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vt (57) Abstract: This invention relates to a rapid and efficient method for carrying out enzyme-linked immunosorbent assay for de-

~~ tection of minute quantities of biomolecules such as antigen, antibody ste. This invention particularly relates o microwave mediated

g immobilization of antigen or antibody on to the activated surface followed by performing subsequent steps of ELISA by controlled
microwave irradiation. The invented procedure has dramatically reduced the total time required for ELISA o less than 10 min-

o utes from hours to days. The invented ELISA pr is rapid, ical and simple and can be automated. The

3 invented procedure is useful for carrying ont ELISA in clinical diagnostics, molecular biology, agriculture, sericulture, food tech-
nology, environmental science, biomedical research and other related fields.
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WO 02/14868 PCT/INO0/00075
A RAPID METHOD FOR MICROWAVE MEDIATED ENZYME-LINKED IMMUNOSORBENT ASSAY

FIELD OF THE INVENTION

The invention relates to a rapid method for carrying out microwave mediated ELISA
(MELISA). More particularly, this invention relates to a rapid and efficient method for
microwave mediated ELISA (MELISA) wherein all the major steps of ELISA can be
performed under microwave irradiation in short time. This method is useful in clinical
diagnostics, molecular biclogy, agriculture, food technology, environmental science etc.

The invented ELISA method is simple, time saving and obviates the time consuming
cumbersome procedure. This method has the potential for automation.

This method has the advantage over the existing methods for ELISA which take long
tinze usually rénging from several hours to 2 days whereas the invented method takes less
than 10 minutes. It is particularly useful for disease diagnosis where quick resulis are
required. ‘

BACKGROUND OF THE INVENTION

Enzyme linked immunosorbent assay (ELISA) is a very sensitive technique used for
semiquantitative or quantitative determination of the concentration of certain antigens and
antibodies. ELISA has become a useful tool in disease diagnosis in both animals and plants.
Apart from this, its other applications include screening of monoclc.»nal antibodies during the
course of their production (Douillard, 1.Y. and Hoffman, T., 1983), pesticide residue
detection in crop produce (Van Emon, J.M. and Lopez-Avila, V., 1992) and environmental
samples like soil and water (Linde, D.G. and Goh, K.S., 1995), detection of apoptosis in
tissue culture etc. (Salgame, P. ef al, 1996). Polystyrene mic;roﬁtre plate is used universally
for carrying out ELISA, as it is transparent, cheap, easily available, can be moulded to any
desired shape and has a property of binding proteins through adsorption. Conventional

methods of ELISA are based on the immobilization of antigen or antibody onto the surface of

JP 2004-517301 A 2004.6.10
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the wells of a polystyrene microtitre plate through adsorption. This is aitributed to the non-
covalent interaction between the biomolecule and the polystyrene surface.

However, adsorption is usually too inefficient a process to give good yields and
doesn't always proceed in a dose dependent mamner. To overcome the inefficiency of
conventional methods covalent immobilization of biomolecules onto the microtitre plate has
been carried out by many (Satoh, A. et al, 1999). Covalent binding of immunogens to grafted
plastic surfaces has also been reported (Larsson, P.H. ef al, 1987). Despite this, the
conventional ELISA method requires very long time varying from several hours to 2 days for
completion. This is the main drawback of different ELISA methods, either based on
adsorption or covalent binding. In case of medical urgency precious time is lost in diagnosis
before the patient could be given medication. In agriculture, ELISA is useful for detecting
pesticide residues in crop produce and environmental samples. Export and marketing of crop
produce can be delayed as a consequence of this handicap in the ELISA method, which
contributes to loss of valuable foreign exchange.

The applicants have developed a novel and unique method whereby ELISA can be
carried out rapidly by the use of microwaves. Microwaves are known for accelerating
immunohistochemistry for about a decade (Boon, MLE and Kok, L.P., 1992; Boon, M.E. ¢t al,
1989; Boon, M.E. et al, PCT patent application WO 89/ 03038; Chiu, K.Y. and Chan, K.W_,
1987; Hjerpe, A. et al, 1988).

Covalent immobilization of antigen or antibody on to a polystyrene surface by
microwave irradiation has not been reported so far. In fact, all the major steps of ELISA by
microwave irradiation in such a short time to detect minute quantities of antigen or antibody
by measuring optical density was not known in the prior art.

However, there are attempts for doing one of the steps of ELISA by microwave

irradiation (Hjerpe, A. et al, 1988) where polystyrene ELISA plates were coated first with

JP 2004-517301 A 2004.6.10
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rabbit anti-carcinoembryonic antigen by incubating over night at 4°C, followed by incubation
of the antigen (CEA). In the subsequent step i.e. after the addition of enzyme-linked
antibodies the authors studied the effect of microwave irradiation on antigen-antibody
reactions.

In another experiment by the same authors, ELISA plates were first coated with
normal mouse serum by incubating over might at 4°C, followed by overnight incubation with
non-labeled rabbit anti-mouse Ig. In the subsequent step they added mouse PAP (peroxidase-
antiperoxidase) complexes and determined the effect of microwave irradiation on the
reactivity constants of reactions of this last step.

In third experiment Hjerpe et.al first coated the plates with non-specific mounse serum
followed by incubation with biotinylated horse-anti-mouse IgG. The plates were then used to
study the effect of microwaves upon the subsequent binding of biotin-avidin complexes.

The reaction yields in all the above experiments were smaller in samples subjected to
microwave irradiation as compared to those processed without microwave stimulation. The
experiments showed that the microwaves caused a major loss of reactivity and the total yields
were approximately 10% to 15% compared to conventional one that was carried out outside
the microwave oven. According to authors, the diminished value in the microwave technique
may be due to too high temperatures in the wells, despite the fact that a water load (a beaker
of water to absorb excess microwave energy) and chilled bottom plate were taken as a
precautionary measure.

In further ELISA experiment authors (Koh and Boom, 1992) used a fiberoptic
thermometer to restrict the temperature below 40°C. Here also a water load .of 200 ml tap
water was taken. Besides, the fluid in the‘ wells was stirred by slowly blowing air through the
solution via thin plastic tips, which were inserted into the wells. In an experiment the authors

carried out only two steps namely, antibody and conjugate binding steps by microwave
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irradiation for 6 minutes at 150 watts each.

