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QUANTITATIVE MEASUREMENT OF PROTEINS
USING GENETICALLY-ENGINEERED GLUCOSE
OXIDASE FUSION MOLECULES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 60/374,215, which was filed Apr. 19,
2002, and is hereby incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The invention relates to biosensors which are
capable of detecting the presence of a biomarker.

BACKGROUND OF THE INVENTION

[0003] Immunoassay techniques are based on the ability of
antibodies to form complexes with the corresponding anti-
gens or haptens. This property of highly specific molecular
recognition of antigens by antibodies leads to high selectiv-
ity of assays based on immune principles. The high affinity
of antigen-antibody interactions results in great sensitivity of
immunoassay methods. The use of a label or indicator to
verify that an antigen/antibody interaction has occurred is
the basis for immunoassay methods.

[0004] Immunoassay techniques have been used mainly in
clinical analyses and medical diagnostics. However, immu-
noassay applications in other areas such as environmental
control, food quality control, etc. are expanding. Certain
limitations in assaying techniques due to existing procedures
have limited somewhat the expansion into such other areas.

[0005] During the last few years a significant number of
publications have dealt with non-conventional (alternative)
immunoassay techniques designed to expand the accuracy or
applicability of immunoassays. In most cases the develop-
ment of alternative immunoassay techniques aims at
improvements in performance of conventional immu-
noanalysis. Often such improvement attempts are directed to
decreasing analysis times, increasing assay sensitivity, and
simplifying and automating assay procedures.

[0006] For example, the utilization of enzymes able to
catalyze electrochemical reactions by direct (mediatorless)
mechanism (bioelectrocatalysis) would allow for the detec-
tion of immuno-interactions in real time. Such applications
of bioclectrocatalysis in the development of immunosensors
are based on the self-assembling or displacement of mol-
ecule/label complexes or “molecular transducers” on the
surface of an electrode that has been modified by immuno-
species that bind the complex. Ordinarily these immunospe-
cies would be complimentary to the immunoconjugate
which includes the electrocatalytically active enzyme-label.

[0007] Immunosensors utilize antibodies as binding
agents. Antibodies are protein molecules that bind with
specific foreign entities, called antigens, that can be associ-
ated with disease states. Antibodies attach to antigens and
either remove the antigens from a host and/or trigger an
immune response. Antibodies are quite specific in their
interactions and, unlike enzymes, they are capable of rec-
ognizing and selectively binding to very large bodies such as
single cells. Thus, antibody-based biosensors allow for the
identification of certain pathogens such as dangerous bac-
terial strains.
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[0008] There are several classes of sensors that make use
of applied electrical signals for determination of analyte
presence. “Amperometric” sensors make use of oxidation-
reduction chemistries in which electrons or electrochemi-
cally active species are generated or transferred due to
analyte presence. An enzyme that interacts with an analyte
may produce electrons that are delivered to an appropriate
electrode; alternately an amperometric sensor may employ
two or more enzyme species, one interacting with analyte,
while the other actually generates electrons as a function of
the action of the first enzyme (a “coupled” enzyme system).
Glucose oxidase has been used frequently in amperometric
biosensors for glucose quantification for diabetics. Other
amperometric sensors make use of electrochemically active
species whose presence alter the system applied voltage as
recorded at a given sensor electrode. Not all sensing systems
can be adapted for electron generation or transfer, and thus
many sensing needs cannot be met by amperometric meth-
ods alone. The general amperometric method makes use of
an applied voltage and effects of electrochemically active
species on said voltage. An example of an amperometric
sensor is described in U.S. Pat. No. 5,593,852, which
describes a glucose sensor that relies on electron transfer
effected by a redox enzyme and electrochemically-active
enzyme cofactor species.

[0009] An additional class of electrical sensing systems
includes those sensors that make use primarily of changes in
an electrical response of the sensor as a function of analyte
presence. Some systems pass an electric current through a
given medium; if analyte is present, there is a corresponding
change in exit electrical signal, and this change implies that
analyte is present. In some cases, the binding agent-analyte
complex causes an altered signal, while in other systems, the
bound analyte itself is the source of changed electrical
response. Such sensors are distinguished from amperometric
devices in that they do not necessarily require the transfer of
electrons to an active electrode. Sensors based on the
application of an electrical signal are not universal, in that
they depend on alteration of voltage or current as a function
of analyte presence; not all sensing systems can meet such
a requirement. An example of this class of sensors is U.S.
Pat. No. 5,698,089 which describes a chemical sensor in
which analyte detection is determined by charge of an
applied electrical signal. Binding of analyte to chemical
moieties arranged in an array alters the conductivity of the
array points; unique analytes can be determined by the
overall changes in conductivity of all of the array points.

[0010] Inbiosensor diagnostic devices, the assay substrate
and detector surface are integrated into a single device. One
general type of biosensor employs an electrode surface in
combination with current or impedance measuring elements
for detecting a change in current or impedance in response
to the presence of a ligand-receptor binding event. This type
of biosensor is disclosed, for example, in U.S. Pat. No.
5,567,301.

[0011] Gravimetric biosensors employ a piezoelectric
crystal to generate a surface acoustic wave whose frequency,
wavelength and/or resonance state are sensitive to surface
mass on the crystal surface. The shift in acoustic wave
properties is therefore indicative of a change in surface
mass, e.g., due to a ligand-receptor binding event. U.S. Pat.
Nos. 5,478,756 and 4,789,804 describe gravimetric biosen-
sors of this type.



US 2004/0072263 Al

[0012] Biosensors based on surface plasmon resonance
(SPR) effects have also been proposed, for example, in U.S.
Pat. Nos. 5,485,277 and 5,492,840. These devices exploit
the shift in SPR surface reflection angle that occurs with
perturbations, e.g., binding events, at the SPR interface.
Finally, a variety of biosensors that utilize changes in optical
properties at a biosensor surface are known, e.g., U.S. Pat.
No. 5,268,305.

[0013] Biosensors have a number of potential advantages
over binding assay systems having separate reaction sub-
strates and reader devices. One important advantage is the
ability to manufacture small-scale, but highly reproducible,
biosensor units using microchip manufacturing methods, as
described, for example, in U.S. Pat. Nos. 5,200,051 and
5,212,050. Another advantage is the potentially large num-
ber of different analyte detection regions that can be inte-
grated into a single biosensor unit, allowing sensitive detec-
tion of several analytes with a very small amount of body-
fluid sample. Both of these advantages can lead to
substantial cost-per-test savings.

[0014] Other advantages of this technology, most notably
speed of measurement and ease of miniaturization, make it
attractive for “point of service” applications. Biosensors are
being developed for measurement of pollutants in water
samples in the field, for continuous blood glucose sensing in
an implantable artificial pancreas, and for detection of
chemical warfare agents on the battlefield.

[0015] Biosensor devices can be broken down into three
general classes of utilization: external diagnostic, endo-
scopically deployed and implantable. The most straightfor-
ward of these types is the “external diagnostic device” which
analyzes fluid or tissue immediately after its removal from
the body. The most successful of these devices have been
amperometric biosensors that measure blood glucose. In the
presence of glucose, immobilized glucose oxidase (Gox) on
these chips generates hydrogen peroxide that can be detected
electrochemically. This technology is sensitive, specific,
inexpensive to produce and simple to operate, making it
ideal for commercial handheld glucose monitors. However,
the extension of this technology to measure protein analytes
has been problematic. A wide variety of biosensors have
been developed that couple immune recognition with either
optical, piezoelectric or electrochemical detection. Although
practical for the laboratory bench, these sensors have proven
difficult to translate into clinical application primarily due to
labile bio-recognition components and over-engineered and
expensive transducer systems.

[0016] Prostate cancer is the most common solid malig-
nancy in men and the second most common cause of male
cancer-specific mortality. Over the past fifteen years, the
development and implementation of testing for PSA has
revolutionized the diagnosis and treatment of this important
disease. Current testing methods remain both inconvenient
and costly, with conservative estimates that place the pro-
jected cost of PSA testing for screening purposes alone at
greater than a billion dollars a year in the United States.
These characteristics impact particularly on the population
of low-income patients who may be uninsured or live in
underserved areas. A disposable PSA biosensor chip would
form the core of an inexpensive handheld device for mea-
suring PSA at the bedside, in the physician’s office or even
in the home. Ideally this device would function much in the
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fashion of handheld monitors for blood glucose. It would
require only a few drops of blood from a fingerstick and
provide reproducible quantitative results within fifteen min-
utes. This device could greatly facilitate mass public screen-
ing for prostate cancer by providing PSA results at the
screening site and eliminating the difficult task of following
up on thousands of delayed blood test results.

