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(57) ABSTRACT 

A light emitting method of an acridinium ester, comprising 
reacting said acridinium ester and a superoxide anion, and a 
method of detecting a substance to be examined, comprising 
detecting a light emitted by reacting a superoxide anion With 
an acridinium ester used as a label am described. It is 
possible to carry out the reaction not under strongly alkaline 
conditions but around the neutral point and to generate 
strong luminescence Which is stable over a long period of 
time. 

7 Claims, 4 Drawing Sheets 



U.S. Patent Mar. 28, 2006 Sheet 1 of4 US RE39,047 E 

FIG. 1 

6 5 w m 

922289 EmzEz $283253 

103 
275 220 165 110 55 

TIME (SEC) 



U.S. Patent Mar. 28, 2006 Sheet 2 0f 4 US RE39,047 E 

FIG.2 

4 O 1 

Aomm\mE:oov 2.225 mucmowmsE? 

1O6 

1O5 

103 

275 220 110 165 

T i me (sec) 

55 





U.S. Patent Mar. 28, 2006 Sheet 4 0f 4 US RE39,047 E 

FIG. 4 

awwizaoe EmzEz 8.288253 

TIME (MIN) 



US RE39,047 E 
1 

LUMINESCENCE BY REACTING AN 
ACRIDINIUM ESTER WITH SUPEROXIDE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This is a Continuation of application Ser. No. 08/232,256, 
?led as PCT/JP93/01270, Sep. 8, 1993 published as WO94/ 
05742, Mar. 17, 1994, now abandoned. 

TECHNICAL FIELD 

The present invention relates to a light emitting method of 
an acridinium derivative by reacting a superoxide action 
(02) with the acridinium derivative and to a method of 
detecting a substance to be examined, utilizing a light 
emitted from the acridinium derivative as a label. 

BACKGROUND ART 

Along with the progress in diagnostic or medical 
technology, various methods of detection of particular sub 
stances contained in very minute quantities in serum and 
other biological specimens have been developed and put into 
use for enabling the early discovery of various diseases and 
for con?rming the effects of therapy. The particular sub 
stances to be examined are, for example, various types of 
proteins, nucleic adds, drugs, and other biological sub 
stances. For the purpose of quantitative or qualitative exami 
nation of the same, a label as a signal generating source is 
attached in advance to substances having af?nity with such 
particular substation to be examined, for example, antibod 
ies and antigens where the substance to be examined is a 
protein; complementary nucleic acids whom the substance 
to be examined is a nucleic acid; and an antibody where the 
substance to be examined is a chug. The labeled substance 
having affinity with the substance to be examined and the 
sample containing the substance to be examined are brought 
into contact with each other to produce a conjugate of the 
substance to be examined and the labeled substance having 
af?nity therewith. Then, the conjugate is separated by vari 
ous methods, the signal generating source of the label is 
activated, and the signal is detected by various meant. As a 
result, the amount or the existence of the substance to be 
examined can be determined. 

Numerous substances have been developed and supplied 
for practical we as such a labeling substance, for example, 
radioactive substances, ?uorescent substances, enzymes, or 
metal colloids. In recent years, however, the chemilumines 
cence method using an acridinium derivative has drawn 
attention in view of its high sensitivity. Strong luminescence 
of the acridinium derivative can be generated by reaction 
with hydrogen peroxide (H202) under strong alkaline con 
ditions (EP-A 830629 etc.) 
An attempt has also been made to electrochemically emit 

light from the acridinium derivative (Anal. Chem. 64,1140, 
1992). According to this repeat acridinium derivatives are 
electrochemically inert, but when a potential of —1.0V (vs. 
Ag/AgCl) is applied to the electrode under alkaline condi 
tions (pH=12), the dissolved oxygen is reduced to produce 
hydrogen peroxide. The resulting hydrogen peroxide is 
reacted with acridinium derivative to generate lumines 
cence. The means for electrochemically emitting light from 
a chemiluminescent substance is one of the key techniques 
for realization of immunosensors. More particularly, these is 
a possibility to be able to simply generate luminescence only 
by applying a potential to an electrode incorporated in the 
season as a means for generating luminescence of a chemi 
luminescent substance. The above technique is advanta 
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2 
geous to small-sized devices such as sensors. To generate 
luminescence of an acridinium derivative, however, two 
steps are required as mentioned above; ?rst rendering to the 
strongly alkaline conditions, then applying a potential to the 
electrode. In practice, problems remain to be solved in 
applying the above technique to an immunosensor. 

