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of the Inventi onghiigem®’ s MECROBIAT icRLISS WENES,0 OR GENESCOMIESLBY Ni nat i on
of nucleic acid by detecting the polynerase chai'n reaction (PCR

anplification prodegs, IAND MERSURENGKET (3MPLOYEIDFOR VIHE [SAMEES not
fluoresce in the free state but fluoresces reacting with doubl e- stranded
nucl eic acid. The present invention also
5 ACKGR F_THE INVENTION
The present invention relates to a method of
determination of nucleic acid by detecting the
polymerase chain reaction (PCR) amplification product
10 by use of a dye cqmpound which does not fluoresce in
the free state but fluoresces reacting with double-
stranded nucleic acid. The present invention also
relates to a method for measuring the number of
microbial cells, the number of specified genes and the
i5 number of specified gene copies. The present invention
further relates to a measuring-kit to be utilized for
the above method. The method is useful for measuring
the number of cells of a specified microorganism in a
sblution or in soil.
20 Related Background Art
The PCR is a method for enzymatically
amplifying a specific DNA sequence by using the
specified sequence as a template defined with two kinds
of primers. This method has become utilized in
25 detection of nucleic acid. Detection is conducted by

steps of selecting a specific sequence of the target



relates to a nmethod for measuring the nunber of m.crobial- cells, the nunber
of spésified genes and the 15 nurmber of 'specified gene copies. .The
present invention further relates to a neasuring-kit to be utilized for the
abov®& net hod. The method is useful for. q;asurlng t he nunber of cells of a
speci fied nmicroorganismin a solution’or®inh soil. 20 Rel at ed Backgr ound
Art The PCRis a nethod for enzymatically anplifying a specific DNA
sequence by using the specified sequence as a tenplate defined with two

ki nds of prinmers. This nethod has become utilized in 25 det ecti on of

ggatglngeag:‘ dt heﬁ?gﬁgjé?OQCi&‘z nuc eﬁg; am%’ftepre zfriﬁiﬁégz%tf&tg% &reﬂi for
anpl i fying a specific sequence, conducting PCR by utilizing the
target nucleic acid as a template, and detecting the
amplified specific sequence. According to PCR, the
5 specific sequence which is characteristic of the object
to be detected is amplified with a high amplification
rate, enabling the detection of even a minute amount of
target nucleic acid in a sample. For example, the
reaction for several hours can give about 1,000,000-

10 fold amplification. Therefore, even one molecule of
nﬁcleic acid can be detected by PCR. This -
amplification proceeds only when the two primer
sequences have complementarity to the template nucleic
acid, and no amplification product can be obtained when

15 the complementary sequence is not present.

Thus, PCR, which greatly improves the
sensitivity of nucleic acid detection, has come to be
utilized to detect nucleic acid in various technical
fields in place of the hybridization method:

20 particularly, to identify the pathogen of a virus- or
bacterial disease in clinical tests, to analyze genes
in genetic disorders, and to detect gene markers in
cancer diagnosis.

Another épplication of PCR is in measurement of

25 the cell number of a certain microorganism, which is
conducted with combination of PCR with MPN (most

probable number) method, [H.O0. Halvorson, and N.R.



a specific sequence, conducting PCR by utilizing the target nucleic acid as
a teffffate, and detecting the anplified specific sequence. According to
PCR, the 5 speci fic sequence which is characteri-stic of the object to be
deteeted is anplified with a high anplifgcation rate, enabling the
detection of even a mnute anmount of target nucleic acid in a sanple. For
exanpl e, the reaction for several hours can give about 1,000, 000- 10
fold anplification. Therefore, even one nolecule of nucleic acid can be
detected by PCR. This anplification proceeds only when the two priner
sequences have zgsglefengarBaytépidhe, t2Hpiod e(19B3 Rl ¢ arndvPRntethod,
anplification product can be obtai ned when 15 the conpl enentary sequence
i s not present. whitah, iBCRlsahcahled ethé ydihptiomscotmt smathodyi ay of
nucleic acid detection, has conme to be utilized to detect nucleic acid in
various techni caampilel ds serpahty dtlutedhyarpredatevninednpartion of
particularly, to identif{ t he pat hogen of a virus- or
. each sample dilution is inoculated into a culture
5 medium in a test tube, and incubated for a sufficient
period, thereafter occurrence of cell growth is
observed for each tube, and the statistic treatment of
the result gives the most probable cell number of the
specimen ("Dojobiseibutsu Jikkenho (Experiment in soil
10 microbiology)", page 45, publishea by Yokendo Co.).
This method has disadvantages that the procedure is
troublesome and requires many test tools and long
incubation period especially for soil microorganism
determination. Moreover, by MPN method, the number of
15 the specific microbial cells cannot be determined when
two or more kinds of microorganisms are present in the
sample, since the MPN method is positive for all the
microofganisms grown in the employed culture medium.
To offset such disadvantages, trials have been made to
20 detect a microorganism by the DNA level using DNA
amplification. One method therefor is a combination of
PCR with MPN. In this PCR-MPN combination method, DNA
is extracted from a sample containing the target
microorganism, the extracted DNA is serially diluted,
25 the dilutions are subjected to PCR with two kinds of

primers to amplify the nucleic acid sequence

characteristic of the target microorganism, and the



bacterial disease in clinical tests, to anal yze genes in genetic disorders,
and tD. detect gene markers in cancer diagnosis. Another application of PCR
is in measurenent of 25 the cell nunber ‘of .a certain m croorgani sm

whi s/ i s conducted with conbination of_FXIgthh MPN (nost probabl e nunber)
met hod, [H. 0. Hal vorson, and N R -3-"Ziegler; J. Bacteriol., 25 101
(1933)]. In MPN nethod, which is also called the dilution count nethod, a
sanple is serially diluted, a predeternm ned portion of each sanple dilution
is inoculated into a culture 5 mediumin a test tube, and incubated for

a sufficient pephffer!HErEREI BAXrHEEURIOFERLAN &&l1s WPdtdimirhserped for
each tube, and the statistic treatnent of the result gives the nost
probabl e cel|l nasbectohgttRe amplification product.
PCR amplification gives the product DNA in an
amount of micrograms from picograms of starting DNA in
5 a short time, which enables rapid in wvitro
amplification of cloned DNA or genome DNA in a large
amount. Thus, the PCR is now being applied to cloning
and various detections. In PCR, the target double-
stranded DNA is denaturated by heating to give single-

10 stranded DNA, and.the primers anneal to each of the
single-stranded DNA which serves as the template, and a
complemehtary strand is synthesized by extending the
primer with DNA polymerase.. Therefore, theoretically,
one strand of template DNA is required for

15 amplification. When genome DNA is employed as a
template DNA, the length of the single-stranded
template DNA greatly varies depending on the kind of
the source organisﬁ. For example, the human genome DNA
hés_a length of 10°® times that of Escherichia coli.

20 Thus, the number of DNA strands in one picogram differs
by several numerical orders depending on the kind of
the source organism.

The MPN-PCR method detects the number of DNA
based on the above quantitative characteristics. In

25 this method, the target DNA is serially diluted to the
extent that a certain dilution provides only one

molecule of DNA or none in the reaction system, and



speci nen (" Doj obi sei but su Ji kkenho (Experinent .in soil 10

m cr 6Bi ol ogy)", page 45, published by Yokendo Co.). This method has

di sadvantages that the procedure is troubl esone and requires many test

t ool*s” and | ong i ncubation period especiagly for soil mcroorganism
determ nation. Mreover, by MPN nethod, the nunber of 15 t he specific

m crobial cells cannot be determ ned when two or nore kinds of o

m croorgani sms are present in the sanple, since the MPN nethod is positive
for all the mcroorganisms grown in the enployed culture medium To of fset
such di sadvant agben theabNAhigecahpEhfhadecand ddtectd@t €6tdatarminggagani sm

by the DNA | evel using DNA anplification. One nethod therefor is a
conbi nati on of POR numbeRPHEf thetbemspRoEe NBWA conbecal é ofn neh8odrigial s
extracted froma sanple containing the target m croorganism the extracted
DNA i s serial | ySampieely pEobabihityli techniguer e Actprdinglyp BREswi th two
kinds of prinmers to anplify the nucleic acid sequence characteristic of the
t ar get nicroorggﬁygﬁFRaﬁgtgﬁ@ utilizes the principle of the MPN method
5 of measurement of microbial cell number replacing the
microorganism in MPN method with the template DNA, and
the growth of the microorganism with PCR. In other
words, in MPN, a sample containing microbial cells is
serially diluted to such a concentration that one cell
10 is present or not present in a certain volume of a
dilution, then inéubated for cell proliferation
detection. The number of the cells in the starting
sample is estimated from the results using probability
technique. In the MPN-PCR method, the microorganism is
15 replaced with template DNA, and the incubation process
with PCR. Accordingly, in the MPN-PCR method, the
object of the measurement is not the quantity of the
target DNA, but the number of DNA molecules.
- An example of the conventional MPN-PCR method
20 is described specifically below. DNA extracted from a
microorganism-containing sample is serially diluted to
prepare decimal dilutions (e.g., dilution rate of. 1,
1071, 1072, ..... , 107°). Here, the dilution rate 10™
means that the sample is diluted to contain 1/10" of the
25 original sample. The respective dilutions (10

dilutions in this case) are subjected to PCR to amplify

the target DNA. After the PCR, the reaction solution



-4- nunber of the target microbial cells is-determ ned by detecting the
anplﬁ?Bcation product.” PCR anplification gives the product DNA in an anount
of mcrograns from picograns of starting DNAin-5 - a short time, which
enabdes rapid in vitro anplification of gloned DNA or genome DNA in a |arge
anount. Thus, the PCR is now being applied to cloning and vari ous
detections. In PCR the target double- stranded DNA is denaturated by
heating to give single- 10 stranded DNA, and the priners anneal to each
of the single-stranded DNA which serves as the tenplate, and a
conpl enent ary stisasdbijectedt hesagadoby gelealleayropbopesier toi databin
pol ynerase. Therefore, theoretically, one strand of tenplate DNA is
requi red for 15the ampliffication. produatgssoan ehNdctrophpresid hand.
In a series of the dilutions, the band of the
amplification product becomes not detectable at a
5 certain dilution and thereafter. For example, if the
amplification product is detected at the dilution rate
of 10°° and dilutions lower than that, PCR is carried
out for the highest dilution in which the product was
- detected and two adjacent dilutions, namely the
10 dilutions of 107%, 10°%, and 10°%, in quintuplicate (15
samples in total), followed by agarose gel
electrophoresis to detect the amplification product.
The number of the samples positive for the
amplification product in quintuplicate at the
15 respective dilution is compared with the MPN table
shown later (cited from J. Bacteriol., 25 101 (1933),"
page 400), from which the most probable number is
obtained. In this example, if 5 reactions of 10™*
dilqtion are all positive (namely, amplification
20 product being detected), 3 out of 5 reactions of the 10
5 dilution are positive, and 1 out of 5 reactions of the
10® dilution is positive, from the numerals of 5, 3,
and 1, a value (1.1) is obtained by applying 5, 3, and
l1-to P,, P,, and P, in the MPN table. This value (1.1)
25 multiplied by the reciprocal of 10°° which is the
highest dilution detected for the PCR amplification

product, namely 1.1 x 10°, is the number of the target



tenpl ate DNA, the length of the single-stranded tenplate DNA greatly varies
dependiing on the kind of the source organism For exanple, the human genone
DNA has a.length of 10[err] times that of Escherichia coli. 20 Thus, the
nunber of DNA strands in one picogramdiffers by several nunerical orders
dependi ng on the kind of the source or@a%i§n1 The MPN- PCR net hod detects

t he nunber of DNA based on the above quantitative characteristics. In 25
this method, the target DNA is serially diluted to the extent that a
certain dilution provides only one nolecule of DNA or none in the reaction

system and aRa 1hePnEns, L$ 20RLiLisgaand detected to determined the
norecul e |

nunber of the tenplate . e original sanple by probability
techni que. Accordingly, athj;Ring that one molecule of the target

template DNA exists in one cell, the number of the
template DNA measured by the MPN-PCR method is equal to
5 the number of the cells in the sample from which the
sample DNA was prepared. When the target gene belongs
to a genome, however, several copies may exist for one
gene. In such a case, it is necessary to determine the
correlation between the cell number and the number of

10 the DNA prelimina;ily since the number of DNA does not
directly correspond to the cell number. Furthermore,
the DNA extraction efficiency also needs.to be taken
into account. Therefore, for a precise measurement
result, it is desirable to draw a calibration curve.

15 This method is also applicable to the gquantitative
determination of the cells having plural copies of a
specific gene due to the amplification as in the cancer
cell.

= The amplification product of PCR is

20 conventionally detected, for example, by developing the
PCR reaction mixture by gel electrophoresis to separate
the amplification product from the other components
such as the template nucleic acid and the primers,
identifying the fluorescence- stained band of the

25 amplification product in consideration of its molecular
weight, and measuring the fluorescence intensity.

The PCR reaction mixture contains also the



MPN- PCR net hod utilizes the principle of the MPN nethod 5 -  of neasurenent
of m bial cell nunber replacing the m croorganism.in MPN nethod with the
tenpl at'e DNA, and the growh of the mcroorganismwth PCR |In other words,
in M, a sanple containing microbial celgs_is serially diluted to such a
concentration that one cell 10 IS present or not present in a certain
volume of a dilution, then incubated for cell proliferation detection. The
nunber of the cells in the starting sanple is estimated fromthe results
using probability technique. In the MPN-PCR nethod, the microorganismis 15
repl aced with tet@ghplect®dNAuchaic tAEid )CeRess9 b Bces SofpdinkGR, etc.

Accordingly, in the MPN-PCR net hod, the object of the neasurenent is not
the quantity of Theréfoge; thé\ sdpératibonuodethefamii fddacidre profuctkanpl e
of the conventional MPN- PCR net hod 20 i s described specifically bel ow
DNA extracted frfmom otbevongartangebntamponentanpy egel eked¢tridphatiesised to
prepare decimal dilutions (e.g., dilution rate of. 1,
becomes difficult depending on. the nature of the
5 nucleotide sequence of the target DNA. Moreover, when
there are many test samples, it is laborious and time-
consuming to carry out complicated electrophoresis,
which lowers the efficiency of the detection operation.
Therefore, the conventional techniques are not
10 sufficient enough_for especially gene analysis in the
clinical examination where many samples should be
treated with high efficiency.
In the application of PCR to MPN method, in
order to estimate the precise number of the micrcbial
15 cells, the samples are serially diluted by ten-fold,
each dilution is PCR amplified, and the experiment is
repeated for three serial decimal dilutions including
the highest dilution in which the amplification product
ﬁas_been detected. Since this method estimates the
20 celi number based on probability, usually at least 5 to
10 repetition for each dilution level are required to
meet the conditions for the estimation of the cell
number on the basis of probability from the MPN table.
Accordingly, at least about 25 PCR products.for one
25 sample should be subjected to gel electrophoresis,

which means a lot of labor, complicated operations, and

time to obtain the result.



10[err], 1O[err] ....... 10[err]). Here, the ditution rate 10[err] neans
that the sanple is diluted to contain 1/10[err] of the 25 ori gi nal
sanple. The respective dilutions (10 dilutions in this case) are subjected
to RER to anplify the target DNA. After ghe PCR the reaction solution

-6- is subjected to agarose gel el ectrophoresis to detect the anplification
product as an el ectrophoresis band. In a series of the dilutions, the band
of the anplification product becomes not detectable at a 5 certain
dilution and thereafter. For exanple, if the anplification product is
detected at the dil uti onsr aeatdbneq] ebpireandetiettitonef| oueleifancifiat, PCR
Is carried out for the highest dilution in which the product was detected
and two adj acenordmeasusesentaes| picnebiel cedil| pumbas BY PORerr], 10[err],
and 10[err], in quintuplicate (15

requires, in many cases, complicated and time-consuming
operation to detect or determine the amplification

5 products after the amplification reactions, hindering
efficient treatmént of a large number of samples.
Therefore, a simple and precise method is strongly
desired for detection and determination of PCR
amplification products.

10 The most troublesome operation in detecting PCR
amplification pfoduct is the gel electrophoresis to
separate the amplification product from the primers
added to the reaction solution in large excess.
various methods are inyestigated to omit the separation

15 operation. Of the methods, noteworthy is a method
employing a fluorescent intercalating agent (an
intercalator) which increases fluorescence intensity
when bound to double-stranded nucleic acid. In this
méthod, the fluorescent intercalator reacts with the

20 double-stranded nucleic acid which has been amplified
by PCR, and the increase of fluorescence intensity
caused by the reaction is measured to detect the

_ amplification product. Theoretically, in this method
the primer (single-stranded DNA) does not increase the

25 fiuorescence intensity of the intercalator. Therefore,
this method advantageously saves the troublesome

separation operation.



sanples in total), followed by agarose gel .el ectrophoresis to detect the
anplkrﬁcation product. The nunber of the sanples positive for the
anplification product in quintuplicate at the-15 - respective dilution is
conpared with the MPN table shown later {gited fromJ. Bacteriol., 25 101
(1933), page 400), from which the nost probable nunber is obtained. In
this exanple, if 5 reactions of 10[err] dilution are all positive (nanely,
anplification 20 product being detected), 3 out of 5 reactions of the
10[err] dilution are positive, and 1 out of 5 reactions of the 10[err]

dilution is positive, fpapghhB8envgeént sapplicadionntaid-cpanlNe. (8-1) is
obtai ned by applying 5, 3, and 1 to P[err], Plerr], and Plerr] in the MPN
table. This val rg7000]) £3% examplé| piiisdlbyes hese eof paodpe, oas 18herr] which
is the highest dilution detected for the PCR anplification product, nanely
1.1 x 10[err], flubrescenteintértakatargesuch as ethidium bromide,
acridine orange, bisbenzimide, diaminophenylindole,
5 actinomycin, thiazole orange, chromomycin, and
derivatives thereof for detectipn of the PCR
amplification product. Of these dyes, ethidium bromide
is preferred of which fluorescence intensity increases
as much as about 50-fold under UV excitation light when
10 bound to double-stranded nucleic acid, and about 20-
fold under visible excitation light, in comparison with
that in the free state (before the reaction with the
double-stranded nucleic acid).
However, the dyes mentioned in the above
15 Japanese Patent Application Laid-Open No. 5-237000 have
fluorescence even in the free state. The measured
fluorescepce thus includes both the fluorescence
p:oduced by the double-stranded nucleic acid-dye
dbmplex and that of the free dye. Therefore, the
20 fluorescence of the free dye should be subtracted as
the blank value from the measured value. In other
words, in this method, the measured value does not give
directly the presence or the quantity of the
amplification product, and the blank value should be
25 subtracted therefrom. When the amount of the

amplification product is small, the increase of

fluorescence intensity from the blank value may be



-7- DNAin the

targed tenpl ate DNA exists in one cell,

original sanple DNA. Assum ng that one nol ecule of the

t he nunber of the tenplate DNA

measur'ed by the MPN-PCR nethod is equal to 5  the nunber of the cells in

t hexsanpl e from which the sanpl e DNA wa

bel ongs to a genone, however, several = i |es may exi st for one gene.

such a case, it
nunber and the
DNA does not di
extraction effi

preC| Seé neasurenen fesu

This nmethod is
cells having pl
in the cancer

10

prepared. When the target gene

n

IS necessary to determne the correl ati on between the cel

nunber of 10 the DNA prelimnarily since the nunber

of

rectly correspond to the cell number. Furthermore, the DNA

Sh&PEY a%f Ocﬂae%%s& i8¢ gg%%n £hit aeac%ece&ah pLRemekor e,

esir

for

to draw a calibration curve.

qﬁRJe to the quantitative determ nation of the

uréficoples of a specific gene due to the anplification as

YOYO-1 (Nucleic Acids Research, 20 (11), 2803-
2812 (1992)) emit little fluorescence in the free
state, but when intercalated into double stranded DNA,
a large increase of fluorescence intensity (about 3000-
fold) will occur. With this dye, the above
disadvantage of a high blank value can be offset. This
dye, however, is not practically useful because it

decomposes at room temperature. Moreover, this dye

- also detects the higher-order structure formed between

15

20

25

the primers, as mentioned later, which
disadvantageously prevents precise quantitative
determination.

From the above viewpoint, in the above Japanese
Patent Application Laid-Open No. 5-237000, the
amplification cycle is continued till a sufficient
fluorescent intensity is obtained in comparison with
fhe blank value: the number of necessary cycles is in
reverse proportion to the initial concentration of the
target nucleic acid. In the determination of a target
nucleic acid in the specification of the above Patent
Application, the change of the fluorescence intensity
is monitored in the course of the PCR amplification,
and the initial concentration of the target nucleic
acid is determined from the cycle number at whicﬁ the

fluorescence intensity changed abruptly.

a
15



cell. The anplification product of PCRis 20 conventional |y detected,
for exanple, by developing the PCR reaction m xture by gel electrophoresis
to separate the anplification product fromthe other conponents such as the
tenplate nucleic acid and the priners, E entifying the fluorescence-

stai ned band of the 25 anmplification product in consideration of its
nol ecul ar wei ght, and neasuring the fluorescence intensity. The PCR
reaction m xture contains also the -8- tenplate nucleic acid, excess

anounts of priners, etc. Therefore, the separation of the anplification
product from other non-dael neiHAH dctbrithatliont reglieres a becones

difficult depending on the nature of the 5 nucl eoti de sequence of the
target DNA. MaamsTesddeoperation of monitoring the fluorescence

intensity in each cycle of the PCR reaction. Moreover,
it is sometimes difficult to detect the point of the

5 significant change of the fluorescence intensity.
Therefore, the method still has problems in efficiency
and sensitivity for quantitative determination of the
target nucleic acid.

When-the PCR amplification product is detected

10 with ethidium bromide (EB) or the like, it is
theoretically possible to detect the amplification
product in the reaction mixture in the presence of the
primer set, since the fluorescence intensity does not
increase on reaction with primers.' However, according

15 to the studies by the inventors of the present
invention, primers react each other during the PCR to
form aggregates (higher order structures having a
three-dimensional structure) which is also detected
with ethidium bromide or the like. If the

20 ampiification product is formed in a much larger amount
than the higher-order structured primers, no problems
arises. If not, the ratio of the fluorescence due to
the higher-order structure matter in the measured
fluorescence.becomes larger, which prevents precise

25 quantitative determination. The amount of the higher-
order structured matter is not steady since it becomes

small when the amplification products is formed in



there are many test sanples, it is |laborious and tinme- consumng to carry
out eonplicated el ectrophoresis, which |owers the efficiency of the
detecti on operation. Therefore, the conventional techniques are not 10

suf ~-Ci ent enough for especially gene alysis in the clinical exam nation
where many sanpl es should be treated ™ wth™high.,efficiency. In the
application of PCRto MPN nethod, in order to estinmate the precise nunber
of the mcrobial 15 cells, the sanples are serially diluted by ten-fold,
each dilution is PCR anplified, and the experinent is repeated for three

serial deci mlo&é%%frﬂfa%é ngldidig V%{ig_giigﬁ%tgd%w IHN ddimidd Gibdde

anplification produc been d€t e I's nethod estimates the 20

cel | nurber baggh 0g PIEBADI i o Al dedils P Bodudd D dctaid {fon for

each dilution I'evel are required to neet the conditions for the estimation

of the cell nufherefdréherhastsriictidibalyl |ddnpdriesr e dtPNHealleank
Accordingly, at |east about 25 PCR products for one

value is not easy.

5 The formation of the higher-order structured
matter can be confirmed, for example, by conducting PCR
in the absence of template nucleic acid, developing the
reaction mixture by gel electrophoresis, and observing
a cloud-like pattern stained with ethidium bromide in

10 the low molecular weight zone.

The measurement error caused by the higher-
order structure is ascribable to the PCR itself, and is
liable to be more significant when the amplification is
conducted for more cycles with a lower initial

15 concentration of the target nucleic acid.

Accordingly, the conventional methods of
determination of amplification product as described
above are still insufficient for higher sensitivity.

The measurement of microbial cells by

20 combination of MPN with PCR also involves the same
problem of formation of the higher-ordered structure
matter from the primers, inviting large determination

error.

25 SUMMARY OF THE INVENTION

The present invention intends to provide a



25 sanpl e shoul d be subjected to gel electrophoresis, which neans a | ot
of | ab®r, -conplicated operations, and tine-to obtain the result. -9- As
ment i oned above, detection of nucleic acid or neasurenment of microbial cel
nunber by PCR requires, in many cases, cqg?licated and time-consumn ng
operation to detect or determne the anpliTication 5 products after the
anplification reactions, hindering efficient treatnent of a |large nunber of
sanpl es. Therefore, a sinple and precise nethod is strongly desired for
detection and determ nation of PCR anplification products. 10

The nost troubl PPESATSA0 4 b Qf‘étﬁ&‘nli’}%tpgﬁ Ypld fﬂcﬁ?‘g\h@iﬁi tord S
the gel electrophoresis to separate the anplification product fromthe
prinmers product in a simple operation.
The present invention also intends to provide a
method for measuring the number of target microorganism
5 dr cells, the number of a specified gene, or the copy
number of a specified gene.
The present invention also intends to provide a
measuring kit for the above methods.
The method to determine the nucleic acid
10 quantity of the present invention comprises conducting
PCR on the sample nucleic acid using a primer set which
is necessary to amplify a specified sequence region of
the target nucleic acid, then reacting the double-~
stranded amplification product which is formed when the
15 target nucleic acid is present in the sample, with a
dye compound which does not fluoresce in the free state
but fluoresces when reacted with the double-stranded
nucleic acid, followed by measuring the fluorescence
intensity to determine the quantity of the target
20 nucleic acid in the sample.
The measuring kit for the nucleic acid
determination of the present-invention comprises a
reactor in which a necessary amount of a dye compound
which does not fluoresce in the free state but
25 fluoresces when reacted with double-stranded nucleic
acid is plaqed in a PCR reaction chamber. This

measuring kit may contain in the reaction chamber a



added to the reaction solution in large excess. Various methods are

I nve gated to omt the separation 15 -operation. O the nethods,

not e thy is a nmethod enploying a fluorescent intercalating agent (an

i ntercal ator) which increases fluorescence intensity when bound to

doubl e-stranded nucleic acid. In this—ngPhod, the fluorescent intercalator
reacts with the 20 doubl e- st randed nuclelc aci d which has been anplified
by PCR and the increase of fluorescence intensity caused by the reaction
Is measured to detect the anplification product Theoretically, in this

A et
advant ageously aﬁ%fif§r§3éﬂéﬁggfﬁﬁ”@%&ﬂ@%@éaEb%&oﬂp%&akh%ntargetlo -
nucleic acid. The measuring kit may have a PCR
reaction chamber and separated from it, a reagent
5 chamber wherein a necessary amount of a dye compound
which does not fluoresce in the free state but
fluoresces when reacted with double-stranded nucleic
acid is placed so as to be fed to the reaction chamber.
This kit also may contain in the reaction chamber a
10 necessary amount of a primer set required for PCR
amplification of the specified sequence region of the
target nucleic acid.
The method for measuring the number of a target
microorganism or cells, the number of a specific gene,
15 or the copy number of a specific gene comprises
extracting the nucleic acid from a sample containing a
midroorganism or cells to be detected, preparing serial
dilutions of the extracted nucleic acid, conducting PCR
oh the diluted samples to amplify a sequence which is
20 characteristic of the microorganism or the cells,
reacting the resulting amplified double-stranded
product with a dye compound which does not fluoresce in
the free state but fluoresces in the bonded state to
the double-stranded nucleic acid, measuring the
25 intensity of the fluorescence, and deriving the number
of the microorganism or the cells, the specified genes,

or copies of the specified gene from the dilution where



Japanese Patent Application Laid-Open No. 5- 237000, for exanple, discloses
use 3Laa dye, as the fluorescent intercal atqr, such as ethi'dium brom de,
acri di fe orange, bisbenzim de, diam nophenylindole, 5 act i nonmyci n,

thi azol e orange, chrononycin, and derivatjives thereof for detection of the
PCR anplification product. O these dyes, ethidiumbromde is preferred of
whi ch fluorescence intensity increases as nuch as about 50-fold under WV
excitation |ight when 10 bound to doubl e-stranded nucleic acid, and
about 20- fold under visible excitation light, in conparison with that in

the free state ({d of BudFEsdaRsd Ivs WHderdea doubl e- stranded nucl eic acid).
However, the dyes nentioned in the above 15 Japanese Patent Application

Lai d-Open No. 5-237000 heive meamuneiReencie: ausd ifort uhd rabovet ate. The
measured fluorescence thus includes both the fluorescence produced by the
doubl e- st randed messeremant deoyer iseg | & xreawbdihdtavwiing lee fllugmldyty of
Therefore, the
reaction chambers for PCR and containing therein a
5 required amount of a dye compound which does not
fluoresce in the free state but fluoresces when in the
bonded state to double-stranded nucleic acid, the
reaction chambers can be employed for serial dilution
of nucleic acid sample extrécted from a sample
10 containing target_microorganism or cells, as well as
the PCR of each dilution for amplification of a
sequence which is characteristic of the target
microorganism or cells. The each reaction chamber of
the kit may further contain a primer set for PCR of the
15 sequence characteristic of the target microorganism or
cells.