In another experiment, antibody, antigen and conjugate binding steps were carried out
in 15, 30 and 30 minutes respecﬁvely using 45-50% microwave power in each step.

Remaining steps in both the experiments were carried out by conventional procedure.

But the ELIS;& values were found to be much less in the above experiments than the
conventional method.

According to authors, the longer exposure time gave higher extinction value (ELISA
value) but the time gain was not atiractive. In fact there was no benefit when exposure time of
30 minutes or more were used. Too short exposure times led to extinction values which, were
rather low and could not be used.

The reported methods of ELISA by microwave exposure has several drawbacks such
as (1) the results (ELISA value) were much less than the conventional procedure, (2) the time
gain was not attractive. It may be possible to get comparable results (ELISA value) by doing
the ELISA out side microwave oven in the same time, (3) procedure required water load, (4)
it required cooling system or chilled bottom plate, (5) it needed a stirring system in ﬁle well
of the microtitre plate, (6) not all the steps were cartried out by microwave energy and the
reported ELISA procedure has little or no potential for automation.

The applicants in the present invention have overcome all the above drawbacks. In
fact, like thermal energy microwave can also activate or inactivate a biomolecule. Without
proper conditions the microwave may cause partial or total destruction of the biomolecule
feading to low or undesirable ELISA value. In the invented procedure proper conditions were
found, most of, which are contrary to the reported method, or not known in the prior art. In
the invented method all the steps except color development are carried out by microwave
stimulation. Blocking step was not carried out by microwave irradiation in the published

procedure as it gave nonspecific binding, whereas the applicants have invented a method
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where blocking step is carried out in short time by microwave irradiation. Longer microwave

~ exposure time gave higher ELISA value in the reported method whereas in the invented

procedure, it leads to destruction of material or nonspecific binding. This may be because
water load or the cooling system used in the reported method absorbed most of the
microwave energy giving minimum microwave effect and a significant effect of time as in
the conventional method. In contrast, the invented method does not require any water load,
cooling system. or stirring system. Moreover, in the invented method about 200 times less
(excluding color development step) time requires for ELISA than the conventional one
(which takes around 18 hours) with comparable or even better ELISA. value. Hence, it also
has a great potential for automation.

The reported ELISA was carried out on a microtitre plate that did not bind the

biomolecule through covalent linkage. In fact, it is known that the microwaves may readily '

effect the integrity of the noncovalent secondary bonding, such as hydrogen bonds,
hydrophobic interactions and Van der Waal’s interaction.
OBJECTS OF THE INVENTION

The main object of the present invention is to provide a rapid and efficient method for
enzyme linked 'immunosorbent assay to detect minute quantities of antigen or antibody
spectrophotometrically for rapid diagnosis of diseases.

Another object of the present invention is o provide a technique, which is simple,
reproducible and does not require additional expertise or costly equipment.

Another object of the present invention is to provide a rapid technique, which has the
potential for automation and which can minimize human error that usually varies from person
to person.

SUMMARY OF THE INVENTION

With a view to achieve the objects and overcoming the disadvantage of known ELISA
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method, a rapid and efficient method is provided for microwave mediated ELISA (MELISA)
which comprises the steps of (i) covalent immobilization of the antigen or antibody on to the
activated solid surface by microwave irradiation, (if) blocking the free surface with blocking
agent by brief microwave irradiation, (jif) binding of antibody or antigen by controlled
microwave irradiation (iv) binding of conjugate by controlled microwave irradiation, (v)
adding dye-substrate to the wells and (vi) recording the absorbance value.

Microwave mediated ELISA (MELISA) procedure is carried out on an activated
surface in a very short time (around 10 minutes) and with the same efficacy as in the
conventional ELISA carried out at 37°C, in 16-18 hours.

This invention has the potential of automation or semi automation of the ELISA
procedure.

Microwaves are known to effect the integrity of the noncovalent secondary bonding,
such as hydrogen bonds, ltydrophobic interactions and Van der Waal’s interaction.

To overcome this problem the applicants activates the surface of the microtitre wells
prior to use. The activated surface immobilizes the antigen through a covalent bond by a brief
microwave exposure. This covalently immobilized antigen is stable enough to withstand
repeated but brief microwave exposure, which were needed for performing the subsequent
steps of ELISA. Subsequent steps of biomolecule binding in the ELISA procedure are
through non covalent binding which are susceptible to microwave energy. These problems
are overcome by controlling the time and energy of the microwave irradiation in each step.

Novelty of the present invention is that the ELISA is carried out on o an activated
surface capable of forming covalent linkage with the proteinaceous ligand.

Microwave mediated covalent immobilization of biomolecule, more preferably
antigen or antibody on to the activated surface is another novelty of this invention.

Controlled microwave irradiation in each step of ELISA procedure is another new
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approach,
In the invented procedure, all the steps of ELISA. such as antigen binding, blocking,
antibody and conjugate binding are carried out by microwave irradiation and only enzyme-

substrate reaction is performed out side microwave oven at room temperature. The invented

procedure of ELISA is very fast with comparable or even better ELISA value than the

conventional method.
v Another novelty of the present invention is that the invented ELISA procedure does
not require any water load or stirring system.
Another novelty of the present invention is that the invented ELISA procedure can be
folty or partially automated with the use of a specially designed device.
Another novelty of the present invention is that the invented procedure can be used
for other immunoassays like radio immunoassay, radio-immunosorbent test, radio

allergosorbent  test, biotin- avidia /streptavidin i yassay, i sblotting,

immunostaining etc. apart from different types of ELISA such as direct ELISA, indirect
ELISA, sandwich ELISA and alike.
DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a new approach for enzyme linked immunosorbent
assay technique on an activated microtitre plate, module or well by microwave exposure.
Activated surface immobilizes the antigen through covalent bonding by microwave
irradiation. This covalently immobilized antigen is stable enough to withstand repeated but
brief microwave exposure, which are needed for performing the subsequent steps of ELISA.
ELISA is a multistep and delicate process where improper condition in any step may hamper
the whole results.

