
EP 0 597 916 B1 Description Field of the Invention 5       The present
invention relates to a process for enhancing the chemiluminescent signals
generated by enzymatic triggering of certain substituted 1,2-dioxetanes.
More particularly, the present invention relates to drying alone or in
combination with heating membranes or other hydrophobic solid supports
which contain a suspect sample and which have been prepared for
chemiluminescent activity, resulting in enhanced chemiluminescent
intensity. 10   Background of the Invention Chemiluminescentcompounds
arethosewhich undergoa chemical reaction resulting in the emission of
lightenergy, referred to as luminescence. In such reactions, the product of
the chemical reaction is in an electronically excited state capable of
undergoing a radiative transition to a ground state with the accompanying
emission of radiant energy. The 15  chemiluminescence of dioxetanes when
enzyme-triggered is useful in, for example, the field of immunoassay. If
the reaction is carried out in solution, the light emission lasts
approximately 1-2 minutes. If the reaction is carried out in conjunction
with a sample affixed to a membrane or other solid support, the dioxetane
intermediate responsible for the light emission has increased stability,
resulting in a light emission lasting as much as several days.
Chemiluminescent signals via enzymatic triggering of certain substituted
1,2 dioxetanes have been reported by several groups. In general, such
references teach the generation and use of chemiluminescent signals
produced by enzymatic cleavage of a labile group from a substituted 1
,2-dioxetane. Following the removal of the enzyme-cleavable group, an
intermediate anion is formed, which subsequently decomposes by rupture of
the dioxetane ring. At least one of the resulting carbonyl compounds formed
is a light-emitting fluorophore. U.S. 4,857,652 to Schapp discloses light
producing 1 ,2-dioxetanes of the formula 25 [err] wherein ArOX is an aryl
ring substituted with an X oxy group and A are passive organic groups which
allow the 1 ,2-di- oxetane to produce light when triggered by removing X. X
is a chemically labile group which is removed by an activating agent. The 1
,2-dioxetane compounds can be triggered to produce light at room
temperatures. 35      U.S. 4,952,707 to Edwards et al., affords a general
description of enzymatically-cleavable 1,2-dioxetanes. This patent
describes enzymatically-cleavable chemiluminescent 1,2-dioxetanes having
the formula: [err] 45   wherein [err] is hydrogen, or a bond when R2 is a
substituent bound to the dioxetane ring through a spiro linkage, or an
organic substituent that does not interfere with the production of light;
[err] is a fused polycyclic ring-containing fluorophore moiety having an
enzymatically-cleavable, labile ring substituent; and T is a stabilizing
group that prevents the dioxetane compound from decomposing before the
enzymatically-cleavable labile ring substituent's bond is cleaved. U.S.
4,956,477 to Bronstein et al., also describes the synthesis of
enzyme-cleavable 1,2-dioxetanes, useful for 50   chemiluminescent
immunoassays, DNA probe assays, and direct assays for an enzyme. U.S.
4,959,182 to Schaap describes a method and composition for providing
enhanced chemiluminescence from 1,2-dioxetanes. In this method an enzyme
cleavable 1,2-dioxetane is mixed with a surfactant and a fluorescent com-
pound attached to a hydrocarbon to form a co-surfactant in a micelle or
other structure. This method provides an en- hancement of 500 fold in
signal for enzyme-triggered chemiluminescence of 1 ,2-dioxetanes in
solution. Moreover, Bron- 55  stein et al., (J. Biolumin. Chemilumin. 4,
99-111, 1989) report that bovine serum albumin and other water-soluble mac-
romolecules provide a significant enhancement of chemiluminescent signal
generated from enzyme-cleavable 1,2-di- oxetanes in solution. All of these
enhancers are believed to increase the stability of the anion intermediate
and the light-emitting species by keeping them in a hydrophobic
environment. However, on a hydrophobic support such as a 2    EP 0 697 916
B1 nylon membrane, the support provides a hydrophobic environment for the
anionic species. Consequently, no significant enhancement is provided by
these enhancers when the enzyme is immobilized on a hydrophobic support.
AU-A36340/89 to Okada et al. describes a method for enhancing the
chemiluminescent signal from enzyme-trig- gered 1 ,2-dioxetanes. The
enzymatic reaction is performed at the optimum pH for the enzyme.
Afterwards the pH is 



5   increased by the addition of a strong base to enhance the luminescent
reaction. Increases in signal from 7 to 59 fold were reported for assays
done on polystyrene beads. This method does not produce as large an
enhancement as our heat-drying during detection method and requires the use
of a caustic chemical, 1 N NaOH. W089/06650 to Bronstein et al. discusses
dioxetanes for use in assays, and including a fluorescent chromophore
spiro-bound at the 4-carbon of the dioxetane. The dioxetane has the
formula: 10                                              [err] cycloalkyl,
cycloheteroalkyl, aralkyl, aklaryl, or an enzyme cleavable group). Each
[err] independ- ently, is H, an electron withdrawing group, an electron
donating group, heteroaryl, or an enzyme cleavable group, or groups [err]
togetherforma ring. T is asubstituted or unsubstituted aryl, polyaryl,
cycloalkylidene orpolycycloaklylidene group spiro-bound at the 3-carbon of
the dioxetane. These dioxetanes are used in an assay to detect a member of
a 25  specific-binding pair or an enzyme. U.S. 4,705,847 to Hummelen et al.