BRIEF SUMMARY OF THE INVENTION

[0017] An embodiment of the present invention is a
method of detecting a biological marker having a specific
anti-marker antibody comprising obtaining a sample; adding
the sample to a detection device, which in specific embodi-
ments comprises reaction cell comprising catalase and glu-
cose, a recombinant fusion protein characterized by a redox
activity and an immunoreactivity against a capture antibody,
and an electrode having immobilized on its surface the
capture antibody and a biomolecular peroxide sensor; apply-
ing an electrical signal to the mixture; and measuring a
magnitude of a current generated in the detection device,
wherein the magnitude of the generated current is inversely
proportional to the concentration of biological marker in the
sample.

[0018] In a specific embodiment, the biological marker is
a polypeptide having an epitope that binds specifically to the
capture antibody. In another specific embodiment, the bio-
logical marker is a tumor marker. The tumor marker may be
PSA, HK2, TGEp, her2, CA 15-3, CA-125, Cyfra 21-1,
CEA, CD151, TPA, TPS, chromogrannin A, neuron specific
enolase, B-HCG, a-fetoprotein, LDH, or any tumor marker
known in the art. In another specific embodiment, the tumor
marker binds specifically to the capture antibody. In one
embodiment of the invention, the anti-marker antibody and
the capture antibody are the same. In another embodiment of
the invention, the sample comprises whole blood, serum,
plasma, urine, or saliva.

[0019] In a further specific embodiment of the invention,
the redox activity is provided by polypeptide of a glucose
oxidase. In vet another specific embodiment of the inven-
tion, immunoreactivity is provided by a polypeptide com-
prising an epitope of a tumor marker. In a specific embodi-
ment if the invention, the recombinant fusion protein is
prepared in yeast. The yeast may be methyltrophic yeast. In
a specific embodiment if the invention, the recombinant
fusion protein is prepared by expressing a polynucleotide
comprising both a glucose oxidase and the epitope, wherein
the glucose oxidase and the epitope are operatively linked.

[0020] In aspecific embodiment, the biomolecular perox-
ide sensor comprises a horseradish peroxidase. In another
specific embodiment, the capture antibody is immobilized
by an interaction between the biotin and avidin. In a further
specific embodiment, the electrical signal comprises a volt-
age of about +50 mV. The measuring step comprises a
potentiostat in yet another embodiment of the invention. In
a specific embodiment, the potentiostat is capable of mea-
suring a current in the range of about 50 nanoampere to
about 500 nanoampere.

[0021] Also provided in the invention is a method of
screening a patient for cancer comprising: obtaining a
sample from the patient; forming a reaction mixture by
adding the sample to a reaction cell comprising catalase and
glucose, a recombinant fusion protein characterized by a
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redox activity and an immunoreactivity against a capture
antibody, and an electrode having immobilized on its surface
the capture antibody and a biomolecular peroxide sensor;
applying an electrical signal to the reaction mixture; and
measuring a magnitude of a current generated in the reaction
mixture, wherein the magnitude of the generated current is
inversely proportional to the concentration of biological
marker in the sample; and determining the presence of
cancer in the patient from the concentration of the tumor
marker in the sample. In another embodiment of the inven-
tion, the solution comprises about 1% glucose.

[0022] Another embodiment of the present invention is a
kit for screening a patient comprising: a reaction cell com-
prising catalase and glucose; a recombinant fusion protein
characterized by a redox activity and an immunoreactivity
against a capture antibody; an electrode having immobilized
on its surface the capture antibody and a biomolecular
peroxide sensor, and a potentiostat.

[0023] An embodiment of the present invention is a dis-
posable biosensor for screening for the presence of a bio-
logical marker in a sample comprising: a reaction cell
comprising a solution of catalase and glucose; a recombinant
fusion protein characterized by a redox activity and an
immunoreactivity against a capture antibody; and an elec-
trode having immobilized on its surface the capture antibody
and a biomolecular peroxide sensor.

[0024] An embodiment of the invention is a handheld
biological marker detection device comprising: a reaction
cell comprising catalase and glucose, a recombinant fusion
protein characterized by a redox activity and an immunore-
activity against a capture antibody, and an electrode having
immobilized on its surface the capture antibody and a
biomolecular peroxide sensor; and a potentiostat.

[0025] The foregoing has outlined rather broadly the fea-
tures and technical advantages of the present invention in
order that the detailed description of the invention that
follows may be better understood. Additional features and
advantages of the invention will be described hereinafter
which form the subject of the claims of the invention. It
should be appreciated by those skilled in the art that the
conception and specific embodiment disclosed may be
readily utilized as a basis for modifying or designing other
structures for carrying out the same purposes of the present
invention. It should also be realized by those skilled in the
art that such equivalent constructions do not depart from the
spirit and scope of the invention as set forth in the appended
claims. The novel features which are believed to be char-
acteristic of the invention, both as to its organization and
method of operation, together with further objects and
advantages will be better understood from the following
description when considered in connection with the accom-
panying figures. It is to be expressly understood, however,
that each of the figures is provided for the purpose of
illustration and description only and is not intended as a
definition of the limits of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] For a more complete understanding of the present
invention, reference is now made to the following descrip-
tions taken in conjunction with the accompanying drawing,
in which:

[0027] FIG. 1 shows an outline of the reaction mechanism
of the biosensor chip.
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DETAILED DESCRIPTION OF THE
INVENTION

I. Definitions

Wy

[0028] As used herein the specification, “a” or “an” may
mean one or more. As used herein in the claim(s), when used
in conjunction with the word “comprising”, the words “a” or
“an” may mean one or more than one. As used herein

“another” may mean at least a second or more.

[0029] As used herein, the term “antibody” is intended to
refer broadly to any immunologic binding agent such as IgG,
IgM, IgA, IgD and IgE. An “anti-marker” antibody refers to
an antibody that is specific for both an epitope contained
within a biomarker of interest and also a fusion protein
containing the same epitope, or antibody recognition
sequence, of the biomarker, and a redox protein. As used
herein, a “capture antibody” serves to bind the analyte of
interest and the fusion protein to the biological peroxide
sensor provided on the biosensor chip. The capture antibody
is immobilized on the biosensor chip. The capture antibody
may be specific for the anti-marker antibody, or may be the
same as the anti-marker antibody.

[0030] As used herein, the term “biological marker” or
“biomarker” refers to a substance which, when measured,
may be used to assess a change or effect in a biological
system. A biomarker may be used as index of the risk or
progression of disease. A biomarker specifically utilized in
the context of cancer, cancer diagnosis, or cancer screening,
may be referred to as a “tumor marker”. Examples of known
tumor markers in the art are PSA, HK2, TGFp, her2, CA
15-3, CEA, CA-125, Cyfra 21-1, CD151, TPA, TPS, chro-
mogrannin A, neuron specific enolase, f-HCG, a-feto pro-
tein, and LDH.

[0031] As used herein, the phrase “current measurement™
refers to the electrical measurement by which the analyte
concentration is monitored. Current measurement can be
continuous or pulsed. It can be a current measurement, a
potential measurement or a measurement of charge. It can be
a steady state measurement, where a current or potential that
does not substantially change during the measurement is
monitored, or it can be a dynamic measurement, e.g., one in
which the rate of current or potential change in a given time
period is monitored. When a current is measured it is useful
to have a potentiostat in the circuit connecting the implanted
sensing electrode and the second electrode, that can be a
reference electrode, such as an Ag/AgCl electrode. When a
current is measured the reference electrode may serve also
as the counter electrode. The counter electrode can also be
a separate, third electrode, such as a platinum, carbon,
palladium or gold electrode.

[0032] A “detection device” is any device or material that
allows for the detection of one or more electrical signals
internally-generated in the sensor strip. The detection device
is generally contacted to a sensor strip at two positions
through passive contact of equipotential electrodes. In a
specific embodiment, the apparatus includes a housing with
a display panel located on the top front or face.

[0033] An “clectrode” or “lead” is a wire, electrical lead,
connection, electrical contact or the like that is attached at
one end to a detection unit and contacted at the other end
directly or indirectly to a sensor strip. Contact to sensor strip
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is generally electrically passive in nature and occurs at two
positions. One of the electrodes may serve as an electron
sink or electrical ground.