The present invention mentioned above is

applicable also to an MPN-PCR method as described

léter.
20
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 illustrates an arrangement of samples
prepared in Example 1 on a microplate.
Fig. 2 shows the relation between the
25 fluorescence intensity and the amount of template DNA

in Example 1.

Fig. 3 shows the relation between the



20 fluorescence of the free dye should be subtracted as the bl ank val ue
fromthe neasured value. In other words, in this nethod, the neasured val ue
does not give directly the presence or the quantity of the anplification
product, and the blank val ue should be %% subtracted therefrom \Wen

t he anobunt of the anplification product i‘'s small, the increase of
fluorescence intensity fromthe blank val ue nay be -11- small, and the
sensitivity of the detection beconmes inevitably low. YOYO 1l (Nucleic Acids
Research, 20 (11), 2803- 2812 (1992)) emt little fluorescence in the free

5 state, but ' j
I ncrease of fru%%%%ﬁéé%ﬁﬁ%yf‘?a%ﬁ%gﬁ d%%%&w%pol%c‘éu%r&%t h this

dye, the above jn comparative Example 2.

Fig. 4 illustrates an arrangement of samples
prepared in Example 2 on a microplate.

5 Fig. 5 shows the formation of a PCR
amplification product in the respective samples on the
microplate in Example 2. The shadowing shows the wells
of which fluorescence intensity was twice or more of
the blank.

10 Fig. 6 shows correlation between the cell
numbers obtained in Example 2 and those obtained in
Comparative Example 3.

Fig. 7 shows the position of the wells of which
fluorescence intensity were twice or more that of the

15 blank value in Example 3.

Fig. 8 shows the results of Example 4 with the
sample from the tissue A.

Figs. 9A to 9C show the construction and the
méthod of use of a nucleic acid-detecting kit of the

20 present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The dye compound employed in the present

invention does not fluoresces in the free state but

25 fluoresces when reacted with double-stranded nucleic
acid. Reaction of the dye compound with double-

stranded nucleic acid means specific insertion of the



di sadvant age of a high blank value can be offset. This dye, however, is not

practrgally useful because it 10 deconposes at roomtenperature.
Moreover, this dye al so detects the higher-order structure forned between
the prinmers, as mentioned |ater, which digadvantageously prevents precise
quantitative determ nation. 15 - 18From t he above vi ewpoint, in the
above Japanese Patent Application Laid-Open No. 5-237000, the anplification
cycle is continued till a sufficient fluorescent intensity is obtained in
conmparison with the blank val ue: the nunber of necessary cycles is in 20

| val ue:. _ s jisin20
[ the. dot or mi niionenpRlnd e GEORRER' b ORCAE ol grhalbE © T T

above Patent AppliyGithie df@cuiaRdetbniia Bha&a&;csaf& {:Btﬁﬂﬁb.ty s

nonitored in the course of the PCR anplification, 25 and the initial
concentrati on okfHeh@tAr 9&n RAMHestatel, dthe d9beEBNPEEnd’ 8TubPEsEE! 8n

nunber at which the
irradiation of excitation light. The dye compound does
5 not fluoresces in the free state, i.e., in the
separated state, on irradiation of excitation light.
This dye compound does not readily enter short
double-stranded portions of primers which do not form
stable double helix structure. Even if it enters that
10 portion, it produces no fluorescehce, that is, it
fluoresces only in the bonded state to the stable
double helix structure. Accordingly, the dye compound
of the present invention is the one which enters a main
groove or a sub groove of a double helix structure and
15 links thereto, producing fluorescence in that state.
The use of a dye compound having such characteristics
enables precise and selective detection of the
amplification product by simply adding directly the dye
compound to a PCR reaction mixture without separating
20 the amplification product from the primers and template
nucleic acid. The fluorescence of the dye compound in
the free state may be negligibly weak.
The dye compound is exemplified by DAPI (4', 6~
diamino-2-phenylindole dihydrochloride), Hoechst 33258
25 (trade namé), Hoechst 33342 (trade name), pyrylium
compound salts and other salts analogous thereto

represented by the general formula [I] below:



fluorescence intensity changed abruptly. - -12- Such a nethod of

determ nation requires a troubl esone operation of nonitoring the
fluorescence intensity in each cycle of the PCR reaction. Mreover, it is
somsti nes difficult to detect the point gf the 5 significant change of
the fluorescence intensity. Therefore,” ttte method still has problens in
efficiency and sensitivity for quantitative determ nation of the target
nucl eic acid. When the PCR anplification product is detected 10 W th
ethidiumbromde (EB) or the like, it is theoretically possible to detect
the anplification product in the geaction mixture in the presence of the
primer set, since the quorescencej&nrerity does not increase on reaction

with primers. However, accordhﬁg_T_ Xt y— (1]
. p3-%-"
where (‘ >V represents a heterocycle, and X is O, S,
5 Se, or Te,\;he heterocycle including a five-membered

and six-membered ring such as a pyrylium ring and
pyrylium-analogous ring; R!' and R’ are independently a
hydrogen atom, a halogen atom, a sulfonate group, an
amino group, a styryl group, a nitro group, a hydroxyl
10 group, a carboxyl group, a cyano group, a substituted
or unsubstituted lower alkyl group, a substituted or
unsubstituted aryl group, a substituted or
unsubstituted lower aralkyl group, or a substituted or
unsubstituted cycloalkyl group; R® is a group of -A or -
15 L-A wherein L is -L!-, -L?-13-, or -L*-L°-L%-, L! to LS
being independently -(CH=CH);, a bivalent group derived
from a substituted or unsubstituted aryl group, a
substituted or unsubstituted alkylene group, or -CH=R*-
(R‘ representing a cyclic structure having an oxo
20 group). The bivalent group derived from a substituted
or unsubstituted aryl group includes a phenylene group
and the like, and may have the bonds in any of ortho,
meta, and para positions. The lower alkylene group
ipcludes linear or branched alkylene group having 1 to
25 4 carbons, the substituent including groups of -L-A.
The cyclic structure having an oxo group includes a

heterocycle, aromatic ring, and aliphatic ring having-



15 to the studies by the inventors of the present invention, priners
react ~each other during the PCR to form aggregates (higher order structures
havi ng a three-di mensi onal structure) which-is also-detected with ethidium
brom-de or the like. If the 20 anplifigation product is formed in a much
| arger anount than the higher-order structured prinmers, no problens arises.
If not, the ratio of the fluorescence due to the higher-order structure
matter in the nmeasured fl uorescence becones |arger, which prevents precise
25 guantitative determ nation. The anount of the higher- order
structured matte ey i It becones small when the
anplification pr%dué?%gﬁgi%orne in -~ -13- overwhel ming anount, while it

;endsdto be fornmed nore @ﬁgﬁbébﬁétiﬂjaﬁgefgkéﬁm§|ﬁﬂdxndé§qtmkﬁduct is
o represented by the general formulas fxxy, [I1x1, [IV],
[V], and [VI] below:
5 | ~CH=C— (CH=CH) ,— [I1I]
| z
where Z is a hydrogen atom, or a substituted or
unsubstituted lower alkyl group; and n is 0, 1, or 2,
and the substituent for the alkyl group is exemplified
10 by -L-A defined above;
~-3-(CH=CH) - [1IX]

where n is 0, 1, or 2, and ¢ is a substituted or

unsubstituted o-, m,- or p-phenylene.

-CH=CH-$~-CH=CH-~- [IV]
15 where & is a substituted or unsubstituted o-, m-, or p-
phenylene group:;

o)

—CH vl
o~

j‘j [(vi]

—CH

0

In the above general formulas, the substituent of the
phenylene includes the groups mentioned above.

25 The group A in R?® in General Formula [I] is a
substituted or unsubstituted aryl, or -CH=R® (R® being a

substituted or unsubstituted heterocycle, a substituted



Therefore, the correction by conparison w-th.the.blank value is not easy. 5
The formation of the higher-order structured:-matter ‘can be confirmed, for
exanpl e, by conducting PCR in the absence of :tenpl at.e nuclei.c acid, -
devaelopi ng the reaction m xture by gel el ectrophoresis, and observing a
cloud-like pattern stained with ethidi"u broni de in 10 t he | ow nol ecul ar
wei ght zone. The neasurenent error caused by the higher- order structure is
ascribable to the PCRitself, and is liable to be nore significant when the
anplification is conducted for nore cycles with a lower initial 15
concentration of  the ' | e [ Accordi : cghventi onal
nmet hods of dete *ﬁg?%%ﬁgb t%#gfﬁ#ﬁé%@f%%’p%%d&b%ng%¥a§gg§?b§g above are
still insufficign + 1] r It g .Th 18f £B-CRODI al

Gy AP TR Ald i) ThenEeaREeaBYE

cells by 20 conmbl nat1on of al so involves the sane probl em
of formation of;libg,didheie Uity FbSilvdd i the groups shown below:

OO0, DO
e IR aRaL ey

where M and N are independently an oxygen atom, a
sulfur atom, or a nitrogen atom, and Y~ is an anion.
The substituent therefor includes a substituted or
15 unsubstituted aryl group. The substituted or
unsubstituted cycloalkyl group may be saturated or
unsaturated and includes the ones derived from the

groups below capable of constituting a resonance

system:
) OO0 O
The substituted or unsubstituted aromatic ring includes
an azulene ring. The substituent linked to the above
25 groups includes lower alkyl groups, and substituted or

unsubstituted aryl groups.

In the pyrylium ring or an analogous ring



matter fromthe primers, inviting |arge determ nation err-or.. 25 - SUMVARY
OF T | NVENTI ON The, present invention intends to provide a -14- met hod
for précise determination of a PCR anplification product..in..a sinple
opertion. The present invention also intends to provide a nethod for
measuring the nunmber of target mcroorgddsmb5 or cells, the nunber of a
speci fied gene, or the copy nunber of a specified gene. The present

i nvention also intends to provide a neasuring kit for the above nethods.
The nethod to determine the nucleic acid 10 guantity of the present

nventi on COMPT{SSRa PTG ! hd RIS S sorltS] S B LB 2
a‘éom which is not linked to R}, R?, or R® may be
substituted by a halogen atom, a sulfonate group, an
amino group, a styryl group, a nitro group, a hydroxyl

5 group, a carboxyl group, a cyano group, & substituted
or unsubstituted lower alkyl group, a substituted or
unsubstituted aryl group, or a substituted or
unsubstituted lower aralkyl group.

Y is an'anion, including BF,”, perchlorate ion,

10 HO,SCH,CO007, halide_ jon such as chloride ion, bromide
ion, iodide ion, and fluoride ion, a compound
functioning as an anion such as aliphatic sulfonates
and aromatic sulfonates, and complex ions of transition
metals such as Zn, Ni, Cu, Pt, Co, and Pd4.

15 When the above substituent is further
substituted by a halogen, the halogen includes Cl, Br,
and I. The lower alkyl group may be linear or
b;anched, and is preferably of 1 to 4 carbons. The
aryl group includes-a phenyl group 6r the like. The

20 substituent of the aryl or phenylene group includes an
amino group substituted with a lower alkyl group
(lower-alkylamino group). Such a lower-alkyl amino
group include preferably dimethylamino, diethylamino,
or the like at a para position. The lower aralkyl

25 group includes lower alkyl groups substituted by the

aforementioned substituted or unsubstituted aryl.

0f the compounds represented by General Formula



I's necessary to anplify a specified sequence region of the target nucleic
acid, then reacting the double- stranded anplification product which is.
formed when the 15 target nucleic acid is present in the sanple, with a
dye ~eonmpound whi ch does not fluoresce in the free state but fluoresces when
reacted with the doubl e-stranded nucl et 23cid, followed by nmeasuring the
fluorescence intensity to determne the quantity of the target 20

nucleic acid in the sanple. The nmeasuring kit for the nucleic acid

determ nation of the present invention conprises a reactor in which a

State bul 25 LFf uoPae CEsCORERLT AL (Rt SR it ¢ AR ucl o ¢ aci d

s placed in a ECRLGACELOWGNBIDS: Aok SEESHILNMeK ér Te ALY the
aryl groups. The examples of such compounds having
six-membered heterocycle are:

5 (1) those having substituted or unsubstituted aryl
groups at 2- and 4-positions and an R® group at any one
of 3-, 5-, and 6-positions of the X-containing six-
membered ring:;

(2) those having substituted or unsubstituted aryl
10 groups at 3- and 5-positions and an R® group at any one
of 2-, 4-, and 6-positions of the X-containing six-
membered ring; and
(3) those having substituted or unsubstituted aryl
groups at 2- and 6-positions and an R® group at any one
15 of 3-, 4-, and 5-positions of the X-containing six-
membered ring.
The introduction of substituted or unsubstituted aryl
groups to such positions is preferred to obtain
satisfactory properties as an intercalator in a nucleic
20 acid base pairs. Additionally, the X-containing
heterocycle is preferably substituted by two or more
substituted or unsubstituted aryl groups such that the
substituting positions are not adjacent to each other.
Specific examples of the compound of General
25 Formula [I] are shown later in Table 1. Of these,
particularly preferred are 2,4-bis(N,N, -

dimethylaminophenyl )-6-methylpyrylium salts and 2,4-



-15 - necessary anmount of a primer set required for PCRto anplify a

speci faed sequence region of the target nucleic acid. -The neasuring kit may
have a PCR reaction chanber and separated fromit, a reagent 5 chanber
wherei N a necessary anmount of a dye conp d which does not fluoresce in
the free state but fluoresces when reactggfmdth doubl e- stranded nucl ei c
acid is placed so as to be fed to the reaction chanber. This kit also may
contain in the reaction chanber a 10 necessary anount of a priner set
required for PCR anplification of the specified sequence region of the
target nucleic apid(NThe-aBhdery i nmAsatyNp-4- e thibeni iy sy Lauget

m croorganismor cells, the nunmber of a specific gene, 15 or the copy
nunber of a speckhlesyeepréssnted sy Gdnacdl EptmelaupVELT: acid from a
sanpl e containing a mcroorganismor cells to be detected, preparing serial
dilutions of the extracted nucleic acid, conducting PCR

N (CHg) 4

<+

CH, V1]
(CHg) , N Y™

10 where X is O or S, and Y is an anion. These compounds
are preferred becﬁuse of its very high intensity of
fluorescence in the inserted state into double-stranded
nucleic acid.

The dye compound employed in the present.

15 invention reacts selectively with the stable double-
stranded helix DNA to produce fluoréscence. Therefore,
even if the dye compound is incorporated in a higher-
order structure formed by the aforementioned reaction
from primers, the compound does not fluoresce because

20 the double-stranded portion of the higher-order
structure is not a stable double-stranded structure.

The compound of General Formula [Ij is
infroduced specifically into the double-stranded
structure in a ratio of one molecule to 20 to 30 base

25 pairs, the compound is advantageously not liable to be
inserted into the higher-order structure derived from

primers as mentioned above. Further, when the compound



on the diluted sanples to anplify a sequence which is 20 characteristic
of thg microorganismor the cells, reacting the resulting anplified
doubl e:- stranded product with a dye conpound whi ch does not fluoresce in the
free—state but fluoresces in the bonded ate to the doubl e-stranded

nucleic acid, neasuring the 25 intensity of the fluorescence, and
deriving the number of the mcroorganismor the cells, the specified genes,
or copies of the specified gene fromthe dilution where - 16 - the

fl uorescence was observed. The neasuring kit used for the above neasurenent

CorPa o ek eSS 11 M s st (R a0
fluoresce in thgefifedt RiS1OHE {diPSShfonavidy td&sequence to be
amplified, the incorporation density is much lower than
that of ethidium bromide or the like, so that the
5 elevation of me;ting temperature (Tm) of the double-
stranded nucleic acid hardly occurs not affecting the
PCR. Because of the low incorporation density, when
the PCR product is analyzed by gel electrophoresis, the
mobility of the double-stranded nucleic acid is hardly
10 affected by the incorporated dye compound, thus
enabling precise éize measurement.

On the contrary, a conventionally used
fluorescent intercalator such as ethidium bromide,
acridine orange, and YOYO-1 is inserted into the

15 double-stranded nucleic acid at a ratio of one molecule
to several base pairs (about 2 to about 5 base pairs).
These dyes are incorporated into the double-strand
portion of the aforementioned higher-order structure
formed from the primers, which causes increase of

20 undesired fluorescence. Also these dyes greatly affect
Tm of the double-stranded nucleic acid and the mobility
thereof in gel electrophoresis because of the high
incorporation rate into the target double-stranded
nucleic acid.

25 To conduct precise quantitative determination
by utilizing the above benefit of the dye compounds in

the present invention, the amplification product is



bonded state to doubl e-stranded nucl eic aci-d, -the reaction chanbers can be

enpl oxyed for serial

10

target mcroorganismor cells. The each

dilution of nucleic acid sanple extracted froma sanple

0 - _Eontaining target mcroorganismor cells, as well as the PCR of each:
dilut+on for anmplification of a sequenc%yﬁhich I's characteristic of the

action chanber of the kit may

further contain a prinmer set for PCR of the 15 sequence characteristic
of the target mcroorganismor cells. The present invention nentioned above
is applicable also to an MPN-PCR net hod as described |ater. 20 BRI EF

DESCRI PTI ON OF
prepared in Ex

the 25

] . . ) f | i
a&égp&é@\%&l?o mﬁ{é?%p%%%%i.éj'g%mlgés%v%g{{ ﬂe re% atel'gn ngp vvegﬁ

fl uoreREABESrd MtRESHEYsaNE {MPerdiiti Diudeil JfterDVhe

10

15

20

25

amplification products have a length of 100 base pairs
or more, for example, preferably 300 base pairs. The
maximum length of the amplification product is not
particular;y limited. The velocity of incorporation of
the nucleotide in PCR is said to 35 to 100 nucleotides
per second, for example, at 72°C. The rate depends on
the reaction conditions such as pH and salt
concentration of the reaction medium, and the base
sequence of the target nucleic acid. Accordingly, when
the reaction time of each cycle of PCR is one minutes,
the length is preferably not more than 2000 base pairs.
In addition, since byproducts tend to be formed when
the chain length is excessively long, it is preferable
that the length is not more than 1000 base pairs ("PCR
Protocols", edited by Michael A. Innis, David H.
Gelfand, John J. Sninsky, and Thomas J. White, 1990,
(Academic Press Inc., San Diego, Calfornia 92101})).

In the PCR, a primer set which is capable of
defining the intended specific region of the target
nucleic acid is used according to the purpose. The
primer is required to have a sufficient length for
recognizing the specific sequence at the end of the
séecific region to be amplified of the template nucleic
acid, but should not be unnecessarily long, since

excessively long primers tend to form locally a double-



in Exanple 1. Fig. 3 shows the relation between the . - .17 - fluorescence
I ntensity_and the anount ~of tenplate DNA in Conparative Exanple 2. Fig. 4
illustrates an arrangenent of sanples prepared in Exanple 2 on a
Fig. 5 shows t formation of a PCR anplification
product in the respective sanples on the*nicroplate in Exanple 2. The
shadowi ng shows the wells of which fluorescence intensity was tw ce or
of the blank. 10 Fig. 6 shows correl ati on between the cel

nunbers obtained in Exanple 2 and those obtained in Conparative Exanple 3.

Fig. 7 shows thegpasiiblioRtelictiteBitveh ¥He CGhrimers. Therefore, the

m crepl at e.

10

15

20

25

5

léngth of the primer is less than about 30 base pairs,
preferably less than about 28 base pairs. The minimum
of the primer length is not specially limited, but is
required to have a sufficient length for recognizing
the terminal portion of the specific region to be
amplified: e.g., not less than 14 base pairs,
preferably not less than 18 base pairs.

In the quantitative determination of nucleic
acid of the present invention, firstly a sequence
region is specifiéd which is characteristic of the
target nucleic acid to be determined. Secondly, PCR is
conducted using a primer set necessary for
amplification of the specified sequence region and the
target nucleic acid as the template. Subsequently, the
resulting amplified product is reacted with a dye
compound having the aforementioned properties, and the
intensity of the fluorescence is measured with
ifradiation of excitation light. The intensity of the
fluarescence is proportional to the initial
concentration of the template (the concentration before
the PCﬁ) provided that the concentrations of the
reaction components are selected suitably. Therefore,
the target nucleic acid in an unknown sample can be
determined by conducting PCR and then measuring the
fluorescence intensity by reference to a calibrétion

curve prepared preliminarily for the fluorescence

nore



fluorescence intensity were twice or nore that of the 15 bl ank val ue in
Exanple 3. Fig. 8 shows the results of Exanple 4 with the sanple fromthe
tissue A Figs. 9A to 9C show the construction and the method of use of a
nuckei ¢ aci d-detecting kit of the 20 resent invention. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS“&he dye conpound enpl oyed in the
present invention does not fluoresces in the free state but 25

fluoresces when reacted with doubl e-stranded nucl eic acid. Reaction of the
dye conmpound wi th doubl e- stranded nucl eic acid neans specific insertion of

e e ot oanct S HRERGLRY, bA 8 FURBYEEnLe2cRL L, 1LD Solisbarabiuit ure of

doubl e- st randed™
The quantitative determination can be conducted

simply by use of a calibration curve as mentioned above
with a reaction system for which the optimum condition
5 has been established. The reaction conditions,
however, especially the amount of the target nucleic
acid, the amount of the primers, the :eaction
temperature, etc. depend on the respective reaction
systems. Therefore, when the optimum reaction
10 conditions for calibration curve preparation are
unknown; complicafed'operatidns are necessary for
establishing the conditions.
When the conditions for calibration curve
preparation are not established in the system, the
15 approximate quantity of the target nucleic acid can be
measured by simply preparing serial dilutions of the
nucleic acid of an unknown sample, conducting PCR with
the diluted samples, and determining the target nucleic
écid segment by use of an MPN-PCR method which gives
20 proﬁability of detection of the target nucleic acid
segments. Thereby the conditions for preparing the
calibration curve can be obtained easily. For
instance, in the specific example described before in
the Related Background Art, the number of the template
25 DNA in the sample is 1.1 x 10°, and at 107° dilution,
three samples out of the five samples are positive. In

this case, at the concentrations of 10 dilution or



thereto. In that state, the dye conpound fluoresces on irradiation of
excitation light. The dye conpound does 5 ~ 'not fluoresces in the free
state, i.e., in the separated state, on irradiati:on of excitation |ight.

Thi s~dye conpound does not readily enter_short double-stranded portions of
primers which do not form stable double R8I tx structure. Even if it enters
that 10 portion, it produces no fluorescence, that is, it fluoresces
only in the bonded state to the stable double helix structure. Accordingly,
the dye conpound of the present invention is the one which enters a main
groove or a sub ve oupl el uctur nd 15 t heret o,
pr oduci ng quoreggg %El gt%g? Fls ﬁ%gﬁéeg%feg % %pncengﬁ%%lﬁaV|ng such
characteristics bles ang;s h t eLeckip

anplification prggﬁcbgb B%?%%?% adglng S%r%%?Tg %he£%ygtg%npound to a PCR
reaction m xt ur eoldfRinti8AALAhG8Y1RB1ua1 hCLABPLEL EEGAL 0Bt PAOSS of T OM

the prinmers and tenplate nucleic acid | uor escence of dye conpound
in the template DNA is determined according to the
5 presence or absence of the amplification product, and

then detailed MPN investigation is conducted on the
concentration region. This is because, in agarose gel
electrophoresis, the detection is conducted in an
ON/OFF manner, the presence or absence of the band, and
10 even when the DNA is quantitatively detected by
fluorescence staining, the quantitation is not
sufficient in spite of the complicated operations. On
the other hand, the method of the present invention
employing an MPN-PCR method as described later makes it
15 practicable to check the formation of amplification
product for all over the dilutions, by use of a tool
such as a microplate which can provide many reaction
zones (chambers). For instance, when the sample
desqribed in the Related Background Art is treated on a
20 microplate according to the present invention, positive
wells and negative wells will be observed at the 10°°
dilution, while at the lower dilution levels, 10™*
dilution or lower, the same intensity of fluorescence
will be observed in the same dilution level, because
25 the amplification proceeds in the same degree in the
same dilution level. The plots of the average

fluorescence intensity of the five reaction of



the free state may be negligibly weak. The dye conpound is exenplified by

DAPI ', 6- di ami no- 2-phenylindol e di hydrochlori de), Hoechst 33258 25
(tradey¥nane), Hoechst 33342 (trade nane), pyrylium conpound salts and ot her
sal ts~anal ogous thereto represented by the general fornula [I] bel ow -
19 - [err] where [err] represents a-hgperocycle, and Xis 0, S, 5 Se,

or Te, the heterocycle including a five-nenbered and si x-nmenbered ring such
as a pyryliumring and pyrylium anal ogous ring; R err] and Rerr] are
i ndependently a hydrogen atom a hal ogen atom a sul fonate group, an am no
group, a styryl group, a nitro group, a hydroxyl 10 group, a carboxyl
group, a cyano gespectiveulddiiutdondasr aufvootionupéddidweionl k¢veyeoup, a
substituted or '
will give a straight line. The longer the straight
line region, the more appropriate is the PCR
conditions. If the plots deviate significantly from
5 the straight line, it means that the quantity of the
primer or other conditions need to be changed.
. If the fluorescence intensity is in a linear
relation with the dilutions, the number of the template
DNA and the quantity thereof (number x molecu;ar
10 weight) can be determined quantitatively from this
calibration line since the number of the template DNA
is known in this MPN-PCR.
As described above, the method of the present
invention enables direct and selective measurement of
15 the fluorescence which is produced only when the
amplified product reacted with a dye compound added to
.the PCR mixture. Therefore, the separation of the
amplified product from the primer and the template is
unnecessary and even when the higher-order structure
20 are formed between the primers, the influence of it on
the measurement result is negligible. Accordingly, the
fluorescence intensity obtained by directly adding the
dye compound to the reaction mixture can be used.for
calculation of the precise quantitative determination.
25 When ethidium bromide or a similar substance which

fluoresces even in the free state is used for the

quantitative determination, the blank value has to be



unsubstituted aryl group, a substituted or -unsubstituted | ower aral kyl
group, or a substituted or unsubstituted cycloal kyl group; R3 is a group of
-Aor - 15 L-A wherein L is -L[err]-, -L[err]-L[err]-, or
-L[erf]-Ll[err]-Ll[err]- L[err] to L[err] d3eing i ndependently -(CH=CH)-, a

bi val ent group derived froma substituted or unsubstituted aryl group, a
substituted or unsubstituted al kyl ene group, or -CH=Rerr]- (R err]
representing a cyclic structure having an oxo 20 group). The bival ent
group derived froma substituted or unsubstituted aryl group includes a
phenyl ene groupsulptirddieed | from atik Madel v veandsinteatheoblankho, neta,
and para positions. The | ower al kyl ene group includes |inear or branched

al kyl ene group vWaluegvdries Zependimgardiorthe measuiisg toedti tioeolsy dithe
groups of -L-A. The cyclic structure having an oxo group includes a

het erocycl e, ardeterminatipn gehditiona ihave rkp hevidegided in

consideration of the relation of the blank value to the
5 measured.value for each of measurement conditions,
which is quite troublesomé. In the méthod of the
present invention, such blank value consideration or a
set up of determinatioﬁ conditions is not necessary,
differing from-with ethidium bromidé, since the dye

10 compound of the p;esent invention produces no or
negligible fluorescence in the free state. Further in
the present invention, the fluorescence intensity need
not be monitored during the PCR process as described in.
Japanese Patent Application Laid-Open No. 5-237000.

15 Furthermore in the present invention, a
microplate may conveniently be used for the detection
by transferring the PCR reaction mixture from the
reaction vessel to the microplate well and measuring
the.fluorescence by use of a microplate fluorescence

20 detector (reader), conveniently requiripg a small
amount of a reagent and a short measurement time. The
PCR process itself may be conducted on the microplate,
which more simplifies the determination operation.

A nucleic acid determining kit can be providéd

25 by employing a reactor like a microplate having many
wells as reaction chambers and placing a necessary

amount of a dye compound of the present invention by



-20- at |east an oxo group. The group -L- preferably includes those

repr?ggnted by the general formulas [II], [III], [IV], [V], and FVI] bel ow
-CH=C- (CH=CH)[err]- : [I1l] z where Z is a

hydrogen atom or a substituted or unsub3Zituted |ower alkyl group; and n

is 0, 1, or 2, and the substituent for the alkyl group is exenplified 10

by -L-A defined above; -[err]- (CH=CH)[err]- [III] mhere nis

O, 1, or 2, and [err] is a substituted or unsubstituted o-,

p- phenyl ene. -CH=CH[err]- CH=CH- V] -15 wher e err

substituted or @PPMFINDt at s@lytiom, therepf %ﬂeﬁ?@%n@ng%%pre% tt nIn the

above general fornulas, the_substifuent of the
hambers followed by evaporation or drying or the

like. Such a constitution is practicable owing to the
stability of the dye compound at room temperature.

5 Another type of kit is also useful in which
reagent chambers are provided separately from the PCR
reaction chambers, and the dye compound of the present
invention placed in the reagent chambers is added to
the reaction chambers in the PCR step. The dye

10 cbmpound may be placed in the reagent chamber as a
solution. If the dye compound is water-soluble, it may
be solubilized in a suitable buffer solution, and if
the compound is soluble in an organic solvent, the
compound may be placed as a solvent solution.

