the activation energy and allowing for more rapid conversion of
substrate to product. In this case, the transition state is thought to involve a transient positive
charge on the sulfur atom and a double-negative charge on the periodate ion as shown below on

the left.
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In order to generate abzymes complementary in structure to this transition state, mice were
immunized with an aminophosphonic acid hapten, as shown above at the right. Obviously, its
structure mirrors the structure and electrostatic properties of the sulfoxide transition state. Of the
hapten-binding monoclonal antibodies produced with this hapten, many were found to catalyze
sulfide oxidation but with a wide range of binding affinities and catalytic efficiencies. In

particular, abzyme 28B4 binds hapten with high affinity (K4 = 52 nM) and exhibits a
correspondingly high degree of catalytic efficiency (ks/Ky = 190,000 M's™).

Elucidation of the molecular structure of abzyme 28B4 bound to the hapten reveals much about
the nature of its catalytic action. Highly specific structural and electrostatic interactions create a
remarkable degree of structural complementarity between the antigen-binding site and the
sulfoxide transition state analog as illustrated in the following series of three-dimensional views
of the antibody-hapten complex.

ENZYME ELECTRODES

Enzyme electrodes

In this example, a normal pH electrode
is coated with a urease impregnated gel.

Urea will permeate the gel where the
enzyme will attack it, resulting in
the formation of ammonium.

The resulting change in pH can be
measured.

The enzyme electrode is a miniature chemical transducer which functions by combining an
electrochemical procedure with immobilized enzyme activity. This particular model uses
glucose oxidase immobilized on a gel to measure the concentration of glucose in biological
solutions and in the tissues in vitro.

Applications of “Wired”Enzyme Electrodes

The electrochemical detection ofphysiologically important moleculesusing enzyme-based
biosensors hasbeen an area of intense activity for anumber of years, the most
uccessfulapplication being determination of glucose. One successful approach hasinvolved
inding redox-active centers(mediators) and enzymes in a polymericmatrix immobilized on an



electrodesurface.A series of such enzyme-basedsystems has been developed by Heller,and are
generally referred to as “wired”’enzyme electrodes

“Wired” Enzyme Electrodes for Determination of Glucose

The concept involved in amperometricenzyme biosensors is conversion of achemical signal (in
this case, the enzyme reaction) to an analytical signal(a current) using the working electrodeas the
transducer. A schematic diagramfor such a sensor is shown in . Theenzyme is immobilized on the
surfaceof an electrode, and this immobilizedlayer is covered by a membrane. Thefunction of the
membrane is to providestability, and it can also be used toprevent potential interferants
fromreacting with the enzyme. The electrodeassembly is placed in the solutioncontaining the
analyte, which canreadily diffuse through the membrane,and into the immobilized enzyme layer.

“Wired” Enzyme Electrodesfor Determination of Hydrogen Peroxide
Biofuel Cells Based on“Wired” Enzyme Electrodes

A more recent application of “wired” enzyme technology is its use for thecathode of a biofuel cell
(15). In thisexample, the cathode reaction was thefour-electron reduction of oxygen towater, and
the anode was the oxidationof glucose, again using a “wired”glucose oxidase electrode. In
previousfuel cells, reduction of water has beenachieved using either noble metalcathodes at pH 0
or activated carboncathodes at pH 14; high temperaturewas required in both cases. In contrast,in
this example, reduction of oxygen towater at a current density of 5 mA cmwas achieved at 37.5°C
in pH 5 citratebuffer using an enzyme electrode basedon laccase.

The scheme for mediated laccasereduction of water is shown in . Theelectrode materialwas
carbon cloth (i.e.

a large surface area electrode), to whichthe osmium-containing redox polymerwas covalently
attached. The laccase enzyme was electrostatically bound tothe osmium centers. One
majoradvantage of this approach is that theredox potential of the covalently-boundosmium
complex can be altered byvarying the ligands. In this case,bidentate dimethyl-bipyridine
andtridentate terpyridine were used, givingthe osmium complex a redox potentialof +0.78 V (vs.
NHE). This value isclose to the redox potential of laccaseunder these conditions (+0.82 V); thatis,
the redox potential of the osmiumcomplex 1s adjusted to minimize theoverpotential equired for
laccasereduction. Another advantage of thisapproach is that the electrode reactionsare so selective
that the reactions ofglucose at the cathode and oxygen at theanode are insignificant,
whicheliminates the need for a membrane toseparate the two electrodes into twocompartmen

Enzyme multiplied immunoassay technique

Enzyme multiplied immunoassay technique, or EMIT, is a common method for screening
urine and blood for drugs, both legal or illicit. First introduced by Syva Company in 1973, it is
the first homogeneous immunoassay to be widely used commercially.