In the meanwhile, there is a method of semiquantitatively 
detecting such a substance to be examined, namely so-called 
blotting, wherein a sample containing the substance to be 
examined is treated with electrophoresis or the like to 
separate the substances therein; the separated substances are 
transferred to and adsorbed on a nitrocellulose ?lm or the 
like as they are; a labeled substance carrying a substance as 
a signal generating source and having affinity with the 
substance to be examined is banded with the substance to be 
examined which had been separated and adsorbed on the 
?lm, and then the signal generating source is activated to 
detect the substance to be examined. In this method, it is also 
possible to detect a substance with an extremely high 
precision, using chemiluminescence as the detecting means. 
In the past, however, an enzyme was used as the signal 
generating source in many cases, and luminol or an ada 
mantane derivative (AMPPD) which can generate lumines 
cence by an enzymatic reaction was used as the luminescent 
substance. That is, light is emitted from the luminescent 
substance by carrying out can enzymatic reaction of the 
signal generating source, and a photosensitive ?lm is 
exposed with the emitted light to detect the signal. 
A luminescent substance was not directly used as a signal 

generating source in blotting in the past, because the lumi 
nescence ends in several seconds when the luminescent 
substance is used as the signal generating source, and thus 
an amount of light suf?cient to expose a photosensitive ?lm 
cannot be obtained. Therefore, highly sensitive detection 
was performed by means of a method wherein an enzyme 
was used as the signal generating source, and an excess 
amount of a luminescent substance capable to generate 
luminescence by, the enzymatic reaction therewith was 
charged so as to emit light for a somewhat long period of 
time and expose the photosensitive ?lm. Nevertheless, no 
suitable enzyme capable of generating luminescence by an 
enzymatic reaction was known for acridinium derivatives in 
the past. Thus, acridinium derivatives were not used in this 
?eld, although having a higher yield of luminescence in 
comparison with luminol or the like. 
The reason why a suitable enzyme was not known is the 

mechanism of luminescence of the acridinium derivatives. 
For example, it is known that can acridinium derivative 
generates luminescence by the reaction with hydrogen 
peroxide, act it may be considered that luminescence can be 
generated using an enzymatic reaction, that ice, a reaction 
between H2O2 produced by an enzymatic reaction of oxi 
dase such as glucose oxidase and an acridinium derivative. 
Unless the acridinium derivative is under strong alkaline 
conditions, however, the acridinium derivative does not 
strongly emit light. No enzymes an known which retain their 
suf?cient activity and produce hydrogen peroxide under 
such strong alkaline conditions. 

Further, it is known that an acridinium derivative gener 
ates less luminescence under strong alkaline conditions. 
Accordingly, even if there existed a suitable enzyme which 
could retain suf?cient activity under strong alkaline 
conditions, there was still the problem that it would not be 
possible to make suf?cient use of the luminescent ability 
inherently possessed by ad acridinium derivative, under 
luminescent conditions of strongly alkaline conditions for a 
long term. 
As explained above, there was the problem that an acri 

dinium derivative had to be used under strongly alkaline 
conditions in the conventional light-emitting techniques, so 
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luminescence could not strongly be generated. Therefore, 
there Were considerable limits to its application, despite the 
high yield of luminescence. 

The present inventors engaged in intensive research on 
improvements of the light emitting method of acridinium 
derivatives to broaden the application ?elds thereof, Where 
upon the invention surprisingly discovered that strong lumi 
nescence is generated even around the neutral condition by 
reacting an acridinium derivative With the one-electron 
reluctant of dissolved oxygen, a superoxide anion (OZ'). The 
mechanism of the above luminescence is based on a prin 
ciple completely different from that of the conventional 
chemiluminescent method Wherein hydrogen peroxide is 
used under strongly alkaline conditions. Further, because 
luminescence is generated around neutral condition, the 
various problems in the prior art can be solved all at once. 