In the invented procedure inert solid surface such as polystyrene is activated by

photochemical reaction in dry condition using a photoactivable compound. Activation of the
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solid support is made by exposing the support coated with the photoactivable compound to
UV radiation or bright sunlight. This activated support is used for microwave mediated
ELISA (MELISA) and for control ELISA to detect antibodies, to example E.histolytica and
Aspergillus fumigatus. When untreated support is used it failed to bind the biomolecule in
such a short time by microwave irradiation.

Microwave irradiation is performed inside a domestic microwave oven (BPL-Sanyo,

India), operating at a frequency of around 2450 MHz.

The amoebic antigen is obtained from the culture of E.lZistolytica as per published
procedure (Sawhney, S., et al, 1980; Sharma, G.L, et al, 1984). The protein concentration of
the antigens was 1.54 mg per ml as determined by the method of Lowry et.ai. (Lowry, O.H,,
et al, 1951). 'The antigen was diluted before performing ELISA and a concentration of 1.0 u g
per well was used for coating the wells.

Phosphate buffer saline (PBS), pH 7.2, 0.01 M is used as coating buffer.

Phosphate buffer saline (PBS), pH 7.2, 0.01 M together with 0.1% tween 20 is used as
washing buffer.

Blocking solution is made by dissolving 2% BSA in 0.01 M PBS, pH 7.2.

Substrate solution is prepared by adding 0.067% of o-phenylenediamine and 0.043%
of Hz05 in 0.1 M phosphate citrate buffer, pH 4.5). '

Hyperimmune sera to E.histolytica is raised in Newzealand White rabbits as per the
methods of Sawhney ef a/ (Sawhney et. af, 1980), The antibody titres in the sera are checked
by gel-diffusion test.

The antibody (+ve sera) is diluted before performing ELISA and 1:300 dilution in
PBS is used for the experiments.

Rabbit is bled through the ear vein before giving the immunization dose of

E.histolytica antigen to obtain negative control sera (-ve sera). 100yl of diluted (1:300) -ve
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sera is used for each well.

Horse radish peroxidase comjugated anti-rabbit IgG is purchased from Sigma as
Iyophilized powder.

After reconstitution, the optimum dilution is found to be 1: 4000 as determined by
checkerboard titration, which is used in the experiments.

ELISA is a S-step procedure, namely antigen binding, blocking, antibody binding,

conjugate binding and color development. Each step of MELISA is optimized by carrying out

the subsequent steps by conventional ELISA procedure. Conventional ELISA is carried out .

by overnight coating the activated wells with antigen at 4°C, blocking the wells in 2 hours at
37°C followed by antibody and conjugate binding at 37°C for 2 h each and color
development that is enzyme-substrate reaction at room temperature for 5 minutes followed by
reading absorbance.

In the invented procedure, the first step of ELISA is performed by covalent
immobilization of the amoebic antigen onto the activated polystyrene microwell plate by
microwave irradiation at 700 watts in different duration of time. Binding, is detectable even
in 10 seconds which increases with the increase in time of irradiation (Table 1). At 90

seconds the antigen binding becomes more or less same as 70 seconds of microwave

irradiation. Hence, optimum time for antigen immobilization is taken as 70 seconds. In

control experiments carried out for the same duration that is 70 seconds at 37°C, no binding
of antigen to the activated polystyrene surface is observed.

In the second step of MELISA, blocking is carried out with 2% BSA in 10 seconds in
the microwave oven at a power out put of 700 watts to block the free surface of the activated
surface. Further increase in irradiation time showed non-specific binding (Table 2.)

In the third step of MELISA, antibody binding to the immobilized antigen is carried

out at 155 watts for 100 seconds. This is a crucial step where harsh conditions such as excess
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time or higher power output leads to nonspecific binding as shown in Table-3. At 155 watts
in 50 seconds and 100 seconds, no nonspecific binding is observed. Although the observed
OD is very Idw in 50 seconds, 100 seconds is found to be excellent, giving high ratio of —ve
to +ve sera. Increase in time to 150 seconds increases the nonspecific binding (table 4).

In the fourth step of MELISA, conjugate binding is carried out by microwave
irradiation at 155 watts for different duration of time. Excellent result is obtained in 100
seconds (Table 6), Harsh condition such as excess time or higher energy suchvas 700 watts
leads to nonspecific binding (Table 5).

In each step control experiment is carried out by doing the same experiment outside
microwave oven for the same duration of time. In all this experiments negligible or
undesirable ELISA value (nonspecific binding) is obtained.

After optimizing each step of MELISA, the applicants carried out all the steps with
optimized conditions of microwave irradiation without damaging the biomolecules. To
achiieve it the applicants have immobilized antigen on to the activated well in 70 seconds,
blocking in 10 seconds, antibody binding in 100 seconds and conjugate binding at 100
seconds of itradiation. The total time required for all these steps are 280 seconds only by the
invented procedure whereas converntional BLISA is done in about 18 hours.

MELISA and ELISA to detect Ehistolytica antibodies are repeated several times
under similar experimental conditions and the results are found to be highly reproducible as
shown in Table- 7.

MELISA procedure is further verified by detecting Aspergillus fumigatus antibody
from patients sera. 4. fumrigatus antigen is obtained from static culture as per published
procedure (Banerjee, B., et al, 1990).

The protein concentration of the antigens is found to be 12.5 mg per ml as determined

by the method of Lowry etal. (Lowry et.al, 1951). Immunoreactivity of the antigen is
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checked by using hyperimmune serum raised in Newzealand White rabbits.

Sera samples are obfained from 10 patients of allergic bronchopulmonary
aspergillosis (ABPA). All these patients fulfill the clinical criteria of ABPA. as described
earlier (Rosenberg, M., et al, 1997).

Negative control sera samples are taken from 10 volunteers who are apparently
healthy and do not have any respiratory or other disease.

Poole;i positive and negative sera are taken as the controls for ELISA, which are
found to be comparable in both MELISA and conventional ELISA.

Horse radish peroxidase conjugated with anti-human IgG is purchased from Sigma as
Iyophilized powder. After reconstitution, the optimum dilution of the conjugate is found to be
1:4000 as determined by checkerboard titration.