15 The reageﬁt chamber may contain a buffer
solution, nucleotides, the enzyme, etc. necessary for
the PCR together with the dye compound. When all of
these PCR substances are dissolved in an agqueous
solution, the organic soivent for the water-insoluble

20 dye-compound is preferably not more than 1 ¥ based on
the aqueous solution. This constitution of placing the
reagents for PCR and the dye compound together in a
reagent chamber is possible because the dye compound of
tbe present invention is incorporated into the double-

25 éfranded nucleic acid segments (amplification product)
at much lower density than ethidium bromide does,

resulting in little elevation of the melting



phenyl ene includes the groups nentioned above. 25 The group Ain

R3 in General Formula [I] is a substituted or unsubstituted aryl, or
-CH=R{err] (Rlerr] being a substituted or unsubstituted heterocycle, a
substituted -21- or unsubstituted cyclpalkyl, or a substituted or

unsubstituted aromatic ring). The heterocycle for Rlerr] includes the ones
derived fromthe groups shown below. [err] where Mand N are independently
an oxygen atom a sulfur atom or a nitrogen atom and Y is an anion. The
substituent therefor includes a substituted or 15 unsubstituted aryl

group. The subgihpetLcufe Uneybsthds tetd-ome | optdotingy QR TRadyEaat ur at ed
or unsaturated and includes the ones derived fromthe groups bel ow capabl e
of constitutingeffi€seneypse
Figs. 9A to 9C show an example of constitution
of the kit having such a reactor. In an appropriate
5 container 1 which forms a reaction chamber 5, primer 3
is placed by liquid application or a like method, and
further a container 2 is placed in it as the reagent
chamber which is made of paraffin-coated paper or the
like to be liquid-tight, and in which packed is a
10 solution containing the enzyme, nucleotides, a buffer
solution, etc in ﬁn amount nécessary for the PCR (see
Fig. 9A and Fig. 9B). With this device, PCR is
conducted by injecting a solution of template nucleic
acid into the reaction chamber 5 by a suitable means
15 such as a Pipetman, concomitantly breaking through the
container 2 to feed the contents therein to the
reaction chamber 5, and mixing the reaction components
to start PCR (see Fig. 9C). The dye compound for
détection of the amplified product may be added after
20 the PCR, or may be placed preliminarily in the reaction
chamber. Otherwise, the dye compound may be contained
in the solution in the reagent chamber 2.
Two or more reagent chambers may be provided
for storing separately the reaction components.
25 | The dye compound may be added to the reaction
chamber for PCR prior to or after the PCR. 1In the

latter case, another reagent chamber may be provided in



system 20 The substituted or unsubstituted aromatic ring includes an

azul ene ring. The substituent |linked to the above 25 groups incl udes
| ower al kyl groups, and substituted or unsubstituted aryl groups. In the
pyryi umring or an anal ogous ring - 22 - containing X, the hydrogen

at om bonded to the carbon atom which is3fot~ |inked to Rlerr], Rerr], or
Rl err] may be substituted by a hal ogen atom a sul fonate group, an am no
group, a styryl group, a nitro group, a hydroxyl 5 group, a carboxyl
group, a cyano group, a substituted or unsubstituted | ower alkyl group, a

substi tut ed o peURSL T {ULESE A arfHP o erib RS ddficithe s RS 1 LUt ed
aﬁd the dye compound may be added to the reaction
chamber after the PCR from the reagent chamber. Of the
compound represented by General Formula [I], water-

5 insoluble ones remain undissolved, even if it is placed
in the reaction chamber during the PCR, and the
compound is allowed to react after the PCR by addition
of a suitable solvent to the reaction chamber. The
water-insolubility of the compound eliminates the

10 undesirable influence of the compound on PCR, even
though in general such effect is inherently small for
the compounds of General Formula [I]. The suitable
solvent used therefor includes acetonitrile, ethanol,
dimethylsulfoxide (DMSO), etc. The operation of PCR in

15 the reaction chamber can be simplified by placing the
primer separately and preliminarily in the reactor by
liquid application or in a powder state.

The detection of the amplification product of
PéR‘with the dye compound of the present invention is

20 suitably conducted by MPN utilizing PCR (MPN-PCR
method). This method enables measurement of the number
of individuals of microorganisms, animal cells, human
cells, vegetable cells, etc. (the number of cells, the
number of bacteria, the number of mycelia, etc.), and

25 the number of specific genes or the number of copies of
the specific gene of the above individuals with greatly

simplified operations.



Y is an ani on,
HJ err] SCH err]
ion, and fluori
sul f~enat es and
such as Zn, N,
substituent is
Br, and |. The

including BF[err], perchlorate ion, 10

COO-, halide ion such as chloride ion, bromde ion,. iod
de ion, a conpound functioning as an anion such as alip
aromati c sul fonates, and %Pnplex ions of transition net
Cu, Pt, Co, and Pd. 15 3 - When t he above

further substituted by a hal ogen, the hal ogen incl udes
| ower al kyl group may be linear or branched, and is

preferably of 1 to 4 carbons. The aryl group includes a phenyl group o

i ke. The 20

am no group substitute

Such a Iomer-al

di et hyl am no, or t

SUDSTI L4 e il h%far&{ek PN Ln%feﬁoar 94 del-yfley an

OVET group (1ower-al kyl'am no gro

$K;%6%:dgé§ﬁ}édgﬁﬁ“a% ﬂﬁﬁi?ﬁﬁﬁyék‘3f”&59&b3@h%§s of a

t a para position. The lower aralkyl 25

includes | over @ kyboRyanisn st ndniéa )y, the af orenmentioned substitu
or unsubstituted aryl.” O the conpounds represented by General Formula

10

15

20

25

A soil sample is treated to extract the nucleic
acid of microorganisms in soil. For example, to a soil
sample (1 g), a phosphate buffer solution (1 ml) is
added, and the mixture is agitated by a vortex mixer
twice for 20 seconds each. Thereto 1/10 volume of 10%
SDS was added, and the mixture is voltexed again. The
resulting mixture is kept at 70°C for one hour for cell
lysis. Then the soil is removed by centrifugation to
collect the supernatant as the nucleic acid fraction.
Thereto, 1/5 volume of 7.5M sodium acetate is added,
and the mixture is left standing at 4°C for 5 minutes.
The supernatant (1 ml) is recovered, and thereto,
isopropanol (4/5 volume) is added. The nucleic acid
fraction is recovered by centrifugation, and dissolved
in a TE buffer solution (0.1 ml). DNA is recovered
therefrom after RNase treatment.

An aliquot of the recovered DNA is diluted 100-
fold. Starting from it, a series of dilutions was
prepared to make 107 to 10°® dilutions. These dilutions
are placed in the sample block A on the microplate.
More specifically, the 107'-dilution of the starting DNA
solution (100-fold diluted soil extract), is placed in
Al to A5 wells, the 10?-dilution solution at the wells

Bl to B5, and so forth, and 10%-dilution solution at

i de
hati c
al s
C1,
r the
up) .

group
ted



-23- [I], the X-containing heterocycle is preferably substituted by two or
nore salbstituted or unsubstituted aryl groups: The exanples of such
conpounds havi ng si x-nenbered heterocycle are: 5 (1) those having
substttuted or unsubstituted aryl groups at 2- and 4-positions and an R3
group at any one of 3-, 5-, and 6-positi &% -of the X-containing six-
menbered ring; (2) those having substituted or unsubstituted aryl 10
groups at 3- and 5-positions and an R err] group at any one of 2-, 4-, and
6- posi tions of the X-containing six- nenbered ring; and (3) those having

substuted of \IUURLIEY S M ' MR T RactS 0 RRERTS, 210 20 B
containing reagents (a nucleotide, a primer salt, a Taq
polymerase, etc.) necessary for PCR are added to all
the wells including the blanks to allow the PCR to

5 proceed. After the reaction, the fluorescence
intensity of respective wells are measured-by use of a
dye compound. For example, the well which fluoresces
at an intensity of twice or more that of the blank
value is defined to be positive, and the dilution limit

10 for the positive fluorescence is derived. If the
numbers of positive samples out of the 5 samples at
each of the dilution level (positive sample number/
total sample number) are 5/5 at 10™ dilution, 3/5 at
107% dilution, and:O/S at 10°® dilution, the critical

15 dilution for the positive fluorescence is
105, The numbers of the positive samples (5, 3, and 0)
at these dilution degrees are respectively applied to
P,, P,, and P; shown in the MPN table shown later (cited
partially, for serial decimal diiutions in

20 quintuplicate, from J. Bacteriol. 25 101 (1933), page
400, "III. MPN (Most Probable Number) Table"”, thereby
the most.probable number of.0.79 is read from P,=5,
P,=3, and P,=0. This value is the number of the
template DNA derived by a probabilistic statistical

‘25 technique. By multiplying MPN with the reciprocal of

the critical dilution degree and consideration of the

initial dilution degree, the number of the template DNA



menbered ring. The introduction of substituted or unsubstituted aryl groups
to su¢h positions is preferred to obtain satisfactory properties as an
intercalator in a nucleic 20 acid base pairs. Additionally, the
X-coht'ai ning heterocycle is preferably_sygbstituted by two or nore
substituted or unsubstituted aryl groups such that the substituting
positions are not adjacent to each other. Specific exanples of the conpound
of General 25 Formula [I] are shown later in Table 1. O these,
particularly preferred are 2,4-bis(N N, -

di met hyl am nophetptidaihgetiny thyr gbiamisabstimaded, 4s 0.7924- 10° x 10? =

bi s(N, N, - di et hyl am nophenyl ) - 6- et hyl t hi opyrylium salts represented by
General Formul a QM9 ]x YQ3cr]This number of the template DNA itself is

the number of the microorganism individuals (cell
number) in 1 gram of the soil provided that the

5 sequence of the template DNA is characteristic of the
target microorganism in the soil and the sequence
exists only one in number in one microbial cell.
Naturally in this example, the highest dilution at
which all the wells fluoresces reflects the number of

10 the template nucleic acid. Therefrom, a calibration

curve for the fluorescence intensity as the function of

the number of the template DNA (or number of the

individual microorganism) can be made.

15 Table 1 MPN (Most Probable Number),

for Serial decimal Dilution, in guintuplicate

Pl PZ P3
0 1 2 3 4 5
20 5 0 (0.23)1(0.31)] 0.43 0.58 0.76 0.95
5 1 {(0.33)](0.46)] 0.64 0.84 1.1 1.3
5 2 (0.49){(0.70)| (0.95)| 1.2 1.5 1.8
5 3 (0.79)|(1.1) | (1.4) 1.8 2.1 2.5
5 4 (1.3) |(1.7) {(2.2) [(2.8) 3.5 4.3
25 5 5 (2.4) |(3.5) | (5.4) [(9.2) |(16) -
In Table 1, the numbers in parentheses are of

high reliability (probability L is 0.05 or lower).




5 10 where X is 0 or S, and Y is an anion.. These conpounds are
prefexred because of its very high intensity:of fluorescence in the
inserted state into doubl e-stranded nuclei-c acid. The dye conpound enpl oyed
in =Ae present 15 i nvention reacts selectively with the stable doubl e-
stranded helix DNA to produce fluoreseeld8e- Therefore, even if the dye
conpound is incorporated in a higher- order structure formed by the

af orenenti oned reaction frompriners, the conmpound does not fluoresce
because 20 t he doubl e-stranded portion of the higher-order structure is

not a stabl e doubl e-stranded structure. The conpound qf eral .Formula [I
i s introduced dfh&h @ Q98 erﬁr{?“tbné’a&‘@ﬁﬁ’ll‘@-sﬁsr &l?d@ﬁ’téﬁpﬁgte%fjg iR rati o[ 01‘

o e e et skt i b B S b0
priners as rrentrileog sg tacp b€ 'ré:égt{ﬁ%ed'\.’he'&'ﬁeh%ﬁp'@%%‘i'&d cited as Table
1 is a part of the MPN table of the aforementioned
5 literature. If an experimental result falls outside
Table 1, corresponding part of the original MPN table
of the literature should be referred to. The
literature includes MPN tables for various experimental
conditions, which may be uéed according to the
10 experiment conditions.

In the conventional MPN-PCR method in which PCR
and agarose gel electrophoresis are combined as
described in Related Background Art, two steps of PCR
are conducted: the first PCR operation for determining

15 the dilution limif for the pésitive reaction, and the
second PCR operation to investigate the vicinity of the
critical dilution in detail to obtain the most probable
number of the individuals from the MPN table. For
example, from the above-described soil sample (1 gram),

20 DNA is recovered in the same manner as above. The
recovered DNA, without the above-described first
dilution, is serially diluted to the dilution degrees
of from 10! to 10°. The respective dilution solutions
are subjected to the first PCR in a conventional

25 manner, and the presence of the amplification product
is detected by agarose gel electrophoresis to find that

the dilutions are positive to the 1077 dilution degree.



-25- of Ceneral Formula [I] is incorporated into a double- stranded nucleic
acid segnent having a sequence to be anplified, the incorporation density
is nmuchi | ower than that of ethidiumbromde or the |ike, so that the 5

el evrtion of nelting tenperature (Tm of the double- stranded nucleic acid
hardly occurs not affecting the PCR Becd3lse of the | ow incorporation
density, when the PCR product is analyzed by gel electrophoresis, the
nobility of the doubl e-stranded nucleic acid is hardly 10 af fected by

t he incorporated dye conpound, thus enabling precise size nmeasurenent. On

the contrary, a conventionally used fluorescent intercal ator C .
et hi di um br oni d&Pefc S FRIeEaRde thengesrrstivesdifutirpg Pﬁtisﬁﬂe%ig'

double-stranded artll%(:lleg'g &(\liu%iac;[n (’j‘arreataig%:i.?'lc s%rll)%erg%le%cq:loe PCR. The
positive numbers at each dilution are 5/5 for 107
dilution, 3/5 for 1077 dilution, and 0/5 for 10
5 dilution. Therefore the value 0.79 is obtained from
the MPN table in the same manner as above. The number
of the template DNA in the soil is derived from this
value multiplied by the reciprocal of the dilution
degree of the dilution limit (0.79 x 107). This method,
10 however, requires two series of operation of PCR and
electrophoresis, and is troublesome. On the other
hand, the method of the present invention gives the
results directly by conducting one PCR operation
without the electrophoresis operation, thereby the
15 measurement operation being simplified greatly.
When the amplification product of PCR in the
MPN-PCR method is detected with the aforementioned dye
compound, the aforementioned operations and conditions
can be employed in the determination of the PCR
20 amplification product, as well as the aforementioned
kit.
In the MPN-PCR method, use of a tool having a
plurality of reaction chambers (wells) such as a
microplate is preferred since simultaneous treatment of
25 serially diluted samples is required for statistical
treatment of the result. Even when PCR is conducted in

different vessels, the microplate is preferably used



to several base pairs (about 2 to about 5 bas€ pairs). These dyes-are
|ncopp?rated into the doubl e-strand portion of the aforenentioned

hi ghér3order structure formed fromthe priners, which causes increase of 20
undesired fluorescence. Al so these dyes greatly affect Tmof the

doubl e-stranded nucleic acid and the m#Qity thereof in ge

el ectrophoresis because of the high incorporation rate into the target
doubl e- stranded nucl eic acid. 25 To conduct precise quantitative
determ nati on by utilizing t he above benefit of the dye conpounds in the

present | et g 10 SIPLLSEILT R S L e P S BB S 0 dharm @
when t he anplifaggtégﬁpgu&gycts have a | ength of 100 base pairs
This method for measuring the number of the
template DNA is applicable effectively to measure the
5 cell number of the target microorganism in a liquid or
in soil, the number of microbial cells in various
samples, the number of cells in various samples, the
number of cells in various tissues, the number of a
specified gene and copy number thereof in wvarious
10 liviné body samples, and so forth. Usually, the
concentration of template DNA is estimated by weight
based -on the light absorption intensity. In the case
of cancer cells, however, the number of the copies (the
number of specified genes) is frequently of interest.
15 In such a case, the method of the present invention is
useful. The number of copies of a specified gene in a
tissue can be estimated according to the present
invention, irrespectively of the amount of the cells
from which the nucleic acid is extracted, by measuring
20 the number of a common gene in the same manner as
described above, then measuring the number of a
specified gene such as a oncogene, and deriving a ratio
of the number of the specified gene and the number of
the common gene which is common to normal cells and
25 cancer cells.
This method is also useful for judging the

presence of cancer cells in a human tissue. For this



or nore, for exanple, preferably 300 base pairs. The . 5 - maxinumlength of
the anplification product is not particularly limted. The velocity of

i ncorporation of the nucleotide in PCRis said to 35 to 100 nucl eotides per
secend, for exanple, at 72[err]C. The rate depends on the reaction
conditions such as pH and salt 10 cofiderttrati on of the reaction medi um
and the base sequence of the target nucleic acid. Accordingly, when the
reaction tine of each cycle of PCRis one mnutes, the length is preferably
POt ngrﬁhthan 2000 base pairs. In addition, since byproducts tend to be

or me en 15 t he chain | ength ig.excessively Io htesl erabl e
'E)ha"tvI t Ee : engt PYEPIRS- rf%?“?a Pt"r?é'ﬁ)%oé: asneum?))é:’lrr é%( '%%&esﬁtgﬁggopsgﬁfe edited
y Mchael A qu;§ vi o H. I :%?an IR h s J.
Y%l tﬁ’ 1990, (ﬁc 1R (I:%a%réejlsls ﬁh%.%ealggsn egol, (tjﬁggr ni at%%%g% ?'.@20

n the PCR, a pgi LGl d Snf@RAD! e 98 it e ianspadadigpeci fic
regi on of the téaérg%{laﬁﬁzltg]c acél 3“ IS us’e?? according to theapurpose.:L The
gene characteristic to cancer cells to be detected is

5 estimated for the same tissue sample.

Referen Example 1

100 ml of acetic anhydride and 30 ml of
concentrated sulfuric acid were mixed with cooling, and
the resulting mixture was kept at 80°C for 3 hours.

| 10 Thereto 20 ml of acetic anhydride and 30 ml of p-
dimethylaminoacefophenone were added at rooﬁ
temperature. Then the mixture was stirred at 45°C for
24 hours for reaction. An equal amount of ethanol was
added thereto, and the mixture was cooled. Further

15 thereto, aqueous pbtassium iodide solution was added to
precipitate a crude crystalline matter. This crude
crystalline matter was collected by filtration, and
rgcrystallized from an ethanol-ether mixture (1:4 in
volume ratio) to obtain 2-methyl-4,6-bis-(4-N,N-
20 dimethylaminophenyl )pyrylium iodide (Compound 1 in
Table 2, where Y is I) in a green crystal form.
[ Analysis results of obtained Compound 1 (Y¥:I) ]
Melting point: 254 - 257°C
UV/visible (CH,CN, € x 10™*) Amax: 444 nm (2.43), 550 nm
25 (8.24)
NMR (*H, DMSO) &ppm: 8.3737 (1H, s), 8.2729 (1H, 4,

J=9.0 Hz), 8.1795 (1H, d, J=9.0 Hz), 7.8864(1H, s),



primer is required to have a sufficient length for-recognizing the specific
sequepge at the end of the 25 specific region to be anplified of the

t enpl at'e nucl eic acid, but should not be unnecessarily |ong, since
excessively long prinmers tend to formlocally a doubl e- -27- stranded
structure between the priners. Therefore,44he length of the primer is |less
t han about 30 base pairs, preferably | ess than about 28 base pairs. The

m ni nrum of the priner length is not specially limted, but is 5 required
to have a sufficient length for recognizing the termnal portion of the

oref erably not | 8s2 T RaEe baskepterd: 770 ¢ Holatdnt et Rhe AGLEAH nati on
of nucleic 10 gﬁld of tggb&rﬁﬁgnt invention, firstly a sequence
FAB mass m/z 333
IR (KBr) v cm™: 1645, 1610(sh), 1580(s), 1490(s), 1270,
5 1200, 1160
2-methyl-4, 6-bis~-(4-N,N, ~dimethylaminophenyl)-
pyrylium perchlorate (Compound 1 (Y: Cl0;)) was prepared
in the same manner as above except that the aqueous
potassium iodide was replaced by aqueous perchlorate
10 solution.
Reference Example 2
20 Grams of sodium sulfide nonahydrate was
dissolved in deionized water, and the total volume was
adjusted to 50 ml. In this solution, 7 g of sodium
15 hydrogen carbonate was dissolved. Further thereto, 50
ml of ethanol was added under cooling with ice. The
mixture was stirred at room temperature for 30 minutes.
?he precipitated sodium carbonate was removed by
filtration, and washed with 25 ml of ethanol. The
20 filtrate and the washing were combined to obtain about
125 ml of a sodium hydrogen sulfide solution in
ethanol.
0.92 Gram of 2-methyl-4,6-bis-(4-N,N-
dimethylaminophenyl)pyrylium iodide prepared in
25 Reference Example 1 was dissolved in 20 ml of DMSO. To
the resulting solution, to which 5 ml of the above

sodium hydrogen sulfide solution in water-ethanol was



region is specified which is characteristic-of- the target nucleic acid to
be determ ned. Secondly, PCR is caonducted using a priner set necessary for
anplification of the specified sequence region and the 15- target nucleic
acigras the tenplate. Subsequently, the,gesulting anplified product is
reacted with a dye conmpound havi ng the"a#érenentioned properties, and the
intensity of the fluorescence is neasured with irradiation of excitation
light. The intensity of the 20 fluorescence is proportional to the
initial concentration of the tenplate (the concentration before the PCR)

provided that thgge@ncepheahkRaraf whheskerebhOAtCLBBRANEBhBRACUEE! e6L-Ed
suitably. Therefore, the.target nucleic acid in an unknown sanple can be

25 det er ni ne¢ Q¥ ne@aduct irRBnPER78NA1t Bennipaasubing bbeaf aer aageace
intensity by reference to a calibration curve prepared prelimnarily for
the fluorescencand the mixture was stirred 5 minutes. Thereafter in a
conventional manner, the mixture was extracted with
5 dichloromethane, purified by silica gel column
chromatography, and the product was recrystallized from
a ethanol-ether mixed solvent (1l:4 in volume ratio) to
obtain 0.7 g of crystalline 2-methyl-4,6-bis-(4-N,6N-
dimethylaminophenyl )thiopyrylium iodide (Compound 2 in
10 Table 2, where Y is I).
[ Analysis results of obtained Compound 2 (Y:I) ]
Melting point: 246 - 248°C
UV/visible (CH,CN, € x 107*) Amax: 495 nm (2.50), 587 nm
(4.95)
15 NMR ('H, DMSO) &ppm: 8.5679 (1H, s), 8.4323 (1H, s),
8.2436 (2H, 4, J=9.27 Hz), 7.9786 (2H, 4, J=9.28),
6.8959 (4H, t, J,;=J,.=9.28), 3.1756 (6H, s), 3.1157
(6H,s), 2.8323 (3H, s)
FAB mass m/z 349
20 IR (Kbr) v cm: 1600(s), 1560(s), 1640(s), 1430(s),
1370(s), 1260(s), 1160(s)
2-methyl-4, 6-bis~-(4-N,N, -dimethylaminophenyl)-
thiopyrylium perchlorate (Compound 2 (Y¥: Cl0,)) was
prepared in the same manner as above except that the
25 aqueous potassium iodide was replaced by an aqueous

perchlorate solution.



-28 - intensity as a function of the tenplate concentration. The
quantitative determ nation can be conducted sinply by use of a calibration
curv€las nmentioned above with a reaction system for. which the optinmum
condition 5 has been established. The reaction conditions, however,
especially the anmbunt of the target nuclddi ¢ acid, the anmount of the
primers, the reaction tenperature, etc. depend on the respective reaction
systens. Therefore, when the optinmumreaction 10 conditions for
calibration curve preparation are unknown, conplicated operations are

necessary for establishing the conditions. Wen the conditions for
calibration curﬁ@i%ﬁ%%§$a§¥%ﬁ25¥éinot established in the system the 15
approximate quantity of the target nuclei ¢ acid can _he asured by sinply
preparing serial diluti Gﬂ'gp%‘ﬁmﬁﬁgmé n‘i&lgeﬁecg(iwrﬂ ¥ Tfr?quﬁ]%dﬁ?’esarrpl e,
conducting PCR S&ggared respectively. In Table 2, ¢ represents a p-

phenylene group, or a phenyl group.




the diluted sanples, and determining the target nucleic acid segnment by use
of an.MPN- PCR net hod which gives 20 probability of detection of the.
targetinucleic acid segnents. Thereby the conditions for -preparing the
calwbration curve can be obtained easily,- For instance, in the specific
exanpl e descri bed before in the Related'%%ckground Art, the nunber of the
tenplate 25. DNA in the sanple is 1.1 x 10[err], and at 10[err] dilution,
three sanples out of the five sanples are positive. In this case, at the

concentrations of 10[err] dilution or - 29 - higher, all of the five
tests of each concentration wll pe pogitive. Tn thi§ exanple, Tirstly the
concentration range including thelcritifcal dilution qf the tenplate DNA is
determ ned according to the 5 presennce or absence |jof the anplifijcation
product, and
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then detailed MPN investigation is conducted.on the concentration region.
This is because, in agarose gel electrophoresis, the detection is conducted
in aﬁ.k)UCFF manner, the presence or absence of the band, and 10 even
whern~the DNA is quantitatively detected by fluorescence staining, the
quantitation.is not sufficient in spite46f -the conplicated operations. On
the ot her hand, the nethod of the present invention enploying an MPN-PCR
nmet hod as described |ater makes it 15 practicable to check the formation
of anplification product for all over the dilutions, by use of a tool such

as a microplate which can provide nany reaction zones (chanmbers). For
i nstance, when tlhe sapmpl e describedlin the Relatefl Background Arjt is
treated on a 20 m €ropl ate according to the pre¢sent invention, positive
wel'l s and negatijve wells will be observed at the 10[err] dilutign, while at
the lower dilutijon | eyels, 10[err] dilution or |oyer; the same ijntensity of
fluorescence willl be pbserved in the same dilutioh Ievel, becauge
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25 - ““the anplification proceeds in the sane degree in the sane dilution -

| evel .

of - 30 -

The plots of the average fluorescence intensity of the five reaction
respective dilution as a function-of dilution levels wll

gi ve

a straight line. The longer the straight line region, the nore appropriate

is the PCR cond
straight |ine,
need to be chan
with the diluti
(nunber x nol ec
this calibratio
MPN- PCR.

Table 2 (continued)

itions.

If the plots deviate significantly from5

t he

it means that the quantity of the prinmer or other conditions

ged.
ons,
ular 10

If the fluorescence intensity is in a linear
t he nunber of the tenplate DNA and the quantity thereof
wei ght) can be determ ned quantitatively from

rel ation

nown in this

n-line since the nunber gf the ten
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As descri bed above, the nethod of the present invention enables direct and
sel ective neasurenent of 15 the fl uorescence which is produced only when
the anplified product reacted with a dye conpound added to the PCR ni xt ure.
Therefore, the separation of the anplifi,gd_product fromthe primer and the
tenpl ate i s unnecessary and even when the higher-order structure 20 are
formed between the priners, the influence of it on the neasurenent result

is negligible. Accordingly, the fluorescence intensity obtained by directly
addi ng the dye conpound to the reaction m xture can be used for cal cul ation

of the precise quantitative determnation. 25 When et hidium brom de or a
sim | ar subst ance—whi-gh—tvoreseces—ever—+a—the—free—state—+s—used for the
guantitative deterninLtion, t he bl apk value has t¢ be - 31-
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subtraeted fromthe neasured val ue. Since the blank val ue varies dependi ng
on the nmeasuring conditions, the determ nation conditions have to be
decided in consideration of the relation of the blank value to the 5
measdr ed val ue for each of neasurenent conditions, which is quite

troubl esone. In the nethod of the present9invention, such blank val ue
consideration or a set up of determnation conditions is not necessary,
differing fromw th ethidiumbrom de, since the dye 10 conmpound of the
present invention produces no or negligible fluorescence in the free state.
Further in the present invention, the fluorescence intensity need not be

moni t ored duri ng rthe—HER—process—asdescrtbed—nm—Ippanese—Patent
Application Lai d{Open [No. 5-237000. |15 —urt hermore inithe
present invention, a njicroplate may |conveniently bge used for the{detection
by transferring ghe.P R reaction mxture fromthe feaction vessel] to the
m cropl ate wel | qnd melasuri ng the fljuorescence by lise of a mcrogl ate
fl uorescence
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20

detector (reader),

conveniently requiring a small

anount of a reagent

and a.short neasurenent tinme. The PCR process itself may be conducted on

the mcropl ate,

evaporation or drying or the |ike.