A mix and read protocol has been developed that is exceptionally simple and rapid. The



most widely used applications for EMIT are for therapeutic drug monitoring (serum) and
as a primary screen for abused drugs and their metabolites (urine). The US patents
covering the major aspects of the method, 3,817,837 and 3,875,011, have expired. While
still sold by Siemens Healthcare under its original trade name, EMIT, assay kits with
different names that employ the same technology are supplied by other companies. The
test 1s not particularly accurate, especially with regard to test results for cannabis. When
the Food and Drug Administration approved EMIT, it did so with the strict provision that
positive test results should be confirmed by an alternative testing methodology

Biosensor

A biosensor is an analytical device, used for the detection of an analyte, that combines a
biological component with a physicochemical detector.! !

. the sensitive  biological element (e.g. tissue, microorganisms, organelles, cell
receptors, enzymes, antibodies, nucleic acids, etc.), a biologically derived material or
biomimetic component that interacts (binds or recognizes) the analyte under study. The
biologically sensitive elements can also be created by biological engineering.

. the transducer or the detector element (works 1 a physicochemical way; optical,
piezoelectric, electrochemical, etc.) that transforms the signal resulting from the interaction
of the analyte with the biological element into another signal (i.e., transduces) that can be
more easily measured and quantified;

. biosensor reader device with the associated electronics or signal processors that are
primarily responsible for the display of the results in a user-friendly way.[S] This sometimes
accounts for the most expensive part of the sensor device, however it is possible to generate
a user friendly display that includes transducer and sensitive element(see Holographic
Sensor). The readers are usually custom-designed and manufactured to suit the different
working principles of biosensors. Known manufacturers of biosensor electronic readers
include PalmSens, Gwent Biotechnology Systems and Rapid Labs.

Examples and applications

A common example of a commercial biosensor is the blood glucose biosensor, which uses the

enzyme glucose oxidase to break blood glucose down. In doing so it first oxidizes glucose and

uses two electrons to reduce the FAD (a component of the enzyme) to FADH2. This in turn is
oxidized by the electrode in a number of steps. The resulting current is a measure of the
concentration of glucose. In this case, the electrode is the transducer and the enzyme is the

biologically active component.

Recently, arrays of many different detector molecules have been applied in so called electronic
nose devices, where the pattern of response from the detectors is used to fingerprint a
substance.! In the Wasp Hound odor-detector, the mechanical element is a video camera and the

biological element is five parasitic wasps who have been conditioned to swarm in response to the
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presence of a specific chemical. ! Current commercial electronic noses, however, do not use

biological elements.

A canary in a cage, as used by miners to warn of gas, could be considered a biosensor. Many of
today's biosensor applications are similar, in that they use organisms which respond
to toxic substances at a much lower concentrations than humans can detect to warn of their
presence. Such devices can be used in environmental moni‘toring,Iﬂ trace gas detection and in

water treatment facilities.

Many optical biosensors are based on the phenomenon of surface plasmon resonance (SPR)

‘[e(:hniques.u1 This utilises a property of and other materials; specifically that a thin layer of gold
on a high refractive index glass surface can absorb laser light, producing electron waves (surface
plasmons) on the gold surface. This occurs only at a specific angle and wavelength of incident
light and 1s highly dependent on the surface of the gold, such that binding of a target analyte to a

receptor on the gold surface produces a measurable signal.

Surface plasmon resonance sensors operate using a sensor chip consisting of a plastic cassette
supporting a glass plate, one side of which 1s coated with a microscopic layer of gold. This side
contacts the optical detection apparatus of the instrument. The opposite side is then contacted
with a microfluidic flow system. The contact with the flow system creates channels across which
reagents can be passed in solution. This side of the glass sensor chip can be modified in a
number of ways, to allow easy attachment of molecules of interest. Normally it 1s coated

in carboxymethyl dextran or similar compound.