relates to a process for preparing substituted polycyclo-alkylidene
polycyclo-al- kanes, such as substituted adamantylidene adamantanes, and
the corresponding epidioxy compounds. The polycy- cloalkylidene
polycyclo-alkanes are. halogenated, and thereafter the halogenation product
is optionally subjected to a substitution reaction. The resulting products
are converted to the corresponding epidioxy compounds. Various epodioxy 30
compounds are disclosed which contain a dioxetane ring. These compounds are
useful as thermochemiluminescent labels. The use of 1 ,2-dioxetanes as
labels for thermochemilumescent immunoassays is reviewed by J. C. Hummelen
et al. in Methods in Enzymology, Vol. 133, pp. 531-557, 1986. When heated,
the 1 ,2-dioxetanes decompose thermally into two carbonyl fragments. A
fraction of these fragments are formed in an electronically excited state
and emit radiant 35  energy upon transition to the ground state. In a
thermochemiluminescent binding assay, one binding partner is labeled with
the 1 ,2-dioxetane. After the binding reaction between the labeled partner
and the immobilized partner, the support is heated to 150C to 250C to
generate the chemiluminescent signal. The main distinction between this
approach and the instant invention is the use of enzyme-triggered 1
,2-dioxetanes. The enzyme is used as the label, and the dioxetane is the
substrate: The intermediate that is formed by the enzymatic 40   reaction
is thermally triggered to produce enchanced chemiluminescence. Basically,
the present approach is a combi- nation of enzyme generated
chemiluminescence and thermochemiluminescence. There are two major
advantages to the present approach. The sensitivity is greater because of
enzyme amplification, i.e., the enzymatic reaction can be allowed to
proceed until sufficient intermediate is formed. The second advantage is
that lower temperatures are used because the intermediate is not as stable
as the thermochemiluminescent dioxetanes used as labels. High stability is
45   not requited for the intermediate, as it is in the case of
thermochemiluminescent labels, because the intermediate is formed in situ
by the enzymatic reaction. U.S. 4,948,975 to Erwin et al., describes a
quantitative -luminescence imaging system which provides a means to measure
low light levels from luminescent reactions in electromagnetic fields,
e.g., microwave radiation, and its use in the areas of chemiluminescent
assays and thermal microdosimetry. The effect of the microwave radiation on
chemilu- 50   minescence described in the patent and in a publication
(Kiel, Bioelectromagnetics 4, 193-204, 1 983) is significantly different
from the instant description. The system described involves enzymatic
reactions, specifically the oxidation of luminol Catalyzed by peroxidase
enzymes, in protein gels which are kept wet with solution. The enhancement
affected by microwave radiation is due to an increased mobility of
substrate (hydrogen peroxide) within the gel, not to an actual enhancement
of the chemiluminescent process as presently disclosed. 55      These and
other references broadly describe chemiluminescent processes involving
dioxetanes. However, none of the references describe a method to enhance
the chemiluminescent signal of enzyme triggered 1 ,2-dioxetanes on solid
supports using drying or a combination of drying and heating the support
Therefore, it is an object of the present invention to provide a process
for enhancing the chemiluminescent signal 3    EPO 597 916 B1 produced by
enzyme-triggered 1 ,2-dioxetanes. It is a further object of this invention
to enhance signal intensity in solid phase assays over a reduced time
period and without labor intensive procedures or equipment. A feature of
the present invention is that the chemiluminescent signals of the
enzyme-triggered 1 ,2-dioxetanes are increased 4-6 fold employing 



the drying techniques disclosed herein (and fully 100 fold when the heating
step disclosed herein is additionally utilized), 5   over signal strengths
detected using conventional techniques in which the membrane is kept wet
with substrate solution. An advantage of the present process is is
versatility in several applications including solid phase assays such as
enzyme linked immunosorbent assays (ELISAs) and DNA probe assays. Further
the enhancement is useful for imaging nucleic acid or protein blots where a
camera apparatus is used; the present procedure features the capability to
capture images quickly and at great intensity, avoiding concerns such as
camera cooling and background noise levels. 10      These and other
objects, features, and advantages of the present invention will become more
readily appreciated and understood upon having reference to the following
description of the invention herein. Summary of the Invention 15      The
present invention is directed to a process for the enhancement of
chemiluminescence of enzyme-triggered 1,2-dioxetanes detectable within a
sample. The process comprises: a) providing a solid support having sample
disposed thereon and suitably treated with a solution including
enzyme-triggered 1,2-dioxetanes; 20     b) drying said solid support; and
c) optionally heating said solid support simultaneously with drying or
thereafter; said drying and/or heating being conducted either priorto or
simultaneouslywith detection of the chemiluminescent signal. 25 Description
of the Figures Figures 1 and 2 illustrate the effect of temperature on
chemiluminescence for the embodiment of Example 7 herein. 30   Detailed
Description of the Invention The present invention characterizes the effect
of drying and heating a solid support on the chemiluminescent re- sponse.
An important aspect of the invention is the discovery that drying and
heating when used together have enhance- ment characteristics superior to
drying alone. Heating has a beneficial effect only with a dry membrane or
one that is 35   dried at the same time it is heated. Heating a membrane
that is kept wet by sealing it in a bag containing substrate solution
results in a lower signal. Drying the membrane before detection, regardless
of the method used, produces a 4-6 fold improvement in signal. Heat-drying
in an oven gave the most consistent results, but a similar effect was
observed with vacuum drying, air drying, or drying with a heat lamp. The
additional effect of heating occurs when the membrane is heated during the
capture of 40   the image with, for example, a CCD camera, i.e., the
membrane is heated while the picture is being taken. A dry mem- brane or a
wet membrane can be heated during the capture of the image because the
membrane dries very quickly when heated directly on a heating block The
employment of these steps is a new concept in enzyme-triggered chemi-
luminescence. The enhancement that is observed is obtained when carbonate
buffer is used as the assay buffer. Much lower signals are obtained when
one of the other common buffers for alkaline phosphatase assays, e.g.,
Tris, dieth- 45  anolamine, and 2-amino-2-methyl-1 -propanol, are used as
the assay buffer. This is contrary to other work in this field, which
suggests a deleterious effect of heating and drying components used in an
enzymatic process, on chemiliuminescent properties. In fact, published
protocols for the use of enzyme-ac- tivated 1,2-dioxetane substrates for
DNA detection on membranes state that the membrane should not be allowed to
dry before or during the detection step (Tropix Southem-Ught (tm)
Protocol). Further the recommended procedure to 50   date is to seal the
moist membrane, after incubation in substrate solution, in a plastic bag
(Tropix Southern-Light (tm) Protocol) or a plastic fdlder (BRL PhotoGene
(tm) Instruction Manual) for detection. Several combinations of drying with
or without subsequent heating the sample are claimed herein. Each variation
on the process of the invention should be reviewed againstthe particular
need of the researcher. Thus, drying the sample priorto detection but
heating the sample during detection, and heat-drying simultaneously during
detection are preferred 55   procedures when practical. In some cases where
heating during detection is not practical, e.g., detection-using X-ray or
photographic film, heat-drying prior to detection is a preferred approach.
Other useful combinations of heating and/or drying (and their relationship
to the detection step) include drying the sample alone (withoutfurthers
heating once the sample is dry) priorto detection; drying the sample and
then in sequence 4    



EP0597916B1 heating the sample, both prior to detection; drying the sample
alone during detection (although not practical given the time involved and
not favored as the signal remains constant for some time after the membrane
is dry); and drying and heating the sample simultaneously with detection.
By "drying" the solid support containing the sample it is meant that
residual solvent or other aqueous solution is 5 removed from the sample.
Without intending to be bound by any particular theory, one possible
explanation for the beneficial effects of drying in the process that has
been advanced is that the sample (typically a membrane) is free of solvent
molecules that can collide with the excited molecules, so that less energy
is lost to collision,dissipation resulting in an increase in quantum
efficiency. Solvent molecules are removed by drying, which
eliminates-collisional quenching of the chemiluminescence. Drying the
membrane before detection results in a 4-fold to 6-fold increase in signal
strength 10  over conventional techniques in which the membrane is kept wet
with substrate solution. The membrane must be com- pletely dry to realize
the full enhancement effect. In the drying step of the process, the solid
support is introduced for a suitable time and temperature to a procedure
selected from the group consisting of vacuum drying, convection drying, air
drying, the use of microwave energy, and the use of electrical energy.