[0034] “Enzyme biosensors” or “catalytic biosensors” as
used herein refer to reaction systems that utilize one or more
enzyme types as the macromolecular binding agents and
take advantage of the complementary shape of the selected
enzyme and the targeted analyte. Enzymes are proteins that
perform most of the catalytic work in biological systems and
are known for highly specific catalysis. The shape and
reactivity of a given enzyme limit its catalytic activity to a
very small number of possible substrates. Enzymes are also
known for speed, working at rates as high as 10,000 con-
versions per second per enzyme molecule. Enzyme biosen-
sors rely on the specific chemical changes related to the
enzyme/analyte interaction as the means for determining the
presence of the targeted analyte. For example, upon inter-
action with an analyte, an enzyme may generate electrons, a
colored chromophore or a change in pH as the result of the
relevant catalytic enzymatic reaction. Alternatively, upon
interaction with an analyte, an enzyme may cause a change
in a fluorescent or chemiluminescent signal that can be
recorded by an appropriate detection system.

[0035] As used herein, an “epitope” or “antibody recog-
nition sequence” refers to that portion of the polypeptide or
chemical compound that is required for binding of a specific
antibody. In the present invention, the epitope may be part
of the native polypeptide, or may be expressed as a fusion
protein that also contains an active redox enzyme.

[0036] The “immunoreactivity” of a polypeptide or
chemical compound as used herein refers to its ability to
generate a response from the immune system or to provoke
specific antibody binding.

[0037] “Immunosensors” as used herein utilize antibodies
as binding agents. Antibodies are protein molecules that
bind with specific foreign entities, called antigens, that can
be associated with disease states. Antibodies attach to anti-
gens and either remove the antigens from a host and/or
trigger an immune response. Antibodies are quite specific in
their interactions and, unlike enzymes, they are capable of
recognizing and selectively binding to very large bodies
such as single cells. Thus, antibody-based biosensors allow
for the identification of certain pathogens such as dangerous
bacterial strains. As antibodies generally do not perform
catalytic reactions, there is a need for special methods to
record the moment of interaction between target analyte and
recognition agent antibody.

[0038] As used herein “polarize” refers to applying a
polarized light source 1o a reaction mixture. Natural sunlight
and many sources of artificial light transmit waves whose
electric field vectors vibrate in all perpendicular planes with
respect to the direction of propagation. When the electric
field vectors are restricted to a single plane, then the light is
said to be polarized with respect to the direction of propa-
gation. A device used to generate polarized light from
unploarized light is a “polarizer.” A polarizer may be based
on one of four physical mechanisms: dichroism, reflection,
scattering, and bifringence.

[0039] The term “polypeptide” as used herein is used
interchangeably with the term “protein” and is defined as a
molecule which comprises more than one amino acid sub-
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units. The polypeptide may be an entire protein or it may be
a fragment of a protein, such as a peptide or an oligopeptide.
The polypeptide may also comprise alterations to the amino
acid subunits, such as methylation or acetylation.

[0040] A “reaction cell” is a container that comprises
components for carrying out the biomarker detection
method, and may include a biosensor chip. A reaction cell
may comprise a solution of catalase and glucose, a recom-
binant fusion protein characterized by a redox activity and
an immunoreactivity against a capture antibody, and an
electrode having immobilized on its surface the capture
antibody and a biomolecular peroxide sensor.

[0041] A “redox” or “oxidation-reduction” reaction
describes any reaction in which electrons are transferred
from one molecule to another. The process of oxidation
cannot occur without a corresponding reduction reaction.
Oxidation must always be “coupled” with reduction, thus
the electrons that are “lost” by one substance must always be
“gained” by another. Each reaction by itself is called a
“half-reaction”. All metal atoms are characterized by their
tendency to be oxidized, losing one or more electrons,
forming a positively charged 1on, called a cation.

[0042] The terms “redox-active moiety” or “redox-active
species” refers to a compound that can be oxidized and
reduced, i.e. which contains one or more chemical functions
that accept and transfer electrons.

[0043] The term “redox protein” or “redox-active protein”
refers to proteins that bind electrons reversibly. The simplest
redox proteins, in which no prosthetic group is present, are
those that use reversible formation of a disulfide bond
between two cysteine residues, as in thioredoxin. Most
redox proteins however use prosthetic groups, such as
flavins or NAD. Many use the ability of iron or copper ions
to exist in two different redox states.

II. Amperometric Biosensors

[0044] Amperometric enzyme electrodes typically require
some form of electrical communication between the elec-
trode and the active site of the redox enzyme that is reduced
or oxidized by the substrate. In one type of enzyme elec-
trode, a non-natural redox couple mediates electron transfer
from the substrate-reduced enzyme to the electrode. In this
scheme, the enzyme is reduced by its natural substrate at a
given rate; the reduced enzyme is in turn, rapidly oxidized
by a non-natural oxidizing component of a redox couple that
diffuses into the enzyme, is reduced, diffuses out and even-
tually diffuses to an electrode where it is oxidized. Electrons
from a substrate-reduced enzyme will be transferred either
to the enzyme’s natural re-oxidizer or, via the redox-centers
of the polymer to the electrode. Only the latter process
contributes to the current.

[0045] Amperometric detection of redox active molecules
in solution is used to detect very small amounts of a
substance or chemical in a solution via oxidation or reduc-
tion of that chemical, usually at an electrode. This type of
analysis is useful in forensic chemistry, clinical chemistry,
and many other applications in which a trace amount of
material is to be discerned in a solution.

[0046] The present invention exploits the use of a redox
enzyme that can be immobilized or “wired” onto a screen-
printed chip. The substrate chip for the biosensor is a
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commercially available chip that has horseradish peroxidase
incorporated into the carbon dye of the working electrode
(produced by Cambridge Life Sciences, Cambridge, UK).
These chips, in their unmodified form, act as peroxide
sensors, and the incorporation of the horseradish peroxidase
in combination with the electrode comprises a “biomolecu-
lar peroxide sensor”. Any number of available amperometric
peroxide sensors would be valid starting substrates for our
design. In the present biosensor design, several layers of
molecular components are incorporated onto these peroxide
sensors, converting them into sensors that selectively mea-
sure the concentration of a single protein of interest.

[0047] The chip of the present invention represents a
substantial improvement over other amperometric immun-
osensors. Analyte binding to an immobilized antibody at the
working electrode surface is detected by current flow to an
immobilized redox enzyme (hydrogen peroxidase) at low
voltage. Analyte concentration is inversely related to current
flow in this model. This is a competitive assay mechanism
that does not require stirring or wash steps that can com-
plicate a handheld device.

[0048] The biosensor design depends critically on a cus-
tom-designed signal transduction molecule. The present
invention utilizes a gene encoding glucose oxidase from
Penicillium amagasakiense. This molecule is a recombinant
fusion protein constructed in vitro, expressed in yeast and
purified for application to the chip. Glucose oxidase (Gox)
is an enzyme that generates hydrogen peroxide from glucose
and provides the enzymatic core for the novel fusion protein.

[0049] To adapt the biosensor of the present invention to
detect a protein, a monoclonal antibody is identified that
recognizes this protein of interest (the capture antibody)and
is biotinylated. The peptide epitope recognized by this
antibody is then mapped. One with skill in the art recognizes
that this can be accomplished using a variety of standard
techniques. Once the epitope is known, an analyte-Gox
fusion protein is engineered by inserting DNA encoding this
epitope peptide into the coding sequence of Gox. This
construct is transfected into yeast, which produce the fusion
protein and secrete it into the culture media from which the
fusion protein is purified. This fusion protein shares two
important characteristics: (a) enzymatic activity derived
from Gox and (b) immunoreactivity with the capture anti-
body. In essence, this fusion protein provides the signal
transduction machinery to convert binding of the protein of
interest into hydrogen peroxide, which can be measured
electrochemically by the chip.

[0050] The fusion protein is integrated into the biosensor
by modifying the chip substrate in two ways: (1) by directly
immobilizing the capture antibody at the electrode surface
through an avidin-biotin interaction, and (2) by incorporat-
ing a catalase scavenger system in bulk solution. These
modifications divide the chip into two distinct microenvi-
ronments. Only fusion protein localized to the microenvi-
ronment at the working electrode surface should generate an
electrical signal. Any hydrogen peroxide generated from
unbound fusion protein is consumed by the catalase in bulk
solution and does not generate a signal.