DISCLOSURE OF INVENTION 

Accordingly, the present invention relates to a light emit 
ting method of an acridinium derivative, characterized by 
reacting said acridinium derivative and a superoxide anion. 

Further, the present invention relates to a method of 
detecting a substance to be examined, characterized by 
detecting a light emitted by reacting a superoxide anion With 
an acridinium derivative as a label. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a graph shoWing the results of electrochemically 
generating luminescence of an acridinium derivative in the 
presence of a ?avin compound. 

FIG. 2 is a graph shoWing the action of the superoxide 
anion in the electrochemical luminescence of the acridinium 
derivative. 

FIG. 3 shoWs a standard curve of IgG labeled With an 
acridinium derivative for detection by electrochemical lumi 
nescence. 

FIG. 4 is a graph shoWing, the results of luminescence of 
an acridinium derivative With an enZyme. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The acridinium derivative Which can be used in the 
present invention is a compound in Which the ring nitrogen 
atom of the acridine ring is quartemiZed and has a counter 
ion and further has a substituent at the 9-position of the 
acridine ring via a iC(=0)i group, and optionally has one 
or more substituents at l to 8 positions, that is, a compound 
of the general formula (I): 

(1 ) 
RZX' 

| 
N 

00% 
R3 

Wherein a is 0 or an integer of l to 8, R1, R2, and R3 are, 
independently, substituents, and X- is a counter ion. The 
acridinium derivative of the general formula (1) is knoWn as 
a chemiluminescent substance, as described for example in 
EP-A 082636, Japanese Unexamined Patent Publications 
(Kokai) No. 63-57572, No. 63-101368 and No. 63-112564, 
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4 
and Japanese National Publication Kohyo) No. 3-505373. A 
preferred acridinium ester has the folloWing structure 

These acridinium derivatives may be used in the method of 
the present invention. More speci?cally, Rl can be selected 
from the group consisting of a hydrogen, amino, carboxyl, 
hydroxyl, alkoxyl, nitro and halide group; R2 can be selected 
from the group consisting of a hydrogen, alkyl, alkenyl, 
alkenyl and aryl group; R3 can be a substituted phenoxy 
moiety; R4 and R6 each can be an alkyl, alkenyl, alkynyl, 
aryl, alkoxyl, amino, amino, sulfonamide or sul?de group; 
R5 and R7 each can be a hydrogen, amino, carboxyl, 
hydroxyl, alkoxyl, nitro or halide group; R6 can be a 
hydrogen, amino, carboxyl, hydroxyl, alkoxyl, nitro or 
halide group or R6 can be of the formula: 

iRQ iRZ 0 

wherein R9 is not required, but When present can be an alkyl, 
aryl or akenyl group; and R10 can be 
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-continued 

N 

wherein X can be CH3SO4i, OSOZFi, a halide, 
OSO2CF3i, OSO2C4F9i or 

osoz4©icHx 
and R can be an alkyl, aryl or aralkyl group, and R5, R6 and 
R7 of the phenoxy ring are interchangeable. A particularly 
preferred compound is 4-[2-(succinimyZyloXycarbonyl) 
ethyl]phenyl- l 0-methylacridinium-9-carboxylate ?uorosul 
fate (SPMA) Kokai No. 63-101368 provides, in part, a 
luminescent compound comprising a polysubstituted aryl 
acridinium ester selected from the group having the folloW 
ing structure: 

Wherein R, is an alkyl, alkenyl, alkenyl, or aryl group; R2, 
R3, R5, or R7 are a hydrogen amino, carboxyl, hydroxyl. 
alkoxyl, nitro, or halide group; R4 or R5 are an alkyl, 
alkenyl, alkenyl, aryl, alkoxyl, amino, amino, sulfonamido, 
or sul?de group; R6 represents the folloWing substituent: 

RéiRgiRlO 

Wherein R9 is not required but optionally can be an alkyl, 
aryl, or aralkyl group, and R10 is selected from the folloW 
ing: 

O 

m 
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X is CH3-SO4i, OSO2Pi, a halide, OSO2CF3i, 
OSO2C4F9i, or 

R is alkyl, aryl, or aralkyl group; and R5, R6 and R7 
substituent positions no the phenoxy ring are interchange 
able. 