Light of a fixed wavelength is reflected off the gold side of the chip at the angle of total internal
reflection, and detected inside the instrument. The angle of incident light 1s varied in order to
match the evanescent wave propagation rate with the propagation rate of the surface
plasmcunplaritons.[El This induces the evanescent wave to penetrate through the glass plate and

some distance into the liquid flowing over the surface.

The refractive index at the flow side of the chip surface has a direct influence on the behaviour of
the light reflected off the gold side. Binding to the flow side of the chip has an effect on the
refractive index and in this way biological interactions can be measured to a high degree of
sensitivity with some sort of energy. The refractive index of the medium near the surface
changes when biomolecules attach to the surface, and the SPR angle varies as a function of this

change.

Other evanescent wave biosensors have been commercialised using waveguides where the
propagation constant through the waveguide 1s changed by the absorption of molecules to the

waveguide surface. One such example, Dual Polarisation Interferometry uses a buried waveguide

as a reference against which the change in propagation constant is measured. Other

configurations such as the Mach-Zehnder have reference arms lithographically defined on a



substrate. Higher levels of integration can be achieved using resonator geometries where the

- [o1[10]
resonant frequency of a ring resonator changes when molecules are absorbed.

Other optical biosensors are mainly based on changes in absorbance or fluorescence of an
appropriate indicator compound and do not need a total internal reflection geometry. For
example, a fully operational prototype device detecting casein in milk has been fabricated. The
device is based on detecting changes in absorption of a gold layer.I£1 A widely used research

tool, the micro-array, can also be considered a biosensor.

Nanobiosensors use an immobilized bioreceptor probe that is selective for target analyte
molecules. Nanomaterials are exquisitely sensitive chemical and biological sensors.
Nanoscalematerials demonstrate unique properties. Their large surface area to volume ratio can

. . . . . . 12
achieve rapid and low cost reactions, using a variety of designs.!'#

Biological biosensors often incorporate a genetically modified form of a native protein or
enzyme. The protein is configured to detect a specific analyte and the ensuing signal is read by a
detection instrument such as a fluorometer or luminometer. An example of a recently developed
biosensor is one for detecting cytosolic concentration of the analytecAMP (cyclic adenosine
monophosphate), a second messenger involved in cellular signaling triggered by ligands
interacting with receptors on the cell membrane."2! Similar systems have been created to study
cellular responses to native ligands or xenobiotics (toxins or small molecule mhibitors). Such
"assays" are commonly used in drug discovery development by pharmaceutical and
biotechnology companies. Most cAMP assays in current use require lysis of the cells prior to
measurement of cAMP. A live-cell biosensor for cAMP can be used n non-lysed cells with the

additional advantage of multiple reads to study the kinetics of receptor response.

The biosensor system[edit]
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Biosensor system

A biosensor typically consists of a bio-recognition component, biotransducer component,

and electronic system which include a signal amplifier, processor, and display. Transducers and
[14][15]

electronics can be combined, e.g., in CMOS-based microsensor systems. The recognition
component, often called a bioreceptor, uses biomolecules from organisms or receptors modeled
after biological systems to interact with the analyte of interest. This interaction is measured by

the biotransducer which outputs a measurable signal proportional to the presence of the target



analyte in the sample. The general aim of the design of a biosensor is to enable quick, convenient

testing at the point of concern or care where the sample was proc:ured.[m1

Bioreceptors[edit]

In a biosensor, the bioreceptor is designed to interact with the specific analyte of interest to
produce an effect measurable by the transducer. High selectivity for the analyte among a matrix
of other chemical or biological components is a key requirement of the bioreceptor. While the
type of biomolecule used can vary widely, biosensors can be classified according to common
typesbioreceptor interactions involving: anitbody/antigen, enzymes, nucleic acids/DNA, cellular
structures/cells, or biomimetic materials. 22

Antibody/antigen Interactions:

An immunosensor utilizes the very specific binding affinity of antibodies for a specific
compound or antigen. The specific nature of the antibody antigen interaction is analogous to a
lock and key fit in that the antigen will only bind to the antibody if it has the correct
conformation. Binding events result in a physicochemical change that in combination with a
tracer, such as a fluorescent molecules, enzymes, or radioisotopes, can generate a signal. There
are limitations with using antibodies in sensors: 1.The antibody binding capacity is strongly
dependent on assay conditions (e.g. pH and temperature) and 2. The antibody-antigen interaction
is generally irreversible. However, it has been shown that binding can be disrupted by chaotropic
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reagents, organic SO].VCI’ltS, or even ultrasonic rad1at10n.[—1