Anot her type of
separately fron
pr esent

which nore sinplifies the determ nation operation. A
nuckeic acid determning kit can be p[ogédgd 25 by enpl oyi ng a reactor
|ike a mcroplate having many wells as action chanbers and placing a
necessary anount of a dye conpound of the present invention by - 32-
applying a solution thereof to each of the reaction chanbers, followed by

Such a constitution is practicable ow ng
to the stability of the dye conpound at roomtenperature. 5
Kit 1[s also useTulmln WRT Ch T eaggnt chanbers arp provi ded
the PCR reaction chanbers, and tHe dye conpound| of the
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invention placed in the reagent chanbers i s- added to the reaction chanbers
in the PCR step. The dye 10 conpound may be placed in the reagent
chanber as a solution. If the dye conpound is water-soluble, it may be
solwbilized in a suitable buffer solution, and if the conpound is soluble
in an organic solvent, the conpound may be placed as a solvent solution. 15
The reagent chanber nmay contain a buffer solution, nucleotides, the enzyne,
etc. necessary for. the PCR together with the dye conpound. When all of

t hese PCR substances are di ssolved in an aqueous solution, the organic

sol vent for the water-insoluble 20 dye conpound is preferably not nore

than 1 % based dn TheJaqueous sol utjion. This conspitution of placing the
reagents for PCR and fhe dye conpound t oget her st nj a reagent eghapber is
possi bl e becausq the Hye conpound df. the pres nvention i i hcorporat ed
into the double-| 25 stranded nugleic acid ngnt's (anplig§<:ation
product) at nmuch | owef density than et,g di um b"gorr dg_gdoes,_ Z
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resulting inlittle elevation of the nelting - 33 - tenperature (Tm,
thu§-$ardly affecting PCR reaction efficiency. Figs. 9A to 9C show an
exanpfe of constitution of the kit having such a reactor. In an appropriate
5 ~container 1 which forns a reactiomychanber 5, prinmer 3 is placed by
liquid application or a |ike nethod, and further a container 2 is placed in
It as the reagent chanber which is nmade of paraffin-coated paper or the
like to be liquid-tight, and in which packed is a 10 sol uti on cont ai ni ng
t he enzyne, nucl eotides, a buffer solution, etc in an anmbunt necessary for

the PCR (see Fig. 9A and Fig. 9B). Wth this device, PCR is conducted by
injecting a sol ytion pf tenplate nuclelc acid 1ntp the reaciron]chanber 5
by a suitable ngans « a8 A
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15

such as a Pi pet man, conconitantly breaki ng through the container 2 to

feed the contents therein to the reaction chanber 5, and m xing the

reaction conponents to start PCR (see Fig. 90
detection of the anplified product may

_added a

be placed prelimnarily in the reaction chanber.

fter 20
O herw se,

The dye conpound for
the PCR, or
t he dye
conpound may be contained in the solution in the reagent chanber

may

2. Two or

nmore reagent chambers may be provided for storing separately the reaction
The dye conpound nay be added to the reaction

conponents. 25
chamber for

reagent chanber

t he dye conpoung

Table 2 (continued)

PCR prior to or after the PCR In the latter case, another
‘nay‘ﬂe providedTn - 34 - Which a necessary anount of
| is held, and tng dye conpound rmaly be added to fhe reaction
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chanber after the PCR fromthe reagent chanber. O the conmpound represented
by General Forrmula [I], water- 5 i nsol ubl e ones remai n undi ssol-ved, even
if it is placed in the reaction chanber during the PCR, and the conpound is
al ~ewed to react after the PCR by additign_of a suitable solvent to the
reaction chanmber. The water-insolubility of the conpound elimnates the 10
undesirabl e i nfl uence of the conpound on PCR, even though in general such
effect is inherently small for the conpounds of General Forrmula [I]. The
sui tabl e sol vent used therefor includes acetonitrile, ethanol,

di et hyl sul f oxi de (DMSO), etc. The operation of PCRin 15 the reaction

chanber can be $inplijffied by placing the priner Sgparatety and
prelimnarily-ip the|reactor by Wiquid applicatj.op or in a pgwd¢r state.
The detection of the |anplificatiien |product of RCR{with the d@e ¢onpound of
the present inventiorf is 20 gint ably conduag&ed| by MPN ut ﬁizi ng PCR
(MPN- PCR net hod]. Thijs n&t hod eSablles geasur er@gnt | of gt he nulder
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of individuals of nicroorganisns, animal cells, human cells, vegetable
cells, etc. (the nunber of cells, the nunber of bacteria, the nunber of

nycelia, etc.), and 25 t he nunber of specific genes or the nunber of
cop+es of the specific gene of the abovegsindividuals with greatly
sinmplified operations. -35- An exanple of the MPN-PCR nethod is

descri bed bel ow for nmeasurenent of the nunber of individuals of a

m croorgani sm (cell nunber). A soil sanple is treated to extract the
nucleic 5 acid of mcroorganisns in soil. For exanple, to a soil sanple
(1 g), a phosphate buffer solution (1 m) is added, and the m xture is

agitated by a voftex Xer tw ce fof 20 seconds egct—Tthereto—1A10 vol une
of 10% SDS was &dded, jand the m xtufe is voltexed|again. The
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10 resulting mxture is kept at 70[err]C for one hour for cell lysis.
Then.the soil is renoved by centrifugation to collect the supernatant as
the nucleic acid fraction. Thereto, 1/5 volune of 7.5M sodium acetate is
added, and the mxture is left standinget 4[err]C for 5 mnutes. 15 The
supernatant (1 m) is recovered, and thereto, isopropanol (4/5 volune) is
added. The nucleic acid fraction is recovered by centrifugation, and
dissolved in a TE buffer solution (0.1 m). DNA is recovered therefrom
after RNase treatnent. 20 An aliquot of the recovered DNA is

diluted 100- fold. Starting fromit, a series of dilutions was prepared to
make 10[err] to]J10[edr] dilutions. |These dilTutiorfs are placed 1h the sanple
bl ock A on the fricropglate. Mre spé¢cifically, thg 10[err]-dilutjon of the
starting DNA 25 sqlution (100-fo¢ld diluted soijl extract), is}placed in
Al to A5 wells,|the 30[err]-diluti¢n solution at fthe wells Bl tp B5, and so
forth, and 10[efr]-dijl ution soluti¢n at
~
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- 36 - the wells HL to H5. Then a reaction-solution containing reagents (a
nucl eotide, a primer salt, a Taq pol ynerase, etc.) necessary for PCR are
added to all the wells including the blanks to allowthe PCRto 5

prQceed. After the reaction, the fluor ence intensity of respective
welI's are neasured by use of a dye conpound. For exanple, the well which
fluoresces at an intensity of twce or nore that of the blank value is
defined to be positive, and the dilution limt 10 for the positive
fluorescence is derived. |[|f the nunbers of positive sanples out of the 5
sanpl es at each of the dilution level (positive sanple nunber/ total sanple

nunber) are 5/5 4t IO[ferr] ditution,] 3/5 at I0[err arratron, and 0/5 at
10[err] dilutionj the fritical 15 dilution for the positive f]luorescence
is 10[err]. The nunberp of the positlive sanples (5, 3, and 0)
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at these dilution degrees are respectively applied to P[err], Plerr], and
Pl[err] shown in the MPN table shown |ater (cited partially, for serial
decimal dilutions in 20 qui ntuplicate, fromJ. Bacteriol. 25 101 (1933),
page 400, "lil. MPN (Most Probabl e Nwrbgg ). Tabl e", thereby the nost
probabl e nunber of 0.79 is read fromP[err]=5, Plerr]=3, and P[err]=0. This
value is the nunber of the tenplate DNA derived by a probabilistic
statistical 25 technique. By multiplying MPN with the reciprocal of
the critical dilution degree and consideration of the initial dilution
degree, the nunber of the tenplate DNA -37- contained in the soil is

estimated as 0.79 x 10[err] x 10[erfr] = 0.79 x 10[err]. This nynber of the
tenplate DNA itgelf ijs the nunmber df the m croorgpni smindividugdls (cel
nunber) in 1 gramof fhe soil provilded that the
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m cr.oorganismin the soil and the sequence exists only one-in nunber in one
mcrobial cell. Naturally in this exanple, the highest dilution at which
allthe wells fluoresces reflects the ragrber of 10 the tenplate nucleic
acid. Therefrom a calibration curve for the fluorescence intensity as the
function of the nunber of the tenplate DNA (or nunber of the individual

m croorgani sm can be nade. 15. Table 1 MPN (Most Probabl e Number), for
Serial decimal Dilution, in quintuplicate Plerr] Plerr]

5 seguence of the tenplate DNA is characteeristic of the target

Plerr] 0 - 1 2 3 4 5 20 5 0 (0. 23)
(0.31) 0.43 [p.58 ] 0.76 0.95 % 1 (0]33) (0.46) 0.4 O.84
1.1 1.35 | 2 (0.49) (0.70) (0.95) 1.2 1.5 1.8 b 3
(0.79) (1.1) (p.4) | 1.8 2.1 2.5 5 4 (1.3) (L.7) (2.2
(2.8)" 3.5 1.3 2% 5 5 (2.4) (3.9) (5.4) (9.2) (16)
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In Tablé 1, the nunbers in parentheses are-of- high reliability (probability
L is 0.045 or lower). - 38 - Wien a code_wi't hout parentheses is obtained
for fRe:experinental results, the process of the experinment needs to be
reconfirmed. The MPN table cited as Table 1 is a part of the MPN table of

t he aforenentioned 5 literature. rfGQn‘experinentaI result falls
outside Table 1, corresponding part of the original MPN table of the
literature should be referred to. The literature includes MPN tables for
vari ous experinmental conditions, which nay be used according to the 10
experinment conditions. In the conventional MPNPCR nmethod in which PCR and

agarose gel el edqtrophpresrs are conpi ned as described T Retatey Background
Art, two steps df PCR
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are conducted: the first PCR operation for "determnninng 15 the dilution
limt for the positive reaction, and the second PCR operation to
investigate the vicinity of the critical dilution in detail to obtain the
nos+ probabl e nunber of the individuql%lfron1the MPN t abl e. For exanpl e,
fromthe above-described soil sanple (I“gfam, 20 DNA is recovered in

t he sane manner as above. The recovered DNA, w thout the above-descri bed
first dilution, is serially diluted to the dilution degrees of from 10[err]
to 10[err]. The respective dilution solutions are subjected to the first
PCR in a conventional 25 manner, and the presence of the anplification .

product is detefTed Qy agar ose gel el ectropnoresifs to frnd tiat]the
dilutions are p¢sitive to the 10[enr] dilution degree. - 39]- Then 5
sanpl es of the fespedtive dilutiong at 10[err], 1O0[err],
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and 10[err] dilution are again subjected to PCR The positive nunbers at
each dilution are 5/5 for 10[err] dilution, 3/5 for 10[err] dilution, and
0/5 foF 10[err] 5 dilution. Therefore the value 0.79 is obtained from
t he<hPN table in the same manner as abowe, The nunber of the tenplate DNA
in the soil is derived fromthis value miltiplied by the reciprocal of the
dilution degree of the dilution limt (0.79 x 10[err]). This nethod, 10
however, requires two series of operation of PCR and el ectrophoresis, and
is troublesome. On the other hand, the nethod of the present invention
gives the results_directly by conducting one PCR operation wthout the

el ectrophoresi s gperatjon, -thereby tlhe 15 measuf ement operati ¢n bei ng
sinplified greatlly. Wien the anplifijcati on product|{of PCR in the|MPN PCR
method is detectqgd with the aforenerti oned dye conpound, the afofenentioned
operations and cgnditipns can be engloyed in the determ nation off the PCR
20 anplificatijon prpduct, as well|] as the aforengnti oned
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kit. In the MPN-PCR nethod, use of a tool having a plurality of reaction
chanbers (wells) such as a mcroplate is preferred since sinultaneous

treatment of 25 serially diluted sanples is required for statistical
treatment of the result. Even when PCR ¢3 conducted in different vessels,
the mcroplate is preferably used - 40 - for the detection of the

anplification product wwth the dye conpound. This nethod for neasuring the
nunber of the tenplate DNA is applicable effectively to nmeasure the 5

cell nunmber of the target mcroorganismin a liquid or in soil, the nunber
of mcrobial cells in varjous sanples, the nunber of cells in various
sanpl es, the nunber of cells ih various tissyes, the nunber] of a
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speci fi ed gene and copy nunber thereof in various 10 1'i vi ng body
sanples, and so forth. Usually, the concentration of tenplate DNA is
estimated by wei ght based-on the |ight absorption intensity. In the case of
caneer cells, however, the nunber of_;Qg copi es (the nunmber of specified
genes) is frequently of interest. 15 %n such a case, the nethod of the
present invention is useful. The nunber of copies of a specified gene in a
ti ssue can be estimated according to the present invention, irrespectively
of the ampbunt of the cells fromwhich the nucleic acid is extracted, by

neasuring 20 the NugREr cOhipSur@ITEBLEENFetd $TRtRasEze@ detcondingscri bed
above, then neasuring the nuﬁ%er of a specified gene such as a oncogene,

and deri Vi ng akhairhOp@bceBSesuabaseDdw! herlspespét i gensaattionhe nunber of
t he conmon gene mhicﬁ is common to normal cells and 25 cancer cells.
Thi s net hod i sopksatieatuwetercondigctedt e coneenmtiondl cmaorercel s in a
human tissue. For this
Compound 7 was prepared by synthesizing
5 Compound [i] according to the method described by W.
Foerst et al. ("New Methods of Preparative Organic

Chemistry", Acad. Press (1964)),

10 (il

-+
0~ “CH,4

reacting it with p-N,N-dimethylaminobenzaldehyde

( formula shown below):

15
HCO%{l}HN(CH3)Z

and by reacting the resulting compound with a desired
anion.
:.. Compound 17 was prepared by reacting Compound
20 [i] with p-diethylaminostyrylbenzaldehyde (formula

shown below):
HCO%{l}HCH=CH{Z;>—N(CZHSh

and reaction the resulting product with a desired
25 anion.
Compound [ii] was prepared by reacting Compound

[i] with sodium hydrogen sulfide.



- ‘41 - purpose, for exanple, the nunber of a specified gene common to al
the e® |s constituting the tissue is estimated by this nethod, and the
nunmber of a specific gene characteristic to cancer cells to be detected is
5 ~estimated for the sanme tissue sanplgg _Reference Exanple 1 100 m of
acetic anhydride and 30 m of concentrated sulfuric acid were mxed with
cooling, and the resulting m xture was kept at 80[err]C for 3 hours. 10
Thereto 20 mM of acetic anhydride and 30 nl of p- di nethyl am noacet ophenone
wer e added at roomtenperature. The m xture was stirred at 45[err]C
for 24 hours for reaction. An equal nt of ethanol was added thereto,
and the m xture was cool ed. Further t heret o, agueous potassi um i odi de
sol uti on was added to [iil

5 From this Compound [ii], Compounds 8 and 18 were
prepared in the same manner as Compounds 7 and 17.
Compound [iii] was synthesized from
acetophenone and acetaldehyde according to the method

described by R. Wizinger (Helv. Chim. Acta, 39 217

10 (1956)) through the route shown below:
CH3 CHO + ZCH3 COQ
—> CHy3 -C. 0
15
CH,
[iii]
20 o 0

Compound 5 was prepared by reacting Compound
[;ii] with p-dimethylaminobenzaldehyde, and further
25 réacting the resulting compound with a desired anion.
Compound 15 was prepared in the same manner by

using p-diethylaminostyrylbenzaldehyde.



preCipitate a crude crystalline matter.
colleeied by filtration, and recrystallized froman ethanol -ether m xture

(1:4 i n vol une ratio) to obtain 2-methyl-4,6-bis-(4-N, N 20

di et hyl am nophenyl ) pyrylium i odide (Congeund 1 in Table 2, where Y is I)

in a green crystal form [ Analysis results of obtained Conpound 1 (Y:1) ]

Mel ting point:

[ err] max:

8.3737 (1H,
7.8864(1H, s),

s),

254 - 257[err]C W/ visible (CHerr]CN, E x 10[err])

444 nm (2.43), 550 nm 25 (8.24) NVR ([err]H, DVBO [err]ppm
s),

8.2729 (1H, d, J=9.0 Hz), 8.1795 (1H, d, J=9.0 Hz),
- 42 eofp8idd ¢ 4hstprdpered =ikh cetid —éhn?e?)maxﬁuéﬂ%y( 6H,

3.1340 (6H,s), 2.6809 (3H s) FAB mass miz 333

10

15

20

25

using p-dimethylaminocinnamaldehyde.
Compound 11 was prepared in the same manner by
using the compound below:
(CH3)2N—(3»CH=CH—3—CH=CH4{>AN(cug)z

0

Compound [iv] was obtained by reacting Compound
[1i1ii] with sodium hydrogen sulfide:
CH3
[iv]

4

Compounds 6, 16, 10, and 12 were prepared
respectively in the same manner as Compounds 5, 15, 9,
and 11 except that Compound [iv] was used in place of
Compound [iii].

The cation portion of Compound 3 was
9ynthesized in the same manner as Compound [iii] except
that p-dimethylaminobenzaldehyde was used in place of
acetaldehyde as a starting material. Compound 4 was
prepared by reacting. the above resulting compound with
sodium hydrogen sulfide, and further with a desired
anion.

| Compound [v] was prepared from p-methyl-

benzaldehyde and acetophenone in the same manner:

Thi's."crude crystalline matter was



IR (KBr) v cnmerr]: 1645, 1610(sh), 1580(s), 1490(s), 1270, 5 1200, 1160
2-met-hyl -4, 6-bi s-(4-N, N, -di net hyl am nophenyl )- pyrylium perchlorate:
(Conmpound 1 (Y: ClJerr])) was prepared in the sane manner as above except
t hat~ t he aqueous potassi um i odi de mas_[qf}qped by aqueous perchlorate 10
solution. Reference Exanple 2 20 Grans of sodi um sul fi de nonahydrate was
di ssol ved in deionized water, and the total volune was adjusted to 50 ml.
In this solution, 7 g of sodium 15 hydr ogen car bonate was di ssol ved.
Further thereto, 50 m of ethanol wasCHgded under cooling with ice. The

m xture was stirred at roomtenperatyre for 30 m nutes. The precipitated
sodi um carbonate was renobved by fil crani on, and washed with 25 i of

et hanol . The 20 filtrate and thg !hing were conbi ned to obtain about
125 m of a sodi um hydrogen sulfid€\5a ution in ethanol.

[v]

Compound [vi] was prepared by reécting Compound

[v] with sodium hydrogen sulfide:

CH,

10
[vil

+
S

Compounds 13 and 14 were prepared reépectively
15 by reacting Compound [v] and Compound [vi] respectively
with p-dimethylaminobenzaldehyde, and the resulting
compound with a desired anion.
Compounds 19, 20, and 21 were prepared
fespectively by reacting Compound [i] or [ii] with the
20 cation portion of Compound 1 or 2, and the compound of

the formula below:
O~ OH

07 OH

and reacting the product further with a desired anion.
25 Compounds 22, 23, and 24 were prepared
respectively by reacting Compound [i] or [ii] with the

cation portion of Compound 1 or 2, and the compound of



0.92 Gram of 2-nmethyl-4,6-bis-(4-N, N di net hyl am nophenyl ) pyrylium i odi de
prepazed in 25 Ref erence Exanple 1 was dissolved in 20 Ml of DMSO. To
t he sulting solution, to which 5 m of the above sodi um hydrogen sul fide
sotion in water-ethanol was -43- _agged. The mixture was stirred at
roomtenperature for 5 mnutes. Then 0.75 m of hydroiodic acid was added
and the m xture was stirred 5 mnutes. Thereafter in a conventional manner,
the m xture was extracted with 5 di chl oronet hane, purified by silica ge
col um chromat ogr aphy, and the product was recrystallized froma

et hanol - et her nrheedosaulenbeldwd i n volune ratio) to obtain 0.7 g of
crystalline 2-nethyl-4,6-bis-(4-N, NO ﬁVianlnophenyl)thlopyryl|um

i odi de (Compound 2 in 10 Tabl e 2, r Yis ).

and reacting the product further with a desired anion.
5 Compounds 25 and 26 were prepared respectively
by reacting Compound [i] or [ii] with the compound of
the formula below:
Hy C CHO
CH4
10
(CH3 ) 2 N
and reacting the product further with a desired anion.
Compounds 27, 28, and 29 were prepared
respectively by reacting Compound [i] or [ii] with the
i5 cation portion of Compound 1 or 2, and ethyl
orthoformate [HC(OC,H;);], and reacting the product
further with a desired anion.
Compounds 30, 31, and 32 were prepared
réspectively by reacting Compound [iii] or [iv] with a
20 p-dimethylamino derivative of Compound [iii] or [iv]
derived in the same manner as Compound [iii] or [iv],
and ethyl orthoformate, and reacting the product
further with a desired anion.
Compounds 33 to 55 were synthesized through the

25 processes below.



[ Analysis results of obtained Conpound 2 (Y:1) ] Melting point: 246 -

248[ err)C W/ visible (CHerr]CN, E x 10[err]) [err]max: 495 nm (2.50), 587
nm (4.95) 15 NVR ([err]H, DVMBO) [err]ppm 8.5679 (1H, s), 8.4323 (1H,

S) ~B8.2436 (2H, d, J=9.27 Hz), 7.9786 (2Hgod, J=9.28), 6.8959 (4H t,
Jlerr]=J[err]=9.28), 3.1756 (6H, s), 3. llg% (6H,s), 2.8323 (3H, s) FAB nass
mz 349 20 IR (Kbr) v cm1: 1600(s), 1560(s), 1640(s), 21430(s), 1370(s),
1260(s), 1160(s) 2-methyl -4, 6-bis-(4-N, N, -di net hyl am nophenyl) -

t hi opyrylium perchlorate (Conpound 2 (Y: Clderr])) was prepared in the
sanme nmanner as above except that the 25 aqueous potassium i odi de was

replaced by a8, AYEOSPEENLGRALE, P Y o

N(CH3),
4 Q
CHO
— —  N(CH3),
Compound 33
(CHi), =
CHs), N
1 N{CH3),
or
ClOg
lNaSH

Compound 33 (X =S)



- 44 - Reference Exanple 3 Conpounds 3 to 55 shown in Table 2 were prepared

respeeyively. In Table 2, [err] represents a p- phenylene group, or a
phenyl group. 5 - 45 - [err] - 46 - [err]
~ - 70 -
Synthesis of Compound 34
_— —>
) CHj
| Compound 34
o % (X=0)
CH ' -
3 I N(CH3l,
or
ClOq
lNaSH

Compound 34 (X :S)



- 48 - [err] - 49 - [err] . -50- [err]

- 71 -

Synthesis of Compound 35

CCXN4.
+ 2 CHC—( )—NCHy,
CHO
e : COOH
Compound 35
s (x=0)
CHz)o N -
{ 3)2 T N(CH3)2
or
Clog
lNaSH

Compound 35 (X :S)



- 51 - [err] -52- [err] [err] -53- [err].1VS

- 72 -

Synthesis of Compound 36

Compound 34 +
(X=0)

N(CH3)2

%Fl Compound 36

o)
(CHzlpN™" T N(CHJ),

or
ClOag
J/ NaSH

Compound 36 (X =S)



[err] -55- [err] -56- [err] - 57 -. [err]

~ - 73 -

Synthesis of Compound 37

N(CHz)5

Compound 34 +
(X=0)

CH Compound 37
CH (X=0)

j (CH3)2 N I N(CH3)2
or
Cl0;
} NasH
Compound 37 (X=S)



- 58 - [err] -59- [err] -60- [err] .- 61 ;_[err]lo
0 - o . - . |

- - 74 -

Synthesis of Compound 38

(CH3)2N®C- @cm

CH3C-®N(CH312

N(CH3),

pre——

Compound 38

\6 (X=0)

- (CH3)2N T N(CHz)»

or
) ClOg
| l NaSH

Compound 38 -
(X=8)



-62- [err] O 0 -63- [err] | I

I , I -64- The conpounds above wer e synt hesi zed accordi ng
knomm‘brocesses as bel ow. The specific reaction operations were conducted
i nsconventi onal manner. Conpound 7 mas_pﬂgpgred by synthesi zi ng

Syﬁthesis of Compound 39

Compound 34 +CH3)2N@C'C©-C
(x=0)

N(GHa),

o

H
i
H

Ei::D Compound 39

(X=0)

o:o Q=i

O+

(CH 3)2[\] I~ N(CH32

or

ClOy
| NasH
Compound 39 (X::S)



5 Compound [i] according to the nethod described.:by W Foerst et al.
("New Met hods of Preparative Organic Chenistry", Acad. Press (1964)), [err]
reacting it with p-N N-di nmethyl am nobenzal dehyde (formula shown bel ow): 15
[er+] and by reacting the resulting cgnpgund with a desired anion. Conpound

17 was prepared by reacting Conmpound 20 [i] with

p- di et hyl am nostyryl benzal dehyde (fornula shown below): [err] and reaction
the resulting product with a desired 25 ani on. Compound [ii] was
prepared by reacting Conmpound [i] wi th sodi um hydrogen sulfide.

Compound 40 was synthesized in the same manner

aé Compound 36 except for using the compound

HOOC-@CHO
(CHoN @CHO

5 in place of

as a starting material.
Compound 41 was synthesized in the same manner

10 as Compound 37 except for using the compound

H H
HOOC C=G-CHO
in place of
H_H
(CHQZNQCZC—CHO
15 '

as a starting material.
Compound 42 was synthesized in the same manner

as Compound 38 except for using the compound

\ HH
. HOOC®C=C®CHO

in place of

(CH3); NQCH'—‘CHQCHO

as a starting material.
25 Compound 43 was synthesized in the same manner

as Compound 39 except for using the compound



-65- [err] 5 Fromthis Conpound [ii], Conpounds 8 and 18 were prepared
in the sanme manner as Conpounds 7 and 17. Conpound [iii] was synthesized
from acet ophenone and acet al dehyde according to the-nethod descri‘bed by R
W 2+nger (Helv. Chim Acta, 39 217 10 _ .4 1956)) through the route shown
below. [err] 20 Conpound 5 was prepared by reacting Conpound [iii] with

p- di net hyl am nobenzal dehyde, and furt her reacting the resulting
conmpound with a desired anion. Conpound 15 was prepared in the sane manner

by using p-diethyl am nostyryl aldehyd
__ HOOC @CHO

in place of

H H
(CH3) 2N©C=C®CHO
5

as a starting material.




-66- Conpound 9 was prepared in the same manner by using -

p- di met hyl am noci nnanmal dehyde. Conpound 11 was prepared in the same nmanner
by using the conmpound bel ow. 5 [ert] Compound [ivV]- was obtai ned by
reas+i ng Conpound [iii] with sodium hydrogen sulfide: [err] Conpounds 6,

16, 10, and 12 were prepared 15 respecf®vely in the same manner as
Conmpounds 5, 15, 9, and 11 except that Conpound [iv] was used in place of
Compound [iii]. The cation portion of Conpound 3 was synthesized in the
sanme manner as Conpound [iii] except 20 t hat p-di nmet hyl am nobenzal dehyde
was used in place of acetal dehyde as a starting material. Conpound 4 was
prepared by reacting. the above resulting conpound with

Synthesis of Compound 44

) .
compound 1+ (CHzl»N ‘@CHO
(x=0)
N(CH3)»
j : ] Compound 44
(X=0) .
HH
0 C:C‘QN(CHQZ
(CH3loN
. I" or ClOg4
l NaSH

Compound 44 (X'—‘-‘S)



sodi um hydrogen sul fide, and further with a desired anion. 25

Cbnpqusg [v] was prepared from p-nethyl- benzal dehyde and acet ophenone in
the sa manner : -67- [err] [V] 5 Conpound [vi] was prepared by reacting
Coipound [v] with sodium hydrogen sulfide: [err] Conpounds 13 and 14 were
prepared respectively 15 by reacti ng-Cdfpound [v] and Conpound [vi]
respectively with p-dinmethyl am nobenzal dehyde, and the resulting conpound
wi th a desired anion. Conpounds 19, 20, and 21 were prepared

Synthesis of Compound 45

- HH
Compound 1 + (CH3).2 N_‘@‘C:C‘CHO

1

N(CH3)»

(X=0)

Compound 45
(Xx=0)

(CHLN

) | l NaSH

Compound 45 (X=S)



respectively by reacting Conpound [i] or [ii] with the 20 cation portion
of Cbnpound 1 or 2, and the conpound of the-fornula below [err] and
reacfing the product further with a desired anion. 25 Conpounds
22~23, and 24 were prepared respectively by reactlng Compound [i] or [ii]
with the cation portion of Conpound 1 ar g3, -and t he conmpound of -68- the
formula below. [err] and reacting the product further with a desired anion.
5 . Conmpounds 25 and 26 were prepared respectively by reacting
Compound [i] or [ii] with the conpound of the fornula below [err]

Synthesis of Compound 46

(C H3)2N @CHO
Q '
.+CH30 @N(CH3)‘2

(CHs)zN@é_é— @ (CHJl5

[I1X]

Compound [ I X]

" CH3C®C=C®N(CH3)2

NQSFHQZ

Compound 46
(X=0)

or

ClOz \N aSH

Compound 46
(X =S)

O+



and reacting the product further wwth a desired ani on. Conpounds 27, 28,
and 29 were prepared respectively by reacting Conpound [i] or [ii] with the
15 cation portion of Conpound 1 or 2, and ethyl orthoformate
[HeEOC err]H err])[err]], and reacting the product further with a desired
ani on. Conmpounds 30, 31, and 32 were prepHred respectively by reacting
Conmpound [iii] or [iv] with a 20 p- di net hyl am no derivative of Conpound
[ii1] or [iv] derived in the sane manner as Conpound [iii] or [iv], and
et hyl orthoformate, and reacting the product further with a desired anion.
Compounds 33 to 55 were synthesized through the 25 processes bel ow.
-69- Synthesis of Conpound 33

_ Synthesis of Compound 47

Compound 1 +(CH3)2N;®EZEQCHO
- (X=0)

N(CHz),

Compound 47 (X=0)

.. i |
+ (I H H .
0 C~C‘®C:C©N(CH3)2
(CHZ LN '
37 1" or Clo;

} NaSH

Compound 47

(X=$)




[err]

L —
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20

25

70 -

Synt hesi s of Conpound 34 [err] . - 71 -. Synthesis of
Conmpound 35 [err]

as

in

as

as

in

as

as

in

as

as

- 72 - Synthesis of Conpound 36 [err]

-~ 82 -

Compound 48 was synthesized in the same manner

Compound 44 except for using the compound

HOOC@CHO
place of
(CH3)2N®GH0

a starting material.
Compound 49 was synthesized in the same manner

Compound 45 except for using the compound

a starting material.
Compound 50 was synthesized in the same manner

Compound 46 except for using the compound

0 H H
CH36®»C:C COOH

place of

0 H H |
CH3G C= N(CH3),

a starting material.
Compound 51 was synthesized in the same manner

Compound 47 except for using the compound



-73- Synthesis of Conmpound 37 [err] - 74- .Synthesis of Conpound 38 [err]
- 75 - Synthesis of Conpound 39 [err] T '

N .