A, fumigatus antibody (present in patient sera) detected by the invented method is in
agreement with the conventional ELISA procedure (Table.8)

The results obtained in different experiments are given comparative grades as below:

Excellent = +A4++
Verygood = +++
Good = +-+
Poor = +

Undesirable or no results = -

The total time required for MELISA is less than 10 minutes. However, time required
in each step may vary depending on the biomolecules where excellent results can be obtained
by minor modification of reaction conditions that is minor alternation in duration and energy
of irradiation. ‘

Acoordingly the present invention provides a rapid method for microwave mediated

enzyme-linked immunosorbent assay chatacterized in using an activated sofid support
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wherein the said method comprises:

(a) providing an activated solid support,

(b) loading a biomolecule selected from an antigen or antibody by dissolving the said
biomolecule in a ‘coating buffer into the activated well of the said solid support and
placing the said well inside a microwave oven followed by irradiating the said well with
microwaves at a frequency ranging between 2300-2500 MHz with the power output
ranging between 600-900 watts for a period ranging from 50-100 seconds followed by
washing the well thoroughly with an appropriate washing buffer,

(c) blocking the free sites of the well with an immobilized biomolecule as obtained from step
(b) as above by loading blocking solution into the said well and irradiating it inside the
microwave oven at a frequency of from 2300-2500 MHz with a power out put ranging
between 600-800 watts for a period ranging from 5-20 seconds and washing the said
well with an appropriate washing buffer,

(d) loading the comresponding antibody or antigen dissolved in a buffer into the well
immobilized with antigen or antibody as obtained from step (c) above followed by
irradiation of said well inside the microwave oven at a frequency of from 2300-2500
MHz with a power output ranging from 50-200 watts for a period ranging from 20-200
seconds followed by washing with washing buffer,

(e) loading an appropriate enzyme- conjugate dissolved in a suitable buffer into the above
said well obtained from step (d) and irradiating the said well inside a microwave oven at a
frequency of from 2300-2500 MHz with a power output ranging from 100-300 watts for a
period ranging from 50-150 seconds followed by washing with a washing buffer,

(f) adding a substrate~dye-buffer to the above well as obtained from step (€} as above and
keeping it for a period ranging from 4 to 10 minutes in dark followed by addition of stop

solution and measuring optical density of the solution by spectrophotometer at a suitable
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wavelength.

Tn an embodiment of the present invention the solid support used is selected from the
group consisting of materials such as polystyrene, polypropylene, polyethylene, glass,
cellulose, nitrocellulose, silicagel, polyvinyl chloride, polyaniline and alike.

In an embodiment of the present invention the preferred solid support used is
polystyrene.

In yet another embodiment the sofid support is selected from any shape, form and size
such as sheets, plates, test particles such as beads and microspheres, test tubes, test sticks, test
strips, well, ELISA plate, microwell plate or module.

In an embodiment of the present invention the solid support used for immobilizing
biomolecules is selected from any support having at least one active functional group capable
of binding ligand molecules by covalent means.

In yet another embodiment of the present invention the functional group is selected
from halide, aldehyde, acetyl, epoxide, succinamide, isothiocyanate, acylazide and alike.

In yet another embodiment of the present invention the functional group may be
present in the support itself or can be introduced by conventional chemical or photochemical
or other methods known to prior art.

In yet another embodiment of the present invention the functional group is introduced
on to the solid support by photochemical reaction in dry condition using a photoactivable
compound which is selected from 4-flucro-3-nitroazidobenzene, N-hydroxysulfo-
succinimidyl 4-azidobenzoate, N-hydroxysulfo-suceinimidyl 4-azidosalicyclic acid and alike.

In yet another embodiment of the present invention polystyrene surface is activated by
coating with 1-flouro-2-nitro-azidobenzene and exposing the coated support in dry condition
to UV radiation at 365nm. '

In yet another embodiment of the present invention the light source for photochemical
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reaction is selected from UV lamp, laser beam, bright sunlight or alike.

In yét another embodiment of the present invention time for photoreaction for
activation of solid support is selected form 10 seconds to 10 hours.

In yet auother embodiment microwave irradiation is performed in a microwave
apparatus selected from domestic microwave oven, specially designed microwave oven or
any apparatus or chamber in which microwave is generated and alike.

In yet another preferred embodiment of the invention, the first step of ELISA, is
carried out by covalent binding of antigen or antibody onto the activated plate by microwave
irradiation at a frequency of from 2300-2500 MHz with the power output ranging between
600-9;)0 watts for a short period ranging from 50-100 seconds.

In yet another preferred embodiment of the invention the second step of ELISA, that
is the blocking step is carried out by microwave irradiation at a microwave frequency of from
2300-2500 MHz with a power out put ranging between 600-800 watts for a short period
ranging from 5-20.

In yet another preferred embodiment of the invention the third step of ELISA, that is
corresponding antibody or antigen binding is carried out by microwave imradiation at the
niierowave frequency of from 2300 to 2500 MHz with power output of from 50 to 200 watts
in a period ranging from 90 to 200 seconds.

In yet another preferred embodiment of the invention the fourth step of ELISA, that is
enzyme-conjugate binding is carried out by microwave irradiation at the microwave
frequency of from 2300 to 2500 MHz with power output of from 100 to 300 watts in a period
ranging from 50 to 150 seconds.

In yet another preferred embodiment of the invention the total time for antigen
binding, blocking, antibody binding and conjugate binding is ranging from 195 to 470

seconds wherein the total time for conventional method usually is ranging from 10 hours to
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24 hours.

In another embodiment to the present invention, the antigen cin be dissolved in a
coating buffer of suitable composition having a pH, in the range of from 6.5 to 11 with
molarity ranging from 0.005 M to 0.1 M compatible with the antigen such as carbonate
buffer, phosphate buffer and alike.

In yet another preferred embodiment of the invention, washing buffer used is a
mixture of phosphate buffer having a pH, in the range of fiom 6.5 to 11, with molarity
ranging from 0.005 Mto 0.1 M and tween 20 in the range between 0.05% 10 3%.

In yet another preferred embodiment of the invention, blocking reagent is selected
from bovine serum albumin, skimmed milk powder, gelatin and alike.

In another embodiment to the present invention biomolecule is selected from antigen
or antibody. Antigen may be any, biomolecule, microorganism, substance etc. that elicits or
has the potential to elicit an immune response.

In yet another preferred embodiment of this invention, antibedy is selected from any
biomoleculem which is produced by the host in response to inoculation with the specific
antigen and has capabilities of binding to the antigen in a specific manner.