Enzymatic Interactions

The specific binding capabilities and catalytic activity of enzymes make them popular
bioreceptors. Analyte recognition is enabled through several possible mechanisms: 1) the
enzyme converting the analyte into a product that is sensor-detectable, 2) detecting enzyme

Bl or 3) monitoring modification of enzyme properties

inhibition or activation by the analyte,
resulting from interaction with the analyte.[El The main reasons for the common use of enzymes
in biosensors are: 1) ability to catalyze a large number of reactions; 2) potential to detect a group
of analytes (substrates, products, inhibitors, and modulators of the catalytic activity); and 3)
suitability with several different transduction methods for detecting the analyte. Notably, since
enzymes are not consumed in reactions, the biosensor can easily be used continuously. The
catalytic activity of enzymes also allows lower limits of detection compared to common binding

techniques. However, the sensor's lifetime is limited by the stability of the enzyme.
Nucleic acid Interactions

Biosensors that employ nucleic acid interactions can be referred to as genosensors. The
recognition process is based on the principle of complementary base pairing, adenine:thymine

and cytosine:guanine in DNA. If the target nucleic acid sequence is known,complementary



sequences can be synthesized, labeled, and then immobilized on the sensor. The hybridization
probes can then base pair with the target sequences, generating an optical signal. The favored

transduction principle employed in this type of sensor has been optical detection. 25l

Epigenetics

It has been proposed that properly optimized integrated optical resonators can be exploited for
detecting epigenetic modifications (e.g. DNA methylation, histone post-translational

modifications) in body fluids from patients affected by cancer or other diseases 120

Organelles

Organelles form separate compartments inside cells and usually perform function independently.
Different kinds of organelles have various metabolic pathways and contain enzymes to fulfill its
function. Commonly used organelles include lysosome, chloroplast and mitochondria. The
spatial-temporal distribution pattern of calcium is closed related to ubiquitous signaling pathway.
Mitochondria actively participate in the metabolism of calcium ions to control the function and
also modulate the calcium related signaling pathways. Experiments have proved that
mitochondria have the ability to respond to high calcium concentration generated in the
proximity by opening the calcium channel. 2 In this way, mitochondria can be used to detect the
calcium concentration in medium and the detection is very sensitive due to high spatial
resolution. Another application of mitochondria is used for detection of water pollution.
Detergent compounds’ toxicity will damage the cell and subcellular structure including
mitochondria. The detergents will cause a swelling effect which could be measured by an
absorbance change. Experiment data shows the change rate is proportional to the detergent

concentration, providing a high standard for detection accuracy.22

Cells

Cells are often used in bioreceptors because they are sensitive to surrounding environment and
they can respond to all kinds of stimulants. Cells tend to attach to the surface so they can be
easily immobilized. Compared to organelles they remain active for longer period and the
reproducibility makes them reusable. They are commonly used to detect global parameter like
stress condition, toxicity and organic derivatives. They can also be used to monitor the treatment
effect of drugs. One application is to use cells to determine herbicides which are main aquatic
contaminant.2! Microalgae are entrapped on a quartz microfiber and the chlorophyll
fluorescence modified by herbicides is collected at the tip of an optical fiber bundle and
transmitted to a fluorimeter. The algae are continuously cultured to get optimized measurement.
Results show that detection limit of certain herbicide can reach sub-ppb concentration level.
Some cells can also be used to monitor the microbial corrosion.2 Pscudomonas sp. 1s 1solated
form corroded material surface and immobilized on acetylcellulose membrane. The respiration

activity is determined by measuring oxygen consumption. There is linear relationship between



the current generated and the concentration of sulfuric acid. The response time is related to the

loading of cells and surrounding environments and can be controlled to no more than Smin.
Tissues

Tissues are used for biosensor for the abundance of enzymes existed. Advantages of tissues as
biosensors include the following:@ l)easier to immobilize compared to cells and organelles
2)the higher activity and stability from maintain enzymes in natural environment 3)the
availability and low price 4)the avoidance of tedious work of extraction, centrifuge and
purification of enzymes S)necessary cofactors for enzyme to function exists 6)the diversity
providing a wide range of choice concerning different objectives. There also exists some
disadvantages of tissues like the lack of specificity due to the interference of other enzymes and

longer response time due to transport barrier.