- 83 -

H H
HOOG C=C®C HO

in place of

H H
(c H3)2N®C=c @CHO
5

as a starting material.




-76- Conpound 40 was synthesized in the sane manner as Conpound 36 except
for using the conmpound [err] 5 in place of [err] as a starting material.
Conmpound 41 was synthesized in the same nmanner 10.. . as Conpound 37 except
forwuasing the conmpound [err] in place of éS [err] as a
starting material. Conpound 42 was synfhg ized in the sane nmanner as
Conmpound 38 except for using the conpound [err] in place of

Synthesis of Compound 52

o | i
- | Compound [ I X] '+ C-Hgé'COOH

(X=0)

iNaSH ;

Compound 52.
(X=8)



[err] as a starting material. 25 .Conmpound 43 was synt hesi zed in

t he seame manner as Conpound 39 except for using the conpound -77- [err]
in p1aEe of [err] as a starting material. . - 78 - Synthesis of Conpound
44err] -

Synthesis of Compound 53

. 5 |
Compound [1Xx] + CH3& @‘COOH

N(CH3)»

Compound 53

o (X=0)
(CHQzN I OOH

or

ClOg

l NaSH

Compound 53
(X=8)



- 79 - Synthesis of Conmpound 45 [err] - 80 - Synthesis of Compound 46
[err]. - 81 - Synthesis of Conmpound 47 [err]

o

- 86 -

Synthesis of Compound 54

0
Compound [ X] + CH3&~©¢

N(CH3),

Compound 54

(X=0)

or

CI0g

l NaSH

Compound 54
(X=9)



-82- Conpound 48 was synthesized in the same nmanner as Conpound 44 except
for using the conmpound [err] 5 in place of [err] -as a starting material.
Conmpouhd 49 was synt hesized in the same manner 10 - as Conpound 45 except
f or~usi ng the conmpound [err] in place_og7[err] 15 as a starting nmaterial.
Conpound 50 was synthesized in the sane manner as Conpound 46 except for
usi ng the conpound 20 [err] in place of

Synthesis of Cbmpound 55

®0H0+ 2 CH36®N(CH3)2

Compound 55

5 - (X=0)
(CHI2NTS 17 APy,

or

ClO4 '

1 NaSH

Compound 55
(X=S)



[err] as a starting material. 25 - Conpound 51 was synthesized in
t he same manner as Conpound 47 except for using the conpound -83- [err]

in place of 5 [err] as a starting material. - -84- Synthesis of
Corgpound 52 [err] _ 88

Reference Example 4
| Compound 1 obtained in Reference Example 1 was
dissolved in acetonitrile to make a stock solution, to
which a phosphate buffer was added to the final
5 concentration of 10 mM, followed by dilution with water
containing 10% acetonitrile to the final concentration of
Compound 1 of 3 x 10° M. This solution is referred to as
“"Sample I". The absorption spectrum of Sample I was
measured with a spectrophotometer in a conventional manner.
10 Salmon sperm DNA (made by Sigma Co.) was dissolved
in a TE buffer solution (10 mM Tris - 1lmM EDTA), and was'
purified by phénol extraction. The purified DNA was
further digested with restriction enzyme EcoRI for easy
handling. An aliquot of this DNA solution was mixed with
15 the stock solution of Compound I to give a DNA
"concentration of 50 pg/ml and a Compdund 1 concentration of
3 x 10° M. This solution containing 10% acetonitrile is
referred to as "Sample II". The absorption spectrum of
Sample II was measured with a spectrophotometer in a
20 conventional manner. In Sample II, the absorption peak of
Compound 1 shifted by 20 to 30 nm to longer wavelength
owing to its interaction with DNA, which is typical for an
intercalator.
When fluorescence spectrum of Sample I and
25 Sample II were taken in a conventional manner, Sample I
showed a trace fluorescénce peak at about 650 nm by
excitation at 550 nm, whereas Sample II containing DNA

showed a strong fluorescence peak at about 650 nm with



- 85 - Synthesis of Conpound 53 [err]

-86- Synthesis of Conpound 54

[err] — -87- Synthesis of Conpound 55 {err]’

S’

10

15

20

25

- 89 -

an intensity of about 100 times that of Sample I at the
ééme excitation wavelength. This shows that Compound 1
is a powerful intercalator.

Solutions weré prepared which contain Compound
1 at a concentration of 5§ x 10®* M and DNA at various
concentrations by using the above-prepared DNA solution
and the above-prepared 10mM phosphate buffer solution
containing compound 1 and 10% acetonitrile. The
fluorescence intensities of the solutions were measured
in a conventional manner to determine the relation to
the DNA concentrafion. The fluorescence intensity
increased in proportion to the DNA concentration, the
maximum'intenéity being about 400 times the value in

the absence of DNA. The excitation light was emitted

Ifrom a xenon lamp through a ;ow-cut filter of 480 nm to

eliminate ultraviolet light. Further, the compounds
shown in Table 2 were subjected to fluorescence
intensity measurement in the same manner as above.

Typical examples are shown in Table 3.

Table 3
Compound Maximum absorption Fluorescence

No. wavelength (A,,,) intensity
Absence Presence Ao Increase
of DNA of DNA

1 540 nm 560 nm 650 nm - | 100-fold

2 580 nm 620 nm 700 nm 60-fold

3 535 nm 570 nm 640 nm 13.6-fold




-88- Reference Exanple 4 Conpound 1 obtained in Reference Exanple 1 was

di ssalved in acetonitrile to nmake a stock solution, to which a phosphate
buffer' was added to the final 5 concentration of 10 mM foll owed by
dikution with water containing 10%acetqgytrile to the final concentration
of Conmpound 1 of 3 x 10[err] M This solution is referred to as "Sanple |I".
The absorption spectrum of Sanple | was neasured with a spectrophotoneter
in a conventional manner. 10 Sal non sperm DNA (nade by Signa

Co.) was dissoljved in a{TE buffer sélution (10 yyM Tris - 1gM EDTA), and was
purified by phgnolaextrgcti cg7s e puréfo esh DNA wayosuminher digpeiiletl Wi th
restriction engyne EcoRl} for easy handling. An hliquot of tthis DNA solfution
was mixed wWith|15 6 thg st o®60 sl utli @9 MrConppundao trom gijve - fANA
concentration df 50 pg/mi and a Congound 1 conckntration off 3 x 10[ern] M
Thi s sol uti on dont&ini ng 10%%Qemoni|t r61Q rims weak -

9 660 nm 720 nm 750 nm l16-fold

.5 11 625 nm 660 nm 735 nm 10-fold

15 670 nm 680 nm . 820 nm 5-fold

16 690 nm 720 nm 825 nm 5-fold

17 690 nm 720 nm weak -

10 Example 1 [ Determination of nucleic acid with 2,4-
bis(4-N,N-dimethylaminophenyl)-6-methylpyrylium salt ]
PCR was carried out on 16S ribosomal RNA gene
(hereinafter referred to as 16S rRNA gene) of
Pseudomonas aeruginosa as the target, and the
15 amplification product was detected by use of 2,4-bis(4-
N,N-dimethylaminophenyl)-6-methylpyrylium salt.
Firstly, the entire DNA of P. aeruginosa was
prepared as follows. After overnight incubation in a
ZQYT culture medium, the cells of 2 ml culture were
20 collected by centrifugation. The collected cells were
suspended in 0.5 ml of 0.1M phosphate buffer solution
(pH: 8.0), to which 0.05 ml of 10% SDS solution was
added. The suspension was mixed well, and was kept
standing at 70°C for one hour. Then the suspension was
25 vortexed to cause complete cell lysis. To this lysate,
an equal amount of phenol-chloroform was added, and

mixed. Then the mixture was centrifuged, and the upper



referred to as "Sanple I1". The absorption spectrumof Sanple Il was

neasused with a spectrophotoneter in a 20 conventional manner. In
Sample Il, the absorption peak of Conpound 1 shi-fted by 20 to 30 nmto

| orger wavel ength owing to its interacti®n-with DNA, which is typical for
an intercal ator. When fluorescence spectrumof Sanple | and 25 Sanple |1

were taken in a conventional manner, Sanple | showed a trace fluorescence
peak at about 650 nm by excitation at 550 nm whereas Sanple |l containing

DNA showed a strong fl uorescence peak_.at agbout .650 .nmw.th - - an
intensity of ab%ﬁYg%dﬂa?i?R%AQQﬁﬁ wﬁlﬁ§ﬁﬁ§%9le5§?QFﬁe° Aty 185V %ggh

savelengiin. Thi SosSiReh 'R0 RIS 2 SAMIGITolcd 1 PR s
dissolved in 100 pl of TE buffer (pH: 8.0). This DNA
was used as the template DNA.

5 Two primers were used for PCR.
Primer 1: 5' AGAGTTTGATCATGGCTCAG 3' (sequence No. 1)
Primer 2: 5' AACCCAACATCTCACGACAC 3' (sequence No. 2)
These primers were synthesized by means of DNA
Synthesizer 381A (made by ABI Co.). The reagents and
10 fhe techniques for the synthesis are based on the
protocol of ABI Co.
PCR was conducted with the template DNA and the
primers under the following conditions:

[ PCR conditions ]

15 Composition of reaction solution (total volume: 50 pl):
10x buffer*: 5 pl
dNTPs: 5 pl
Primers 1 and 2: 10 pmol respectively

Taq DNA polymerase: 0.5 unit
20 ' Template DNA: 500 pg, 100 pg, 10 pg, 1 pg,
100 fg, or 10 fg
*(100 mM tris-HC1l(pH 9.0), 500 mM KCl,
1% Triton X-100, 25 mM MgCL, )
The components were mixed and thereto
25 séerilized water was added to the total volume of 50
pl. The mixture was allowed to react in a Thin-Walled
Gene Amp tube (entire volume: 0.5 ml, made by Takara
Shuzo Co., Ltd.). Separately, as the blank, a sample

was prepared in the same manner as above except that



5 1 at a concentration of 5 x 10[err] Mand DNA at various
concentrations by using the above-prepared DNA sol ution and the
abovégbrepared 10mM phosphat e buffer sol ution containing conpound 1 and 10%
acetonitrile. The fluorescence intensitigs of the solutions were nmeasured
10 in a conventional manner to determine the relation to the DNA
concentration. The fluorescence intensity increased in proportion to the
DNA concentration, the maxi mumintensity-bei ng about 400 tines the value in
t he absence of DNA. The excitation light was emtted 15 froma xenon

| anp t hrough a the-template HNHfwagnown added i niThe ceguired dmaunt @f |

Furt her, the conpounds shown in Table 2 were subjected to fluorescence

i ntensi ty measukkereh®x|buffer sgh0 rfﬁ‘ﬁn‘é?i%rs“ca)d(ﬂ}%.g’ﬂl)pi 90 L Kfes L e
shown in Table 3. 20 Tabl e Conpound Xi_mum
absor ption Tritep Kz1@@nce® NgM MICL, )ﬁ%ﬁbF@ﬁggﬂTFEEW?fﬁaffppyged

i ntensity Absenc Pr esence
y wfth the pofymerase.[err]em | ncrease

5 Reaction cycle:
Pre-incubation at 92°C for 5 minutes,
30 cycles of 92°C for 45 seconds/
55°C for 60 seconds/ and 72°C for 90 seconds,
Final incubation at 72°C for 5 minutes followed

10 by slow cooling down to 5 C for annealing.

The PCR apparatus employed was Gene PCR System
9600 made by Perkin-Elmer Inc. The amplification
product was detected as follows: After the reaction,
respective samples are diluted 2-fold, 10-fold, and

15 20-fold with TE buffer (10 mM Tris-HCl (pH: 8.0) - 1 mM
EDTA), to the final volume of 50 pl on a 96-well
microtiter plate (Falcon Assay Plate 3911 (U-bottomed
well) made by Becton-Dickinson Co.) (See Fig. 1). To
each of the wells, was added 1 pl of 150 upg/ml 2,4-

20 bis(4-N,N—dimethylaminophenyl)—6-methy1pyrylium iodide
solution in acetonitrile. The contents of the wells
were mixed well by pipetting. The microplate was set
on a Millipore.Fluorescence Apparatus (CytoFlour 2350),
apd using the excitation filter to pass the light of

25 ﬁavelength 590 nm and the emission filter to detect the
light of wavelength 645 nm, the fluorescence under the
excitation light irradiation was measured. Fig. 2
shows the fluorescence intensity at 645 nm of the

respective dilutions as a function of the amount of the



of DNA of DNA 25 1 540 nm 560 nm 650 nm 100-fold 2

580 nm 620 nm 700 nm 60-fold 3 535 nm 570 nm

640 nm 13.6-fol d - 90- 4 575 nm 610 m 705 nm
10fo0ld 6 660 nm. 690 nm 800 nm 7-fold 8 650Nm
670nm weak -9 ~93-660m 720 nm 750 nm
16-fold 5 11 625 nm 660 nm 735 nm 10-fold 15

670 nm 680 nm 820 nm 5-fold 16 690 nm 720 nm

825 nm 5-fold 17 690 nm 720 nm weak - 10

T R o o 0 oy ) SRR 18, Bafpmpecence wae
observed with the blank sample. As shown in Fig. 2,
the fluorescence intensity increases as the amount of
the template DNA increases, showing the possibility of

5 quantitative determination of template DNA with
fluorescence intensity. At the template DNA levels of
100 £fg and 10 fg, no PCR amplification product was
detected.

The same operation was conducted, but instead

10 of detection with 2,4-bis(4-N,N-dimethylaminophenyl)-6-
methylpyrylium salt to the reaction solution in eachlof
the well, a 5 pl aliquot of the respective reaction
solutions were taken out and subjected to agarose gel
electrophoresis. The gel was stained with ethidium

15 bromide (hereinafter referred to as EB), and the amount
of the PCR amplification product was estimated from the
fluorescence density of the band. As a result, a
distinct band was observed at the template DNA levels
6f 500 pg, 100 pg, and 10 pg; a weak band was observed

20 at the level of 1 pg:; and no PCR amplification product
was observed at the levels of 100 fg and 10 fg of
template DNA used. At the level of 500 pg, the
fluorescence intensity was saturated, giving intensity
nearly equal to that of 100 pg template DNA. On the

25 gel,in addition to the band of the PCR amplification

product, a fluorescent zone was observed at a lower

molecular weight region, which is assumed to come from



PCR was carried out on 16S ribosomal RNA gene (hereinafter referred to as
16S r, gene) of Pseudonobnas aerugi nosa as the target, and the 15
anplifi'cati on product was detected by use of 2,4-bis(4-
N,thinethylaninophenyl)-6-nethy|pyry|iuqisalt. Firstly, the entire DNA of
P. aerugi nosa was prepared as follows. "After  overni ght incubation in a 2xYT
culture nedium the cells of 2 m culture were 20 col l ected by
centrifugation. The collected cells were suspended in 0.5 m of 0.1M
phosphate buffer solution (pH 8.0), to which 0.05 m of 10% SDS sol ution

was added. The ﬁ_ﬁ%ﬂ@p | ,y@ﬁ IoREL \@% ERheS Hhadiene at
70[err] C for one . ur.%zlcwﬁt;én t eﬂ%uspﬁégﬁﬁf‘a;ﬁez elﬁv%?’?e?ed to cause
conplete cell |YQIQ@CF1'§|1915 Vel BxditPiad € N ROtV WE POR RRPNAIFEAIR orm
was added, and m xed. en the mxture was centrifuged, and the upper

product with EB ]

The same operation was conducted as in Example

5 1 except that EB was used in place of 2,4-bis(4-N,N-
dimethylaminophenyl )-6-methylpyrylium salt with the
following operation conditions. To each of the wells,
was added 1 pl of 250 pg/ml EB solution, and mixed well
by pipetting. The mixture was left standing at room

10 temperature for 5 minutes. The fluorescence
intensities were measured by means of Millipore
Fluorescence Apparatus with a 485nm-light transmitting
excitation filter and a 620nm-light transmitting
emission filter. Consequently, red fluorescence was

15 observed at all the wells indluding control wells.
Moreover, no difference of the fluoreécence intensity
was observed between the sample wells containing the
template DNA and the wells not containing template DNA
(cogtrol wells). Therefore, the quantitative

20 determination was impossible. This was attributed to
the presence of higher-order structured mattér formed
from primers in the sample and blank wells.
Comparative Example 2 [ Detection of PCR amplification
product employing YOYO-1 ]

25 The same operation was conducted as in Example
1 except that YOYO-1 (made by Molecular Probe Co.) was

used in place of 2,4-bis(4-N,N-dimethylaminophenyl)-6-



-91- layer was collected. Thereto ethanol of tw ce volune was added to
recover DNA as precipitate. The DNA was dissolved in 100 [err]l of TE
bufferi(pH: 8.0). This DNA was used as the tenplate DNA. 5 Two
priswers were used for PCR Prinmer 1. 5 AGAGITTGATCATGGCTCAG 3' (sequence
No. 1) Primer 2: 5 AACCCAACATCTCACGACA®S' - (sequence No. 2) These priners
were synt hesi zed by neans of DNA Synt hesi zer 381A (nade by ABI Co.). The
reagents and 10 the techniques for the synthesis are based on the
protocol of ABI Co. PCR was conducted with the tenplate DNA and the primers

eact i on sof ut | BRECYDRRT Y bRtrEe B0 U 111 : tbforing qmera¥BSR VN O,
dNTPs: condit?oLS rr ] ‘i‘hg ri{%-ﬁ 1s3f@tfon was Jp(;:e%gijeé ei%PeCt ively
diluting 1 mM stock solution 120-fold, and 1 pl of the
diluted YOYO-1 solution was added to each of the wells,
5 and mixed well by pipetting. The m;xture was left

standing at room temperature for 5 minutes. The
fluorescence intensities were measured by means of
Millipore Fluorescence Apparatus with a 485nm-light
fransmitting excitation filter and a 530 nm-light

10 | transmitting emission filter. Fig. 3 shows the
results. As shown in Fig. 3, the fluorescence
intensity increased in proportion to the amount of the
template DNA, but the increase rate is low. Moreover,

- the blaﬁk wells also produced fluorescence at

15 approximately the same intensity level as those
containing the template DNA. The fluorescence of the
blank is probably due to the higher-order structured
p:oduct formed from the primers. Accordingly, in the
quantitative determination with this dye, quantitation

20 is not satisfactory because of the small difference in
the fluorescence intensity between the reaction mixture
and the blank mixture and the low increase rate of the
fluorescence intensity in proportion to the amount of
the template DNA.

25 From the results of Example 1 and Comparative
Examples 1 and 2, the quantitative determination can be

conducted precisely by utilizing the fluorescence 2, 4-



Taq DNA polynerase: 0.5 unit 20 Tenpl ate DNA: 500 pg, 100 pg,
.10 pg. 1 pg, 100 fg, or 10 fg *(100 mMtris-HCA (pH 9.0), 500 nM KCl, 1%
Triton X-100, 25 nM MJCL2 ) The conponents were m xed and thereto 25
sterilized water was added to the total _yolume of 50 [err]l. The m xture
was allowed to react in a Thin-valled"cgﬁe'Anp tube (entire volune: 0.5 m,
made by Takara Shuzo Co., Ltd.). Separately, as the blank, a sanple was
prepared in the sane manner as above except that -92- the tenplate DNA
was not added. The required amount of the 10x buffer- (100 mMtris-Hd (pH

gﬁg?oi i ggow.mt\"h Kﬁ]iés (;%?N;%ngng&}ﬁlgmiﬁépﬁ%yﬁ%Lﬁé’thyl )89y hamdAGR quer e
not influenced by the higher-order structured product
formed from the primers. This result is well
consistent with the result of EB staining of agarose

5 gel electrophoresis of the reaction solutions in
Example 1. In EB staining of the.agarose gel, however,
the fluorescence saturated at the template DNA levels
of 500 pg and 100 pg, apparently showing the presence
of the same quantity of the amplification products of

10 the template DNA levels of 100 pg or higher. On the
other hand, in the detection with 2,4-bis(4-N,N-
dimethylaminophenyl )-6-methylpyrylium salt, the
fluorescence intensity does not saturate even at the
levels in which EB fluorescence saturates, thereby,
15 guantitative determination being practicable.
Example 2 [ Measurement of bacterial cell number by PCR
employing a microplate ]
An overnight culture (2xYT medium) of E. coli
JMlQQ strain was added to soil. From the soil, DNA was
20 extracted in a conventional manner, and subjected to
PCR targeting 16S rRNA gene of E. coli as the template,
to determine the number of bacterial cells by PCR-MPN
method.
E. coli was added to the soil to give cell
25 numbers per gram of soil of about 107, about 10°, about
10%, and about 10* (corresponding to Samples A, B, C,

énd D in Fig. 4, respectively), and the soil samples



5 Reaction cycle: Pre-incubation at 92[err]C for 5 mnutes, 30 cycles of
92[ery] C for 45 seconds/ 55[err]C for 60 seconds/ and 72C for 90 seconds,
Final yncubation at 72C for 5 mnutes followed 10 by sl ow

coaling down to 5 C for annealing. The PSB appar atus enpl oyed was Gene PCR
System 9600 made by Per ki n- El ner I nc. T anplification product was
detected as follows: After the reaction, respective sanples are diluted
2-fold, 10-fold, and 15 20-fold with TE buffer (10 nM Tris-HO (pH 8.0)
- 1 mM EDTA), to the final volume of 50 [err]l on a 96-well mcrotiter

plate (Fal con Agsay Blaleed9liodd)datd SPANE!dd: e Resienia nsor

Co.) (See Fig. 1) each of t was added 1 [err]l of 150 pg/m
2,4- 20 bis(g; Nobk i gRd hyd Spa ooy | dudpdiddy | 13y 10/)5 win igxdie sol ution

in acetonitrile. The contents of the wells were mxed well by pipetting.
The micropl ate YRE§spRAtEbAFRAbE | $PNUIEIdH UCSIESBATLES A atiis tsudgarisifdmur

2350),
) 0.05 ml of 10% SDS solution was added. The mixture,

5 after being sufficiently stirred, was left standing at
70°C for one hour. The suspension was mixed with a
vortex mixer for complete cell lysis. To the lysate,
an equal amount of a phenol-chloroform mixture was
mixed. After centrifugation, the ﬁpper layer was

10 collected. Thereto, twice the amouht of ethanol was
added to recover DNA as the precipitate. This
precipitate was dissolved in 100 pl of a TE buffer
solution (pH 8.0) to form a template DNA solution for
PCR.

15 The following two PCR primers selective for 16S
rRNA gene of E. coli were employed.

Primer 1: 5' AGAGTTTGATCCTGGCTCAG 3' (Sequence No. 3)
Primer 2: 5' AACCCAACATCTCACGACAC 3' (Sequence No. 4)
These primers were synthesized by means of

20 Synthesizer 381A made by ABI Co. The reagents and the
techniques for the synthesis were based on the protocol
of ABI Co.

PCR was conducted with the extracted DNA as the
template and the primers under the same conditions as

25 in Example 1. The PCR was conducted in the wells (U-

bottomed) of a 96-well microtiter plate (Falcon assay

plate 3911 made by Becton-Dickinson Inc.). Each well



and using the excitation filter to pass the light of 25 wavel engt h 590
nmangd the emssion filter to detect the |ight of wavel ength 645 nm the

fl uorescence under the excitation light irradiation was neasured. Fig. 2
shaws the fluorescence intensity at 645 nm of the respective dilutions as a
function of the anount of the -93--t8fptate DNA in the reaction. No

fl uorescence was observed with the blank sanple. As shown in Fig. 2, the
fluorescence intensity increases as the anount of the tenplate DNA

I ncreases, shomﬁng the possibility of 5 guantitative determ nation of

T sl SR RETASe BhRERY Rha M BEPChBR SRR L of 100
was conducted, Put.d 15483 a solution of 2,4-bis(N,N-dimethylamino-
phenyl)-6-methylpyrylium iodide in acetonitrile of the
same concentration as in Example 1. Starting from the
5 DNA solution (the extracted DNA solved in 100 nl),
eight successive 10-fold dilutions of the template DNA
(10! to 107®) were prepared and each dilution (1 pl) was
distributed in five wells in one line as shown in Fig.
4 for the PCR reaction. The PCR reaction apparatus was
10 Model PTC-100-96 made by MJ Research Inc. |
After the PCR reaction, 5 pl of acetonitrile
was added to each of the wells on the microplate. Each
mixture was agitated sufficiently, and was left
standing for 5 minutes. Then the microplate was set on
15 a Millipore Fluorescence Apparatus (CytoFluor 2350),
and the fluorescence was measured with the same filters
employed in Example 1. Fig. 5 shows the results. The
wells producing fluorescence of twice or more that of
the'blank wells were regarded to contain a PCR
20 amplification product (shadowed wells in Fig. 5). From
the results, the numbers of E. coli in the respective
soil samples were estimated to be 4.9 x 10°, 7.9 x 10°,
2.2 x 105, and 7.9 x 10° by reference to the table for
MPN.
25 Comparative Example 3
The numbers of E. coli cells in the same so0il
samples prepared in Example 2 were measured by plate

count method in which a predetermined amount of the



10 of detection wth 2,4-bis(4-N, N-di net hyl am nophenyl) - 6-

met hyl pyryliumsalt to the reaction solution in each of the well, a 5

[err]il Jaliquot of the respective reaction solutions were taken out and
subjected to agarose gel el ectrophoresis. The gel was stained with ethidium
15 bromi de (hereinafter referred to-a89eB), and the anmount of the PCR
anplification product was estimated fromthe fl uorescence density of the
band. As a result, a distinct band was observed at the tenplate DNA | evel s
of 500 pg, 100 pg, and 10 pg; a weak band was observed 20 at the level

of 1 pg; and no PCR_anplifi,cati on product was observed at the. levels of 100
fg and 10 fg of §§ﬂﬁﬂ%nﬂ?sbﬂﬂoﬁggﬂtgﬂtgPh@“lgvgpgﬁfcg 5“56,pEﬁEefPﬂgrescence

oot vms S A henll A LRSS BB SRl fEbph 80:70
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obtained in Example 2 as shown in Fig. 6.

5 From the results of Example 2 and Comparative
Example 3, the PCR method of the present invention
enablés measurement of the number of the cells with
simple operations giving well agreed results with that
obtained by conventional plate count method.

10 Example 3 [ Determination of template DNA by PCR
method employing a microplate ]

In each of the wells of a_microplate as used in
Example 2, 1 ﬁl of 2,4-bis(4-N,N-dimethylaminophenyl)-
6-methylpyrylium iodide solution in acetonitrile and

15 the primers (two kinds of primefs, 10 pmoles) as used
in Example 2 were applied and dried.

Separately, from 2 ml of an overnight culture
of E. coli, DNA of E. coli was extracted in the same
manner as in Example 2, and the extract was diluted

20 100-fold to obtain a template DNA solution.

This template DNA solution was serially diluted
in the same manner as in Example 2. The dilutions were
added by 1 ul each to the wells of the microplate as
shown in Fig. 5. To each of the wells, the PCR

25 reaction solution was added which contains one Ampli

Wax PCR Gem 100 (made by Perkin-Elmer) and the

components below:



- 94 - higher-ordered product formed between.:t he -priirers.- Conpar-ative
Exanple 1 [ Detection of PCR anplification product with EB ] The sane
operation was conducted as in Exanple 5 1 except ‘that- EB was -used in

pl aee of 2, 4-bis(4-N, N dinmethyl am nophenyl)-6-nethyl pyryliumsalt with the
foll owi ng operation conditions. To eackh @00t he wells, was added 1 [err]| of
250 [err]g/mM EB solution, and m xed well by pipetting. The m xture was

| eft standing at room 10 tenperature for 5 mnutes. The fluorescence
intensities were nmeasured by neans of MIIipore Fluorescence Apparatus with
a 485nmlight transmtting excitatjon filter and a @20gm|ight transmtting
em ssi on f?lter.”CbnsequentIy, HZ%‘??H%#%Ecence was 1§r‘JL observed at al
the wells including control wellgupgireover, no diff%rﬁﬂpe of the
fluorescence intensity

Tag DNA polymerase: 0.5 unit

Further, to each of the wells, sterilized water was

5 added to the total volume of 50 pl. Then PCR was
carried out with a PCRIapparatus, Model PTC-100-96
(made by MJ Research Inc.), under the same conditions
as in Example 1.