EP-A 082 636 provides, in part, a compound represented 
by the general formula 

(1) 
RlX' 

I 
N+ 

in Which R1 represents H, CFC1O optionally substituted 
alkyl, alkenyl, alkenyl or aryl, R2, R3 are preferably, 
hydrogen, amino, substituted amino, carboxyl, hydroxyl, 
alkoxyl, nitro-, or halide sub stituents, and R4 is preferably an 
optionally substituted phenoXy-moiety. According to a pre 
ferred feature of the invention an ester linkage exists 
betWeen the acridinium and phenyl moieties as exempli?ed 
in the folloWing formula: 

(2) 

Row 
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Where Rl comprises one of the following: 

(a) 

(b) 

(C) 

(d) 
—NCS 

(f) 
—halide 

—azide 

Where R6 represents groups such as R1 and X represents a 
halide. Preferably R5 is Linked to the phenyl residue via 
carbon, nitrogen or oxygen containing groups Which are 
optionally substituted by substituents of a hydrophilic 
nature. 

In the light emitting, method of the present invention, a 
superoxide anion, (O2) is reacted With the acridinium deriva 
tive. The superoxide anion used in the method of the present 
invention can be ;produced by any method. For example, 
When oxygen dissolved in an electrolytic solution (that is 
dissolved oxygen) is electrochemically reduced, it is con 
sidered that stable hydrogen peroxide is produced through 
superoxide anions, hydroperoxy radials, and hydroperoxide 
ions due to successive ECEC reactions (E: electrochemical, 
C: chemical) (Chemistry of Active Oxygen Species, Gakkaj 
Shuppan Center). 

Therefore, if an acridinium derivative exists as a reaction 
species for a superoxide anion at the time When a superoxide 
anion is produced by one-electron reduction, it is considered 
that the acridinium derivatives should generate lumines 
cence. HoWever, in fact, them is generated a little lumines 
cence around the neutral region in the range of the electrode 
potential Whom no hydrogen gas is produced (0 to about 
—0.7V vs. Ag/AgCl). The reason is believed to be the loW 
production rate of the superoxide anion. 
On the other hand, the prevent investors discovered that 

it is possible to strongly generate luminescence of an acri 
dinium derivative even around the neutral region by elec 
trochemically reducing dissolved oxygen in the presence of 
a ?avin compound to emit light from the acridinium deriva 
tive. Further, the present inventors con?rmed that a ?avin 
compound catalyZes the production of a superoxide anion. 

Examples of the ?avin compound Which can be used as 
?avin adenine dinucleotide (FAD), ?avin mononucleotide, 
and ribo?avin. 

Therefore, When a superoxide anion is electrochemically 
produced, it is preferable to use a catalyst such as the above 
?avin compounds. More particularly, When PAD is used as 
the catalyst, it is preferable to adjust the concentration of. 
FAD to about l><l0_9M to ll><l0_4M in a 50 mM (or more) 
conventional or a conventional buffer containing 0.15M 
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8 
NaCl, apply potential of —0.3 to —0.7V (vs. Ag/AgCl) and 
adjust a pH of the buffer to 6 to 10. 

Further, it is possible to use an enZyme such as xanthine 
oxidase to produce a superoxide anion in the light emitting 
method according to the present invention. Xanthine oxidase 
produces a superoxide anion, (02') by a reaction With 
substrates, namely, hypoxanthine and xanthine. 
Accordingly, it is possible to generate luminescence of an 
acridinium derivative by the superoxide anion produced in 
the reaction With the enZyme. 

For example, it is possible to emit light from an acri 
dinium derivative by producing a superoxide anion at a pH 
enabling xanthine oxidase active, for example, a pH of 5 to 
11, preferably 6 to 10, in a conventionally knoWn buffer 
solution capable of bu?fering the above pH range, using 
xanthine oxidase and xanthine or hypoxanthine as a sub 
strate. The concentrations of the reactants ate suitably 
adjusted. 