Surface attachment of the biological elements

An important part in a biosensor is to attach the biological elements (small
molecules/protein/cells) to the surface of the sensor (be it metal, polymer or glass). The simplest
way is to functionalize the surface in order to coat it with the biological elements. This can be
done by polylysine, aminosilane, epoxysilane or nitrocellulose in the case of silicon chips/silica
glass. Subsequently the bound biological agent may be for example fixed by Layer by

layer depositation of alternatively charged polymer coatings?%

Alternatively three-dimensional lattices (hydrogel/xerogel) can be used to chemically or
physically entrap these (where by chemically entraped it is meant that the biological element is
kept in place by a strong bond, while physically they are kept in place being unable to pass
through the pores of the gel matrix). The most commonly used hydrogel issol-gel, a glassy silica
generated by polymerization of silicate monomers (added as tetra alkyl orthosilicates, such

as TMOS or TEOS) in the presence of the biological elements (along with other stabilizing
[27]

polymers, such as PEG) in  the case of  physical entrapment.
Another group of hydrogels, which set under conditions suitable for cells or protein,

are acrylate hydrogel, which polymerize upon radical initiation. One type of radical initiator is

aperoxide radical, typically generated by combining a persulfate with TEMED (Polyacrylamide

gel are also commonly used for protein electrophoresis), 2! alternatively light can be used in

combination ~ with a  photoinitiator, such as  DMPA  (2.2-dimethoxy-2-

phenylacetophenone).@l Smart materials that mimic the biological components of a sensor can

also be classified as biosensors using only the active or catalytic site or analogous configurations

of a biomolecule. 2%



Biotransducer

Biosensors can be classified by their biotransducer type. The most common types of
biotransducers used in biosensors are 1) electrochemical biosensors, 2) optical biosensors,
3)electronic biosensors, 4)piezoelectric biosensors, 5) gravimetric biosensors, 6) pyroelectric

biosensors.
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Classification of Biosensors based on type of biotransducer
Electrochemical

Electrochemical biosensors are normally based on enzymatic catalysis of a reaction that produces
or consumes electrons (such enzymes are rightly called redox enzymes). The sensor substrate

usually contains three electrodes; a reference electrode, a working electrode and a counter

electrode. The target analyte is involved in the reaction that takes place on the active electrode
surface, and the reaction may cause either electron transfer across the double layer (producing a
current) or can contribute to the double layer potential (producing a voltage). We can either
measure the current (rate of flow of electrons is now proportional to the analyte concentration) at
a fixed potential or the potential can be measured at zero current (this gives a logarithmic
response). Note that potential of the working or active electrode is space charge sensitive and this
is often used. Further, the label-free and direct electrical detection of small peptides and proteins
is possible by their intrinsic charges using biofunctionalized ion-sensitive field-effect
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tran51st0rs.[—1

Another example, the potentiometric biosensor, (potential produced at zero current) gives a
logarithmic response with a high dynamic range. Such biosensors are often made by screen
printing the electrode patterns on a plastic substrate, coated with a conducting polymer and then
some protein (enzyme or antibody) is attached. They have only two electrodes and are extremely
sensitive and robust. They enable the detection of analytes at levels previously only achievable
by HPLC and LC/MS and without rigorous sample preparation. All biosensors usually involve
minimal sample preparation as the biological sensing component is highly selective for the
analyte concerned. The signal is produced by electrochemical and physical changes in the
conducting polymer layer due to changes occurring at the surface of the sensor. Such changes
can be attributed to ionic strength, pH, hydration and redox reactions, the latter due to the
enzyme label turning over a substrate ([1]). Field effect transistors, in which the gate region has
been modified with an enzyme or antibody, can also detect very low concentrations of various
analytes as the binding of the analyte to the gate region of the FET cause a change in the drain-
source current.



Ton channel switch

ICS - channel closed

The use of ion channels has been shown to offer highly sensitive detection of target biological

molecules .24 By embedding the ion channels in supported or tethered bilayer membranes (t-

BLM) attached to a gold electrode, an electrical circuit is created. Capture molecules such as
antibodies can be bound to the ion channel so that the binding of the target molecule controls the
ion flow through the channel. This results in a measurable change in the electrical conduction

which is proportional to the concentration of the target.