Thus, when drying by vacuum system about 15 to 30 minutes at ambient
temperature is 15  sufficient. Convection drying (using
forexampleconventional ovens) is accomplished in about 5-30 minutes at
30-100[err]C. Air drying is concluded in 30 minutes or longer (several
hours) duration at ambient temperature. Drying depends on a number of
parameters, e.g., the size of the membrane, the composition of the
membrane, and the initial wetness of the membrane. The drying conditions
will need to be optimized for every application. The conditions that are
given were developed for nylon membranes, 8 x 8 cm in size or smaller that
are blotted before drying to remove excess solution. 20        For drying
the membrane, the selection of drying method is governed by convenience.
The only requirement is that the membrane is thoroughly dried. A preferred
procedure is electrical heating of wet or previously dried membranes during
detection with a CCD camera. The optimum conditions will depend on the
application. For some applications, producing the highest signal in the
shortest time interval may be desirable. This would require using a high
temperature, e.g., 100[err]C. It may be desirable to have a more sustained
emission using a lower temperature, e.g., 70-80[err]C, so that 25
multiple exposures of varying length can be taken. In this way, higher
concentration lanes are read at shorter exposures, while lower
concentration lanes are read at longer exposures. This approach increases
the dynamic range of the system. By "heating the sample it is meant that
after the removal of solution from the sample, heat or other energy is
applied to the sample to raise the temperature therein. Without again
intending to be bound by any particular theory, one possible explanation
for the beneficial effects of heating in the process that has been advanced
is that heating appears to de- 30  compose the intermediate molecules
quicker and/or more completely, resulting in a more intense signal gathered
over a much shorter time as opposed to conventional techniques not applying
heat measures. In the process, heating is accomplished by introducing the
solid support for a suitable time and temperature to any of a variety of
procedures, such as electrical heating, infrared radiation (e.g., heat
lamp) heating, convective heating, and microwave heating. Typ- ical
procedures used in conjunction with microwave heating require that the
membrane be dried in an incubator or 35  convection oven at 30C for 30-45
minutes. Then the membrane is placed in a conventional microwave oven (750
watts) for 20-30 seconds. Other forms of drying and/or heating can be used
as follows: In electrical heating during detection with a previously dried
membrane, the membrane is dried in a convection oven for 10-30 minutes at
40[err]C. Then the membrane is placed on an electrically heated plate and
heated at 40-100[err]C for 30 seconds to 10 minutes while the signal is
measured using a CCD camera. A series of images is taken, typically 30 40
seconds to 2 minutes, and the image that gives the best signal to
background ratio is selected. A heat lump may be used to heat-dry membranes
prior to detection. The wet membrane is placed on a sheet of blotter paper
and dried under the heat lamp (375 watt bulb) for 5-20 minutes. Detection
is done with X-ray film or a CCD camera. For heat-drying during detection,
a wet membrane is placed on an electrically heated plate under a CCD
camera. 45   The membrane is heat-dried at 40-100C for 30 seconds to 10
minutes. A series of images is taken with the CCD camera, typically 30
seconds to 2 minutes, and the image that gives the best signal to
background ratio is selected. It is further suggested that it should be
possible to heat membranes during detection using microwave radiation,
although this procedure was not attempted. Heating is typically conducted
for 1-10 minutes at 40-100[err]C. Heating may also be viewed as one way to
dry the 50   membrane. There is a distinction between drying the membrane
before detection, by whatever means, and heating either a wet or dry
membrane during detection. It is believed that if the membrane is not
heated during detection, the 



main effect that is observed is one of drying, regardless of the drying
method employed. Heating during detection provides the greatest enhancement
effect. It is readily appreciated that the drying and heating techniques
disclosed herein are well understood according to 55  those skilled in the
art, and furtherthat the listed techniques are intended to be merely
representative and not exhaustive of all techniques available for purposes
of the presently claimed process. It also can be readily appreciated that
the various drying and heating techniques disclosed herein may be optimized
to suit a particular need of the researcher.    EP 0 597 916 B1 The
enhanced chemiluminescent detection process of this invention is applicable
to enzyme-based solid-phase assays which utilize 1 ,2-dioxetane substrates
producing semi-stable intermediates. As the process is more specifically
applied to well accepted chemiluminescent 1,2-dioxetane systems, reference
is made to the disclosures of U.S. 4,931,223 and U.S. 4,952,707. There are
also numerous publications that describe the use of 5   enzyme-triggered
;1,2-dioxetanes for enzyme immunoassays (Bronstein et al., J. Biolumin.
Chemilumin. 4, 99-111, 1989), Southern Blotting (Bronstein et al.,
BioTechniques 8, 310-314, 1990), and DNA sequencing (Tizard et al., Proc.
NatL. Acad. Sci. 87, 4514-4518, 1990). Such assays are based upon the use
of specific binding interactions of one molecule by another. Specific
binding partners include: antibody-antigen, complementary nucleic acid
strands, binding proteinvitamin, and binding protein-nu- 10  cleic acid.
One member of the binding pair is disposed of and immobilized in some way
on a solid support. The support is then incubated in a solution containing
the second member of the binding pair, which is either directly labeled
with an enzyme or which has attached a binding group, e.g., biotin or
avidin, that can subsequently bind the enzyme label. In the latter case,
the support is incubated in a solution containing the enzyme label. The
support is then incubated in a solution containing the appropriate
1,2-dioxetane substrate for the enzyme label used. For example,
3-(2'-spiroadaman- 15
tane)-4-methoxy4-(3"phosphoryloxy)phenyl-1,2-dioxetane can be used when
alkaline phosphatase is the enzyme la- bel and
3-(2'-spiroadamantane)-4-methoxy-4-(3"-[err]-D-galactopyranosyloxyphenyl)-1
,2-dioxetane can be used when [err]-D-galactosidase is the enzyme label.
Some of the more common assays include enzyme-linked immunosorbent as- says
(ELISAs), DNA probe assays, and Southern Blotting. The enzymatic reaction
removes the enzyme-cleavable group from the 1,2-dioxetane, forming an
anionic interme- diate. The half-life of this intermediate is several hours
when it is adsorbed onto a hydrophobic support, such as' a nylon membrane.