It is possible to perform immunoassay Wherein an acri 
dinium derivative is used as a label, using the light emitting 
method of an acridinium derivative. Whereas the mecha 
nism of using action of H202 under strongly alkaline con 
ditions is used in the conventionally knoWn chemilumines 
cence method of an acridinium derivative, a superoxide 
anion is made to act in the present invention. Therefore, the 
present invention does not requite strongly alkaline condi 
tions and thus may be applied to a Wide range of immu 
noassay methods. 
The method of immunoassay according to the present 

invention is characterized by use of an acridinium derivative 
as a label and use of chemiluminescence generated by the 
action of a superoxide anion on the label as a signal. The 
features in the conventional immunoassay other than those 
mentioned as above can be used as they are. 

Therefore, there may be mentioned, as a sample, body 
?uids, such as blood, serum, plasma, urine, saliva or spinal 
?uid, cell or tissue extracts a the like, and as a substance to 
be examined, biologically active substances contained in the 
biological components in the above samples and capable of 
being detected by an immune reaction, as in the conven 
tional method of immunoassay. More particularly, examples 
of the substance to be examined are proteins, enZymes, 
polysaccharides, lipids, or nucleic acids, for example, vari 
ous antigens, antibodies, receptors, or the like. More 
speci?cally, them may be mentioned ?brinogen, albumin, 
C-reactive proteins, anti-streptolysin O, rheumatoid factors, 
ot-fetoprotein (AFF), Treponema palladium antibodies, anti 
HBs antibodies, anti-HBc antibodies, anti-HBe antibodies, 
anti-HTLV antibodies, anti-HIV antibodies, or the like. 
Further, it is also possible to detect loW molecular Weight 
compounds, haptenes, such as hormones, or various drugs 
such as antiepileptic agent, or antibodies against haptenes. 
The acridinium derivative maybe bonded to the substance 

to be labeled, Wing various methods in accordance With the 
types of the acridinium derivatives. For example, When the 
acridinium derivative is SPMA, the substance to be labeled 
and the SPMA may be mixed and puri?ed under alkaline 
conditions. Further, in the can of an acridinium derivative 
having an amine group, it is possible to use the maleimide 
cross-linking method or the like to bond it to the substance 
to be labeled. 
When detecting for example, an antigen in a serum 

sample by the immunoassay method according to the present 
invention, an immune reaction can be carried out betWeen an 
antibody (for example, a monoclonal antibody) labeled With 
the acridinium derivative by the above-mentioned method 
and speci?cally recogniZing said antigen and the antigen in 
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the sample and if necessary, the unbound labeled antibody is 
removed by B/F separation. Then, a superoxide anion is 
electrochemically produced in the presence of a ?avin 
compound, and the luminescence of the acridinium deriva 
tive is measured to dated the antigen. 

Further, When detecting, for example, an antigen in a 
serum sample by the immunoassay method according to the 
present invention Wherein an enZymatic reaction is used, an 
immune reaction can be carried out in the same manner as 
above, and a superoxide anion is produced using, for 
example, xanthine oxidase turn xanthine or hypoxanthine in 
the reaction system. Then, the luminescence of the acri 
dinium derivative is measured to detect the antigen. 

In addition to the above immunoassay method, an acri 
dinium derivative may be used according to the present 
invention in the detection, for example, blotting, of a nucleic 
acid by making use of the affinity betWeen the nucleic acid 
and its complementary nucleic acid, in the same manner as 
the above immunoassay method. 

EXAMPLE 

The present invention noW Will be further illustrated by, 
but is by no means limited to, the folloWing examples. 

Example 1 

As an acridinium derivative, 4-[2 
(succinimyZyloxycarbonyl)ethyl]phenyl- l 0 
methylacridinium-9-carboxylate ?uorosulfate (SPMA) Was 
used. A platinum electrode (9 mm><9 mm><0.5 mm) as a 
Wol?ng electrode, a platinum coil electrode (diameter=0.5 
mm) as a counter electrode, and an Ag/AgCl electrode to a 
reference electrode Were aced. A luminescence all used Was 
a spectrophotometer grass cuvette (1 cm) Which can be 
af?xed to a light-receiving surface of a photomultiplier tube. 
A sample solution Was prepared by adjusting a concentration 
of SPMA to l.67><l0_7 With a phosphate buffer (pH 8.0) 
containing 0.15M sodium chloride. As the ?avin compound, 
?avin adenine dinucleotide (FAD) Was used. TWo cases Were 
examined: the case Wherein the FAD Was contained in the 
sample solution in a concentration of 6.67><l0_6M and the 
case Wherein an FAD adsorbing electrode prepared by 
adsorbing FAD to a Working electrode (platinum electrode) 
Was used. FAD Was adsorbed on the Working electrode by 
immersing the electrode in a 2 mM-FAD solution and 
carrying out 10 cycles of cyclic voltammetry in the range of 
—0.5V to 0.2V (vs. Ag/AgCl) at a scan speed of 50 mV/sec. 
The sample solution Was charged into the luminescence 