[0051] The reaction mechanism, as demonstrated in FIG.
1, can be described as follows. The protein analyte (X)
competes with the fusion protein (X-Gox) for binding to the
capture antibody at the electrode surface. After binding for
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five minutes, the chip is polarized to +50 mV and glucose is
added. If no protein X is present, all the capture antibody
sites are occupied by fusion protein, which generates hydro-
gen peroxide upon addition of glucose. This hydrogen
peroxide is broken down by the immobilized peroxidase in
the working electrode. In order to regenerate this redox
enzyme, a current flows which can be measured by a simple
potentiostat. Current magnitude in this system is in the
several hundred-nanoampere range. Again, peroxide pro-
duced by unbound fusion protein in bulk solution is hydro-
lyzed by catalase and cannot reach the working electrode to
generate a signal. If protein X exists in the test solution (for
example, a drop of whole blood), it competes for binding to
the lawn of capture antibody with the fusion protein. Fusion
protein displaced by the binding of protein X can no longer
generate a current signal. Therefore, the global current
flowing to the chip decreases in a fashion directly related to
the concentration of protein X in the test solution.

[0052] An embodiment of the present invention is an
inexpensive handheld device based on this type of biosensor
chip. This device would serve in a similar fashion to
currently available portable glucometers used by diabetics to
follow their blood sugar. As demonstrated by a variety of
commercial glucometers, simple potentiostats can be manu-
factured inexpensively in a very small size. This device
would accept disposable protein biosensor chips of the
present invention. A drop of a body fluid would be applied
to the biosensor and analyte concentration, based on the
generated current, would be available in less than 15 min-
utes.

[0053] Several characteristics of this type of system are
advantageous for a point-of-service PSA sensor. (1) The
time to generate test results is short (10-15 minutes); (2) The
reaction mechanism requires no stirring or washing steps
which would significantly complicate a handheld device; (3)
The hardware required for assay is, therefore, only a simple
potentiostat capable of measuring current in the 50 to 500
nanoampere range (this magnitude of current does not
require a Faraday cage or other sophisticated shiclding
equipment which would invalidate this assay’s use in an
inexpensive handheld device); (4) The low voltage used for
the assay (+50 mV) is advantageous since most proteins in
body fluids will not be electrochemically active at this
voltage; (5) Through the use of a recombinant approach and
simple purification methodology, production of large quan-
tities of the fusion protein can be performed simply and
economically; (6) The fusion protein is quite stable and
resistant to pH changes, allowing for good storage charac-
teristics; (7) The chip substrates, themselves, are stable for
18 months at 4° C., protected from light; (8) The molecular
biology used to produce this fusion protein is designed to
facilitate ease in swapping of both the capture antibody and
epitope domain, allowing the sensor to easily be adapted to
detect other proteins.

III. Immunological Reagents

[0054] In certain aspects of the invention, one or more
antibodies may be produced to the desired epitope. The
epitope may comprise a biomarker or tumor marker These
antibodies may be used in various diagnostic or therapeutic
applications, described herein below.

[0055] Monoclonal antibodies (MAbs) are recognized to
have certain advantages, e.g., reproducibility and large-scale
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production, and their use is generally preferred. The inven-
tion thus provides monoclonal antibodies of the human,
murine, monkey, rat, hamster, rabbit and even chicken
origin. Due to the case of preparation and ready availability
of reagents, murine monoclonal antibodies will often be
preferred.

[0056] However, “humanized” antibodies are also con-
templated, as are chimeric antibodies from mouse, rat, or
other species, bearing human constant and/or variable region
domains, bispecific antibodies, recombinant and engineered
antibodies and fragments thereof. Methods for the develop-
ment of antibodies that are “custom-tailored” to the patient’s
dental discase are likewise known and such custom-tailored
antibodies are also contemplated.

[0057] The methods for generating monoclonal antibodies
(MADs) generally begin along the same lines as those for
preparing polyclonal antibodies. Briefly, a polyclonal anti-
body is prepared by immunizing an animal with a LEE or
CEE composition in accordance with the present invention
and collecting antisera from that immunized animal.

[0058] A wide range of animal species can be used for the
production of antisera. Typically the animal used for pro-
duction of antisera is a rabbit, a mouse, a rat, a hamster, a
guinea pig or a goat. The choice of animal may be decided
upon the ease of manipulation, costs or the desired amount
of sera, as would be known to one of skill in the art.

[0059] As is also well known in the art, the immunoge-
nicity of a particular immunogen composition can be
enhanced by the use of non-specific stimulators of the
immune response, known as adjuvants. Suitable adjuvants
include all acceptable immunostimulatory compounds, such
as cytokines, chemokines, cofactors, toxins, plasmodia, syn-
thetic compositions or LEEs or CEEs encoding such adju-
vants.

[0060] Adjuvants that may be used include IL-1, IL-2,
IL-4, IL-7, IL-12, y-interferon, GMCSP, BCG, aluminum
hydroxide, MDP compounds, such as thur-MDP and nor-
MDP, GP (MTP-PE), lipid A, and monophosphoryl lipid A
(MPL). RIBL, which contains three components extracted
from bacteria, MPL, trehalose dimycolate (TDM) and cell
wall skeleton (CWS) in a 2% squalene/Tween 80 emulsion
is also contemplated. MHC antigens may even be used.
Exemplary, often preferred adjuvants include complete Fre-
und’s adjuvant (a non-specific stimulator of the immune
response containing killed Mycobacterium tuberculosis),
incomplete Freund’s adjuvants and aluminum hydroxide
adjuvant.

[0061] In addition to adjuvants, it may be desirable to
coadminister biologic response modifiers (BRM), which
have been shown to upregulate T cell immunity or down-
regulate suppessor cell activity. Such BRMs include, but are
not limited to, Cimetidine (CIM; 1200 mg/d) (Smith/Kline,
PA); low-dose Cyclophosphamide (CYP; 300 mg/m®)
(Johnson/Mead, NJ), cytokines such as y-interferon, IL-2, or
IL-12 or genes encoding proteins involved in immune helper
functions, such as B-7.

[0062] The amount of immunogen composition used in
the production of polyclonal antibodies varies upon the
nature of the immunogen as well as the animal used for
immunization. A variety of routes can be used to administer
the immunogen including but not limited to subcutaneous,
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intramuscular, intradermal, intraepidermal, intravenous and
intraperitoneal. The production of polyclonal antibodies
may be monitored by sampling blood of the immunized
animal at various points following immunization.

[0063] A sccond, booster dose (¢.g., provided in an injec-
tion), may also be given. The process of boosting and
titering is repeated until a suitable titer is achieved. When a
desired level of immunogenicity is obtained, the immunized
animal can be bled and the serum isolated and stored, and/or
the animal can be used to generate MAbs.

[0064] For production of rabbit polyclonal antibodies, the
animal can be bled through an ear vein or alternatively by
cardiac puncture. The removed blood is allowed to coagulate
and then centrifuged to separate serum components from
whole cells and blood clots. The serum may be used as is for
various applications or else the desired antibody fraction
may be purifies by well-known methods, such as affinity
chromatography using another antibody, a peptide bound to
a solid matrix, or by using, e.g., protein A or protein G
chromatography.

[0065] MAbs may be readily prepared through use of
well-known techniques, such as those exemplified in U.S.
Pat. No. 4,196,265, incorporated herein by reference. Typi-
cally, this technique involves immunizing a suitable animal
with a selected immunogen composition, e.g., a purified or
partially purified protein, polypeptide, peptide or domain, be
it a wild-type or mutant composition. The immunizing
composition is administered in a manner effective to stimu-
late antibody producing cells.

[0066] The methods for generating monoclonal antibodies
(MADbs) generally begin along the same lines as those for
preparing polyclonal antibodies. Rodents such as mice and
rats are preferred animals, however, the use of rabbit, sheep
or frog cells is also possible. The use of rats may provide
certain advantages, but mice are preferred, with the BALB/c
mouse being most preferred as this is most routinely used
and generally gives a higher percentage of stable fusions.

[0067] The animals are injected with antigen, generally as
described above. The antigen may be mixed with adjuvant,
such as Freund’s complete or incomplete adjuvant. Booster
administrations with the same antigen or DNA encoding the
antigen would occur at approximately two-week intervals.

[0068] Following immunization, somatic cells with the
potential for producing antibodies, specifically B lympho-
cytes (B cells), are selected for use in the MADb generating
protocol. These cells may be obtained from biopsied
spleens, tonsils or lymph nodes, or from a peripheral blood
sample. Spleen cells and peripheral blood cells are preferred,
the former because they are a rich source of antibody-
producing cells that are in the dividing plasmablast stage,
and the latter because peripheral blood is easily accessible.

[0069] Often, a panel of animals will have been immu-
nized and the spleen of an animal with the highest antibody
titer will be removed and the spleen lymphocytes obtained
by homogenizing the spleen with a syringe. Typically, a
spleen from an immunized mouse contains approximately
5x10 to 2x10® lymphocytes.