The intermediate decomposes by rupture of'the dioxetane ring, forming two
carbonyl compounds. At least one of these compounds is formed in an
electronically excited state, which deactivates with the emission of
radiant energy. An example of the reactions involved is as follows: [err]
35 40 50 [err] 55      The drying and optional heating steps are carried
out on the solid support after the incubation in substrate solution, and
the chemiluminescent signal is measured, as described earlier. Heating the
support provides an additional increase in the chemiluminescent signal,
possibly by triggering the decomposition of the intermediate anion.
Preferred solid supports are hydrophobic and include, for example, nylon
membranes, polymer beads, and microtiter 6    EP 0 597 916 B1 plates and
are used in the assay to separate bound from unbound enzyme label. The
selection of solid support is a function of the type of assay being
performed. Polymer beads and microtiter plates are typically used for
immunoassays, although membranes can also be used. A membrane must be used
in any assay that requires a transfer from an elec- trophoresis gel, i.e.,
Southern, Western, and Northern blots. The most commonly used solid
supports are polymer beads, 



5   microtiter plates and membranes. However, the support can really be any
shape, e.g., tubes and paddles. A hydrophobic support is preferred because
it provides a hydrophobic environment which presumably stabilizes the
anionic 1,2-diox- etane intermediate. It is theorized that with hydrophilic
supports enhancement would be substantially less because the intermediate
would decay more rapidly. According to the invention, a complementary
binding partner of the substance is immobilized on a solid support. 10  For
example, if the target on the support is DNA, a complementary DNA probe is
used. For an immunoassay, an anti- body-antigen pair is used. A second
binding partner can be directly labeled with enzyme, or it can be modified
to contain a second binding substance that will subsequently bind the
enzyme label. In the present system, target DNA is immo- bilized on the
membrane. The binding partner used is a complementary DNA probe that has
been modified to contain the vitamin biotin. After hydridization, in which
the complementary DNA strands anneal, an avidin-alkaline phosphatase 15
conjugate is added. Avidin is a binding protein that has a strong affinity
for biotin. Therefore, the complexation of biotin and avidin attaches the
enzyme label to the DNA probe. Alkaline phosphatase is used when the
1,2-dioxetane is 3- (2'-spiroadamantane)-4-methoxy-4-(3"-phosphoryloxy)
phenyl-1 ,2-dioxetane (commonly referred to as AMPPD). Addi- tionally
[err]-D-galactosidase is used when the 1,2-dioxetane is
3-(2'-spiroadamandane)-4-methoxy-4-(3"-[err]-D-galacto-
pyranosyloxy-phenyl)-1 ,2-dioxetane (commonly referred to as AMPGD). 20
The measurement of chemiluminescent signal intensity is performed by any of
various techniques readily appreci- ated and understood by those skilled in
the art. The methods vary as much as the purposes for which the present
process may be used. Thus, detection enhancement may be useful for several
applications including increasing the sensitivity in solid phase assays
such as ELISAs and DNA probe assays. Other assays include Southern,
Northern, and Western analyses. The enhancement process of this invention
is useful for imaging nucleic acid or protein blots, in which case 25
X-ray film is commonly employed. The primary advantage of the present
enhancement process is that it greatly reduces the time required for the
detection process, i.e., substrate incubation time plus detection of the
chemiluminescent signal. A detection procedure that would take several
hours can be done in 10 minutes or less. Other equipment useful at the
measurements stage include X-ray or photographic film and accompanying
components, photomultipliers tubes, And electronic imaging detectors (such
as charge-coupled device (CCD) cameras). Having the capability to capture
the 30  image quickly and at great intensity aviods other engineering
problems such as camera cooling and background noise levels. The invention
will become more readily understood to the reader upon having reference to
the following Examples herein: 35   EXAMPLES General Procedures The general
enhancement process for drying the membrane prior to detection is as
follows. The support is taken 40  through the normal assay procedure
depending on the type of assay being performed, e.-g., ELISA, DNA probe
assay, or Southern analysis. These procedures are well known in the art. In
these-assays, an enzyme label is attached to molecules immobilized on the
solid support using an enzyme-labeled antibody, DNA probe, or an enzyme
conjugated to biotin or avidin. The solid support is then incubated in a
solution containing the appropriate 1 ,2-dioxetane substrate for the enzyme
label for a period of time depending on the analyte concentration. Typical
incubation times are from 5 45  to 30 minutes. The support is blotted dry
on a piece of blotter paper and dried by placing in a convection oven for 5
to 10 minutes at 60 to 1 00C. Alternatively, the support can be dried under
vacuum for 15 to 30 minutes, or air-dried for 30 minutes followed by
microwaving for 10 to 20 seconds. After drying, the chemiluminescent signal
is measured with a suitable detector, e.g., photographic or X-ray film,
photomultiplier tube or CCD camera. The integration time used for the
detection varies depending on the detector used, the incubation time, and
the analyte concentration. Typically, a 1 50  to 5 minutes exposure is used
with X-ray film, and a 5 to 10 minutes exposure is used with a CCD camera.
The general enhancement process for heat-drying during signal detection is
as follows. After immobilization of the enzyme-labeled molecule, the
support is incubated in a solution containing the appropriate 1,2-dioxetane
substrate for the enzyme label for a period of time depending on the
analyte concentration. Typical incubation times are from 1 to 30 minutes.