cell, the electrodes Were connected to the luminescence cell, 
and then a potential of —05V (vs. Ag/AgCl) Was applied to 
the Working electrode and at the same time the amount of 
luminescence Was measured by a photon counter. The results 
are shoWn in FIG. 1. 

As shoWn in FIG. 1, in comparison With the control 
experiment (curve A in FIG. 1) Where no FAD Was present, 
about 10 times the amount of luminescence Was shoWn in 
the FAD-containing sample; solution (curve B in FIG. 1), 
and, about 100 times the luminescence Was exhibited in the 
FAD adsorbing electrode (curve C in FIG. 1). 

Example 2 
The procedure described in Example 1 Was repeated, 

except that 714 units of superoxide dismutase (SOD: Sigma) 
Were added to the luminescence cell after 27.5 seconds hum 
the beginning of the luminescent reaction, and then the 
amount of luminescence Was similarly measured. The 
results are shoWn in FIG. 2. In FIG. 2, the curve D shoWs the 
case of a sample solution containing FAD, the curve E shoWs 
the case of an FAD absorbing electrode, and the doWnWard 
arroWs shoW the time When the superoxide dismutase Was 
added. 
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10 
As shoWn in FIG. 2, it Was con?rmed that When SOD is 

added, the amount of luminescence is remarkably reduced. 
SOD is an enZyme Which catalyZes the reaction of 

The amount of luminescence is reduced at the same time as 
SOD is added because the superoxide anion is converted to 
H202 and disappears. Accordingly, it is considered that a 
luminescence of the acridinium derivative under the above 
conditions (pH 8.0) is generated by a reaction With a 
superoxide anion. Further, it is suggested that the lumines 
cence in each of the FAD-containing sample solution (curve 
B) and the FAD adsorbing electrode (curve C) is stronger 
than that of the control (curve A) in FIG. 1, bemuse the 
amount of the superoxide anion produced is larger in the 
presence of FAD than in its absence, and that FAD catalyZes 
the production of a superoxide anion. 
The above procedure Was repeated, except that FMN 

(?avin mononucleotide) Was used instead of FAD. The 
results similar to the above Were obtained. 
As mentioned above, it Was possible to generate an 

extremely strong and stable luminescence for a long term 
even around neutral conditions, by producing a superoxide 
anion and reading the superoxide anion With an acridinium 
derivative in the presence of a ?avin. 

Example 3: Electrochemical Measurement 

In this example, a protein (rabbit IgG: Miles-Yeda) Was 
chemically modi?ed With an acridinium derivative (SPMA) 
and a standard curve of the protein Was produced by 
electrochemical luminescence. 100 pl of 0.5 mM SPMA 
dimethylformamide solution and 500 pl of 160 ug/ml rabbit 
IgG 0.1M phosphate: buffer (pH 8.0) Were pouted into a test 
tube and reacted at room temperature for 15 minutes. Then, 
1 ml of 10 mg/ml lysin hydrochloride Was added, the 
mixture Was alloWed to stand for 15 minutes. Thereafter, the 
mixture Was poured into G25 column (l4><l00 mm) to 
obtain a conjugate of IgG and the acridinium derivative. 
The measurement Was performed, using electrodes and 

luminescence cell used in Example 1. As the Working 
electrode, an electrode prepared by adsorbing FAD by the 
method described in Example 1 Was used. Further, a ample 
solution Was prepared using a phosphate buffer (pH 8.0) 
containing 0.15M sodium chloride. The potential applied 
Was —0.5V (vs. Ag/AgCl) and the amount of luminescence 
Was measured after 27.5 seconds from the application of the 
potential, the results are shoWn in FIG. 3. In this example, 
it Was possible to measure 7><l0_9 g/ml of IgG. 