In yet another preferred embodiment of this invention, conjugate is a specific
biomolecule having antibody or antigen conjugated with an enzyme selected from peroxidase
or alkaline phosphatase.

In yet another preferred embodiment of this invention, enzyme may be replaced by a
label selected from chromophore, fluorophore and alike which facilitates its assay.

In yet another preferred embodiment of this invention, the invented procedure can be used for
other immunoassays like radio immunoassay, radio-immunosorbent test, radio allérgosorbex;t
test, biotin- avidin/streptavidin immunoassay, immnunoblotting, immunostaining etc. apart

from different types of ELISA such as direct ELISA, indirect ELISA, sandwich ELISA and
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alike.

The invention further provides an apparatus for microwave mediated enzyme linked
immunosorbent assay (MELISA) comprising (2) a loading chamber, for loading the samples
or reagents from a specified bottle from a fine tube by a suitable pump onto the activated
polystyrene plate/module automatically; (b) a reaction chamber consisting of magnetron,
exhaust fan etc. for carrying out all the steps such as binding of the an’dgén, blocking,
antibody binding and antibody enzyme conjugate binding by microwave irradiation and
enzyme substrate reaction without microwave stimulation at ambient temperature in a pre-
programmed time; (c) a washing cum drying chamber for washing and drying the said
ELISA plate or module automatically by a pre-programmed command after each step of the
MELISA procedure; (d) a detection chamber for colorimetric detection with the help of the
spectrophotometer; () a moving platform is used for carrying the Elisa plate/modules from
one chamber to another chamber; (f) a microprocessor based computing means for
controlling MELISA method through suijtable hardware and software.

This invention Iis further explained with the help of the following examples and
should not be construed to limit the scope of the invention.

EXAMPLE 1
Activation of solid support.

Wells of a module (12 well polystyrene module, Dynatech, USA) are loaded with
1.82 mg 1-flouro-2-nitro-azidobenzene (FNAB), dissolved in 100ul of methanol per well and
dried properly in the dark. FNAB coated wells are then irradiated for 10 min. by UV light at
365 nm in a UV Stratalinker 2400 (Stratagene®, USA) or kept under bright sunlight for 1 h.
The wells are then washed several times with methanol to remove the unbound linker and
dried at room temperature. These activated wells of the module are used for immobilization

of antigens or antibodies in the invented procedure.
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EXAMPLE 2
I bitization of Ent ba histolytica antigen by microwave irradiation.

E. histolytica antigen (1pg) diluted in 100ul PBS is loaded into an activated well of a
module and subjected to microwave irradiation for 10 seconds inside a domestic microwave
oven (BPL-Sanyo, India), operating at a frequency of around 2450 MHz with a maximum
power output of around 700 watts. Irradiation is conducted in the microwave oven with the
highest power setting of 10, that is the magnetron duty cycle of 100% of an output power of
700 watts.

The well is thoroughly washed with washing buffer so as to remove the unbound
antigen. Subsequent steps are carried out by conventional procedure. Thus, blocking with
blocking solution (200ul), antibody (100pl) binding and anti rabbit IgG-horse radish
peroxidase conjugate (100 pf) binding are carried out by incubation at 37°C for 2 hours each.
The well is washed thoroughly after each step by washing buffer. Color development is done
using 100 pl of substrate solution. The well is read at 490 nm in an ELISA Reader
(Spectramax 190 microplate specirophotometer, Molecular Devices Corporation, California
94089) and absorbance values are recorded. All the experiments are performed in triplicate
wells. Similar experiments are conducted with ~ve sera.

A control experiment using microwaves is carried out in a similar manner using
untreated wells. Another control experiment is performed using the activated wells by
incubating the antigen at 37°C for the same duration as is done under microwaves. There is
no immobilization of antigen i both the control reactions.

The whole experiment is separately repeated by varying the time for antigen binding
viz. 30, 50, 70, and 90 seconds each.

The results for optimization of antigen binding time for microwave irradiation are

given in Table-1
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EXAMPLE 3
Blocking of free surface with blocking agent by microwave irradiation.

E. histolytica antigen is immobilized by microwaves in an activated well of a module
in 70 seconds as above. After thorough washing with washing buffer 200 ul of blocking
solution is added to the well and jrradiated with microwaves at 700 watts for 10 seconds.
Subsequent steps of antibody and conjugate binding are done outside microwave oven as
described in example 2. Color development and absorbance reading are also done as in
example 2.

Similar experiments are conducted with -ve sera.

To check the optinum time for blocking, two different experiments are carried out in
a similar manner except the microwave exposure time is increased to 40 and 60 seconds. All
the experiments are performed in triplicate wells.

The results for optimization of blocking time under microwave irradiation are given in
Table-2.

EXAMPLE 4
Antibody binding by microwave irradiation at high energy level.

E. histolylica antigen is immobilized onto the activated well of a module by
microwaves at 700 watts in 70 seconds followed by blocking of free surface with blocking
agent by microwave irradiation at 700 watts for 10 seconds as in example 3. Antiamoebic
antibody (100 pl) is loaded into the well. The well is then exposed to microwaves for 10
seconds at 700 watt. After washing the wells properly with washing buffer, binding of
conjugate and subseduem color development are camied out as in example 3. Similar
experiments are cunducted’ with -ve sera. The experiment is repeated varying the time of
microwave exposure at 30, 50, 70 and 90 seconds for binding antibodies, keeping all other

conditions similar. All the experiments are performed in triplicate wells.

JP 2004-517301 A 2004.6.10
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The results for antibody binding by microwave irradiation at high energy level are

shown in Table-3.
EXAMPLE 5
Antibody binding by microwave irradiation at low energy level.

The experiments are performed here for antibody binding in the similar conditions as
described in example 4, except that the antibody binding step is performed at a low energy
level that is at 155 watts. Time of microwave exposure is 10, 50, 100 and 150 seconds
respectively for four different sets of experiments.

The results for antibody binding by microwave irradiation at low energy level are
shown in Table-4.

EXAMPLE 6
Conjugate binding by microwave irradiation at high energy level.

E. histolyfica antigen is immobilized onto an activated well by microwaves at 700
watts in 70 seconds followed by blocking by microwaves at 700 watts for 10 seconds and
antibody binding at 155 watts in 100 seconds as in example 5.