The support is blotted dry with a piece of blotter paperand placed on a
heating element- or in a heated chamber 55   under the detector, e.g.,
photomultiplier tube or CCD camera. Alternatively, the support may be dried
prior to signal collection. In either case, the support is heated during
signal integration. The temperature for the heating process is between 40
to 100[err]C. The support is heated for 0 to 10 minutes before the signal
is measured. This is usually done by taking a series of measurements, and
selecting the one that gives the best signal to background ratio. The
integration 7 



EP 0 597 916 B1 time varies depending on the analyte concentration, heating
temperature, and incubation time. Typical integration times are from 30
seconds to 5 minutes. EXAMPLE 1 5 Enhanced Chemiluminescent Detection of
Biotinylated DNA on a Nylon Membrane Using CCD Camera Dilutions of a
biotinylated lambda DNA solution (Vector Laboratories) were made in 6X SSC
buffer (0.9 M sodium chloride and 0.09 M tri-sodium citrate), containing
sheared calf thymus DNA (5 ng/uL), to give a range of concentrations, 10
i.e., 50, 40, 30, 20, 10, 5 and 1 pg/200 uL. The solutions were
slot-blotted onto an uncharged nylon membrane (MSI) by applying 200 uL of
the diluted solutions to the wells of a slot-blot apparatus (Bio-Rad,
Bio-Dot SF). The wells were washed several times with 6X SSC buffer. The
membrane was dried under a heat lamp for 5 minutes and UV-crosslinked for 2
minutes using a Fotodyne UV 450 Transilluminator. The membrane was
incubated in l-Light[err] blocking buffer (Tropix), which contains 0.2%
I-Light in phosphate-buff- 15  ered saline (PBS), for 30 minutes. The
membrane was then placed in a solution containing avidin-alkaline
phosphatases conjugate (Avidx[err], Tropix) in I-Light blocking buffer (5
uL per 20 ml) for 30 minutes After this time, the membrane was washed twice
with I-Light blocking buffer for 5 minutes each, followed by four-5 minute
washes with a solution of 0.3% Tween 20 in PBS. The membrane was washed
four more times in assay buffers (0.05 M, pH 9.5 carbonate buffer
containing 1 mM magnesium chloride). The membrane was incubated in 0.25 mM
AMPPD[err] (Tropix) substrate solution, prepared in assay buffer, for 15
minutes. The membrane was removed from the substrate solution, blotted on a
piece of blotter paper to remove excess solution, and placed on an
electrically heated blockat70[err]C underaCharge Coupled Device camera
(Star l, Photometrics LTD.). A series of 2 minute exposures was taken
immediately so that the signal was captured during the heating process. The
intensity of the bands on the image of the second exposures was quantified
using computer analysis. The results 25  are given in Table 1. TABLE 1
Chemiluminescent Intensities of Biotinylated DNA on a Nylon Membrane Using
Enhanced Detection with CCD Camera 30 DNA Load (pg)
Intensity (arbitrary light units) 30
88.4 20                                          74.9 10
37.2 COMPARATIVE EXAMPLE 1 Normal Chemiluminescent Detection of
Biotinylated DNA on a Nylon Membrane Using CCD Camera 40 A slot-blotted
membrane was prepared and treated as described in Example 1. After
incubation in AMPPD substrate solution for 15 minutes, the membrane was
sealed in a plastic bag and incubated for 15 more minutes. The bag was
placed under the CCD camera and a 5 minute exposure was taken. The
intensity of the bands was quantified as de- scribed in Example 1. The
results of these controls taken over the course of several days are shown
in Table 2. 45                                              TABLE 2 Normal
Chemiluminescent Detection of Biotinylated DNA on a Nylon Membrane Using
Normal Detection With CCD Camera 50               DNA Load (pg)
Intensity (arbitrary light units) 40
0.755 30                                                 0.558 20
0.331 10                                      Not detectable 55 As can be
seen by comparing the results in Tables 1 and 2, the enhanced procedure
using heat-drying during 



detection provides up to a 100 fold increase in intensity with much
shorter. incubation and exposure times. Enhanced    EP 0 597 916 B1
detection was done using a 15 minute incubation in substrate and a 2 minute
exposure, while a 30 minute substrate incubation and a 5 minute exposure
were used for the normal detection. EXAMPLE 2 5 Enhanced Chemiluminescent
Detection of Biotinylated DNA on a Nylon Membrane Using X-Ray Film A
slot-blotted membrane was prepared and treated as described in Example 1.
After incubation in AMPPD substrate solution for 5 minutes, the membrane
was blotted dry on a piece of blotter paper, taped to a fresh piece of
blotter paper, to  and dried in a hybridization oven at 60C for 5 minutes.
The membrane was removed from the oven and exposed to X-ray film (Kodak
XAR) for 5 minutes. The film image was transferred to a computer for
analysis using a Cohu camera. The results are shown in Table 3. TABLE 3 15
Chemiluminescent Intensities of Biotinylated DNA on a Nylon Membrane Using
Enhanced Detection with X-Ray Film DNA Load (pg)
Intensity (arbitrary light units) 50
2.016 20                   40
1.259 30                                          0.810 20
0.490 25   COMPARATIVE EXAMPLE 2 Normal Chemiluminescent Detection of
Biotinylated DNA on a Nylon Membrane Using X-Ray Film A slot-blotted
membrane was prepared and treated as described in Example 1. After
incubation in AMPPD substrate 30  solution for 15 minutes, the membrane was
sealed in a plastic bas and exposed to X-ray film (Kodak XAR) for 15
minutes. The film image was transferred to a computer for analysis using a
Cohu camera. The results are shown in Table 4. TABLE 4 Chemiluminescent
Intensities of Biotinylated DNA on a Nylon Membrane Using Normal Detection
with X-Ray as                                                Film DNA Load
(pg)                            Intensity (arbitrary light units) 50
1.144 40                                          0.943 40
30                                          0.476 20
0.278 As can be seen by comparing the results in Tables 3 and 4, the
enhanced detection, using oven drying of the membrane before exposure to
film, gives signals that are approximately 70% higher than the normal
detection. Both the substrate incubation time and the exposure time were
much shorter with the enhanced detection. The total time for enhanced
detection was one-half that used in the normal detection. EXAMPLE 3 50
Enhanced Chemiluminescent Detection of Biotinylated DNA Using Heat
Lamp-Drying Prior to Detection with a CCD Camera A slot-slotted membrane
was prepared and treated as described in Example 1. After incubation in
AMPPD substrate solution for 15 minutes, the membrane was placed on a sheet
of blotter paper and dried under a heat lamp (Thermajust[err] Infra-Red
Heater) for 15 minutes. A setting of 9 was used on the lamp, which had a
375 watt bulb. The lamp was positioned approximately 8.5 inches from the
membrane. The dried membrane was then placed under the CCD camera and a 5
minute exposure was taken. The intensity of the bands was quantified as
described in Example 1. The results 9    



EP 0 597 916 B1 are shown in Table 5. TABLE 5 Chemiluminescent Intensities
of Biotinylated DNA on a Nylon Membrane Using Heat Lamp-Drying Prior to CCD
Camera Detection DNA Load (pg)                            Intensity
(arbitrary light units) 40                                          2.53 30
1.91 10                     20
1.23 10                                          0.650 The enhanced effect
can be seen by comparing these intensities with those shown in Table 2 for
Comparative 15 Example 1. EXAMPLE 4 Enhanced Chemiluminescent Detection of
Biotinylated DNA Using Vacuum Drying Priorto Heating During Detection with
a CCD Camera A slot-blotted membrane was prepared and treated as described
in Example 1. After incubation in AMPPD substrate solution for 15 minutes,
the membrane was dried in a vacuum desiccator for 15 minutes. The dried
membrane was then placed on an electrically heated block at 75C under the
CCD camera and a 2 minute exposure was taken. The intensity 25   of the
bands was quantified as described in Example 1. The results are shown in
Table 6. TABLE 6 Chemiluminescent Intensities of Biotinylated DNA on a
Nylon Membrane Using Vacuum Drying Prior to Heating During CCD Camera
Detection 30                  DNA Load (pg)
Intensity (arbitrary light units) 40
66.3 30                                           56.1 20
41.0 35                       10
22.8 The enhanced effect can be seen by comparing these intensities with
those shown in Table 2. EXAMPLE 5 40 Enhanced Chemiluminescent Detection of
Biotinylated DNA Using Air-Drying Followed by Microwave Heating Prior to
Detection with a CCD Camera A slot-blotted membrane was prepared and
treated as described in Example 1. After incubation in AMPPD substrate
solution for 15 minutes, the membrane was placed on asheetof blotterpaper
and air-driedfor 10 minutes. The membrane was then placed into a commercial
750 watt microwave oven for two consecutive 10 second intervals at the full
power setting. The membrane was then placed under the CCD camera and a 5
minute exposure was taken. The intensity of the bands was quantified as
described in Example 1. The results are shown in Table 7. 50
TABLE 7 Chemiluminescent Intensities of Biotinviated DNA on a Nylon
Membrane Using Air-Drying and Microwave Heating Prior to Detection with a
CCD Camera DNA Load (pg)                            Intensity (arbitrary
light units) 3.16 Continuation of the Table on the next page 10    EP 0 597
916 B1 TABLE 7 (continued) Chemiluminescent Intensities of Biotinylated DNA
on a Nylon Membrane Using Air-Drying and Microwave Heating Prior to
Detection with a CCD Camera 5                    DNA Load (pg)Intensity
(arbitrary light units) 



30                                           2.66 20
2.26 10                                                      1.46 10 The
enhanced effect can be seen by comparing these intensities with those shown
in Table 2. EXAMPLE 6 15   Enhanced Chemiluminescent Detection of
Biotinylated DNA Using Vacuum Drying Prior to Detection with a CCD Camera A
slot-blotted membrane was prepared and treated as described in Example 1.