An lon Channel Switch (ICS) biosensor can be created using gramicidin, a dimeric peptide
channel, in a tethered bilayer membrane.2 One peptide of gramicidin, with attached antibody, is
mobile and one is fixed. Breaking the dimer stops the ionic current through the membrane. The
magnitude of the change in electrical signal is greatly increased by separating the membrane

from the metal surface using a hydrophilic spacer.

Quantitative detection of an extensive class of target species, including proteins, bacteria, drug

and toxins has been demonstrated using different membrane and capture configurations.242!

Others

Piezoelectric sensors utilise crystals which undergo an elastic deformation when an electrical
potential is applied to them. An alternating potential (A.C.) produces a standing wave in the
crystal at a characteristic frequency. This frequency is highly dependent on the elastic properties
of the crystal, such that if a crystal is coated with a biological recognition element the binding of
a (large) target analyte to a receptor will produce a change in the resonance frequency, which
gives a binding signal. In a mode that uses surface acoustic waves (SAW), the sensitivity is

greatly increased. This is a specialised application of the Quartz crystal microbalance as a

biosensor



Thermometric and magnetic based biosensors are rare.
Placement of biosensors

In-vivo: An in-vivo biosensor is one that functions inside the body. Biocompatibility concerns
follow with the creation of an in-vivo biosensor. That is, an initial inflammatory response
occurring after the implantation. The second concern is the long-term interaction with the body
during the intended period of the device’s use.2¥ Another issue that arises is failure. If there is
failure, the device must be removed and replaced, causing additional surgery. An example for

application of an in-vivo biosensor is insulin monitoring within the body.

In-vitro: An in-vitro biosensor is a sensor that takes place in a test tube, culture dish, or
elsewhere outside a living organism. The sensor uses a biological element, such as an enzyme
capable of recognizing or signaling a biochemical change in solution. A transducer is then used
to convert the biochemical signal to a quantifiable signal. An example of an in-vitro biosensor is

an enzyme-conductimetric biosensor for glucose monitoring.

At-line: An at-line biosensor is used in a production line where a sample can be taken, tested,
and a decision can be made whether or not the continuation of the production should occur. An

example of an at-line biosensor is the monitoring of lactose in a dairy processing plant.m1

In line: The biosensor can be placed within a production line to monitor a variable with
continuous production and can be automated. The in-line biosensor becomes another step in the

process line. An application of an in-line biosensor is for water purification.

Point-of-concern: There is a challenge to create a biosensor that can be taken straight to the
“point of concern”, that is the location where the test is needed. The elimination of lab testing
can save time and money. An application of a point-of-concern biosensor can be for the testing
of HIV virus in third world countries where it is difficult for the patients to be tested. A

biosensor can be sent directly to the location and a quick and easy test can be used.
Applications

There are many potential applications of biosensors of various types. The main requirements for
a biosensor approach to be valuable in terms of research and commercial applications are the
identification of a target molecule, availability of a suitable biological recognition element, and
the potential for disposable portable detection systems to be preferred to sensitive laboratory-

based techniques in some situations. Some examples are given below:

. Glucose monitoring in diabetes patients «—historical market driver
. Other medical health related targets
. Environmental applications e.g. the detection of pesticides and river water contaminants

such as heavy metal ions2%



. Remote sensing of airborne bacteria e.g. in counter-bioterrorist activities
. Remote sensing of water quality in coastal waters by describing online different aspects
of clam ethology (biological rhythms, growth rates, spawning or death records) in groups of

abandoned bivalves around the world®

. Detection of patho gf:nsiﬁ1

. Determining levels of toxic substances before and after bioremediation

. Detection and determining of organophosphate

. Routine analytical measurement of folic acid, biotin, vitamin B12 and pantothenic acid as

an alternative to microbiological assay

. Determination of drug residues in food, such as antibiotics and growth promoters,

particularly meat and honey.

. Drug discovery and evaluation of biological activity of new compounds.
. Protein engineering in biosensors™?
. Detection of toxic metabolites such as mycotoxins'*"!

Glucose monitoring

Main article: Blood glucose monitoring

Commercially available gluocose monitors rely on amperometric sensing of glucose by means

of glucose oxidase, which oxidises glucose producing hydrogen peroxide which is detected by

the electrode. To overcome the limitation of amperometric sensors, a flurry of research is present

into novel sensing methods, such as fluorescent glucose biosensors.