[0070] The antibody-producing B lymphocytes from the
immunized animal are then fused with cells of an immortal
myeloma cell, generally one of the same species as the
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animal that was immunized. Mycloma cell lines suited for
use in hybridoma-producing fusion procedures preferably
are non-antibody-producing, have high fusion efficiency,
and enzyme deficiencies that render then incapable of grow-
ing in certain selective media which support the growth of
only the desired fused cells (hybridomas).

[0071] Any one of a number of myeloma cells may be
used, as are known to those of skill in the art. For example,
where the immunized animal is a mouse, one may use
P3-X63/Ag8, X63-Ag8.653, NS1/1.Ag 4 1, Sp210-Agl4,
FO, NSO/U, MPC-11, MPCL11-X45-GTG 1.7 and S194/
5XXO0 Bul,; for rats, one may use R210.RCY3, Y3-Ag 1.2.3,
IR983F and 4B210; and U-266, GM1500-GRG2, LICR-
LON-HMy2 and UC729-6 are all useful in connection with
human cell fusions.

[0072] One preferred murine myeloma cell is the NS-1
myeloma cell line (also termed P3-NS-1-Ag4-1), which is
readily available from the NIGMS Human Genetic Mutant
Cell Repository by requesting cell line repository number
GM3573. Another mouse myeloma cell line that may be
used is the 8-azaguanine-resistant mouse murine myeloma
SP2/0 non-producer cell line.

[0073] Methods for generating hybrids of antibody-pro-
ducing spleen or lymph node cells and myeloma cells
usually comprise mixing somatic cells with myeloma cells
in a 2:1 proportion, though the proportion may vary from
about 20:1 to about 1:1, respectively, in the presence of an
agent or agents (chemical or clectrical) that promote the
fusion of cell membranes. The use of electrically induced
fusion methods is also appropriate.

[0074] Fusion procedures usually produce viable hybrids
at low frequencies, about 1x107° to 1x10~%. However, this
does not pose a problem, as the viable, fused hybrids are
differentiated from the parental, unfused cells (particularly
the unfused myeloma cells that would normally continue to
divide indefinitely) by culturing in a selective medium. The
selective medium is generally one that contains an agent that
blocks the de novo synthesis of nucleotides in the tissue
culture media. Exemplary and preferred agents are aminop-
terin, methotrexate, and azaserine. Aminopterin and meth-
otrexate block de novo synthesis of both purines and pyri-
midines, whereas azaserine blocks only purine synthesis.
Where aminopterin or methotrexate is used, the media is
supplemented with hypoxanthine and thymidine as a source
of nucleotides (HAT medium). Where azaserine is used, the
media is supplemented with hypoxanthine.

[0075] The preferred selection medium is HAT. Only cells
capable of operating nucleotide salvage pathways are able to
survive in HAT medium. The myeloma cells are defective in
key enzymes of the salvage pathway, e.g., hypoxanthine
phosphoribosyl transferase (HPRT), and they cannot sur-
vive. The B cells can operate this pathway, but they have a
limited life span in culture and generally die within about
two weeks. Therefore, the only cells that can survive in the
selective media are those hybrids formed from myeloma and
B cells.

[0076] This culturing provides a population of hybridomas
from which specific hybridomas are selected. Typically,
selection of hybridomas is performed by culturing the cells
by single-clone dilution in microtiter plates, followed by
testing the individual clonal supernatants (after about two to
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three weeks) for the desired reactivity. The assay should be
sensitive, simple and rapid, such as radioimmunoassays,
enzZyme immunoassays, cytotoxicity assays, plaque assays,
dot immunobinding assays, and the like.

[0077] The selected hybridomas would then be serially
diluted and cloned into individual antibody-producing cell
lines, which clones can then be propagated indefinitely to
provide MAbs. The cell lines may be exploited for MAb
production in two basic ways. First, a sample of the hybri-
doma can be injected (often into the peritoneal cavity) into
a histocompatible animal of the type that was used to
provide the somatic and myeloma cells for the original
fusion (e.g., a syngeneic mouse). Optionally, the animals are
primed with a hydrocarbon, especially oils such as pristane
(tetramethylpentadecane) prior to injection. The injected
animal develops tumors secreting the specific monoclonal
antibody produced by the fused cell hybrid. The body fluids
of the animal, such as serum or ascites fluid, can then be
tapped to provide MAbs in high concentration. Second, the
individual cell lines could be cultured in vitro, where the
MADbs are naturally secreted into the culture medium from
which they can be readily obtained in high concentrations.

[0078] MADbs produced by either means may be further
purified, if desired, using filtration, centrifugation and vari-
ous chromatographic methods such as HPLC or affinity
chromatography. Fragments of the monoclonal antibodies of
the invention can be obtained from the monoclonal antibod-
ies so produced by methods which include digestion with
enzymes, such as pepsin or papain, and/or by cleavage of
disulfide bonds by chemical reduction. Alternatively, mono-
clonal antibody fragments encompassed by the present
invention can be synthesized using an automated peptide
synthesizer.

[0079] Tt is also contemplated that a molecular cloning
approach may be used to generate monoclonals. In one
embodiment, combinatorial immunoglobulin phagemid
libraries are prepared from RNA isolated from the spleen of
the immunized animal, and phagemids expressing appropri-
ate antibodies are selected by panning using cells expressing
the antigen and control cells. The advantages of this
approach over conventional hybridoma techniques are that
approximately 10* times as many antibodies can be pro-
duced and screened in a single round, and that new speci-
ficities are generated by H and L chain combination which
further increases the chance of finding appropriate antibod-
ies. In another example, LEEs or CEEs can be used to
produce antigens in vitro with a cell free system. These can
be used as targets for scanning single chain antibody librar-
ies. This would enable many different antibodies to be
identified very quickly without the use of animals.

[0080] Alternatively, monoclonal antibody fragments
encompassed by the present invention can be synthesized
using an automated peptide synthesizer, or by expression of
full-length gene or of gene fragments in E. coli.

[V. Antibody Conjugates

[0081] The present invention further provides antibodies
that are conjugated. The antibodies are generally of the
monoclonal type, that are linked to at least one agent to form
an antibody conjugate. In order to increase the efficacy of
antibody molecules as diagnostic or therapeutic agents, it is
conventional to link or covalently bind or complex at least
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one desired molecule or moiety. Such a molecule or moiety
may be, but is not limited to, at least one effector or reporter
molecule. Effector molecules comprise molecules having a
desired activity, e.g., cytotoxic activity. Non-limiting
examples of effector molecules which have been attached to
antibodies include toxins, anti-tumor agents, therapeutic
enzymes, radio-labeled nucleotides, antiviral agents, chelat-
ing agents, cytokines, growth factors, and oligo- or poly-
nucleotides. By contrast, a reporter molecule is defined as
any moiety which may be detected using an assay. Non-
limiting examples of reporter molecules which have been
conjugated to antibodies include enzymes, radiolabels, hap-
tens, fluorescent labels, phosphorescent molecules, chemi-
luminescent molecules, chromophores, luminescent mol-
ecules, photoaffinity molecules, colored particles or ligands,
such as biotin.

[0082] Any antibody of sufficient selectivity, specificity or
affinity may be employed as the basis for an antibody
conjugate. Such properties may be evaluated using conven-
tional immunological screening methodology known to
those of skill in the art.

[0083] A type of antibody conjugates contemplated in the
present invention are those intended primarily for use in
vitro, where the antibody is linked to a secondary binding
ligand and/or to an enzyme (an enzyme tag) that will
generate a colored product upon contact with a chromogenic
substrate. Examples of suitable enzymes include urease,
alkaline phosphatase, (horseradish) hydrogen peroxidase or
glucose oxidase. Preferred secondary binding ligands are
biotin and/or avidin and streptavidin compounds. The use of
such labels is well known to those of skill in the art and are
described, for example, in U.S. Pat. Nos. 3,817,837, 3,850,
752; 3,939,350; 3,996,345; 4,277,437, 4,275,149 and 4,366,
241; each incorporated herein by reference.

[0084] Molecules containing azido groups may also be
used to form covalent bonds to proteins through reactive
nitrene intermediates that are generated by low intensity
ultraviolet light. In particular, 2- and 8-azido analogues of
purine nucleotides have been used as site-directed photo-
probes to identify nucleotide binding proteins in crude cell
extracts. The 2- and 8-azido nucleotides have also been used
to map nucleotide binding domains of purified proteins and
may be used as antibody binding agents.