Example 4: Measurement by Enzyme 
In this example, the measurement Was carried out for the 

superoxide anion produced by an enZyme. Xanthine oxidase 
(from coW’s milk: Boehringer Mannheim) solution Was 
prepared With a phosphate buffer (pH 7.4) containing 0.15M 
sodium chloride. 1 ml of the resulting enZyme solution Was 
poured into a luminescence cell. Then, 200 l of a lumines 
cence initiator (12.5 uM SPMA aqueous solution containing 
0.5 mM xanthine) Was added to the luminescence cell and 
the change In the amount of luminescence With time Was 
measured. The results am shoWn in FIG. 4. In FIG. 4, the 
curve F is a control sample not containing xanthine oxidase, 
the curve G is a sample containing 33 pmol of xanthine 
oxidase, and the curve H is a sample containing 33 pmol of 
xanthine oxidase. As shoWn in FIG. 4, it Was possible to 
generate stable luminescence With groWth type characteris 
tics for a long term. 

INDUSTRIAL APPLICABILITY 

According to the light emitting method of the present 
invention, luminescence is generated by an action of a 
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superoxide anion to an acridinium derivative, so it is not 
necessary to use strongly alkaline conditions as in the 
conventional methods. The reaction can be carried out 
around the neutral point to generate strong luminescence 
Which is stable over a long period of time. Further, When an 
acridinium derivative is used as a label and a superoxide 
anion is made to act on the label around the neutral point, it 
is possible to obtain a strong luminescence Which is stable 
over a long period of time. Thus it is possible to provide a 
method of immunoassay Which is accurate and has a high 
precision. 
We claim: 
1. A method for emitting chemiluminescence from an 

acridinium ester in an immunoassay, a hybridization assay or 
an immunoblot assay, Wherein said ester is a compound of 
the formula (2): 

(2) 
R11 

R15 
c—o > 
g R16 

R18 R17 

Wherein R11 is an alkyl, alkenyl, alkynyl or aryl group; R12, 
R13, R15 and R17 are independently a hydrogen atom, halide 
atom, amino, carboxyl, hydroxyl, alkoxyl or nitro group; R14 
and R18 are independently an alkyl, alkenyl, alkynyl, aryl, 
alkoxyl, amino, amido, sulfonamido or sul?de group; R16 is 
iRlgiRlo; R19 is not required but optionally can be an 
alkyl, aryl or aralkyl group; R10 is selected from the group 
consisting of: 

O 

10 

20 

25 

30 

35 

40 

50 

55 

60 

65 

X1 is CH,so4-, oso,F-, a halide, oso,cF,-, oso,c4F9-, 

and R is an alkyl, aryl or aralkyl group; or said ester is a 
compound of the formula (3a): 

(3 5) 
R21X2' 

W069. 

(C) 

(d) 

(D 
—halide or 

—azide; 

R1, and R26 are independently a hydrogen atom or C1£ZO 
optionally substituted alkyl, alkenyl, alkynyl or aryl group; 
R22 and R23 are independently a hydrogen atom, halide 
atom, amino, substituted amino carboxyl, hydroxyl, alkoxyl 
or nitro group; and X2 is a halide atom, comprising reacting 
at a pH of 6 to 10 said acridinium ester and a superoxide 
anion produced in situ by electrochemical reduction of 
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oxygen dissolved in an electrolyte using electrodes in the 
presence of a ?avin compound, Wherein said acridinium 
ester is attached as a label to a reagent in said immunoassay, 
hybridization may or immunoblot assay. 

2. The method of claim 1, Wherein the electrochemical 
reduction is performed in the presence of l><l0_9M to 
l><l0"4M of the ?avin compound at a potential of —0.3 to 
—0.7V (Vs. Ag/AgCl). 

3. The method of claim 1 Wherein the electrochemical 
reduction comprises use of an electrode comprising said 
?avin compound. 