Interferometric Reflectance Imaging Sensor|edit|

The Interferometric Reflectance Imaging Sensor (IRIS) was initially developed by the Unlu

research group at Boston University based on the principles of optical interference. IRIS consists

of a silicon-silicon oxide substrate, standard optics, and low-powered coherent LEDs. When light
is illuminated through a low magnification objective onto the layered silicon-silicon oxide
substrate, an interferometric signature is produced. As biomass, which has a similar index of
refraction as silicon oxide, accumulates on the substrate surface, a change in the interferometric
signature occurs and the change can be correlated to a quantifiable mass. Daaboul et al used
IRIS to yield a label-free sensitivity of approximately 19 ng/mL.[ﬂl Ahn et al improved the

sensitivity of IRIS through a mass tagging ‘[echnique.[ﬁl

Since initial publication, IRIS has been adapted to perform various functions. First, IRIS
integrated a fluorescence imaging capability into the interferometric imaging instrument as a
potential way to address fluorescence protein microarray Variability.[ﬂl Briefly, the variation in
fluorescence microarrays mainly derives from inconsistent protein immobilization on surfaces
and may cause misdiagnoses in allergy microarrays.lﬂ1 To correct from any variation in protein

immobilization, data acquired in the fluorescence modality is then normalized by the data



[45]

acquired in the label-free modality.== IRIS has also been adapted to perform single nanoparticle

counting by simply switching the low magnification objective used for label-free biomass

quantification to a higher objective rruclgniﬁcation.Iﬁlml This

modality enables size
discrimination in complex human biological samples.Monroe et al. used IRIS to quantify protein
levels spiked into human whole blood and serum and determined allergen sensitization in
characterized human blood samples using zero sample processing.[@ Other practical uses of this

device include virus and pathogen detection. 2

Food analysis

There are several applications of biosensors in food analysis. In the food industry, optics coated
with antibodies are commonly used to detect pathogens and food toxins. Commonly, the light
system in these biosensors is fluorescence, since this type of optical measurement can greatly

amplify the signal.

A range of immuno- and ligand-binding assays for the detection and measurement of small

molecules such as water-soluble vitamins and chemical contaminants (drug residues) such

as sulfonamides and Beta-agonists have been developed for use on SPR based sensor systems,

often adapted from existing ELISA or other immunological assay. These are in widespread use

across the food industry.

DNA biosensors

In the future, DNA will find use as a versatile material from which scientists can craft
biosensors. DNA biosensors can theoretically be used for medical diagnostics, forensic science,
agriculture, or even environmental clean-up efforts. No external monitoring is needed for DNA-
based sensing devises. This is a significant advantage. DNA biosensors are complicated mini-
machines—consisting of sensing elements, micro lasers, and a signal generator. At the heart of
DNA biosensor function is the fact that two strands of DNA stick to each other by virtue of
chemical attractive forces. On such a sensor, only an exact fit—that is, two strands that match up
at every nucleotide position—gives rise to a fluorescent signal (a glow) that is then transmitted to
a signal generator.

Microbial biosensors
Using biological engineering researchers have created many microbial biosensors. An example is

. . . 50 . .
the arsenic biosensor. To detect arsenic they use the Ars operon.2® Using bacteria, researchers

can detect pollutants in samples.

Ozone Biosensors

because ozone filters out harmful ultraviolet radiation, the discovery of holes in the ozone layer

of the earth's atmosphere has raised concern about how much ultraviolet lightreaches the earth's

surface. Of particular concern are the questions of how deeply into sea water ultraviolet radiation



penetrates and how it affects marine organisms, especiallyplankton (floating microorganisms)

and viruses that attack plankton. Plankton form the base of the marine food chains and are

believed to affect our planet's temperature and weather by uptake of CO2 for photosynthesis.

DenebKarentz, a researcher at the Laboratory of Radio-biology and Environmental Health
(University of California in San Francisco) has devised a simple method for measuring
ultraviolet penetration and intensity. Working in the Antarctic Ocean, she submerfed to various
depths thin plastic bags containing special strains of £. coli that are almost totally unable to
repair ultraviolet radiation damage to their DNA. Bacterial death rates in these bags were
compared with rates in unexposed control bags of the same organism. The bacterial "biosensors"
revealed constant significant ultraviolet damage at depths of 10 m and frequently at 20 and 30 m.

Karentz plans additional studies of how ultraviolet may affect seasonal plankton blooms (growth
[511

spurts) in the oceans.
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