After incubation in AMPPD substrate solution for 15 minutes, the membrane
was placed on a sheet of blotter paper and dried in a vacuum desiccator for
15 20   minutes. The membrane was then placed under the CCD camera and a 5
minute exposure was taken. The intensity of the bands was quantified as
described in Example 1. The results are shown in Table 8. TABLE 8
Chemiluminescent Intensities of Biotinylated DNA on a Nylon Membrane Using
Vacuum Drying Priorto Detection 25
with a CCD Camera DNA Load (pg)                            Intensity
(arbitrary light units) 40                                          1.82 30
1.71 30                      20
1.06 10                                          0.695 The enhanced effect
can be seen by comparing these intensities with those shown in Table 2.
EXAMPLE 7 Effect of Temperature on Chemiluminescent Signal for Wet
Membranes Heat-Dried During Detection with a CCD Camera 40 Slot-blotted
membranes were prepared and treated as described in Example 1. The
membranes were incubated in AMPPDsubstrate solution for5 minutes. A
membrane was placed on an electrically-heated plate, kept at a preselected
temperature, under a CCD camera and a series of 2 minute exposures were
taken. This procedure was repeated with other membranes using different
temperatures rangingfrom 24-110 [err]C. The maximum chemiluminescent signal
obtained 45   as a function of time at each temperature is shown in Figures
1 and 2. COMPARATIVE EXAMPLE 3 Effect of Heating Wet Membranes on
Chemiluminescent Signal Biotinylated lambda DNA solutions were prepared by
diluting the stock solution (Vector Laboratories, 50 ng/uL) with 50  an
aqueous solution containing 0.02% bromphenol blue, 0.02% xylene cyanol,
2.1% Ficoll[err] in 8.0 mM EDTA. The dilutions used were 1:200,1:400,
1:800, and 1:1600. The solutions were heated for 10 minutes at 65C and
loaded into a 0.8% agarose gel (10 uL per well) in a Bio-Rad Mini-Sub Cell.
Duplicate loadings of each dilution were made so that both halves of the
gel were identical. The unit was filled with pH 8.65 TTNE buffer (20 mM
tricine, 50 mM Tris buffer, 5 mM sodium acetate and 10 mM EDTA). The
electrophoretic separation was carried out for 1 hour at 80 volts. 55
The DNA was transferred to a nylon membrane (MSI) using a Hoefer Mighty
Small Transphor[err] Electroblot unit (TE 22), which was kept at 4C using a
refrigerated circulating bath. The transfer was done for 20 minutes at 40
volts and another 20 minutes at 50 volts using TTNE buffer. The membranes
were dried for 5 minutes using a heat lamp and UV-crosslinked for 2
minutes, as described in Example 1. The membranes were then cut in half for
use in the study.    EP 0 597 916 B1 The membranes were incubated in
I-Light blocking buffer for 20 minutes, replacing the solution every 5
minutes. The membranes were then incubated in Avidx[ERR] avidin-alkaline
phosphatase conjugate for 30 minutes, and were washed as described in
Example 1. The membrane halves were incubated in 0.2 mM AMPPD substrate
solution for 5 minutes and then sealed into a 5   plastic bag. After 7 more
minutes the membranes were exposed to X-ray film for 12 minutes. The signal
obtained from all membrane halveswas comparable. After another 12 minutes,
the membranes were treatedasfollows: one membrane half was left sealed in
the bag (control), one membrane half was removed from the bag and dried
under a heat lamp 



while on top of the bag, one membrane was placed under the heat lamp while
still in the bag to keep it wet during the heating process, other membrane
halves were kept sealed bags and placed in water baths at 37, 60, or
75[err]C for 10 10   minutes. All the treated membrane halves were exposed
to X-ray film again for a 12 minute exposure. The following results were
obtained. The membrane that was heat-dried under the heat lamp had a
greater signal than the control. The membrane that was heated to 37C while
wet had a signal similarto that of the control. The membrane that was
heated to 60[err] while wet had a lower signal than the control. Both the
membrane that was heated under the heat lamp while 15   wet and the
membrane that was heated at 7500 while wet had no detectable signal. This
study shows that heating membranes while they are wet gives no significant
improvement in signal or a decrease in signal depending on the temperature.