After the PCR reaction, 5 pl of acetonitrile

10 was added to each of the wells on the microplate. Each
of the mixture was agitated sufficiently, and-was left
standing for 5 minutes. Then the microplate was set on
a Millipore Fluorescence Apparatus (Cytofluor 2350),
and the fluorescence was measured with the same filters

15 employed in Example 1. Fig. 7 shows the results. The
wells producing fluorescence of twice or more that of
the blank wells were regarded to contain the PCR
amplification product (shadowed wells in Fig. 5). From
the_results, the number of the template DNA molecules

20 was estimated to be 3.5 x 107 by reference to the table
for MPN. In consideration of the initial dilution by
the factor of 100, the number of the template DNA
molecules was estimated to be 3.5 x 10°.
Comparative Example 4

25 The number of the bacterial cells in the 2 ml
of E. coli culture used in Example 3 was determined by

plate count method. Consequently, the number was found



was observed between the sanple wells containing the tenpl ate DNA and the
wel I s_not containing tenplate DNA (control wells). Therefore, the
gquantiftative 20 determ nation was inmpossi-ble:- This was attributed to
t he.presence of higher-order structured matter forned fromprimers in the
sanpl e and bl ank wells. Conparative EXéhHWE 2 [ Detection of PCR
anplification product enploying YOYO-1 ] 25 The sane operation
was conducted as in Exanple 1 except that YOYO-1 (namde by Mol ecul ar Probe
Co.) was used in place of 2,4-bis(4-N, N-dinethylam nophenyl)-6- - 95 -

e B 88 betL ) L0, i Sh Aty gisy The 10101
[err]] of the dbgghgqugggginéglyﬁlﬁghmﬁﬁeagged to each of the wel | s,
The desirable dilution degree of a DNA template
and the desirable concentration range thereof for MPN
5 detection can be decided, and the sample concentration
can be set according to the results of Examples 2 and
3. Therefore calibration curves caﬁ be prepared for
the number of the cells, the copy number, and the
amount of template DNA.
10 Example 4 [ Detection kit for cancer-specific gene by
PCR ]
(1) Extraction of mRNA:
Two tissue samples of 5 mm cube were taken out
respectively from two cancer-suspected sites of the
i5 large intestine of a patient by biopsy. The samples
are hereinafter referred to as "Tissue A" and "Tissue .
B". From the tissue samples, mRNA was extracted by a
conventional manner as follows (by reference to "Shin
Seikagaku Jikken Koza (New Library of Experiments in
20 Biochemistry)" vol. 2, Nucleic acid I, page 48): 2 ml
of D Solution (4M guahidine thiocyanate, 25 mM sodium
citrate (pH 7.0), 0.5% sodium N-lauroylsarcosinate, and
0.1M 2-mercaptoethanol) was added to each of the tissue
samples, and the tissue was immediately homogenized in
25 a sterilized tube by means of Polytron three times each
for 10 seconds. Thereto were added successively 0.2 ml

of 2M sodium acetate (pH 4), 2 ml of water-saturated



5 and m xed well by pipetting. The m.xture -was | eft-standing at room
tenperature for 5 mnutes. The fluorescence’intensities were .neasured by
neané“bf M1 Iipore Fluorescence Apparatus with-a 485nmlight transmtting
exgitation filter and a 530 nmlight 10 transmtting emssion filter.
Fig. 3 shows the results. As shown in Filf2 3; the fluorescence intensity

I ncreased in proportion to the anmount of the tenplate DNA but the increase
rate is | ow. Mreover, the blank wells al so produced fl uorescence at 15
approximately the same intensity |l evel as those containing the tenplate

St rictured orodBREn ey onf (s Eh o4 e o gy i O
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rate of the fluorescence intensity 1n proportion to anount o
mixer for 10 seconds, cooled with ice for 15 minutes,

5 and subjected to centrifugation at 4°C at 10000 x g for
20 minutes. After the centrifugation, to the aqueous
layer, an equal amount of isopropyl alcohol was added,
and the mixture was left standing at -20°C overnight.
The mixture wés then centrifuged as above and 0.6 ml of

10 D Solution was added to dissolve the precipitate.
Thereto an equai amount of isopropyl alcohol was added.
The mixture was cooled at -20°C for one hour, and
centrifuged at 4°C at 10000 x g for 20 minutes. The
obtained precipitate was suspended in 75% ethanol, and

15 the suspension was centrifuged again.at 10000 x g, at
4°C for 20 minutes. The précipitate was dried as a
crude RNA fraction, which was heated at 65°C for 5
minutes, then cooled rapidly to room temperature, and
wés_washed with an equal amount of a 2x TNEL buffer

20 solution [20 mM Tris-hydrochloric acid buffer solution
(pH 7.6), 0.5M sodium chloride, 1mM EDTA, and 0.1%
sodium N-lauroylsarcosinate]. The washed crude RNA
fraction was applied to an oligo(dT)-cellulose column
made by Pharmacia) equilibrated with a TNEL buffer

25 solution, and mRNA was eluted with an extraction
solution (TNEL buffer solution without 0.5M sodium

chloride).



the tenplate DNA. 25 Fromthe results of Exanple 1 and
Conparative Exanples 1 and 2, the quantitative determ nation can be
conduct ed precisely by utilizing the fluorescence 2,4- .. -96-
bis@A-N,N—dinethylaninophenyl-6-nethyL)E¥éyLiun1iodide not influenced by

t he hi gher-order structured product forme

fromthe prinmers. This result is

well consistent with the result of EB staining of agarose 5 . gel
el ectrophoresis of the reaction solutions in Exanple 1. In EB staining of

t he agarose gel

however, the fluorescence saturated at the tenplate DNA

level s of 500 pg ynrg: A9 ondPRaEeRily show ng the presence of the sane
quantity of the anplification products of 10 the tenplate DNA | evel s of

100 pg or higher.

On igruplidierrhagdd coNhh@agdepeepaeBdWELrBm2 thebi s(4- N, N-

above mRNA by means of TimeSaver™ cDNA Synthesis Kit.

(3) Constitution of quantitative determination kit:

5 The primers used for detection of large
intestine cancer have following nucleotide sequences.
Primer 1: 5' GACTCTGGAGTGAGAATCATA 3' (Sequence No. 5)
Primer 2: 5' ATCCAATCACCCACATGCATT 3' (Sequence No. 6)

To the bottom of Vessel 1 (an Epfendorf tube)

10 as shown in Figs. 9A to 9C, Primer 1 and Primer 2 were
applied to an amoﬁnt of 10 pmoles respectively. In the
container 2 prepared from paraffin-coated paper, the
components below were packed.

dNTPs: 5 ul

15 Taq polymerase: 0.5 unit

150 pg/ml 2,4-bis(4-N,N-dimethylaminophenyl)—6-

methylpyrylium iodide solution in

acetonitrile: 1pl

10x bﬁffer: 5 pl

20 Distilled water: 39 pl
(freeze stored)

The container 2 was set in the vessel 1 as
shown in Fig. 9B to make up a kit. The cDNA samples
obtained above from each of the aforementioned Tissue A

25 and Tissue B were serially diluted, 1-fold (no

dilution), 2-fold, 10-fold, 50-fold, 100-fold, 1000-

fold, and 10000-fold. Each dilution (including non-



di met hyl am nophenyl ) - 6- net hyl pyryliumsalt, the-fluorescence intensity does
not saturate even at the levels in which EB fl uorescence saturates,

thereb% 15 quantitative determ nation being:practicable. Exanple 2 [
Measurenent of bacterial cell nunber by PCR enploying a microplate ] An
overnight culture (2xYT nedium of E. eollD4IMLO9 strain was added to soil.
Fromthe soil, DNA was 20 extracted in a conventional manner, and

subj ected to PCR targeting 16S rRNA gene of E. coli as the tenplate, to
determ ne the nunber of bacterial cells by PCR-MPN nethod. E. coli was
added to the soi| to give cell 25  nunbers per gram of soil of about
10[err], about Lﬁﬁ%% saBple ) LUps ipiegikgdadth 20PéPREmEBOFPedBBNdi ng to

Sarples A B, Cpand Din Hler®s HEoRE LT, Y bredhTns " EnsShin S HR! &3
paraffin-coated paper container 2. After the injection
of cDNA, the vessels were centrifuged to transfer the

5 contents of the container 2 completely to the reaction
zone 5 containing the primers. After confirming the
complete transfer, the broken empty containers 2 were
taken out from the vessel 1. Thereto, one Ampli Wax,
PCR Gen 100 (made by Perkin-Elmer Co.) was added.

10 (4) Practice of PCR, and detection:

PCR was conducted in the same manner as in
Example 1. The samples in the vessels were subjected
to fluorescence measurement without further dilution.
The results regarding Tissue A are shown in Fig. 8.

15 The target gene amplification was observed with Tissue
A, and the amplification product was formed
quantitatively corresponding to the dilution degree of
the template DNA. On the contrary, no fluorescence was
observed with Tissue B.

20 (5) Examination by electrophoresis:

After the detection, DNA was recovered from the
samples by precipitation with ethanol. The recovered
matter was examined by agarose gel electrophoresis.

The DNA from Tissue A gave a band at 317 bp at the 1-

25 fold (not diluted) to 1000-fold dilutions, whereas no
band was observed with Tissue A at 10000-fold dilution,

the blank samples containing primers only, and the



-97- were stirred. One gramof the soil sanple containing E. coli was
respectlvely suspended in 0.5 m of 1M phosphate buffer solution (pH 8.0).

To tHelsuspensi on,

0.05 M of 10% SDS sol-uti-on-was -added. The m xture, 5

after being sufficiently stirred, was lefd-standing at 70[err]C for one

hour .
To the lysate,
After centrifugation,

The suspensi on was m xed with a vortex mxer for compl ete cell lysis.
an equal anount of a phenol-chloroform m xture was m xed.

t he upper |ayer was 10 coll ected. Thereto, twce

t he ambunt of ethanol was added to recover DNA as the precipitate. This

precipitate wasgghsS$
fmmatemhﬂeﬂ&

prinmers sel ec
AGAGTTTGATCCT

3!

(Sequence No. 4)

by a

ngggri@eéogrd;,@r-fiés@é B TE buffer solution (pH 8.0) to
solution for PCR The followi ng two PCR

Wof E. coli were enployed. Priner 1. &
3" (Sequence No. 3) Priner 2: 5 AACCCAACATCTCACGACAC

The above Tissue A and Tissue B were examined

conventional culture method. Tissue A exhibited

5 multiplication, and was diagnosed as a malignant

cancer, whereas Tissue B did not exhibit

multiplication, and was diagnosed as benign polyp.

According to the present invention, the dye

compounds which reacts selectively with double-stranded

10 nucleic acid is used for detection of the PCR

amplification products, enabling simplification of

detection, quantitative determination, and measurement

of the number of the cells with precision.

A PCR amplification product is detected, in

quantitative determination of nucleic acid and

measurement of the number of bacterial cells or

specific genes, by addition of a dye compound which

does

not fluoresce in the free state but fluoresces in

the bonded state to a double-stranded nucleic acid.



These prlners wer e synthe5|zed by means of 20 Synthe5|zer 381A nade by S/
ABI . The reagents and the techniques for the synthesis were based on

t he pfﬁtocol of ABI Co. PCR was conducted with-.the extracted DNA as the
temptate and the prinmers under the sane conditions as 25 in Exanmpl e 1.

The PCR was conducted in the wells (U -bd0bored) of a 96-well microtiter

pl ate (Fal con assay plate 3911 nade by Becton-Di ckinson Inc.). Each well

-98- of the microplate contains prelimnarily applied and dried 1 [err]l of

a solution of 2,4-bi s(NN-di nethyl am no- phenyl)-6-nmethyl pyryliumiodide in
acetonitrile of the sane caoncentration as in Exanple 1. Starting fromthe 5
DNA sol ution (tﬁgﬂg¥#$hég@§M§QAl§&lved in 100 [err]l), eight successive

10-fold dilutions of the]RenpkgagtggA for quantitative nucleic acid

determination, comprising conducting PCR of a nucleic
acid sample with a primer set required for

5 amplification of a specific sequence region of a target
nucleic acid; reacting a double~stranded amplification
product which will be formed when the target nucleic
acid is present in the sample with a dye compound which
does not fluoresce in the free state but fluoresces in

10 the bonded state to double-stranded nucleic acid, and
measuring intensity of the fluorescence to
quantitatively determine the target nucleic acid in the

nucleic acid sample.

15 2. The method for quantitative nucleic acid
determination according to claim 1, wherein the dye

compound is represented by the general formula [I]

below : 1 _ U i — s+
R S~ This Sheet Has Been Replaced
s a [T
20 3/ ~— |
R _
y - -~ \ .
where i }* represents .a heterocycle where X is 0, S,

~—

Se, or Te, the heterocycle including a five-membered
and six-membered ring such as a pyrylium ring'and

25 pyrylium-analogous ring;
R! and R? are independently a hydrogen atom, a halogen

atom, a sulfonate group, an amino group, a styryl

Hll!lll HIIH lllH Hlll | llll
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TIO[érr] to 10[err]) were prepared and each dilution (1 [err]l) was.
distributed in five wells in one line as shown in Fig. 4 for the PCR
reactign. The PCR reaction apparatus was 10 -Model PTC-100-96 nmade by M
Research Inc. After the PCR reaction, 5 [err]1 of acetonitrile was added to
each of the wells on the microplate. Eactomxture was agitated
sufficiently, and was left standing for 5 mnutes. Then the m cropl ate was
set on 15 a MIIlipore Fluorescence Apparatus (CytoFluor 2350), and the
fluorescence was neasured with the same filters enployed in Exanple 1. Fig.
5 shows the results. The wells producing fluorescence of twice or nore that
of the bl ank wegreupere niétee datou, cdnhydFoRy PAEMP., a HAFRI¥EAt i on
product (shadowed wells in Fig. 5). Fromthe results, the numbers_of E.

coli in the respsouPyeaseYRNaGHPER, Breukstifuted 95 ypsubstitutgd, ] 7.9

x 10[err], 2.2 x 10[err], d 7.
NPN.[25 ] Can&PHF;VElLXéﬁgF%uB? é ég S%ELuEZdrgieﬁﬁgﬁﬁééfkééghté%%f for

group, a substituted or unsubstituted lower aralkyl

5 group, or a substituted or unsubstituted cycloalkyl
group;
R® is a group of -A or -L-A wherein L is -L'-, -L?-L3-,
or -L*-L5-L%-, L' to L® being independently -(CH=CH)-, a
bivalent group derived from a substituted or

10 unsubstituted aryl group, a substituted or
unsubstituted alkylene group, or -CH=R‘- (R! being a
cyclic structure having an oxo group); A is a
substituted or unsubstituted aryl group, or -CH=R’ (R®
being a substituted or unsubstituted heterocycle, a

15 substituted or unsubstituted cycloalkyl group, or a
substituted or unsubstituted aromatic ring):
in the pyrylium ring or a pyrylium-analogous ring
containing X, the hydrogen atom bonded to the carbon
atom which is not linked to R}, R?, or R® may be

20 substituted by a halogen atom, a sulfonate group, an
amino group, a styryl group, a nitro group, a hydroxyl
group, a carboxyl group, a cyano group, a substituted
or unsubstituted lower alkyl group, a substituted or

unsubstituted aryl group, or a substituted or

¥" is an anion. “I;l;;_“ \\\\\\ o | //’ /’!/ m://i’l}//}’ii /}/}i/

as Been R

Wi
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The nunbers of E. coli cells in the sanme soil sanpl es prepared in Exanple 2
wer e measured by plate count nmethod in which a predeternimed-anount of the
- 99 - .sanple was inoculated in an E coli culture plate an Ihe nunber “of -

coleri es were neasured as the viable cell nunber. The resul &Mﬂd
with the results obtained in Exanpl e 2-aspgshown in Fig. 6 a%d

Fromthe results of Exanple 2 and Conparative Exanple 3,

the present invention enabl es neasurenent of the nunber- of the ce

sinmpl e operations giving well agreed results wi th that obtained by
conventional plate count nethod. 10 Exanmple 3 [ Determ nation of

tenpl ate DNA by PCR net h8d enfheyreghed nfer oprantitativeagucheichacil | s of

a mcroplate as used in
determination according to claim 2, wherein the dye

compound represented by the general formula [I] is a
2,4~-bis(4~N,N-dimethylaminophenyl )-6-methylpyrylium
5 salt, or a 2,4-bis(4-N,N-dimethylaminophenyl )~6-

methylthiopyrylium salt.

4. The method for quantitative nucleic acid

determination according to any one of claims 1 to 3,
10 wherein the dye compound is insoluble in water; PCR is
conducted in an aqueous reaction system containing the

dye compound and an aquecus medium; and a solvent is
added to the reaction system after the PCR to dissolve

the dye compound thus enabling the reaction with the

15 amplification product.

5. The method for quantitative nucleic acid
determination according to any one of claims 1 to 4,
wherein the amplification product has a chain length of

20 not less than 100 base pairs.

6. The method for quantitative nucleic acid
determination according to any one of claims 1 to 5,
wﬁerein the primer has a chain length of 30 bases or

25 less.

7. A kit for quantltatlve nuclelc acid

RN N
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Exanple 2, 1 [err]l of 2,4- bi s(4-N, N-di met hyl ami.nophenyl)- 6-met hyl pyrylium
| odi de_solution in acetonltrlle and 15 the priners (two kinds of
priners) 10 proles) as used in Exanple 2 were applied aﬁ@sgﬁﬂéﬁﬂ%mﬂhwmmd

Separately, from2 m of an overnight culture of E col
was extracted in the same manner as in-Exagple 2, and th
diluted 20 100-fold to obtain a tenplate DNA solutlon I'S

solution was serially diluted in the same manner as in Exanple 2. The

di lutions were added by 1 [err]|l each to the wells of the mcroplate as
shown in Fig. 5. To each of the wells, the PCR 25 reaction sol ution was

added whi ch comﬂﬁﬁ%?mﬂﬂﬁﬁkﬁﬁl|C?ﬂ?rPﬁFPQbﬁlI@écFﬁﬁdéoayaPéiﬁgnaElner) and

t he conponents bel ow:. - 100
required amount of a dye compound in a reaction chamber

for PCR, the dye compound not producing fluorescence in
the free state but producing fluorescence in the bonded

5 state to double-stranded nucleic acid.

8. The kit for quantitative nucleic acid
determination according to claim 7, wherein the reactor
further contains in the reaction chamber a required

10 amount of a primer set which is necessary for the PCR
amplification of a specific sequence region of a target

nucleic acid.

g. The kit for quantitative determination of
15 a nucleic acid according to claim 7 or 8, wherein the
dye compound is represented by the general formula [I]

below:

R‘\<__
R2—L ‘x+ Y~ (1]
3//’~_
20
where (i }* represents a heterocycle, and X is 0O, S,
Se, or Te;_;he heterocycle including a five-membered
and six-membered ring such as a pyrylium ring and
pyrylium-analogous ring;
25 R! and R? are independently a hydrogen atom, a halogen

atom, a sulfonate group, an amino group, a styryl

group, a nitro group, a hydroxyl group, a carboxyl

Hlllll! I IIIH Hlll | lll!
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10x buffer: = 5 [err]l dNTPs: 5 [err]l Taq DNA
pol ynerase: 0.5 unit Further, to each of the’ wel |'s, steritized-water was 5
added fo the total volune of 50 [err]l. Then PCR was ca .' d out mnth a
PCR-appar at us, Mddel PTC-100-96 (nade by M} Research Inc.
conditions as in Exanple 1. After the PCRioeaction, 5 [er
acetonitrile 10 was added to each of the wells on the ach
of the m xture was agitated sufficiently, and was |eft standlng for
m nutes. Then the mcroplate was set on a MI1lipore Fluorescence Apparatus
(Cytofluor 2350), and the fluorescence was neasured with the sane filters
15 enpl oyed HﬁoEﬁanﬁISY§n° grguPy 3hsuBsthtuted ox sunsubgstikypted
produci ng quorﬁscence twice or nore hat of the bl ank me s were
regarded to contQFR*t A& ﬁéRgaﬁﬁprchﬁPpﬁ 16PER CPT (W e¥saTRLF g.
5). Fromthe regilby, LNeubdTReht8h bRCuhSIBLAL Lully' 1SS U S 1Kyl
group, or a substituted or unsubstituted cycloalkyl
5 group:;
R® is a group of -A or -L-A wherein L is -L'-, -L?-L3-,
or -L*-L°-L%-, L' to L® being independently -(CH=CH)-, a
bivalent group derived from a substituted or
unsubstituted aryl group, a substituted or
10 unsubstituted alkylene group, or -CH=R‘-~ (R! being a
cyclic structure having an oxo group); A is a
substituted or unsubstituted aryl group, or -CH=R® (R®
being a substituted or unsubstituted heterocycle, a
substituted or unsubstituted cycloalkyl group, or a
15 substituted or unsubstituted aromatic ring):
in the pyrylium ring or a pyrylium—analogous ring
containing X, the hydrogen atom bonded to the carbon
atom, which is not linked to R!, R?, or R3, may be
substituted by a halogen atom, a sulfonate group, an
20 amino group, a styryl group, a nitro group, a hydroxyl
group, a carboxyl group, a cyano group, a substituted
or unsubstituted lower alkyl group, a substituted or

unsubstituted aryl group, or a substituted or

unsubstituted lower aralkyl group; and o

5 v oo mton AN

10. The kit for quantitative nucleic acid
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20 was esti mat ed fdnbé'é.S x 10[err] by_refe(ence'fo the tabl e for PN
In consideration of the initial dilution by the factOL_otmiﬂﬂr_Lhe.nmnher
of the tenplate DNA nol ecul es was estinated to be 3.5 x_10 err

Conmpar ati ve Exanple 4 25 The nunber of the b &mhmﬁ
the 2 ml of E coli culture used in ExanplEl 3-was detern count
nmet hod. Consequently, the nunber was found -101 - to

whi ch agrees approximtely with the results obtained in Exanple 3.
desirable dilution degree of a DNA tenplate and the desirable concentration

range thereof for. MPN 5 detection,can be decided, and the saq&%e
concentration caﬁeﬁérgépa§&€BrBFﬁﬁr@bnghE°r%%%+Ws of VisEeHR cthe dvig 3

Therefore calibra o G4 ¥e5re80nPEaPhyPRhE%gdSiral formula 1] is a

2,4-bis(4-N,N-dimethylaminophenyl )-6-methylpyrylium
salt, or a 2,4-bis(4-N,N-dimethylaminophenyl)-6-

5 methylthiopyrylium salt.

11. The kit for quantitative nucleic acid
determination according to any of claims 7 to 10,
wherein the dye compound is water-insoluble, and a
10 solvent is provided to dissolve the dye compound thus
enabling reaction of the dye compound with the
amplification product in the reaction chamber after the

PCR.

15 12, A kit for quantitative nucleic acid
determination, comprising a reaction chamber for PCR
and a reagent chamber separated therefrom, the reagent
chamber containing a required amount of a dye compound
which does not fluoresce in the free state but

20 fluoresces in the bonded state to double-stranded
nucleic acid, the dye ¢ompound in the reagent chamber
being provided so as to be transferable to the reaction

chamber.

25 13. The kit for quantitative nucleic acid
determination according to claim 12, wherein the

reagent chamber contalns also a reagent for the PCR.

||I||II| SR AR
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the nunber of the cells, the copy nunber, and the anount of tenplate DNA.

10 ,%xanple 4 [ Detection kit for cancer-specific-gene by PCR | (1)
Extrédctii on of mRNA: Two tissue sanples of .5 nmcube wepg shak@f BedAlReplaced

respectively fromtwo cancer-suspected sites of the 15 tine
of a patient by biopsy. The sanples arelh@rei nafter remlmgmngm%ﬂmﬁ ssue
A" and "Tissue B'. Fromthe tissue sanples, nRNA was ex

conventional manner as follows (by reference to "Shin Sei kagaku Ji kken Koza
(New Li brary of Experiments in 20 Bi ochem stry)" vol. 2, Nucleic acid I,
page 48): 2 nl of D Solution (4M guanidine thiocyanate, 25 nmM sodium
citrate (pH 7.0), 0.5% dddi umTie XditofoFaRentidedivengugleic acid

2- mer capt oet hanol') was, added to each of the tissue sanples, and the tissue
was i nmedi ately m%@q Rogerding £, Glgifed 3y uybeFpivedhe of Pol ytron

three times each fodd HRGBal® 1o MR Irt P UL CRERHEES, Gnd
dye compound-containing reagent chamber and a PCR

5 reagents-containing reagent chamber.

15. The kit for quantitative nucleic acid
determination according to any of claims 12 to 14,
wherein a necessary amount of a primer set required for

10 PCR amplification of a specific sequence region of a
target nucleic acid is contained in the reaction

chamber.

16. The kit for quantitétive nucleic acid
15 determination according to any of claims 12 to 15,
wherein the dye compound is represented by the general

formula [I] below:

1
R _
s 2
RE—  Xx* v~ - (1)
. R3/""',
20 .
,"'\
where : >U represents a heterocycle, and X is O, S,
N
Se, or Te, the heterocycle including a five-membered
and six-membered ring such as a pyrylium ring and .
pyrylium~analogous ring:;
25 R' and R’ are independently a hydrogen atom, a halogen

atom, a sulfonate group, an amino group, a styryl

group, a nitro group, a hydroxyl group, a carboxyl

R
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of 2M sodi um acetate (pH 4), 2 m of water-saturated -102- phenol, and
0.4 m of chloroformisopentyl alcohol (49:1 in volunme ratio) wth—"

sufficient stirring at each addition. The nixture was—shaken by negpgaed a
Vor+-ex m xer for 10 seconds, cooled with ice for 15 m nuﬁ&,eetmee

subjected to centrifugation at 4[err]C at130000 x g for %m\er

the centrifugation, to the agueous |ayer, an equal anount
al cohol was added, and the mi xture was |left standing at - err]C
overnight. The m xture was then centrifuged as above and 0.6 m of 10 D

"sopr opy! al cohSECuES Sq52aneTAEOIPE: ST eRbhEl furddTF Endfhlficueanl O
and centrifuged;gf,edl %gi%r‘i %&o&@?og éuﬁ#%uﬁ@d SAUSSubEELQPLR! 880N
preci pitate was suspended in /5% et hanol, an
group, a substituted or unsubstituted lower aralkyl
group, or a substituted or unsubstituted cycloalkyl
5] group;
R} is a group of -A or -L-A wherein L is -L'-, -L2-L3-,
or -L*-15-15-, L' to L® being independently -(CH=CH)-, a
bivalent group derived from a substituted or
unsubstituted aryl group, a substituted or
10 unsubstituted alkylehe group, or -CH=R‘-~ (R! being a
cyclic structure having an oxo group); A is a
substituted or unsubstituted aryl group, or -CH=R® (R®
being a substituted or unsubstituted heterocycle, a
substituted or unsubstituted cycloalkyl group, or a
15 substituted or unsubstituted aromatic ring):
in the pyrylium ring or a perlium—analogous ring
containing X, the hydrogen atom bonded to the carbon
atom, which is not linked to R!, R?, or R3}, may be
substituted by a halogen atom, a sulfonate group, an
20 amino group, a styryl group, a nitro group, a hydroxyl
group, a carboxyl group, a cyano group, a substituted
or unsubstituted lower alkyl group, a substituted or

unsubstituted aryl group, or a substituted or

unsubstituted lower aralkyl group; and " T ——

5 v 52 an anien R

i7. The kit for quantitative determination of
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15 t he suspension was centrifuged again at 10000 x g, at 4[err]C for 20
m nutes. The precipitate-was dried as a crude RNA fraction, which was
heated at 65[err]C for 5 mnutes, then cool ed rapidly to Rk aEPRETHplaRI
and—as washed with an equal anmount of a 2x TNEL buffer 20 20
mM Tri s-hydrochloric acid buffer solutiodibk 7.6), 0.5M si“l‘ﬂmmmml
1mM EDTA, and 0. 1% sodi um N-| aur oyl sarcosi nate]. The washe

fraction was applied to an oligo(dT)-cellulose colum nade by Pharmaci a)
equilibrated with a TNEL buffer 25 solution, and nRNA was eluted with an

t ti | ut i TNEL buf | fut i i thout 0. 5M.sodi hlorid
108+ (2) " Pr opr IR AT 3 R LA TR FEI AN ot he

compound represented by the general formula [I] is a

2,4-bis(N,N-dimethylaminophenyl )-6-methylpyrylium salt,
or a 2,4-bis(N,N-dimethylaminophenyl)-6-

5 methylthiopyrylium salt.

18. The kit for quantitative nucleic écid
determination according to any of claims 12 to 17,
wherein the dye compound is water-insoluble, and a

10 solvent is provided to dissolve the dye compound, thus
enabling the reaction of the dye compound with the
amplification product in the reaction chamber after the

PCR.

15 19. The kit for quantitative nucleic acid
determination according to any of claims 12 to 17,
wherein a solution of the dye compound is placed in the

reagent chamber.