100 pl of anti rabbit IgG-horse radish peroxidase conjugate is loaded into the well and
is subjected to microwave irradiation at 700 watts. Time of microwave exposure is 5,10, 15
and 20 seconds respectively for four different sets of experiments keeping all other conditions
similar as in example 5. All the experiments are performed in triplicate wells.

The results for conjugate binding by microwave irradiation at high energy level are
shown in Table-5. '

EXAMPLE 7
Conjugate binding by microwave irradiation at low energy level.

The expetiments are performed here for second antibody-conjugate binding in the

“similar conditions as described in example 6, except that the second antibody-conjugate

JP 2004-517301 A 2004.6.10
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binding step is performed at a low energy level that is at 155 waits. Time of microwave
exposure is kept at 50, 100 and 120 seconds respectively for four different sets of
experiments.
The results for conjugate binding by microwave irradiation at low energy level are
shown in Table-6.
EXAMPLE 8
Detection of E. histolytica antﬂ)od%es by Microwave mediated Enzyme-Linked
Immunosorbent Assay (MELISA) and Enzyme-Linked Immunosorbent Assay (ELISA)
E. histolytica antigen is immobilized onto the activated well by microwaves at 700
watls in 70 seconds, blocked with blocking solution by microwaves at 700 watts for 10

seconds, antibody binding at 155 watts in 100 seconds followed by antibody-conjugate

binding at 155 waits in 100 seconds as described in above examples. Similar experiments are

conducted with -ve sera. All the experiments are performed in duplicate wells and repeated
for 5 times. After each step thorough washing are done by washing buffer.

Conventional ELISA is performed with same reagents, substrate and buffer except

that all the steps are casried out without microwave stimulation. Thus, ELISA is carried out '

by coating the activated wells with antigen overnight at 4°C, followed by blocking, antibody
and conjugate binding at 37°C for 2 h each. Color development is same for the in§ented and
the conventional procedure.

The results for the detection of E. histolytic antibodies by Microwave mediated
Enzyme-Linked Immunosorbent Assay (MELISA) and Enzyme-Linked Immunosorbent
Assay (ELISA) are presented in the Table-7
EXAMPLE 9
Detection of A. fumigatus antiboﬁies by Microwave mediated Enzyme-Linked

Immunosorbent Assay (MELISA) and Enzyme-Linked Immunesorbent Assay (ELISA)

20
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Detection of 4. fumigatus antibodies in patients sera is carried out by Microwave
mediated Enzyme-Linked Immunosorbent Assay (MELISA) and Enzyme-Linked
Immunosorbent Assay (ELISA) method in a similar conditions as described in example 8,
except that the antigen is A. fumigatus, aniibody is from 10 different patients sera, control
sera having no specific antibody is from healthy volunteers and the conjugate is anti human
IgG-peroxidase. All the experiments are performed in duplicate wells.

The results for the detection of 4. fumigatus antibodies by Microwave mediated
Enzyme-Linked Immunosorbent Assay (MELISA) and Enzyme-Linked Immunosorbent
Assay (ELISA) are presented in the Table-8
Table 1. Detection of E: histolytica antibodies by carrying out first step by MELISA and
remaining steps by ELISA procedure.

MELISA: Step-1. Immobilization of antigen by microwave irradiation at 700 watts onto the
activated wells in different times as in the table, control: 37°C, 70 seconds

ELISA: (Step - 2 to 5) Conventional procedure

Time +ve sera " - Ve sera Remarks
(in sec)
10 0.188 | 0.196 | 0.191 | 0.002 | 0.004 | 0.003 ++

30 0.208 | 0.193 [ 0.198 | 0:005 | 0.001 | 0.002 ++
50 0.226 | 0.211 | 8214 | 0.006 } 0.002 } 0.004 +4
70 0.363 | 0355 | 0358} 0.005 | 0.001 } 0.003 | ++++.
20 0370 | 0360 | 0.367 | 0.001 | 0.003 | 0.004 ++ 4+
Control | 0.003 | 0.001 | 0.004 | 0.006 | 0.004 | 0.002

Table 2: Detection of E. histolytica antibodies by carrying out first two steps by MELISA
and remaining steps by ELISA procedure.

MELISA: Step-1. Ag binding- 70 seconds, 700 watts. Step-2. Blocking- variable time as in

21
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the table, 700 watts. ELISA: (Step - 3 to 5) Conventional procedure.
Time +ve sera - ve sera Remarks
(in sec)
10 0270 | 0288 [0.273 0.006 {0.005 |0.008 +4+++
40 0352 |0.377 0367 0.098 |0.092 |0.094 ++
60 0.293 0.290 |0.287 0.283 10270 |0276 _

Table 3: Detection of E. histolytica antibodies by carrying out first three steps by MELISA

and remaining steps by ELISA procedure.

MELISA: Step-1. Ag binding- 70 seconds, 700 watts. Step-2. Blocking- 10 seconds, 700

watts. Step-3. Antibody binding-variable time as in the table, 700 watts. ELISA: (Step -4 &

5) Conventional procedure.
Time(in sec) +ve sera - ve sera Remarks
10 0216 0.203 0211 0.087 0.123 0.098 +
30 0.392 0.353 0.388 0.100 0.137 0.114 _
50 1.413 1177 1213 0.194 0.180 0.194 ++
70 1313 1.253 1.276 1.263 1.279 1.275 _
90 1.287 1239 1.238 1.288 1.248 1.234 _

Table 4: Detection of E. histolytica antibodies by carrying out first three steps by MELISA

and remaining steps by ELISA procedure.

MELISA: Step-1. Ag binding- 70 seconds, 700 watts. Step-2. Blocking- 10 seconds, 700

watts. Step-3. Antibody binding-variable time as in the table, 155 watts. ELISA (Step - 4 to

5): Conventional procedure.

22

Time +ve sera - ve sera Remarks
(in sec)
ig CEE] U014 U010 9004 Yoo3 | 0.997F _
50 0.079 0.087 0.82 0.003 0.006 0.005 +
100 0.511 0.524 ¢.530 0.014  0.027 0.020 +h
150 0.256 0.276 0.289 0218 0221 0.223 _
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Table 5: Detection of E. histolytica antibodies by carrying out first four steps by MELISA

and last step by conventional procedure.