[0085] Several methods are known in the art for the
attachment or conjugation of an antibody to its conjugate
moiety. Some attachment methods involve the use of a metal
chelate complex employing, for example, an organic chelat-
ing agent such a diethylenetriaminepentaacetic acid anhy-
dride (DTPA); ethylenetriaminetetraacetic acid; N-chloro-p-
toluenesulfonamide; and/or tetrachloro-3a.-6¢t-
diphenylglycouril-3 attached to the antibody (U.S. Pat. Nos.
4,472,509 and 4,938,948, each incorporated herein by ref-
erence). Monoclonal antibodies may also be reacted with an
enzyme in the presence of a coupling agent such as glut-
araldehyde or periodate. Conjugates with fluorescein mark-
ers are prepared in the presence of these coupling agents or
by reaction with an isothiocyanate. In U.S. Pat. No. 4,938,
948, imaging of breast tumors is achieved using monoclonal
antibodies and the detectable imaging moieties are bound to
the antibody using linkers such as methyl-p-hydroxybenz-
imidate or N-succinimidyl-3-(4-hydroxyphenyl)propionate.
[0086] In other embodiments, derivatization of immuno-
globulins by selectively introducing sulfhydryl groups in the
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Fc region of an immunoglobulin, using reaction conditions
that do not alter the antibody combining site are contem-
plated. Antibody conjugates produced according to this
methodology are disclosed to exhibit improved longevity,
specificity and sensitivity (U.S. Pat. No. 5,196,066, incor-
porated herein by reference). Site-specific attachment of
effector or reporter molecules, wherein the reporter or effec-
tor molecule is conjugated to a carbohydrate residue in the
Fc region have also been disclosed in the literature. This
approach has been reported to produce diagnostically and
therapeutically promising antibodies which are currently in
clinical evaluation.

V. Immunodetection Methods

[0087] In still further embodiments, the present invention
concerns immunodetection methods for binding, purifying,
removing, quantifying and/or otherwise generally detecting
biological components such as biomarker epitopes or fusion
proteins containing biomarker epitopes, as described by the
present invention.

[0088] In general, the immunobinding methods include
obtaining a sample suspected of containing the epitope of
interest in an expressed message and/or protein, polypeptide
and/or peptide, and contacting the sample with a first anti-
epitope message and/or anti-epitope translated product anti-
body in accordance with the present invention, as the case
may be, under conditions effective to allow the formation of
immunocomplexes.

[0089] The immunobinding methods also include methods
for detecting and quantifying the amount of an antigen
component in a sample and the detection and quantification
of any immune complexes formed during the binding pro-
cess. Here, one would obtain a sample suspected of con-
taining an antigen, and contact the sample with an antibody
against the epitope-containing antigen, and then detect and
quantify the amount of immune complexes formed under the
specific conditions.

[0090] Interms of antigen detection, the biological sample
analyzed may be any sample that is suspected of containing
an antigen, such as, for example, a tissue section or speci-
men, a homogenized tissue extract, a cell, an organelle,
separated and/or purified forms of any of the above antigen-
containing compositions, or even any biological fluid that
comes into contact with the cell or tissue, including blood
and/or serum, although tissue samples or extracts are pre-
ferred.

[0091] Contacting the chosen biological sample with the
antibody under effective conditions and for a period of time
sufficient to allow the formation of immune complexes
(primary immune complexes) is generally a-matter of sim-
ply adding the antibody composition to the sample and
incubating the mixture for a period of time long enough for
the antibodies to form immune complexes with, i.e., to bind
to, any epitope-containing antigens present. After this time,
the sample-antibody composition, such as a tissue section,
ELISA plate, dot blot or western blot, will generally be
washed to remove any non-specifically bound antibody
species, allowing only those antibodies specifically bound
within the primary immune complexes to be detected.

[0092] The immunodetection methods of the present
invention have evident utility in the diagnosis and prognosis
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of conditions such as various diseases wherein a specific
biomarker is expressed. Here, a biological and/or clinical
sample suspected of containing a specific disease associated
biomarker is used.

[0093] In the clinical diagnosis and/or monitoring of
patients with various forms a disease, such as, for example,
cancer, the detection of a cancer specific biomarker, and/or
an alteration in the levels of a cancer specific gene product,
in comparison to the levels in a corresponding biological
sample from a normal subject is indicative of a patient with
cancer. However, as is known to those of skill in the art, such
a clinical diagnosis would not necessarily be made on the
basis of this method in isolation. Those of skill in the art are
very familiar with differentiating between significant differ-
ences in types and/or amounts of such biomarkers, which
represent a positive identification, and/or low level and/or
background changes of the biomarkers. Indeed, background
expression levels are often used to form a “cut-off” above
which increased detection will be scored as significant
and/or positive. Of course, the antibodies of the present
invention in any immunodetection or therapy known to one
of ordinary skill in the art.

VL. Epitopic Core Sequences

[0094] In another aspect, the invention provides a peptide
or polypeptide comprising an epitope-bearing portion of a
polypeptide of the invention. The epitope of this polypeptide
portion is an immunogenic or antigenic epitope of a
polypeptide of the invention. An “immunogenic epitope” is
defined as a part of a protein that elicits an antibody response
when the whole protein is the immunogen. These immuno-
genic epitopes are believed to be confined to a few loci on
the molecule. On the other hand, a region of a protein
molecule to which an antibody can bind is defined as an
“antigenic epitope.” The number of immunogenic epitopes
of a protein generally is less than the number of antigenic
epitopes.

[0095] As to the sclection of peptides or polypeptides
bearing an antigenic epitope (i.e., that contain a region of a
protein molecule to which an antibody can bind), it is well
known in that art that relatively short synthetic peptides that
mimic part of a protein sequence are routinely capable of
eliciting an antiserum that reacts with the partially mimicked
protein. Peptides capable of eliciting protein-reactive sera
are frequently represented in the primary sequence of a
protein, can be characterized by a set of simple chemical
rules, and are confined neither to immunodominant regions
of intact proteins (i.c., immunogenic epitopes) nor to the
amino or carboxyl terminals. Peptides that are extremely
hydrophobic and those of six or fewer residues generally are
ineffective at inducing antibodies that bind to the mimicked
protein; longer, soluble peptides, especially those containing
proline residues, usually are effective. For instance, 18 of 20
peptides designed according to these guidelines, containing
8-39 residues covering 75% of the sequence of the influenza
virus hemagglutinin HA1 polypeptide chain, induced anti-
bodies that reacted with the HA1 protein or intact virus; and
12/12 peptides from the MuLV polymerase and 18/18 from
the rabies glycoprotein induced antibodies that precipitated
the respective proteins.

[0096] U.S. Pat. No. 4,554,101, incorporated herein by
reference, teaches the identification and/or preparation of
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epitopes from primary amino acid sequences on the basis of
hydrophilicity. Through the methods disclosed in Hopp, one
of skill in the art would be able to identify epitopes from
within an amino acid sequence.

[0097] Numerous scientific publications have also been
devoted to the prediction of secondary structure, and/or to
the identification of epitopes, from analyses of amino acid
sequences. Any of these may be used, if desired, to supple-
ment the teachings of Hopp in U.S. Pat. No. 4,554,101.

[0098] Moreover, computer programs are currently avail-
able to assist with predicting antigenic portions and/or
epitopic core regions of proteins. Examples include those
programs based upon the Jameson-Wolf analysis, the pro-
gram PepPlot®, and/or other new programs for protein
tertiary structure prediction. Another commercially avail-
able software program capable of carrying out such analyses
is MacVector (IBI, New Haven, Conn.).

[0099] Antigenic epitope-bearing peptides and polypep-
tides of the invention are therefore useful to raise antibodies,
including monoclonal antibodies, that bind specifically to a
polypeptide of the invention. Thus, a high proportion of
hybridomas obtained by fusion of spleen cells from donors
immunized with an antigen epitope-bearing peptide gener-
ally secrete antibody reactive with the native protein.

[0100] Antigenic epitope-bearing peptides and polypep-
tides of the invention designed according to the above
guidelines preferably contain a sequence of at least seven,
more preferably at least nine and most preferably between
about 15 to about 30 amino acids contained within the amino
acid sequence of a polypeptide of the invention. However,
peptides or polypeptides comprising a larger portion of an
amino acid sequence of a polypeptide of the invention,
containing about 30 to about 50 amino acids, or any length
up to and including the entire amino acid sequence of a
polypeptide of the invention, also are considered epitope-
bearing peptides or polypeptides of the invention and also
are useful for inducing antibodies that react with the mim-
icked protein. Preferably, the amino acid sequence of the
epitope-bearing peptide is selected to provide substantial
solubility in aqueous solvents (i.c., the sequence includes
relatively hydrophilic residues and highly hydrophobic
sequences are preferably avoided); and sequences contain-
ing proline residues are particularly preferred.