20 ' 20. A method for measurement of number 6f
target microorganism or cells, number of specific gene,
or copy number of a specific gene, comprising
extracting nucleic acid from a sample containing a
microorganism or cells to be detected; preparing a

25 serial dilution of the extracted nucleic acid;
conducting PCR with the sample dilutions to amplify a

sequence which is characteristic of the microorganism

THIS SHEET HAS BEEN
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above nRNA by neans of TinmeSaver[err] cDNA Synthesis Kit. (3) Constitution
of quantltatlve determnation kit: 5 The prirrers—used for

det ecton of | arge i ntestine cancer have fol | owi.ng nuc §mﬁmmmb€§.
Priger 1: 5 GACTCTGGAGTGAGAATCATA 3' (Sequence No. 5;& il
ATCCAATCACCCACATGCATT 3' (Sequence No.-631Jo-the bottom ‘\M“ “‘j
Epf endorf tube) 10 as shown in Figs. 9A to 9C, Priner

were applied to an anount of 10 pnol es respectively. In the container
prepared from paraffin-coated paper, the conponents bel ow were packed
dNTPs: 5 [errLI,lS . FE

uni t 150 [err] gPFi C@14shi E@ac FP%FdFH%tﬁ?F%ﬁ?ﬁB% %ﬁ?*i %Fafkﬁmﬂqr |um

i odi de sol ution |n ac on

[err]l 20 of ST F F@ﬂgggtﬁygleiclaégé + % %?rzéé%Po?ored) °

which does not fluoresce in the free state but
fluoresces in the bonded state to the double-stranded
5 nucleic acid; measuring intensity of the fluorescence;
and deriving the number of the microorganism or cells,
the specified genes, or copies of the specified genes
in the sample on the basis of the dilution rate at'

which fluorescence is observed.

10
21. The method for measurement according to
claim 20, wherein the dyg compound is represented by
the general formula [I] below:
l
R
\<—~ \
3
R
,"\
where i }V represents a heterocycle, and X is O, S,
~”

Sg, or Te, the heterocycle including a five-membered
and six-membered ring such as a pyrylium ring and
20 pyrylium-analogous ring;
R' and R? are independently a hydrogen atom, a halogen
atom, a sulfonate group, an amino group, a styryl
group, a nitroc group, a hydroxyl group, a-carboxyl
group, a cyano group, a substituted or unsubstituted
25 lower alkyl group, a substituted or unsubstituted aryl
group, a SUbstituted or unsubstituted lower aralkyl

group, or a substituted or unsubstltuted cycloalkyl

HIIIII\ l\llll III\\ \llll 1]
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The container 2 was set in the vessel 1 as shown in Fig. 9B to nake up a
kit. The cDNA sanpl es obtai ned above from each of the aforenentioned Tissue
A 25 and Tissue B were serially diluted, 1-fold (no-dr%uflon) ----- ~2-f-ol d,
10-%el d, 50-fold, 100-fold, 1000- fold, g 10000-fol d h}P ut on
(i ncl udi ng non- ~ 104 - diluted sanpl ? was |njecte(}‘h as 9’ ﬁlto
the bottom of vessel 1 of the kit, breaking through the
paper container 2. After the injection of cDNA the vess
centrifuged to transfer the 5 contents of the container 2 conpletely to
t he reaction zo containing the priners. After confirmng the conplete
transfer, the b ke# enpty containers 2 were taken out fromthe vessel 1.

Thereto, one ATRsi ;¥4 gFGR, GoF 00 Mheles RinBRsk 1 B aeriCo. ) g added.

or -L*-L°-L%-, L! to L® being independently ~-(CH=CH)-, a

bivalent group derived from a substituted or

5 unsubstituted aryl group, a substituted or

| unsubstituted alkylene group, or -CH=R‘- (R! being a

cyclic structure having an oxo group); A is a
substituted or unsubstituted aryl group, or -CH=R® (R®
being a substituted or unsubstituted heterocycle, a

10 substituted or unsubstituted cycloalkyl group, or a
substituted or unsubstituted aromatic ring):;
in the pyrylium ring or a pyrylium-analogous ring
containing X, the hydrogen atom bonded to the carbon
atom, which is not linked to R', R?, or R®, may be

15 substituted by a halogen atom, a sulfonate group, an
amino group, a styryl group, a nitro group, a hydroxyl
group, a carboxyl group, a cyano group, a substituted
or unsubstituted lower alkyl group, a substituted or
unsqbstituted aryl group, or a substituted or

20 unsubstituted lower aralkyl group; and

Y™ is an anion.

22. The method for measurement according to
claim 21, wherein the dye compound represented by the

25 general formula [I] is a 2,4-bis(4-N,6N-
dimethylaminophenyl)-6-methylpyrylium salt, or a 2,4-

bis(4~N,N-dimethylaminophenyl)- 6—methylthlopyryllum salt.
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10 © (4) Practice of PCR, and detection: PCR was conduct ed in the same
manner as in Exanple 1. The sanples in the vessels were-subjected to

fl uorescence neasurenent w thout further dilution. The re Lgﬁﬂm@gafﬂk Wd
Ti sseve A are shown in Fig. 8. 15 The t r et gene anpll

observed with Tissue A and the anpllflcét on” product was f

quantitatively corresponding to the dilution degree of the
the contrary, no fluorescence was observed with Tissue B. 20 (5)

Exam nation by el ectrophoresis: After the detection, DNA was recovered from

the sanples by precipit on I
exam ned by agarose gel aﬁ ect\r% {oﬁ{s}?‘%w %Jwgséﬁ&%bave band
at 317 bp at theg ﬁ claixgédzdnai 25 | Uhieched 20l shifidutid o,

wher eas no band wa served with Tissue A at 10000-fold dilution, the
bl ank sanpl es copifbPLifsPIubEES & YshéBCR s conducted in a reaction

system containing the water-insoluble dye compound and
5 an aqueous medium, a solvent is added after the PCR to

the reaction system to dissolve the dye compound thus

enabling the reaction of the dye compound with the

amplification product.

10 ' 24. The method for measurement according to
any of claims 20 to 23, wherein the amplification
product has a chain length of not less than 100 base

pairs.

15 25. The method for measurement according to
any of claims 20 to 24, wherein the primer has a chain

length of 30 bases or less.

26. A kit for measurement of number of target
20 microorganism or cells, number of specific genes, or
copy number of the specific genes, comprising a reactor
having a plurality of reaction chambers for PCR each
containing therein a required amount of a dye compound
which does not fluoresce in the free state but
25 fluoresces in the bonded state to double-stranded
nucleic acid; the reaction chambers being employed for

practicing serial dilution of a nucleic acid extract
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-105- sanples derived from Ti ssue B. Conparative. Exanple 5 The above Ti ssue
A and Tissue B were exami ned by a conventional culture method. Tissue A

exhi bited 5 mul tiplication, and was di agnosed as a mal iR 3hdet HaaBeea Replaced
whereas Tissue B did not exhibit nultiplication, and was di

beni gn pol yp. According to the present 1 féntion, the dye cﬁ -
reacts selectively with doubl e-stranded 10 nucl eic acid se or

detection of the PCR anplification products, enabling sinplification of
detection, quantitative determ nation, and neasurenent of the nunber of the
r.oduct is .detected.. in

cells with precigy $P€R lification .

quantitative det%#ﬁ%ln% ‘Iio r%rﬁ"’%:uscq‘m@ﬁ.g it a&ﬁl&%%m"&?&ﬂr%ﬁﬁ% Hunber of

bacteri al celjs 8&11s to be detected, and employed for the PCR for each
dilution to amplify a sequence which is characteristic

of the microorganism or cells to be detected.

5
27. The kit according to claim 26, wherein
the dye compound is represented by the general formula
[I] below: Rl
=TT
RE—L  Xx* v~ (1]
10 %,I_'l
RS
’/"‘\\
where \ Ix‘ represents a heterocycle, and X is 0, S,
Se, or Te, the heterocycle including a five-membered
and six-membered ring such as a pyrylium ring and
15 pyrylium-analogous ring:;

R' and R? are independently a hydrogen atom, a halogen
atom, a sulfonate group, an amino group, a styrvl
group, a nitro group, a hydroxyl group, é carboxyl
group, a cyano group, a substituted or unsubstituted
20 lower alkyl group, a substituted or unsubstituted aryl
group, a substituted or unsubstituted lower aralkyl
group, or a substituted or unsubstituted cycloalkyl
group;
R? is a group of -A or -L-A wherein L is -L'-, -L2-L3-,
25 or -L*-L°-1%-, L! to L® being independently -(CH=CH)-, a
bivalent group derived from a substituted or

unsubstituted aryl group, a substituted or

* c L M S *
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specific genes, by addition of a dye conpound whi chdoes ot TTUoresce in
the free state but fluoresces in the bonded state tong dieuhisBesiReplaced
nucl ei ¢ aci d. - 106 - What is clined is: L A nethoi ing a

tagget nucleic acid com prising the stegs of : conduc H“mﬂﬂmm

hucl ei c
acid sanple with a primer set required-fbt9anplificti c base
sequence region of the target nucleic acid to provide a double stranded
nucl eic acid; reacting the doubl e-stranded nucleic acid with a dye conpound
represented by the followg, forrmula to bind the dye conpound to the double

3;;anded nUC|ei%n%%ggéiiﬂgegegfﬂ§i2ge'ntgﬂg'tx of ofibge f 1 yar gagageg fromthe

d&clic structure having an oxo group):; A is a
substituted or unsubstituted aryl group, or -CH=R® (R®
being a substituted or unsubstituted heterocycle, a

5 substituted or unsubstituted cycloalkyl group, or a
substituted or unsubstituted aromatic ring):
in the pyrylium ring or a pyrylium-analogous ring
containing X, the hydrogen atom bonded to the carbon
atom, which is not linked to R!, R?, or R}, may be

10 substituted by a halogen atom, a sulfonate group, an
amino groué, a styryl group, a nitro group, a hydroxyl
group, a carboxyl group, a cyano group, a substituted
or unsubstituted lower alkyl group, a substituted or
unsubstituted aryl group, or a substituted or

15 unsubstituted lower aralkyl group; and

¥~ is an anion.

28. The kit according to claim 26 or 27,
wherein the dye compound represented by the general
20 formula [I] is a 2,4-bis(4-N,N-dimethylaminophenyl)-6-
mefhylpyrylium salt, or a 2,4-bis(4-N,N-

dimethylaminophenyl)-6-methylthiopyrylium salt.

29. The kit according to any of claims 26 to
25 28, wherein the dye compound is water-insoluble, and a
solvent is provided for dissolving the dye compound

thus enabling the reaction of the dye compound with the

Hllllll IIIIII lllll Illll I I"I
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conmpound bound to the doubl e-stranded nuclelc acid to quantltatle]y‘“~—— —
determine the target nucleic acid in the'[err] is [err] a bdt HEO Bl

(ii) a'pyryliumanalog ring of 5 or 6 nenbers.where X is h“d
Rleer] and Rerr] are independently a f rogen atom a h

sul fonate group,an am no group, a styryl %&oup a nitro group.

group, a carboxyl group. a cyano group. a substi. tuted or unsubstltuted

| ower al kyl group, a substituted or unsubstituted aryl group. a substituted
or unsubstituded | ower aral kyl group. or a substituted or unsubstituted

cycl oal kyl ; P --L[err]-
Llerr]- L[err] or&%f%?%?agﬁ§ﬂ ?gi?err errfé? ﬁf é%%g I nde-
pendenthy -(CH=CH)-a bival ent group derlved froma substrlnted or
unsubstitutedd aryl group. a sub- stited or nasubstituted al kyl ene group.

or -CH=R{err]-. whereingglerrheSkat S%6br8ingt6latig toVéIgims 26 to

29, wherein the reaction chamber further contains a
5 primer set for PCR amplification of a sequence
characteristic of the microorganism or cells to be

detected.

31. A method for quantitative nucleic acid
10 determination, comprising conducting MPN-PCR'of the
target nucleic acid with a primer set required for
amplification of a specific sequence region of the
target nucleic acid; reacting a double-stranded
amplification product which will be formed when the
15 target nucleic acid is present with a dye compound
which does not fluoresce in the free state but
fluoresces in the bonded state to the double-stranded
nncleic acid, and measuring intensity of the
fiucrescence Fo determine the target nucleic acid in a

20 sample.

32. The method for. quantitative nucleic acid
determination according to claim 31, wherein the dye
compound is represented by the general formula [I]

25 below: e

R? Rly . Xty (1) mm“l\““‘“\“\
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- 107 - an oxo group: A is a substituted or unsubstituted aryl~group-of—-

--CH=R{err] wherein Rlerr] is x substituted or unsubstitutgsbehg
substimted. or unsubsti- nted cycl oal kyl- group.._or a substl Eu Igg%&ﬁp“d

unsubstituted aromatic ring; in the pyryliumring or a pyz ﬂﬁ’ﬂi#’,w’m!

ring con- tainig X the hydrogen atom bohded-to the carbon
not |linked to Rlerr], Rlerr]. or Rlerr] may be substinted by a hal ogen atom
a sulfonate group, an am no group. a styryl group. a nitro group, a

hydrozyi group. a carboxyl group. a cyano group. a substltuted or

unsubstituted | ower al kyl “group. a substitured or unsul - |tut ed ar
group, or a sub3¥¥retedlor Hn SRR 3 ARYCTRNIAR - gé an

anion 2. The ”E%Eﬂdc%p%e, t%% B8t8¥3égh e“@g&fugiggead¥§ve-membered

and six-membered ring such as a pyrylium ring and -
pyrylium-analogous ring:;

5 R' and R? are independently a hydrogen atom, a halogen
atom, a sulfonate group, an amino group, a styryl
group, a nitro group, a hYdroxyl group, a carboxyl
group, a cyano group, a substituted or unsubstituted
lower alkyl group, a substituted or unsubstituted aryl

10 group, a substituted or unsubstituted lower aralkyl
group, or a substituted or unsubstituted cycloalkyl
group;

R® is a group of -A or -L-A wherein L is -L}-, -L2-L°-,
oi‘ -L*-15-1f-, L! to L® being independently -(CH=CH)-,

15 bivalent group derived from a substituted or
unsubstituted aryl group, a substituted or
unsubstituted alkylene group, or -CH=R‘- (R! being a
cyclic structure having an oxo group); A is a
substituted or unsubstituted aryl group, or -CH=R® (RS

20 being a substituted or unsubstituted heterocycle, a
substituted or unsubstituted cycloalkyl group, or a
substituted or unsubstituted aromatic ring):
in the pyrylium ring or a pyrylium-analogous ring
containing X, the hydrogen atom bonded to the carbon

25 atom, which is not linked to R', R?, or R? may be
substituted by a halogen atom, a sulfonate group, an

amino group, a styryl group, a nitro group, a hydroxyl

Wy lllll l/lll ll llll
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doubl e helix structure of the doubl e-stranded nucl ei c acid-as an

T

intercalator. 3. The method according to claj:m1l wher@éin t
represented by the general fornmula is a 2,4-bis This
(4-N,N—dinethylaninophenyl)-6-nethy|pyryF?@nTsalt or a 2,
di met hyl am nophenyl )-6- nethylthiopyryliumsalt. 4. The

5&&

I

ccording to

claim1l wherein the dye conmpound is insoluble in water PCR is conducted in
.an agueous reaction system containing the. dye conpound and an aqueous

T a0 o B3, BB, heB BESTL! b Bahe
S 1S B R BT Tt

- Strande

Feic acid has a chain | ength of

not |ess than 100, has Raives oSv1TRecHR,ned aceabditigutaackai m 1, wherein

each pri nmer
unsubstituted lower aralkyl group; and

5 ¥~ is an anion.

33. The method for quantitative nucleic acid

determination according to claim 32, wherein the dye

compound represented by the general formula [I] is a

10 2,4-bis(4-N,N-dimethylaminophenyl )-6-methylpyrylium

salt, or a 2,4-bis(4-N,N-dimethylaminophenyl)-6-

methylthiopyrylium salt.

34. The method for quantitative nucleic acid

15 determination according to any one of claims 31 to 33,

wherein the dye compound is insoluble in water; the

MPN-PCR is conducted in an aqueous reaction system

qontaining the dye compound and an aqueous medium; and

a solvent is added to the reaction system after the

20 MPN-PCR to dissolve the dye compound thus enabling the

reaction with the amplification product.

35. The method for quantitative nucleic acid

determination according to any one of claims 31 to 34,

25 wherein the amplification product has a chain length of

not less than 100 base pairs. .

Iy
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in said priner set has a chain length of 30 bases or lLess. 7. Akit for
quanthylng a targer nucleic acid in a-sanple- a reactor containing .
areactiton chanber for PCR in which a reqU|red armount__of. .a dye conpound
represented. by the follow ng fornula is_provided. - 108- [err] wherein
[err] is (i) a pyryliunt ring or (ii) a b ?yriun}analog ring of 5 or 6
menbers where Xis 0, S, Se, or Te; Rerr] and R err] are independently a
hydrogen atom a hal ogen atom a sulfonate group, ‘an amno group. a styryl
group, a mtro group, a hydroxyl group, a carboxyl group. a cyano group. a

substi- nted or unsubstituted b r y r [ s @ 2
unsubstituted aryl grou%% a su %“% tﬁbg Eog BE?F?ﬁ?gﬁ BHE$Q18 acid
'~ determination according to any of claims 31 to 35,
wherein the primer has a chain length of 30 bases or

less.

37. A kit for quantitative nucleic acid
determination, comprising a reactor containing a
required amount of a dye compound in a reaction chamber
for MPN-PCR, the dye compound not producing

10 fluorescence in the free state but producing
fluorescence in the bonded state to double-stranded

nucleic acid.

38. The kit for quantitative determination of
15 nucleic acid according to claim 37, wherein the reactor
further contains in the reaction chamber a required
amount of a primer set which is necessary for MPN-PCR
amplification of a specific sequence region of target
huc;eic acid. .
20
39. The kit for quantitative determination of
nucleic acid according to claim 37 or 38, wherein the
dye compound is represented by the general formula [I]
below;
25 R 1\< -~~~ B Rt SN S

\

2 + oy
R __1‘. XT Yy (1} This Sheet Has Been Replac

o [T
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| ower aral kyl group. or a substituted or unsubstituted cycl oal kyl group;
Rlerr].is a group of -A or-L-A wherein L is L-L[err]-, e T

ing i ndei3 n Replaced

-L[erﬁf}L[err],or-L[eFr]-L[err]-L[err]-L[errl:Lo_L[Err]'Bé
pendent |y -(CH==CH )-. a bivalent group derived froma submisiShegt Y
unsubstituted aryl group. a sub- stitut®ed'® Tnsubstituted “ m‘m
or -CH=Rerr]-. wherein Rlerr] is a cyclic structure having A
is a substituted or unsubstituted aryl group,or --CH=R[err] Is a
substituted or unsubstituted heterocycle. a substituted, or unsubsti- tuted

cycl ol kyl group. or _a sulfstituted or unsubstituted aromatic rjng 4 ndhe
pyryliumring or waeﬁﬁryl i\ymrgnaﬁe@é‘&]e’senﬁsn té‘oeﬁt-el:toﬁyrﬁlt?g ?ncq )de l%ygr'og’én

at om bonded 0 { g CaLhag kM KOLGRLoC1R! s hiikigshy On AL LnBh6LLda O

Rlerr] may be substituted by a 0g om a sulYonate group. an am no
group. a stytyl @naURixaAmBhbEPed! PRy SubldsQXY| pPrP¥PumarfAghey! group, a

cyano group. a substituted or
pyrylium-analogous ring:

5 R! and R? are independently a hydrogen atom, a halogen
atom, a sulfonate group, an amino group, a styryl
group, a nitro group, a hydroxyl group, a carboxyl
group, a cyano group, a substituted or unsubstituted
lower alkyl group, a substituted or unsubstituted aryl

10 group, a substituted or unsubstituted lower aralkyl
group, or a substituted or unsubstituted cycloalkyl
group;

R® is a group of -A or -L-A wherein L is -L!-, -L%-L3-,
or -L*-L°-L%-, L! to L° being independently -(CH=CH)-, a

15 bivalent group derived from a substituted or
unsubstituted aryl group, a substituted or
unsubstituted alkylene group, or -CH=R!- (R* being a
cyclic structure having an oxo group); A is a
substituted or unsubstituted aryl group, or -CH=R® (R®

20 being a substituted or unsubstituted heterocycle, a
substituted or unsubstituted cycloalkyl group, or a
substituted or unsubstituted aromatic ring):
in the pyrylium ring or a pyrylium-analogous ring
containing X, the hydrogen atom bonded to the carbon

25 atom, which is not linked to R!, R?, or R?®, may be
substituted by a halogen atom, a sulfonate group, an

amino group, a styryl group, a nitro group, a hydroxyl

A
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unsubstituted |lower alkyl group. a substituted or unsub- stituted. aryl _
group. or a substituted or unsubstituted-lower aralkl group;—and~Yis a
anion. 8.The kit according to claim7.wherein the reactor fur

n the ( furt et BEHEINS
i nthe reaction chamber a required amount_of "a priner sém c '

necessary for the PCR anpification of a s]p%$ch sequence r\ ﬁ\\t r get
nucl ei ¢ aci d. - 109 - 9. The kit according to claim?7. e dye

com pound represented by the general formula is a 2.4-bis(4-N.
N- di et hyl am nohenyl ) - 6- net hyl pyryliumsalt, or a 2.4-

bi s(4-N, N-di meth ggg'ni P }E_[ ét L Op¥Y& |#u:g | t ]}F%Fé

according to cl gi%%h ,’V\%egrg%ii(é\a}f e%@y ’o% Qg%ugn% S %t &t ?sl%lbsso u eé,d and a

solvent is proviged tQupstituted lower alkyl group, a substituted or
unsubstituted aryl group, or a substituted or

unsubstituted lower aralkyl group; and

5 Y- is an anion.

40. The kit for quantitative determination of
nucleic acid according to claim 39, wherein the dye
compound represented by the general formula [I] is a

10 2,4-bis(4-N,N-dimethylaminophenyl )-6-methylpyrylium
salt, or a 2,4-bis(4-N,N-dimethylaminophenyl)-6-

methylthiopyrylium salt.

41. The kit for quantitative determination of
15 a nucleic acid according to any of claims 37 to 40,
wherein the dye compound is water-insoluble, and a
solvent is provided to dissolve the dye compound thus
enabling reaction of the dye compound with the
amplification product in the reaction chamber after the

20 MPN-PCR.

42. A kit for quantitative determination of
nucleic acid, comprising a reaction chamber for MPN-PCR
and a reagent chamber separated therefrom, the reagent

25 chamber containing a required amount of a dye compound
which does not fluoresce in the free state. but

fluoresces in the bonded state to a double—stranded

Iy
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di ssol ve the dye conpound thus enabling reaction of the dye. conpound with
a double- stranded Thisipbdettlas BeepReplacessul ti ng fromthe PCR in the reaction ——

chamber’i 1. A kit f a target nucleic acid i

reaction chanber fo agent chanber. wherein mm‘%gm‘ﬂmum‘er
contains a dye conpound represented by-tR&6fal | owi ng for c and shes *
reagent chanber .is provided so that the dye conpound in the reagent chanber
is transferred to the reaction chanber [err] wherein is (i) a pyzyliumring

or (ii)a pyryliumanalog ring of 5 or 6 menbers where Xis 0. S, Sc or Te;

Rlerr] and R err e. 1 nde nqﬁptl a_hydrogen .at a_hal ogen_at a

sul fonat e group.l;%?i{eajrﬁ o grioup. gg’s?t ff y ob'?‘gJﬁ.n %ﬂ’ﬁ 5 ﬁhaé“ dr oxyl

group, a carboxyl -} | - cq..or ltutd
bt Profdif 1o o WP el iR R T PRl

| ower al kyl group.” & unsu aryl group, I'rated
or unsubstitut edshamber.

5 43, The kit for quantitative determination of
nucleic acid according to claim 42, wherein the reagent

chamber contains also reagents for the MPN-PCR.

44. The kit for quantitative determination of
10 nucleic acid according to claim 43, wherein the reagent
chamber is divided into several chambers, and a dye
compound-containing reagent chamber and a MPN-PCR

reagent-containing reagent chamber are provided.

15 45, The kit for quantitative determination of
nucleic acid according to any of claims 42 to 44,
wherein a necessary amount of a primer set required for
MPN-PCR amplification of a specific sequence region of
a target nucleic acid is contained further in the

20 reaction chamber.

46. The kit for quantitative determination of
nucleic acid according to any of claims 42 to 45,
wherein the dye compound is represented by the general

25 formula [I] below:

i
R
T,

RZ —L ,x+ Y~ (11l
. 3%\—’,
R
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| ower aral kyl group. or a substituted or unsubstitutcd cycloal kyl: Rl err]
isa%wpm-Am-bAwmanisumﬂ -L[err]--L[err]- or%ﬁﬂ
to L[err] being inde- pendently .-(CH=CH)-- a blvalent/group/der|ved
sukgtituted or unsubstituted | ower alkyl qgoup a subStitut qﬂggBﬂm
unsubstituted aryl group. a substituted or Wrsubst i t ut ed™s “&
group. or a substituted or unsubstituted. cycl oal kyt grou

group of-A or -L--A wherein L is-L[err]- L[err]-L[err]-
L[err]--L[err]-L[err] to L[err] bei ng i ndc- - 110 - pendently ( CH==CH) -

, a bival ent gr ogp. ggrlvpd pgﬁégp%glgutheg cggi Zhth?eqsabyl ggroup.

a sub- stituted or unsubsllvute ene rou ; wWherein
Rlerr] is a Cyclég S&fu@éurfhémﬁgégkocycle including a five-membered

and six-membered ring such as a pyrylium ring and
pyrylium-analogous ring;

5 R! and R? are independently a hydrogen atom, a halogen
atom, a sulfonate group, an amino grbup, a styryl
group, a nitro group, a hydroxyl group, a carboxyl
group, a cyano group, a substituted or unsubstituted
lower alkyl group, a substituted or unsubstituted aryl

10 group, a substituted or unsubstituted lower aralkyl
group, Or é substituted or unsubstituted cycloalkyl
group;

R® is a group of -A or -L-A wherein L is -L'-, -L?-L3-,
or -L*-L°-L®-, L! to L® being independently -(CH=CH)-, a

15 bivalent group derived from a substituted or
unsubstitutéd aryl group, a substituted or
unsubstituted alkylene group, or -CH=R‘- (R* being a
qyclic structure having an oxo group); A is a
substituted or unsubstituted aryl group, or -CH=R® (R®

20 being a substituted or unsubstituted heterocycle, a
substituted or unsubstituted cycloalkyl group, or a
substituted or unsubstituted aromatic ring):
in the pyrylium ring or a pYrylium—analogous ring
containing X, the hydrogen atom bonded to the carbon

25 atom, which is not linked to R', R?, or R?}, may be
substituted by a halogen atom, a sulfonate group, an

amino group, a styryl group, a nitro group, a hydroxyl

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
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an oxo group; Ais a substituted or unubstituted aryl group or - rr
wherei.n Rlerr] is a substituted or unsubstituted heterocyc|iisS eTm Wﬁﬁi

or unsubsti- tuted cycloal kyl group, or a substituted or uns

arepatic ring; in the pyryliumring or grylinn analogous

taining X, the hydrogen atom bonded to"?hg carbon atom which i's not |inked
to Rlerr]. Rerr]. or R err] nmay be substituted by a hal ogen atom a

sul fonatc group, an am no group, a styryl group. a nitro group. a hydroxyl
group. a carboxyl group. a cyano group, a substituted or unsubstituted

| ower al kyl 9r°§953§§f%$§%e§5%§§ g& gSUQ c§£h&“§d Ypar¥|sﬂﬁgﬂﬂtu€éda

substituted or [ group; anh Is an anion. 12. The
kit according tg hﬂé@b&%ifWQ@ﬁelawérr8§H9mtg§6ﬁpthQ BGhststhteahes

contined in the reagent chanber . . AKkit accordlng to claim1l. wherein
the reagent Cha@ﬁummut%%a&yml g&ahpt,yoef asgtibsbagteed. oone of
unsubstituted lower aralkyl group; and

5 Y™ is an anion.

47. The kit for quantitative determination of
nucleic acid according to claim 46, wherein the dye
compound represented by the general formula [I] is a

10 2,4-bis(4-N,N-dimethylaminophenyl )-6-methylpyrylium
salt, or a 2,4-bis(4-N,N-dimethylaminophenyl)-6-

methylthiopyrylium salt.

48. The kit for quantitative determination of
15 nucleic acid according to any of claims 42 to 47,
wherein the dye compound is water-insoluble, and a
solvent is provided to dissolve the dye compound thus
enabling the reaction of the dye compound with the
amplification product in the reaction chamber after the

20 MPN-PCR.

49. The kit for quantitative determination of
an MPN-PCR amplification product according to any of
claims 42 to 47, wherein a solution of the dye compound

25 is placed in the reagent chamber.