'MBLISA: Step-1. Ag binding- 70 seconds, 700 watts. Step-2. Blocking- 10 seconds, 700

watts. Step-3. Antibody binding- 100 seconds, 155 watts. Step-4. Conjugate binding- variable

time as in the table, 700 watts. Step - 5. Color development- 5 minutes at room temperature.

Time +ve sera - ve sera Remarks
(in sec) .
5 0.147 0.136 0.138 0.032 | 0.020 0.23 ++

10 0.166 0.166 0.168 0.087 0.093 0.85
15 0.192 0171 0.183 0.110 0.119 0.116
20 0.388 0.503 0.446 | 0312 0.288 0.293

Table 6: Detection of E. histolytica antibodies by carrying out first four steps by MELISA
and last step by conventional procedure.

MELISA: Step-1. Ag binding- 70 seconds, 700 watts. Step-2. Blocking- 10 seconds, 700
watts. Step-3. Antibody binding- 100 seconds, 155 watts. Step-4. Conjugate binding- variable

time as in the table, 155 waits. Step - 5. Color development- 5 minutes at room temperature.

Time “+ve sera - Ve sera Remarks

(in sec) .
50 0.205 0.189 0.192 0.021 0.018 0.022 ++
100 0.558 0.532 0.543 0.036 0.031 0.032 +4+++
120 0.145 0.193 0.157 0.023 0.014 0.023 +

Table 7: Detection of E. hisiolytica antibodies: Comparison of MELISA and ELISA
procedures.

MELISA: Step-1. Ag binding- 70 seconds, 700 watts. Step-2. Blocking- 10 seconds, 700
watts. Step-3. Antibody binding- 100 seconds, 155 waits. Step-4. Conjugate binding- 100
seconds, 155 waits. Step - 5. Color development- 5 minutes at room temperature.

ELISA: Step-1. Ag binding- overnight at 4°C. Step-2. Blocking- 2h at 37°C. Step-3.

Antibody binding- 2h 4t 37°C Step-4. Conjugate binding- 2h at 37°C Step - 5. Color

23
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development- 5 minutes at room temperature.
Serial +ve sera -ve sera
No.
MELISA ELISA MELISA ELISA
1 0.567 0.556 0.539 0.560 0.036 0.070 0.046 0.040
2 0.531 0.556 0.538 0.534 0.096 0.056 0.064 0.070
3 0.541 0.563 0.549 0.547 0.098 0.053 0.064 0.050
4 0.558 0.545 0.574 0.544 0.052 0.080 0.074 0.110
5 0.557 0.564 0.558 0.540 0.049 0.079 0.056 0.090
Remarks Reproducible Reproducible Reproducible Reproducible

Table 8: Detection of Aspergillus fumigatus antibodies;. Comparison of MELISA and

ELISA procedures. Same procedures are followed as described in Table-7.

Sample +ve sera -ve sera
No.
MELISA ELISA MELISA ELISA
1 0.334 .| 0356 | 0339 | 0320 | 0.036 | 0.070 ; 0.116 | 0.130
2 0331 § 0356 | 0438 | 0380 | 0096 | 005 | 0.094 | 0.110
3 0351 1 0380 | 0379 | 0410 | 0098 | 0053 | 0.164 | 0.150
4 0498 | 0525 | 0574 | 0520 | 0052 | 0080 | 0.174 | 0.170
5 0.685 | 0664 | 0658 | 0641 | 0049 | 0.079 | 0.056 | 0.080
6 0367 | 0375 | 0372 | 0390 | 0063 | 0.047 | 0.093 | 0.110
7 0430 | 0449 | 0412 | 0400 | 0.114 | 0.131 | 0110 | 0.150
8 - | 0550 | 0560 | 0527 [ 0.510 | 0.090 | 0077 | 0.098 | 0.100
9 2204 | 2.081 1.984 | 2300 | 0058 | 0.061 | 0.073 | 0120
10 0346 | 0341 | 0327 | 0310 | 0.039 | 0.037 | 0.142 | 0.160
Remarks Comparable Less non specific binding in MELISA
Apparatus for MELISA

The apparatus for MELISA can be constructed with the following components:

(a) Loading chamber: Tt is the chamber for loading the samples or reagents from a specified

bottle through a fine tube and a suitable pump onto the activated polystyrene plate/module

24
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automatically. )

(b) Reaction chamber: Reaction chamber is consisting of magnetron, exhaust fan and a light
focus for carrying out the steps of binding of the antigen, blocking, ant;ibody Sinding and
antibody enzyme conjugate binding by microwave irradiation and enzyme substrate reaction
at ambient temperature in a pre-programmed time as claimed in claim 1.

(c) Washing cum drying chamber: In this chamber washing and drying of the ELISA plate or
module is done automatically by a pre-programmed command afier each step of the MELISA
procedure ;

(d) Detection chamber: This chamber is used for colorimetric detection with the help of the

spectrophotometer;

(e) Moving platforo: Tt is used for carrying the Elisa plate/modules from one chamber to

another chamber;

(f) Control unit: It has microprocessor based computing means for controlling MELISA

method as claimed in claim 1 through suitable hardware and software.

Advantages of the invention

Conventional methods of ELISA usually tal;e several hours to 2 days for completion, which

is the major drawback for a procedure used worldwide in different fields apart from clinical

diagnostics. In case of medical urgency precious time is lost in diagnosis before the patient

could be given medication. Therefore, a rapid ELISA procedure invented herein (MELISA)

will be beneficial and useful for diagnosis of diseases, biomedical research and other related

fields. Main advantages of the invented ELISA procedure are:

1. The invented procedure is very fast than the existing methods of ELISA.

2. The total time required in the invented method is less than 10 minutes. Thus it obviates
the time consuming cumbersome procedure.

3. The invented procedure is very sensitive and requires minute quantities of precious

JP 2004-517301 A 2004.6.10
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antigen or antibody.
4. The invented procedure is very accurate as the enzyme —substrate reaction is done in

solution and quantified spectrophotometrically.

i2

. The procedure is simple and does not require any additional expertise or reagent to do it.
6. The invented procedure is cost effective and does not require any additional equipment

except a domestic microwave over, which is common in most of the laboratories.

bl

The invented procedure is reproducible which is an important criterion for ELISA.

ke

The procedure gives minimal or negligible non-specific binding.