[0101] The epitope-bearing peptides and polypeptides of
the invention may be produced by any conventional means
for making peptides or polypeptides including recombinant
means using nucleic acid molecules of the invention. For
instance, a short epitope-bearing amino acid sequence is
fused to a larger polypeptide which acts as a carrier during
recombinant production and purification, as well as during
immunization to produce anti-peptide antibodies.

[0102] Immunogenic epitope-bearing peptides of the
invention, i.e., those parts of a protein that elicit an antibody
response when the whole protein is the immunogen, are
identified according to methods known in the art.

[0103] In further embodiments, major antigenic determi-
nants of a polypeptide may be identified by an empirical
approach in which portions of the gene encoding the
polypeptide are expressed in a recombinant host, and/or the
resulting proteins tested for their ability to elicit an immune
response. For example, PCR™ can be used to prepare a
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range of peptides lacking successively longer fragments of
the C-terminus of the protein. The immunoactivity of each
of these peptides is determined to identify those fragments
and/or domains of the polypeptide that are immunodomi-
nant. Further studies in which only a small number of amino
acids are removed at each iteration then allows the location
of the anitigenic determinants of the polypeptide to be more
precisely determined.

[0104] Another method for determining the major anti-
genic determinants of a polypeptide is the SPOTs™ system
(Genosys Biotechnologies, Inc., The Woodlands, Tex.). In
this method, overlapping peptides are synthesized on a
cellulose membrane, which following synthesis and/or
deprotection, is screened using a polyclonal and/or mono-
clonal antibody. The antigenic determinants of the peptides
which are initially identified can be further localized by
performing subsequent syntheses of smaller peptides with
larger overlaps, and/or by eventually replacing individual
amino acids at each position along the immunoreactive
peptide.

[0105] Once one and/or more such analyses are com-
pleted, polypeptides are prepared that remove and/or add at
least the essential features of one and/or more antigenic
determinants. The peptides are then employed in the meth-
ods of the invention to reduce and/or enhance the production
of antibodies when isolated protein and/or gene constructs
made by the methods of the present invention is adminis-
tered to a mammal, preferrably a human. Minigenes and/or
gene fusions encoding these determinants can also be con-
structed and/or inserted into expression vectors by standard
methods, for example, using PCR™ cloning methodology.

[0106] Although the present invention and its advantages
have been described in detail, it should be understood that
various changes, substitutions and alterations can be made
herein without departing from the spirit and scope of the
invention as defined by the appended claims. Moreover, the
scope of the present application is not intended to be limited
to the particular embodiments of the process, machine,
manufacture, composition of matter, means, methods and
steps described in the specification. As one of ordinary skill
in the art will readily appreciate from the disclosure of the
present invention, processes, machines, manufacture, com-
positions of matter, means, methods, or steps, presently
existing or later to be developed that perform substantially
the same function or achieve substantially the same result as
the corresponding embodiments described herein may be
utilized according to the present invention. Accordingly, the
appended claims are intended to include within their scope
such processes, machines, manufacture, compositions of
matter, means, methods, or steps.

VII. Fusion Proteins

[0107] A specialized kind of insertional variant is the
fusion protein. This molecule generally has all or a substan-
tial portion of the native molecule, linked at the N- or
C-terminus, to all or a portion of a second polypeptide. In the
present invention, a fusion may comprise a biomarker
epitope sequence and a Gox sequence. Inclusion of a cleav-
age site at or near the fusion junction will facilitate removal
of an extraneous polypeptide that is used as a tag to facilitate
purification. Other useful fusions include linking of func-
tional domains, such as active sites from enzymes such as a
hydrolase, glycosylation domains, cellular targeting signals
or transmembrane regions.
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[0108] Following transduction with an expression con-
struct or vector according to some embodiments of the
present invention, primary mammalian cell cultures may be
prepared in various ways. In order for the cells to be kept
viable while in vitro and in contact with the expression
construct, it is necessary to ensure that the cells maintain
contact with the correct ratio of oxygen and carbon dioxide
and nutrients but are protected from microbial contamina-
tion. Cell culture techniques are well documented and are
disclosed herein by reference.

[0109] One embodiment of the foregoing involves the use
of gene transfer to immortalize cells for the production
and/or presentation of proteins. The gene for the protein of
interest may be transferred as described above into appro-
priate host cells followed by culture of cells under the
appropriate conditions. The gene for virtually any polypep-
tide may be employed in this manner. The generation of
recombinant expression vectors, and the elements included
therein, are discussed above. Alternatively, the protein to be
produced may be an endogenous protein normally synthe-
sized by the cell in question.

[0110] Another embodiment of the present invention uses
cell lines, which are transfected with an expression construct
or vector that expresses a therapeutic protein such as a tumor
suppressor. Examples of mammalian host cell lines include
Vero and HelLa cells, other B- and T-cell lines, such as CEM,
721.221, HY, Jurkat, Raji, etc., as well as cell lines of
Chinese hamster ovary, W138, BHK, COS-7, 293, HepG2,
3T3, RIN and MDCK cells. In addition, a host cell strain
may be chosen that modulates the expression of the inserted
sequences, or that modifies and processes the gene product
in the manner desired. Such modifications (e.g., glycosyla-
tion) and processing (e.g., cleavage) of protein products may
be important for the function of the protein. Different host
cells have characteristic and specific mechanisms for the
post-translational processing and modification of proteins.
Appropriate cell lines or host systems can be chosen to
insure the correct modification and processing of the foreign
protein expressed.

[0111] A number of selection systems may be used includ-
ing, but not limited to, HSV thymidine kinase, hypoxan-
thine-guanine phosphoribosyltransferase and adenine phos-
phoribosyltransferase genes, in tk-, hgprt- or aprt-cells,
respectively. Also, anti-metabolite resistance can be used as
the basis of selection: for dhfr, which confers resistance to;
gpt, which confers resistance to mycophenolic acid; neo,
which confers resistance to the aminoglycoside G418; and
hygro, which confers resistance to hygromycin.

[0112] Animal cells can be propagated in vitro in two
modes: as non-anchorage-dependent cells growing in sus-
pension throughout the bulk of the culture or as anchorage-
dependent cells requiring attachment to a solid substrate for
their propagation (i.e., a monolayer type of cell growth).

[0113] Non-anchorage dependent or suspension cultures
from continuous established cell lines are the most widely
used means of large-scale production of cells and cell
products. However, suspension cultured cells have limita-
tions, such as tumorigenic potential and lower protein pro-
duction than adherent cells.

EXAMPLES

[0114] The following examples are included to demon-
strate preferred embodiments of the invention. It should be
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appreciated by those skilled in the art that the techniques
disclosed in the examples which follow represent techniques
discovered by the inventor to function well in the practice of
the invention, and thus can be considered to constitute
preferred modes for its practice. However, those of skill in
the art should, in light of the present disclosure, appreciate
that many changes can be made in the specific embodiments
which are disclosed and still obtain a like or similar result
without departing from the concept, spirit and scope of the
invention. More specifically, it will be apparent that certain
agents that are both chemically and physiologically related
may be substituted for the agents described herein while the
same or similar results would be achieved. All such similar
substitutes and modifications apparent to those skilled in the
art are deemed to be within the spirit, scope and concept of
the invention as defined by the appended claims.

Example 1

Selection of an Anti-PSA Monoclonal Antibody and
Characterization of the Recognition Peptide

[0115] To adapt the biosensor design to the detection of
PSA, a monoclonal anti-PSA capture antibody was selected.
This antibody was selected for several characteristics: (a) it
was available in purified form without bovine serum albu-
min and, hence, could be biotinylated without difficulty; (b)
it was capable of recognizing PSA after reduction and
denaturation, indicating that it recognizes a linear epitope
within the primary structure of PSA. Because the recogni-
tion peptide for the antibody had not previously been
described, it was necessary to map this domain. A library of
overlapping peptides was synthesized corresponding to the
entire sequence of human PSA (produced by Mimotopes,
San Diego, Calif.). The capture antibody was reacted with
this library and the pattern of reacting peptides was used to
define a seven amino-acid recognition epitope. A synthetic
peptide was then prepared corresponding to this epitope.
Experiments using dot blots confirmed that the capture
antibody bound to this specific peptide with high affinity.