Claims 1. Aprocessforthe enhancement of chemiluminescence of
enzyme-triggered 1,2-dioxetanes detectable within asam- pie, comprising: 25
a) providing a solid support having sample disposed thereon and suitably
treated with a solution including enzyme-triggered 1,2-dioxetanes; b)
drying said solid support; and c) optionally heating said solid support
simultaneously with drying or thereafter; and further that drying and/or
heating are conducted either prior to or simultaneously with detection. 30
2. The process of Claim 1 wherein drying alone is conducted prior to
detection. 3. The process of Claim 1 wherein drying is conducted prior to
detection and heating is conducted simultaneously with detection. 35 4. The
process of Claim 1 wherein drying and heating are conducted prior to
detection. 5. The process of Claim 1 wherein drying alone is conducted
simultaneously with detection. 40  6. The process of Claim 1 wherein drying
and heating are conducted simultaneously with detection. 7. The process of
Claim 1 wherein drying is accomplished by introducing the solid support for
a suitable time and temperature to a procedure selected from the group
consisting of vacuum drying, convection drying, air drying, the use of
microwave energy, and the use of electrical energy. 45 8. The process of
Claim 1 wherein heating Is accomplished by introducing the solid support
for a suitable time and temperature to a procedure selected from the group
consisting of electrical heating, infrared radiation heating, con- vective
heating, and microwave heating. 50  9. A process forthe enhancement of
chemiluminescence of enzyme-triggered 1 ,2-dioxetanes detectable within
asam- ple and useful for solid-phase assays comprising: (a) providing a
solid support having one member of a specific binding pair disposed
thereon; (b) adding a solution containing the complimentary binding partner
which is either directly conjugated to an 55         enzyme label or which
can subsequently bind a second binding partner which is conjugated to an
enzyme label; (c) optionally incubating said solid support in a solution
containing said second binding partner that is conjugated to an enzyme
label; (d) incubating the solid support including the specific binding pair
or pairs and the enzyme label in a solution 12    EP 0 597 916 B1 The
membranes were incubated in -Light blocking buffer for 20 minutes,
replacing the solution every 5 minutes. The membranes were then incubated
in Avidx[err] avidin-alkalinephosphatase conjugate for 30 minutes, and were
washed as described in Example 1. The membrane halves were incubated in 0.2
mM AMPPD substrate solution for 5 minutes and then sealed into a 5 plastic
bag. After 7 more minutes the membranes were exposed to X-ray film for 12
minutes. The signal obtained from all membrane halves was comparable.
Afteranother 12 minutes, the membranes were treated asfollows: one membrane



half was left sealed in the bag (control), one membrane half was removed
from the bag and dried under a heat lamp while on top of the bag, one
membrane was placed under the heat lamp while still in the bag to keep it
wet during the heating process, other membrane halves were kept sealed bags
and placed in water baths at 37, 60, or 75[err]C for 10 10   minutes. All
the treated membrane halves were exposed to X-ray film again for a 12
minute exposure. The following results were obtained. The membrane that was
heat-dried under the heat lamp had a greater signal than the control. The
membrane that was heated to 37[err]C while wet had a signal similarto that
of the control. The membrane that was heated to 60[err]C while wet had a
lower signal than the control. Both the membrane that was heated under the
heat lamp while 15   wet and the membrane that was heated at 75C while wet
had no detectable signal. This study shows that heating membranes while
they are wet gives no significant improvement in signal or a decrease in
signal depending on the temperature. 20   Claims 1. A processforthe
enhancement of chemiluminescence of enzyme-triggered 1 ,2-dioxetanes
detectable within a sam- ple, comprising: 25          a) providing a solid
support having sample disposed thereon and suitably treated with a solution
including enzyme-triggered 1,2-dioxetanes; b) drying said solid support;
and c) optionally heating said solid support simultaneously with drying or
thereafter; and further that drying and/or heating are conducted either
prior to or simultaneously with detection. 30 2. The process of Claim 1
wherein drying alone is conducted prior to detection. 3. The process of
Claim 1 wherein drying is conducted prior to detection and heating is
conducted simultaneously with detection. 35 4. The process of Claim 1
wherein drying and heating are conducted prior to detection. 5. The process
of Claim 1 wherein drying alone is conducted simultaneously with detection.
40   6. The process of Claim 1 wherein drying and heating are conducted
simultaneously with detection. 7. The process of Claim 1 wherein drying is
accomplished by introducing the solid support for a suitable time and
temperature to a procedure selected from the group consisting of vacuum
drying, convection drying, air drying, the use of microwave energy, and the
use of electrical energy. 45 8. The process of Claim 1 wherein heating is
accomplished by introducing the solid support for a suitable time and
temperature to a procedure selected from the group consisting of electrical
heating, infrared radiation heating, con- vective heating, and microwave
heating. 50  9. A process forthe enhancement of chemiluminescence of
enzyme-triggered 1 ,2-dioxetanes detectable within a sam- ple and useful
for solid-phase assays comprising: (a) providing a solid support having one
member of a specific binding pair disposed thereon; (b) adding a solution
containing the complimentary binding partner which is either directly
conjugated to an 55          enzyme label or which can subsequently bind a
second binding partner which is conjugated to an enzyme label; (c)
optionally incubating said solid support in a solution containing said
second binding partner that is conjugated to an enzyme label; (d)
incubating the solid support including the specific binding pair or pairs
and the enzyme label in a solution 12            * C   L  M   S*    EP 0
597 916 B1 containing an enzyme-triggered 1,2-dioxetane; (e) drying said
solid support; and (f) optionally heating said solid support simultaneously
with drying or thereafter; and further that drying - 8993and/or heating are
conducted either prior to or simultaneously with detection. 5 



10. The process of Claim 9 wherein said 1 ,2-dioxetane is
3-(2'-spiroadamantane)-4-methoxy-4-(3"-phosphorlyoxy) phe- nyl-1
,2-dioxetane and said second binding partner is an alkaline phosphatase
conjugate, or said 1 ,2-dioxetane is
3-(2'-spriroadamantane)-4-methoxy-4-(3"-[err]-D-galactopyranosyloxy-phenyl)
-1,2-dioxetane and said second bind- ing partner is [err]-D-galactosidase.
10 Patentansprflche 1. Verfahren zur Verbesserung der Chemilumineszenz von
Enzym-getriggerten, in einer Probe nachweisbaren 1S      1 ,2-Dioxetanen,
umfassend: a) das Bereitstellen eines festen TrAgers, auf dam die Probe
angeordnet ist, und der in geeigneter Weise mit einer L6sung, umfassend
Enzym-getriggerte 1,2-Dioxetane, behandelt ist; b) das Trocknen des festen
Tragers, und c) gegebenenfalls das Erhitzen des fasten Tragers unter
gleichzeitigem Trocknen odar anschlieaendem Trock- nen; und weiterhin, daB
das Trocknen und/oder Erhitzen entweder vordem Nachweis oder gleichzeitig
mit dem Nachweis durchgefuhrt werden. 2. Verfahren gemaB Anspruch 1, worin
das Trocknen allein vor dem Nachweis durchgeffhrt wird. 25 3. Verfahren
gemaB Anspruch 1, worin das Trocknen vor dem Nachweis durchgafOhrt wird,
und das Erhitzen gleich- zeitig mit dem Nachweis durchgef~hrt wird. 4.
Verfahren gemaB Anspruch 1, worin das Trocknen und Erhitzen vor dem
Nachweis durchgef~hrt warden. 30 S. Verfahren gemaB Anspruch 1, worin das
Trocknen allein gleichzeitig mit dem Nachweis durchgefuhrt wird. 6.