[4. The method of claim 1, Wherein the acridinium ester 
is 4-[2-succinimyZyloxycarbonyl)ethyl]phenyl-l0 
methylacridinium-9-carboxylate ?uorosulfate] 

5. A method of detecting a substance to be examined in a 
sample in an immunoassay, hybridization assay or immu 
noblot assay, comprising, 

binding a chemiluminescent labeled substance having 
af?nity for said substance to be examined With said 
substance to be examined in a sample to produce a 
complex of said substance to be examined and said 
chemiluminescent labelled substance having affinity 
therefor, separating said complex; 

reacting said chemiluminescent label With a superoxide 
anion at a pH of 6 to 10, said label being an acridinium 
ester of the formula (2): 

(2) 
R11 

X1' 
+N 

“090% 
R14 

R15 
c—o > 
(ll R16 

R18 R17 

Wherein R11 is an alkyl, alkenyl, alkynyl or aryl group; R12, 
R13, R15 and R17 are independently a hydrogen atom, halide 
atom, amino, carboxyl, hydroxyl, alkoxyl or nitro group; R14 
and R10 are independently an alkyl, alkenyl, alkynyl, aryl, 
alkoxyl, amino, amido, sulfonamido or sul?de group; R14 is 
iRlgiRlo; R19 is not required but optionally can be an 
alkyl, aryl or aralkyl group; R10 is selected from the group 
consisting of: 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

X1 is CH3SO4i, OSOZFi, a halide, OSO2CF3i, 
OSO2C4F9i, or 

OSO24©>iCH5 
and R is an alkyl, aryl or aralkyl group; or said label is an 
acridinium ester of the formula (3a): 

(3 5) 
R21X2' 

| 
N+ 

Mo 0 0w 
C=O 

0/ 

GR” 
Wherein R25 comprises one of the folloWing: 

(a) 
o 

0 

II 

o 

(b) 
o 

0 

II 

o 
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-continued 

—halide or (e) 

(1) 

R21 and R26 are independently a hydrogen atom or CFC1O 
optionally substituted alkyl, alkenyl, alkynyl or aryl group; 
R22 and R23 are independently a hydrogen atom, halide 
atom, amino, substituted amino, carboxyl, hydroxyl, alkoxyl 
or nitro group; and X2 is a halide atom; Wherein said 
superoxide anion is produced in situ by electrochemical 
reduction of oxygen dissolved in an electrolyte using elec 
trodes in the presence of a ?avin compound; and 

measuring luminescence of said chemiluminescent label 
to detect said substance to be examined. 

6. The method of claim 5 Wherein said binding step in said 
hybridiZation assay is reaction betWeen a nucleic acid and a 
nucleic acid complementary thereto. 

[7. The method of claim 5 Wherein the acridinium ester is 
4-[2-succinimyZyloxycarbonyl)ethyl]phenyl-l0 
methylacridinium-9-carboxylate ?uorosulfate] 

8. A method for emitting chemiluminescence from an 
acridinium ester in an immunoassay, a hybridization assay 

—azide; 

20 

25 

16 
or an immunoblot assay, where said ester is 4-[2 

(succinimidyloxycarbonyl)ethyl]phenyl-1 O 
methylacridinium-9-carboxylate ?uorosulfate, comprising 
reacting at a pH of6 to 10 said acridinium ester and a 
superoxide anion produced in situ by electrochemical reduc 
tion of oxygen dissolved in an electrolyte using electrodes in 
the presence ofa?avin compound wherein said acridinium 
ester is attached as a label to a reagent in said 

immunoassay, hybridization assay or immunoblot assay. 
9. A method of detecting a substance to be examined in a 

sample in an immunoassay, hybridization assay or immu 
noblot assay, comprising, binding a chemiluminescent 
labeled substance having a?inity for said substance to be 
examined with said substance to be examined in a sample to 
produce a complex of said substance to be examined and 
said chemiluminescent labelled substance having a?inity 
therefor; separating said complex; reacting said chemilu 
minescent label with a superoxide anion at apH of6 to 10, 
said label being a 4-[2-(succinimidyloxycarbonyl)ethyl] 
phenyl-lO-methylacridinium-9-carboxylate ?uorosulfate; 
wherein said superoxide anion is produced in situ by elec 
trochemical reduction of oxygen dissolved in an electrolyte 
using electrodes in the presence of a ?avin compound; and 
measuring luminescence: ofsaid chemiluminescent label to 
detect said substance to be examined. 
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