=3

. The procedure has the potential for automation, which can minimize human error, which

usually varies from person to person.

10. The invented procedure has the potential for application in other immunoassays like radio
immunoassay, radio-immunosorbent test, radio allergosorbent test, biotin- avidin
/streptavidin immunoassay, immnunoblotting, immunostaining etc. apart from different
types of ELISA such as direct ELISA, indirect ELISA, sandwich ELISA and alike.

Thus the invented ELISA procedure which is rapid, ¢économical, reproducible, simple
and has a potential for automation. Tt will be beneficial to human kind due to its increasing
importance in clinical diagnostics, molecular biology, agriculture, food technology,

environmental science, biomedical research and other related fields

26
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CLAIMS
1. A rapid method for microwave mediated enzyme-linked immunosorbent assay
characterized in using an activated solid support wherein the said method comprises:
(a) providing an activated sofid support,

5 (b) loading a biomolecule selected from an antigen or antibody by dissolving the said
biomolecule in a coating buffer into the activated well of the said solid support and
placing the said well inside a microwave oven followed by irradiating the said well with
microwaves at a frequency ranging between 2300-2500 MHz with the power output
ranging between 600-900 waits for a period ranging from 50-100 seconds followed by

10 washing the well thoroughly with an appropriate washing buffer,

{¢) blocking the free sites of the well with an immobilized biomolecule as obtained from step
(b) as above by loading blocking solution into the said well and irradiating it inside the
microwave oven at a frequency of from 2300-2500 Mz with a power out puf ranging
between 600-800 watts for a period lxa.nging from 5-20 seconds and washing the said

15 well with an appropriate washing buffer,

(d) loading the corresponding antibody or antigen dissolved in a buffer into the well
immobilized with antigen or antibody as obtained Erofn step (c) above followed by
irradiation of said well inside the microwave oven at a frequency of from 2300-2500
MHz with a power output ranging from 50-200 watts for a period ranging from 90-200

20 seconds followed by washing with washing buffer,

(e) loading an appropriate enzyme- conjugate dissolved in a suitable buffer into the above
said well obtained from step (d) and irradiating the said well inside a microwave oven at a
frequency of from 2300-2500 MHz with a power output ranging from 100-300 waits for a
period ranging from 50-150 seconds followed by washing with a washing buffer,

25 (f) adding a substrate-dye-buffer to the above well as obtained from step (e) as above and
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keeping it for a period ranging from 4 to 10 minutes in dark followed by addition of stop
solution and measuring optical density of the solution by spectrophotometer at a suitable

wavelength.

. A method as claimed in claim 1 wherein the solid support used is selected from the group

consisting of polystyrene, polypropylene, polyethylene, glass, cellulose, nitrocelulose,

silicagel, polyviny! chloride, polyaniline and alike.

. A method as claimed in claim 1 wherein the preferred solid support used is polystyrene,

. A method as claimed in claim 1 wherein the solid support is selected from any shape,

form and size such as sheets, plates, test particles such as beads and microspheres, test

tubes, test sticks, test strips, well, ELISA plate, microwell plate or medule.

. A method as claimed in claim 1 wherein the solid support used for immobilizing

biomolecules is selected from any support having atleast one active functional groﬁp
selected from the‘ group consisting of halide, aldehyde, acetyl, epoxide; succinamide,
isothiocyanate, acylazide and alike.

A method as claimed in claim 1 wherein the functional group may be present in the
support itself or can be introduced by conventional chemical or photochemical or other
methods known to prior art.

A method as claimed in claim 1 wherein antigen either elicits or has the potential to elicit

an immune response.

. A method ag claimed in claim 1 wherein microwave irradiation is performed in an

apparatus or chamber where microwave can be generated and is selected from. domestic
microwave oven, specially designed microwave oven or any apparatus or chamber in
‘which microwave is generated.

A method as claimed in claim | wherein total time for antigen binding, blocking,

antibody binding and conjugate binding is ranging from. 195 to 470 seconds.
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10. A method as claimed in claim 1 wherein blocking agent is selected from the group -

consists of bovine serum albumin, skimmed milk powder and gelatin,

1

o

. A methed as claimed in claim 1 wherein coating buffer is selected from carbonate buffer,
phosphate buffer having a pH, in the range of from 6.5 to 11, with molarity ranging >Erom
0.005 Mto 0.1 M.

12. A method as claimed in claim 1 wherein washing buffer used is a mixture of phosphate

buffer saline having a pH; in the range of from 6.5 to 11, with molarity ranging from

0.005 M to 0.1 M and tween 20 in the range between 0.05% to 3%.

1

W

. A method as claimed in claim 1 wherein conjugate used is selected from biomolecule
having antibody or antigen conjugated with an enzyme selected from peroxidase or
alkaline phosphatase.

14. A method as claimed in claim 1 useful for catrying out assays selected from the group
consisting of radio immunoassay, radio-immunosorbent test, radio allergosorbent test,
biotin- avidin /streptavidin immunoassay, immnunoblotting, immunostaining etc. apart
from different types of ELISA such. as direct ELISA, indirect ELISA, sandwich ELISA
and alike. ’

15. An apparatus for microwave mediated enzyme linked immunosorbent assay (MELISA)

comprising

(a) a loading chamber, for loading the samples or reagents from a specified bottle through

a fine tube and a suitable pump onto the activated polystyrene plate/module

automatically,

(b) a reaction chamber consisting of magnetron, exhaust fan and a light focus for carrying

out the steps of binding of the antigen, blocking, antibody binding and antibody enzyme

conjugate binding by microwave irradiation and enzyme substrate reaction at ambient

temperature in a pre-programmed time as claimed in claim 1.
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(c) a washing cum drying chamber for washing and drying the said ELISA plate or
module automatically by a pre-programmed command after each step of the MELISA
procedure ;

(d) a detection chamber for colorimetric detection with the help of the spectrophotometer
(e) a moving platform is wsed for carrying the Elisa plate/modules from one chamber to
another chamber ;

(f) microprocessor based compuﬁng means for controlling MELISA method as claimed in

claim 1 through suitable hardware and software.
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