Verfahren gemaB Anspruch 1, worin dasTrocknen und Erhitzen gleichzeiig
mitdem Nachweis durchgefthrtwerden. 35   7. Verfahren gemaB Anspruch 1,
worin das Trocknen in der Weise erfolgt, daB der feste Trager wahrend einer
geeig- neten Zeitspanne und Temperatur einer Verfahrensweise unterzogen
wird, die aus der aus Vakuumtrocknung, Kon- vektionstrocknung,
Lufttrocknung, Anwendung von Mikrowellenenergie und der Anwendung von
elektrischer Ener- gie bestehenden Gruppe ausgewdhIt ist. 40   a. Verfahren
gemaB Anspruch 1, worin das Erhitzen in der Weise erfolgt, daB der feste
Trager wahrend einer geeig- neten Zeitspanne und Temperatur einer
Verfahrensweise unterzogen wird, die aus der aus elektrischem Heizen,
Heizen mit Infrarotstrahlung, Konvektionsheizen und Mikrowellenheizen
bestehenden Gruppe ausgewAhit ist. 9. Verfahren zur Verbesserung der
Chemilumineszenz von Enzym-getriggerten, in einer Probe nachweisbaren 45
1,2-Dioxetanen, das fOr Festphasen-Assays brauchbar ist, umfassend: a)
Bereitstellen eines festen Tragers, auf dem ein Teil eines spezifischen
Bindungspaares angeordnet ist; b) Zugabe einer L6sung, die den
komplamentaren Bindungspartner enthalt, der entweder direkt mit einer
Enzym-Markierung konjugiert ist, oder der anschliessend einen zweiten
Bindungspartner binden kann, welcher 50          mit einer Enzym-Markierung
konjugiert ist; c) gegebenenfalls die Inkubation des festen Tragers in
einer Losung, die den zweiten Bindungspartner enthalt, welcher mit einer
Enzym-Markierung konjugiert ist; d) die Inkubation des festen Tragers,
umfassend das spezifische Bindungspaaroder -paare und die Enzym-Mar-
kierung in einer L6sung, die ein Enzym-getriggertes 1,2-Dioxetan enthalt;
55          e) Trocknen des festen Tragers, und f) gegebenfalls Erhitzen
des festen Tragers gleichzeitig mit dem Trocknen oder nach dam Trocknen,
und wei- terhin, daB das Trocknen und/oder Erhitzen entweder vor dem
Nachweis oder gleichzeitig mit dem Nachweis durchgeffhrt wird. .........
-,ll Hll1 l11 11|11ll11    EP 0 597 916 B1 10. Verfahren gemAB Anspruch 9,
worin das 1 ,2-Dioxetan
3-(2'-Spiroadamantan)-4-methoxy-4-(3Y-phosphoryloxy)phe- nyl-1,2-dioxetan
ist, und der zweote Bindungspartner ein Konjugat der alkalischen
Phosphatase ist, oder das 1,2-Dioxetan 1,2-Dioxetan
3-(2'-spiroadamantan)-4-methoxy-4-(3'-,-D-galactopyranosyloxy-phonyl)-1,2-d
ixoetan ist, und der zweite Bindungspartner 5-D-Galactosidaso ist. 



5 -   Revendloatfons 1. Un procede pour intensifier la chimiluminescence de
1 ,2-dioxetannes actives enzymatiquement detectables dans 10      un
echantillon, consistant & a) fournir un support solids sur lequel
l'echantillon est place et convenablement traite par une solution compre-
nant des 1,2-dioxetannes actives enzymatiquement; b) secher ledit support
solide; et 15         c) facultativement, chauffer ledit support solids
pendant ou apres l sdchage; et, de plus, ce sechage et/ou chauffage 6tant
effectuds avant ou pendant la detection. 2. Le procedd de la revendication
1, dans loquel le s6chage soul aet effectue avant la detection. 3. Le
proc6de do la revendication 1, dans laquel le sechage est effectue avant la
detection et le chauffage ast effectue pendant la detection. 4  Le procede
de la revendication 1, dans loquel le sechageoot le chauffage sont
effectu6s avant la detection. 25 5. Le procede de la revendication 1, dans
loquel le sechage soul est effectue pendant la d6tection. 6. Le proc6de de
la revendication 1, dans lequel le sechage et le chauffage sont effectues
pendant la detection. 30   7. Le procede de la revendication 1, dans loquel
le sechage est accompli en soumettant le support solida pendant un temps et
a une temperature appropries & une operation choisie dans le groupe forme
par un sechage sous vide, un sechage par convection, un s6chagea  rair,
I'utilisation d'energie hyperfrequence at I'utilisation d'energie elec-
trique. 35   8. Le procede de la revendication 1, dans loquel le chauffage
set accompli en soumettant le support solide pendant un temps et a une
temperature appropries A une op6ration choisie dans le groups forme par un
chauffage electrique, un chauffage par rayonnement infrarouge, un chauftage
par convection et un chauffage par micro-ondes. 9. Un procede pour
intensifier la chimiluminescence de 1,2-dioxetannes actives enzymatiquement
detectables dans ~~40       un echantillon et utiles pour des analyses sur
phase solida, consistant a: (a) fournir un support solids sur laquel est
dispose un membre d'une paire a liaison specdfique; (b) ajouter une
solution contenant le partenaire de liaison complementaire qui eet
directement conjugu6 a un marqueur enzymatique ou qui paut etre ensuite lie
a un second partenaire de liaison qui est conjugue A un 4S
marqueur enzymatique; (c) facultativement, faire incuber ledit support
solide dans une solution contenant ledit second partenaire de liaison qui
aet conjugue A un marqueur enzymatique; (d) faire incuber ledit support
solide comprenant la paire ou lee paires A liaison spdcifique et le
marqueur enzy- matique dans une solution contenant un 1,2-dioxdtanne activd
enzymatiquement; 50         (o) secher ledit support solido; et (f)
facultativement, chauffer ledit support solida pendant ou aprbs le
se6chage; at, de plus, ce sechago et/ou chauffage etant effectues avant ou
pendant la detection. 55   10. Le procede de la revendication 13, dans
loquel ledit 1,2-diox6tanne est le 3-(2'-spiroadamantane)-4-methoxy-4-
(3Y-phosphoryloxy)phenyl-1,2-diox6tanne et ledit second partenaire de
liaison est un conjugue de phosphatase alcaline, ou bien ledit
1,2-dioxetanne set le 3-(2'-spiroadamantane) -4-methoxy-4-
(30-f-D-galactopyrannosyloxy- ph6nyl)-1,2-dioxetanne et ledit second
partenaire de liaison aet la P-D-galactosidase. .  11 II111I 11111 UP ilg11
,,..II    