Example 2

Preparation of a PSA Epitope-Containing Fusion
Protein

[0116] A synthetic DNA adapter was designed that
encoded this peptide and introduced it into the carboxyl
terminus of the Gox coding sequence from Penicillium
amagasakiense. The mutant coding sequence of the fusion
protein (called GPM6) was introduced into a vector
designed for expression in the methyltrophic yeast, Pichia
pastoris. The Pichia EasySelect expression system (Invitro-
gen Corp., Carlsbad, Calif.) was used for these studies,
although as variety of yeast-based expression systems would
be applicable. Finally, the construct was designed such that
the novel fusion protein should be secreted into the culture
media under the control of the native signal sequence
present in the Gox coding sequence. GPM6 was transfected
into the Pichia and transformants were isolated. Numerous
clones were identified that secreted GPM6 into the media
which had high levels of Gox activity. In addition, western
analysis of the culture media demonstrated that the anti-PSA
capture antibody recognized GPM6. This result confirmed
that burying the epitope within the coding sequence of Gox
did not block recognition by the capture antibody. The
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fusion protein was then purified in an active form in two
steps: (a) ion-exchange chromatography using a DEAE-
Sepharose fast flow column, followed by (b) desalting and
alkalinization using size-exclusion chromatography. A
single liter of Pichia culture produces enough fusion protein
for >600 biosensor assays.

Example 3

Preparation of Protein Biosensor Chips

[0117] Unmodified peroxide sensor chips (Cambridge Life
Sciences, Cambridge, UK) were incubated with deglycosy-
lated avidin overnight at 4° C. to adsorb the avidin to the
working electrode surface. After blocking with 3% caseine,
the chips were washed with phosphate buffered saline (PBS)
and then incubated with the biotinylated capture antibody
overnight at 4° C. After a second wash with PBS, the chips
were either dried for storage or stored under PBS until used.
To perform the biosensor assay, chips were placed into a
custom electrochemical cell attached to a potentiostat. The
sample to be tested is mixed with GPM6 fusion protein and
allowed to incubate with the chips for five minutes. PBS
containing catalase and 1% glucose is then added to the
chips, which are polarized to +50 mV, and the current is
measured against time. The concentration of PSA in the test
solution is calculated from this current response.
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What is claimed is:
1. A handheld biological marker detection device com-
prising:

a reaction cell; and

a potentiostat.

2. The detection device of claim one, wherein the reaction
cell further comprises catalase and glucose, a recombinant
fusion protein, wherein the recombinant fusion protein is
characterized by a redox activity and an immunoreactivity
against a capture antibody, and an electrode having immo-
bilized on its surface the capture antibody and a biomolecu-
lar peroxide sensor

3. The detection device of claim 1, wherein the biological
marker is a polypeptide having an epitope that binds spe-
cifically to the capture antibody.

4. The detection device of claim 1, wherein the biological
marker is a tumor marKer.

5. The detection device of claim 1, wherein the tumor
marker is PSA, HK2, TGFf, her2, CA 15-3, CA-125, Cyfra
21-1, CEA, CD151, TPA, TPS, chromogrannin A, neuron
specific enolase, f-HCG, a-fetoprotein, or LDH.

6. The detection device of claim 1, wherein the biomo-
lecular peroxide sensor comprises a horseradish peroxidase.

7. The detection device of claim 1, wherein the capture
antibody is biotinylated.

8. A disposable biosensor for screening for the presence of
a biological marker in a sample comprising:

a reaction cell comprising catalase and glucose;

a recombinant fusion protein, wherein the recombinant
fusion protein is characterized by a redox activity and
an immunoreactivity against a capture antibody; and

an electrode having immobilized on its surface the capture
antibody and a biomolecular peroxide sensor.
9. A method of detecting a biological marker having a
specific anti-marker antibody comprising:

obtaining a sample;
adding the sample to a reaction device
applying an electrical signal to the detection device; and

measuring a magnitude of a current generated in the
detection device, wherein the magnitude of the gener-
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ated current is inversely proportional to the concentra-
tion of biological marker in the sample.

10. The method of claim 9, wherein the reaction device
further comprises a reaction cell comprising catalase and
glucose, a recombinant fusion protein, wherein the recom-
binant fusion protein is characterized by a redox activity and
an immunoreactivity against a capture antibody, and an
electrode having immobilized on its surface the capture
antibody and a biomolecular peroxide sensor;

11. The method of claim 9, wherein the biological marker
is a polypeptide having an epitope that binds specifically to
the capture antibody.

12. The method of claim 9, wherein the biological marker
is a tumor marker.

13. The method of claim 9, wherein the tumor marker is
PSA, HK2, TGEp, her2, CA 15-3, CA-125, Cyfra 21-1,
CEA, CD151, TPA, TPS, chromogrannin A, neuron specific
enolase, f-HCG, a-fetoprotein, or LDH.

14. The method of claim 9, wherein the tumor marker
binds specifically to the capture antibody.

15. The method of claim 9, wherein the anti-marker
antibody and the capture antibody are the same.

16. The method of claim 9, wherein the sample comprises
whole blood, serum, plasma, urine, or saliva.

17. The method of claim 9, wherein the immunoreactivity
is provided by a polypeptide comprising an epitope of a
tumor marKer.

18. The method of claim 9, wherein the recombinant
fusion protein is prepared in yeast.

19. The method of claim 18, wherein the yeast is a
methyltrophic yeast.

20. The method of claim 9, wherein the recombinant
fusion protein is prepared by expressing a polynucleotide
comprising both a glucose oxidase and the epitope, wherein
the glucose oxidase and the epitope are operatively linked.

21. The method of claim 9, wherein the biomolecular
peroxide sensor comprises a horseradish peroxidase.

22. The method of claim 9, wherein the capture antibody
is biotinylated.

23. The method of claim 22, wherein the surface of the
electrode further comprises avidin.

24. The method of claim 9, wherein the electrical signal
comprises a voltage of about +50 mV.

25. The method of claim 9, wherein the measuring step
comprises a potentiostat.

26. The method of claim 9, wherein the potentiostat is
capable of measuring a current in the range of about 50
nanoampere to about 500 nanoampere.

27. A method of screening a patient for cancer compris-
ing:

obtaining a sample from the patient;

adding the sample to a detection device comprising a
reaction cell, wherein the reaction cell further com-
prises catalase and glucose, a recombinant fusion pro-
tein characterized by a redox activity and an immu-
noreactivity against a capture antibody, and an
electrode having immobilized on its surface the capture
antibody and a biomolecular peroxide sensor;

applying an electrical signal to the detection device; and

measuring a magnitude of a current generated in the
detection device, wherein the magnitude of the gener-
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ated current is inversely proportional to the concentra-
tion of biological marker in the sample;

and determining the presence of a cancer in the patient
from the concentration of the tumor marker in the
sample.

28. The method of claim 27, wherein the cancer is prostate
cancer and the tumor marker is PSA, HK2, or TGFf.

29. The method of claim 27, wherein the cancer is breast
cancer and the tumor marker is HER2 or Cyfra 21-1.

30. The method of claim 27, wherein the cancer is ovarian
cancer and the tumor marker is CA-125 or Cyfra 21-1.

31. The method of claim 27, wherein the cancer is colon
cancer and the tumor marker is CEA.

32. The method of claim 27, wherein the cancer is lung
cancer and the tumor marker is CD151, TPA, TPS, or Cyfra
21-1.

33. The method of claim 27, wherein the cancer comprises
a neuro-endocrine tumor and the tumor marker is chro-
mogrannin A, or neuron specific enolase.

34. The method of claim 27, wherein the cancer is
testicular cancer and the tumor marker is f-HCG, alpha-feto
protein, or LDH.

35. The method of claim 27, wherein the sample com-
prises whole blood, serum, plasma, urine, or saliva.
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36. The method of claim 27, wherein the redox activity is
provided by glucose oxidase.

37. The method of claim 27, wherein the immunoreac-
tivity is provided by a polypeptide comprising an epitope of
the tumor marker that binds specifically to the capture
antibody.

38. The method of claim 27, wherein the electrical signal
comprises a voltage of about +50 mV.

39. The method of claim 27, wherein the measuring step
comprises a potentiostat

40. The method of claim 27, wherein the solution com-
prises about 1% glucose.

41. A kit for screening a patient comprising:

a reaction cell comprising catalase and glucose;

a recombinant fusion protein characterized by a redox
activity and an immunoreactivity against a capture
antibody;

an electrode having immobilized on its surface the capture
antibody and a biomolecular peroxide sensor, and

a potentiostat.
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