50. A method for measurement of number of

Hllllll III'H lllll Illll H llll
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whi ch contains the dye conpound, and anothé}_sub-chanber boqﬁ@@@aﬁkB@@ ed
for PCR 14. The kit according to claim1l wherein a necessar% ‘“l

primer set required for PCR anplilication of -a specific seque

takget nucleic acid is contained in the reacton chanber. 15.

according to claim 11 wherein the dye'c&@ﬁoﬁnd represened. by the general
formula is a 2,4-bis (4-N N-di net hyl am nophenyl )-6-nethyl ptyliumsalt, or a
2,4-b is (4-N, N-di net hyl am nophenyl) -6. nethylthiopyryliumsalt. 16. The
kit according to claim 1l wherein the dye conpound is water-insoluble, and

2,501 ort 19 P08 (0 LSS ST KR PO U SRR o

R s S e ek Tk

18. A method forgd@Rasurésngr ISHRE 'es¥irattidigffudled®acid from a sample
containing a microorganism or cells to be detected;

5 preparing a serially diluted sample solutions of the
extracted nucleic acid; conducting MPN-PCR with the
diluted samples to amplify a sequence which is
characteristic of the microorganism or cells; reacting
the resulting MPN-PCR amplification product containing

10 a double-stranded nucleic acid with a d&e compound
which does not fluoresce iﬁ the free state but
fluoresces in the bonded state to the double-stranded
nucleic acid; measuring intensity of the fluorescence;
and deriving the most probable number of the

15 microorganism or cells, the specified genes, or copies
of the specified genes from the highest dilution rate

at which fluorescence is still observed.

51. The method for measurement according to
20 claim 50, wherein the dye'compound is represented by

the general formula [I] below:

1

R

DN

RE L x¥ v~ (1]
P T .
R3S
o
25 where k }C represents a heterocycle, and X is O, S,

N
Se, or Te, the heterocycle including a five-membered

and six-membered ring such as a pyrylium ring and

I
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organismor target cells, a nunber of a specific gene. or a copy nunber of
a specjfic gene. conprising the steps of: extracting nucleic acid froma
sanhpl e containing a mcro- organismor cells to be-deteched; providing a
serfal dilution, of the extracted nucleic aci'd, conducting PCR, with
respect to each, of the sanple - 11% 13@i Futi ons cahis Sheetita gplaced aci d
wth a prinmer set requied for anplification of a specifl ce
region of the axtracted nucleic acid to provide doubl e- iC
acid; reacting the resulting doubl e-stranded nucleic ac with a dye
compound representd by the following fornmula to bind the dye conmpound to

t he doubl e- st r arR¥e¥ 12 1ago¢s FAB9easuring intensity of the

fluorscences frg
qua%gengaere independently a hydrogen atom, a halogen

atom, a sulfonate group, an amino group, a styryl
group, a nitro group, a hydroxyl group, a carboxyl

5 group, a cyano group, a substituted or unsubstituted
lower alkyl group, a substituted or unsubstituted aryl
group, a substituted or unsubstituted lower aralkyl
group, or a substituted or unsubstituted cycloalkyl
group;

10 R® is a group of -A or -L-A wherein L is -L'-, -L2-L°-,
or -L*-L°-1%-, L' to L® being independently -(CH=CH)-, a
bivalent group derived from a substituted or
unsubstituted aryl group, a substituted or
unsubstituted alkylene group, or -CH=R‘- (R! being a

15 cyclic structure having an oxo group):; A is a
substituted or unsubstituted aryl group, or -CH=R® (R®
being a substituted or unsubstituted heterocycle, a
substituted or unsubstituted cycloalkyl group, or a
éubstituted or unsubstituted aromatic ring):

20 in the pyrylium ring or a pyrylium-analogous ring
containing X, the hydrogen atom bonded to the carbon
atom, which is not linked to R!, R?, or R3®, may be
substituted by a halogen atom, a sulfonate group, an
amino group, a styryl group, a nitro group, a hydroxyl

25 group, a carboxyl group, a cyano group, a substituted
or unsubstituted lower alkyl group, a substituted or

unsubstituted_aryl group, or a substituted or

S
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conmpound inserted into the doubl e-stranded nucleic acid and driving the

speC|f|ed genes.-i-n- the S E% n t he basis of t he dllutLQn—Pafe“af mhlch

fl et escence | “m\\ nf[err]is (i) a pycyl [ um r| getﬁasll(eeﬂ ep ced
pyryllun}analog ers where X3ils-0, S, Se, Telk %rr]
are. |ndependent4y°a hydrogen atom a hal ogen atom a sul An
am no group, a styryl group. a nitro group. a hydroxyl gro oxyI
group. a cyano group. a substi- nuted or unsubstituted | ower aIkyI group. a
substituted or unsubstltuted aryL. grou a substituted or unsubstituted

| over aral kyl grERDsH ttag, diower, eealéy 1 8ToNPit 8P8d cycl oal kyl ; Rlerr]
is a group of--A or -L---A wherrein L is -L[err]--

Ll[err]-L[err], or-Lf@r?P BPEPPT- L[ err]L[err] to L[err] being i ndepen-

52. The method for measurement according to
5 claim 51, wherein the dye compound represented by the
general formula [I] is a 2,4-bis(4-N,6N-
dimethylaminophenyl )-6-methylpyrylium salt, or a 2,4~
bis(4~N,N-dimethylaminophenyl)-6-methylthiopyrylium
salt. |
10
53. The method for measurement according to
any of claims 50 to 52, wherein the dye compound is
water-insoluble, and PCR is conducted in a reaction
system containing the water-insoluble dye compound and
15 an aqueous medium, a solvent is added after the MPN-PCR
to the reaction system to dissolve the dye compound
thus enabling reaction of the dye compound with the

amplification product.

20 54. The method for measurement according to
any of claims 50 to 53, wherein the amplification
product has a chain length of not less than 100 base

pairs.

25 55. The method for measurement according to
any of claims 50 to 54, wherein the primer has a chain

length of 30 bases or less.
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dently -(CH=CH)- a bivalent group derived froma substituted or —
unsubgtituted aryl group. a-substituted or unsubstltutﬁd/atkyr”he group

or--CHF=R[ err] vvher,ewR[é'F &\\g cyclic structure havin ar&h @asga@ plackd
a sebstituted- or *& ryl group, or--:CH==R]er ‘\r
s a substltut uted het ercyb32.- a substitute

unsubsti tuted c alkyl group. or a substituted or unsub aronatlc
ring: in the pyryliumring a pyrylium anal ogous ring con- - 112 tai ning
X the hydrogen atom bonded to the carbon atomwhich is not linked. to

Rlerr] Rerr], or R[err%Grry be substltued by a hal ogen atom a sul fonate

group. an amno group; styrdl b?oﬂ%r %?ﬁﬁ??%W%ﬁYnﬁf the)\RHRRET QY oup. a
b I Vo titufed or unsubstitut | ower al kyl
carboxy! g1 oup. .2, €Yo QD PR UBR LU 9 RlnlPU0p L LER, L YIS kY

contained therein, or number of copies of the specific
genes, comprising a reactor having a plurality of

5 reaction chambers for MPN-PCR and containing therein a
required amount of a dye compound which does not
fluoresce in the free state but fluoresces in the
bonded state to a double-stranded nucleic acid; the
reaction chambers being employed for practicing sérial

10 dilution of a nucleic acid extract obtained form a
sample containing microorganism or cells to be
detected, and for the MPN-PCR for each dilution for
amplification of a sequence which is characteristic of

the microorganism or cells to be detected.

i5
57. The kit according to claim 56, wherein
the dye compound is represented by the general formula
[I] below: Rl
TN _
rRE—  XT Y (1]
20 3%~.—"
R
N
where ' X' represents a heterocycle, and X is O, S,
7
Se, or Te, the heterocycle including a five-membered
and six-membered ring such as a pyrylium ring and
25 pyrylium-analogous ring;

R' and R® are independently a hydrogen atom, a halogen

atom, a sulfonate group, an amino group, a styryl
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stituted aryl

group, or a substituted or unsubstituted |ower aralkyl

group; and Y is an anion 19. The nethod according to claim 13, wherein the
dye conpound bound to the.doubt-esstranded nucl eic aci dhis ShebtBBEBARReptall0 2-

double helic stru
o'

i ntercal at or.

conpound represent

Bt s oAU

(4- N. N-di net hyl am nophenyl ) 6- net hyl pyrylium salt, or a.

2, 4- bi s(4- N, N-di net hyl am nophenyl )-6- methyltiopyryliumsalt 21. The net hod

according to claim18. wherein the dye conpound is mater-insolub%e, and the
bRek bl e

PCR i s conduct e§*PHPa Pe&éFF8n9§9§Pe%?c

PHY hgIF A¥P naf cF2TAREY dye

: d and ar di I Ls ad
Foact on Syst embrsul SaRvETPEayE cBrpbENE PHISScHEO PR PRECFERR: L on of
the dye compound Joth ig19g¥BLE; Shr 808841 RUELE' 6r2GhdubERithtad LEpi the

10

15

20

25

group, a substituted or unsubstituted lower aralkyl
group, or a substituted or unsubstituted cycloalkyl
group;

R® is a group of -A or -L-A wherein L is -L!'-, -L?-L’-,
or -L*-15-L%-, L' to L® being independently -(CH=CH)-, a
bivalent group derived from a substituted or
unsubstituted aryl group, a substituted or
unsubstituted alkylene group, or -CH=R'- (R! being a
cyclic structure having an oxo group); A is a
substituted or unsubstituted aryl group, or -CH=R5 (R®
being a substituted or unsubstituted heterocycle, a
substituted or unsubstituted cycloalkyl group, or a
substituted or unsubstituted aromatic ring);

in the pyrylium ring or a pyrylium-analogous ring
containing X, the hydrogen atom bonded to the carbon
étom, which is not linked to R!, R?, or R®, may be
substituted by a halogen atom, a sulfonafe group, an
amino group, a styryl group, a nitro group, a hydroxyl
group, a carboxyl group, a cyano group, a substituted
or unsubstituted lower alkyl group, a substituted or
unsubstituted aryl group, or a substituted or
unsubstituted lower aralkyl group; and

Y- is an anion.
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22. The nmethod according to claim218 wherein the doubl e-stranded nucleic
acid has a chain length of not | ess than 100 base pairs. 23. The nethod
according to claim 18. wherein each prinmer in said priner set has a chain
| engt h of 30 bases or less. 24. A kit for nmeasuring a nunber of a target

m cr oor gan-

Ismor target cells, a nunbejzgf_a specific gene. or a copy

nunber of the specific gene. conprising a reactor conprising a plurality of
reaction chanbers for serially diluting a nucleic acid extracted froma
sanpl e containing mcroorganisns or cells to be detected. each of the
reaction chanmbers containing a dye conpound represented by the follow ng
formul a wherein the readBi.on Thankitsaacerdipgoyedclaimt heé OCRSYo anplify a

speci fic sequence of the extracted nucleic acid which is peculiar to the
m coor gari sns oWhegeis the dye compound represented by the general

10

15

formula [I] is a 2,4-bis(4-N,N-dimethylaminophenyl )-6-
methylpyrylium salt, or a 2,4-bis(4-N,N-

dimethylaminophenyl )-6-methylthiopyrylium salt.

59. The kit according to any of claims 56 to
58, wherein the dye compound is water-insoluble, and a
solvent is provided for dissolving the dye compound
thus enabling reaction of the dye compound with the

amplification product in the reaction chamber.

60. The kit according to any of claims 56 to
59, wherein the reaction chamber further contains a
primer set for PCR amplification of a sequence
characteristic of the microorganism or cells to be

detected.

L CLL]
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113 - [err] wherein [err] is (i) a pyryliumring or (ii) a ,
pyryliumanalog of 5 or 6 nenbers where Xis-0. S. Se. or Te; Rerr] and \5/

RlerrTare independently a hydrogen atom a hal ogen atom sulfonate group.
an\_nlno group. a styryl group. a nitroo group- a hydroxyl group. a carboxyl
group, a cyano group. a substi- tuted.-or3@nsubstituted | ower al kyl group.
a substituted or unsubstituted aryl group. a substituted or unsubstituted

| ower aral kyl group. or a substituted or unsubstituted cycloal kyl: R err]
is agroup of -Aor --L-A wherein L is -L[err]- L[err]-L[err]-

a bival ent groug

bei ng j nde- pendently -(CH==CH)--.
&®ed or unsubstituted aryl group. a

sub- stituted or unsubstltuted alk¥lene gr
A PCR amplificatio

-L[err]-L[err]-LLerr‘

gduct is detected, in
quantitative determination of nucleic acid and
measurement of the number of bacterial cells or

5 specific genes, by addition of a dye compound which
does not fluoresce in the free state but fluoresces in

the bonded state to a double-stranded nucleic acid.

///////////////////// //7/8ced
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--CH=R[err]-, wherein Rlerr] is a cyclic structure having.an oxo group; A
is a substituted or unsubstituted aryl group,or -CH=R[err]. wherein R err]
is a substituted or unsubstituted heterocycle, a substituted or unsubsti -
tuted cycl oal kyl group, or a substituted or unsubstituted aromatic ring; in
the pyryliumring or a pyryliun}analogoui H ng con- taining X the hydrogen
at om bonded to the carbon atomwhich is 6t linked to Rlerr]. Rerr], or
Rlerr] may be substituted by a hal ogen atom a sul fonate group, an am no
group, a styryl group. a nitro group a hydroxyl group, a carboxyl group. a
cyano group. a substituted or unsubstituted | ower alkyl group, a
substituted or unsub- stinted aryl group, or a substituted or unsubstituted
| ower aral kyl group; and Y is an anion. 25. The kit according to claim 24,
wherein the dye conpound represented by the general formula is a 2,4-bis
(4- N, N-di net hyl am nophyenyl ) >6- et hyl pyxylium salt or a

FlG. 1
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2,4-bis (4-N, N-di mrehyl am nophenyl) -6- nmethylthiopyryliumsalt 26. The kit
according to claim24, wherein the dye .- 114 - conpound is

wat er -i nsol ubl e. and a solvent is provide for dissolving the dye conpound
thus, enabling the reaction of the dye conpourid Wi th a doubl e-stranded
nucleic acid.resulting fromthe PCR in t?; reaction chanber. 27. THe kit
according to claim24, wherein the react oz chanber further contains a
prinmer set for PCR anplification of a sequence charactecistic of the

m croorganismor cells to be detected. 2. A nethod for quantifying a target

nucleic acid in a sanple conprising téﬁ'?@(’\a/g of: subjecting a, sanple
continig a nucleic acid to be detectéd . .PCR with a priner set

required for PCR PRODUCT
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amplificatiomof a specifie base sequence region of the target nucleic acid
to provide a doubl e-stranded nucleic acid; reacting the doubl e-stranded

nucleic acid wih a dye conpound represented by the following fornula to
bi nd, t he dye conpound to the doubl e-stranded nuclei c acid; and neasuring
intensity of the fluorescence of the dyezggm pound inserted into the

doubl e-stranded nucleic acid to quantify the target nucleic acid in the

sanpl e .

[err]

- Wherein [err]

is (i) a pyryliumring or (ii) a pyryliumanalog ring of 5 or 6 menbers X
r] and R err] are independently a hydrogen atom a

is 0. S. Sc,
hal ogen atom a sul fonate group. an am no group. a.

or Te;

R er

styryl

group. a nitro

group. a. hydroxyl group, a carboxyl grf?ﬁ[;a gyano group. a substi -
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tuted or unsubstituted | ower al kyl group, a substituted or unsubstituted
aryl group, a substituted or unsubtituted | ower aralkyl group. or a
substituted or unsubstituted cycloalkyl: Rerr] is a group of-A or-L-A
whecein L is,-L[err]-. L[err]-L[err],or -L[erf]-L[err]L[err],L[err]to
L[err] being inde- pendently -(CH=CH)---4 sq bivalent group derlved froma
substituted or unsubstituted aryl group. a sub- stituted or unsubstituted
al kyl eue group, or - 115 - -CH=Rerr]-, wherein Rerr] is a cyclic
structue having an oxo group); Ais a substituted or unsubstituted aryl
group.or -CH==R[err]. wherein Rerr] is a substituted or unsubstituted
het erocycl e. a substituted or unsubsti- tuted cycloal kyl group, or a

substituted or unsubstituted aronatic/[yzs: ,f;
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in the pyrylimm ring or a pyzylim-anal ogous ring con- taining X the

hydr ogen at om bonded to the carbon atomwhich is not linked to R err].
Rlerr]. or Rlerr] may be substituted by a hal ogen.atom sul fonate group. an
amvwe group. a styryl group. a nitro group. a hydroxyl group. a carboxyl
group. a cyano group. a substituted or gpgubstituted | ower alkyl group. a
substituted or unsub- stituted aryl group, or a substituted or
unsubstituted | ower aral kyl group; and Y is an anion. 29. The net hod
according to claim28, wherein the dye conpoound bound to the

doubl e-stranded nucleic acid is inserted into a double helix structure of
t he doubl e-stranded nucleic acid as an intercalator. 30. The nethod
according to claim28. wherein the dye conpound represented by the general
formula is a 2,4-bis (4-N.N.dineth¥E? mnopgRenyl ) - 6- net hyl pyryliumsalt, or
a 2,4-bis (4-N Ndinethyl anm nophenyl ) ~+6-%net hyi t hi opyrylium sal t
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31. The nmethod according to claim 28. wherein the dye conpound i%-insol uble
in water, the MPN-PCR is conduted in an aqueous reaction sysen1cd;?grﬁrﬁ§‘-w\m
t he dye conpound and an aqueous nedium and a solvent is added to the
reaction systemafter the MPM PCR to dissolve the dye conmpound thus
endBling the reaction of the dye conpoum?7Mth t he doubl e-stranded nucl eic
acid resulting fromthe MPMPCR 32. T nmet hod according to cl aim 28.
wherein the doubl e-standed nucleic acid has a chain | ength of got |ess
than 100 base pairs. 33. The nmethod according to claim 28, wherein each
prrmers in said prinmer set has a chain |length of 30 bases or less. 34. A Kkit
for quantifying a target nucleic add in a sanple. conpdsing-. a -racor
corprising reacton chanbcts for INVb -PCE, wherein in each of the reaction
chanbers a rcquirid anotu of a dye conpound represenced by the fol |l ow
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ing fbrmul h is contained. REPLACEMEr T SHEET .-1!\ | 116 - REPLACE E'/
JC ~~~R ' wheinis C) a pyryliumiing or (ii) a pyyiumanalog ing
of S cx 6 nenbers where Xis 0. S. Sc, or Te RL and R2 are |ndpeadenay a
hydgogenatom a. hal ogen awa, i sulfona grop. an"am no group, a styryl

group. a nigo groups a hydal xyi group, aqG r xbayi group,. a cyano group. a
subsi-. nmured or unsubsdml e4, Lomer:alkyt/group, a substimed or unsubstntd
aryl groSp a substituted or uubsrinred |owcr arlkyl group, or a subsfuted

or unsubstitated cydoal k~yl; R3 a group of-A cr -L-A wheei is-1 or

FIG. 9A S

S

FIG. 9B

FIG. 9C N | |




“pcadenty -(CH==C---, a blvajent:group dcivcd froua a substi
asyl groqp,a sub- stinted or unaubstituted al kyl ene group.
whacdn Ri is a cyclic sbftUe having an oxo group; Ais a subj
usubstinted nyl group, or V. wbern Rcis a substiisted or
hct esocycl e, a subsdl ed or unsubsti yag gygloaIUyI group. o
or unasnted aromasticring in the pzyly % ring or a pyrylinm

 URELABEYNP $REET
bdf aed ar

upui20 NOVt 1986
h substi tuted
-anal ogous r1ng

con-. taining X, the hydrogen atom boaded to the cirbon ato

nuhi.ch.i.s..nof....

linked to R

RferiRlPooN OB YRFHERA Addd By BcegeHrls¥ReEMENTS IdFOName

group, an =m \gheitih GF SHYERoBERAN PeEBLt! I RERESYPORA GRYE-OVPITEEr &¥P, A

caboxyl group,pek CYilith MFALHR NG KAl

substitued or unsub- sted azyl roup. or a subsdtired or

ERPLevEsUPORNPEE sower allyt group, a
unsubsai ted | owr

mi kyl group; and Y is aann.
A PCR amplification product is detected, in
quantitative determination of nucleic acid and

measurement of the number of bacterial cells or

specific genes, by addition of a dye compound

which

does not fluoresce in the free state but fluoresces in

the bonded state to a double-stranded nucleic acid.
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35. TFeh ktit according to clim 34, wherein the reactor fuxthcr contains in
t-he reati-el-chanber _a =equed amuM of a pri= set which is necassay for

MPM PM a bk _a specific sequeoce region of rarggr
36. Thc EE 'I m, @[fw Mai'm‘e34. wherein thc dyc -chpound r¢X
lcistawl. &

geer Wf Q nal 1111121711222 11ty 11111211131
REPLACEMENT SHEET - 117 - - 106REPLACENE I'{ﬁgm% }(§ o 13 S$EF 1569
yl af nsphay) 4nxbyl pyryi m saLL or a, 2,4-bis(4-N. NREH v henl yl *6-

37. Aklt for quatfying a arecE noc.leic add in a salc aonpfisiizg
aweaction cbam forbr M\P _adareagentchanber. wherein the Leaget.chamibe

......

cotains a required XWbahis Q}ded}ia conpound esentud L)i the foll ow ng o

f*rnla. and L A method for quantifying a targes nucleic act

com-
prising the steps of: :
conducting PCR of a gueleic acid sampl'cwi;h a primer s:
wired for amplification of a spesific base sequen

i:!éion of the target nuclcic acd to provide a double

stranded nucleic acids |
dting the double-stranded nucleic acid with a dye
Tcncompotmcl represented by the following formula to
bind the dye compound to the double stranded pucleic

acid; and | |

meastring intensity of the fiuorescence fmx_n_.thc _dyc
compound bogad to the double-stranded nndch a.udm
quantitatively determine the target nucleic acid in the

sampic,
-, m
R‘\.:' \‘-
R3 ke ¥
Rx\ P ‘
whercin
t" i \‘.
'.‘ ","

i jum ring o (if) a pyrylium-analog ring of 5 or
' ?gﬁﬁe Ig( is((;’. SPYS?:' or Te; ZR.g and R? are
independenily 2 hydrogen atom, a halogen atom, 2 sulfonate
grolp, an amino group, a styryl group. a miro group. 3
hydroxyl group, a carboxyl group. a cyano groop. & substi-
muted or unsubstituted lower aikyl group, a substifuted or

unsubstituted aryl group. a substituted or unsubstituted
lower aralkyl group. or a substiruted or ussubstituted
cycloalkyl;

R is a group of —A or —L—A wherein L is —L'—,
L*—L'— or —L*—L3—L°— L' to L® being inde-
pendently —(CB=CH)—, a bivaleat group derived
from. a substituted or uasubstituted aryl group. a sub-
stituited or masubstituted alkylene group. or
—CH=R*—, wherein R* is a cyclic suucture having

C{CQ 6{5’4"‘

L3 (™

P

i
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I ie ragent cbanber I's providcd so ir the dye com pound in the rcageat

chanbor 1'$"u ™~ dnsfaned-to-thc reaction cbanbnr '.r ILz -

bydr oxyl group, a c= boxyl group. a cy;

a) apyi)lhni-aog ring of 5 or 6

TsaoI Ss( @sJﬂmHMHWMﬂMz arce i.ndcpen;icdy a. hydr ogen a

atom a sulford gfoup. %n*uacn group,_ gqfrfyl%ggp\mg S:ﬂt
; - tu

oap

usubsrinted | ower al kyl group. a substitued or uusubsdtund

substtuted or unsubS|ured I |sz
uozubst t ur nu cycdlkyLlln gE ’%bﬁf‘ orq_m%s@ﬁ&tgjg

. wherein R is 2 substitut
unsubsr.m:ed. heterocydz a substimted or unsubsti-
tuted cycloalkyl group. or a substituted or unsubstituted
aromatic 1ing;

in the pyrylium ring or a pyrylium-analogous ring con-
taining X, the hydrogea atom bonded to the cxrbon
atom which is not linked 10 R', R% or R® may be
substinited by a balogen atom, a snlfonate group, an
aminc group. a styryl group. a niTo groap, a hydroxyl
group, a carboxyl group. 2 cyano group. 1 substituted oc
unsabstimred loweralkyl group. a substituted or unsub-
stimted aryl group, or a substituted or unsubstitutcd
lower anikyl group; and
Y is an anion. .
2. The method according to claim 1. wherein the dye
compound bound to the dooble-stranded nncleic acid is
inserted into x double helix structure of the double-stranded

" pucleic acid a5 an interealator.

3. The method according to claim 1, wherein the dye
compound repeesented by the geaeral farmnla s a 2.4-bis
(4N N-dimethylaminophenyl)-6-methyipyrylium salt, ot 2
2.4-bis(4-N,N-dimcthylaminophcayl)-6-
methylthiopyrylivm salt.

4. The method according o claim 1. wherem the ¢ye
compound is inscluble in water; PCR Is conducted in an

PEPLATEMENT VSHFE |
. hal ogen
g‘i@uﬁﬁ? %99 j
ol j

ryI group,

a { _

L |s -L-

agucous reaction system containing the.dye compound and-

an.aqueous medimn; and a solvent is: added w.the reaction
systzm after the PCR to dissolve the-dye compound. thas
cuabling the reaction with the double-stranded nucleic acid
resulting from the PCR.

S, The metliod according to claim 1, whercin the double-

‘stranded nucleic acid has a chain leagth of not less than 100

base pairs.
6. '!'hcmdmdacootdmgladaxml,whmnach
in said pdmer set has a chain length of 30 bases or less.

7. A Xit for quantifying a targer nncleic acid in a sample,
comprising: | '
a reactor containing arcaction chamber for PCR, in which
a required amount of a dye compound represented by

the following formnla is provided.



<

groap_dEFTVé'd"*f“rom a subsdtitucd or unsubsci abnmd axyl grou
sticured
cyclic s

<

gr oup.

unsubsdtraed xromadc ring; in dhe pyryliumring or a pyryi-r
con- tabin X, the hydrogen atom bonded to the cuobn atom

or-L'L54.-L6 L' To L being indc_- pendealy -(CEcCE- )-. a, bival eat

or & Y "™bérinh Rs is a substid or unsubsfred hetiedocy3ISEP %999
substituted or unsubdi- tuted cycloallipB goup, dRERLASERISNT BHEE or

: i ! - PSJ-F%fSH
IR, 2 .t 0 oo, e “f’

!

ilchi_:s noc Enked !

to W R2. or R? may bc substiwed by a halogen acom a sul onar group,
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wherein
"--~“.
X

is () a pyrylinm ring or (1) a pyrylinm-anulog ring of 5 o
6 members where X is O, S, Se, or Te; R and R* are
independeatly a hydrogen atom, a halogen atom. a sulfonate
group, an amino group. a styryl group, 2 miftro group, 4

hydroxyl group, a carboxyl group. a cyano group. a substi-
mted or unsubstimrad lower alkyl group. a substituted oc
unsubstituted acyl groop. a substituted or unsubstmted
lower amlkyl group. or a substituted or uamsubstituted
cycloaliyl group; |

R? Is a gronp of —A or —L—A wherein L is L—L*—,

—L*—1’— or —L*—L°—1°—, L' o L5 being inde-
pendently —(CH==CH )—. a bivaleat group dcdved
from a substitated or unsubstinuted aryl group. a sub-
stitnted or unsobstitnzaed alkyleme grouwp. or
~—CH=R"“—, wherein R* is a cyclic structure having
an oxo group; A is a substituted or unsubstituted acyl
group, a —CH=R’, whercin R® is a substimced or
unsubstimted heterocyde. a substituted: or gnsobsni-
tuted cycloalkyl group. ora substituted or unsubstimted
aromatic fng;

in the pyrylium ring or a pyrylinm-analogous ring con~

taining X. the bydrogen atom bonded to the carbon
atom which is not linked to R’, R or R® may be
substinsted by a halogen atom, a sulfonate group. an
amino group, a styryl group, a niro group. a hydroxyl
group. a carboxyl group, a cyano groap. a substimred or
unsubstituted lower alkyl group. a substimred oc unsub-
stituted. aryl group. or a substrrcd or unsubstimted
lower aralkyl proup: and
Y™ Is an anion.

8. Thc kit according to claim 7, wherein the reactor further
contains in the reaction chamber a required amount of a
primer sct which is necessary for the PCR amplification of
a specific sequence region of a target nacleic add.

an



am no group, a syryl group, a niuo group, a hydOxyl gl oup,

a_rboxyl grop

cyano graup,. .a.substinced. or unsubsdtci | ower all M group.

Unsub- sti a subsftned or unsubstiwtcd |
and Yis anngﬂmg '"I ﬁl“" accrding to clim 37, vvhrC| n
MM PCR i in the _rﬁggent chamb &EPLAGEM
to claim 37, V\/nerel n the -cagent cha r conpi ses a plural

sub-chanbers. oae of which cotains the dye copound. and a other

sub- cbanber cont a; n’fh@kftaﬂﬁ&tdix;

37. wherein a necgssary a cﬁi

of a specific sg _ gpz?%”}gg yolfée
further in the F¥ Gyla Yiirp-
the dye comDoudbsé

t hyhai nophept L ISllslct | pyl sumsalt. or
Y Pheptt) 'I‘ge%acco:mg 1o daim. 7 wherein the dye com-

pound is watcr-insoluble, and a solvent is provided 1o
- dissolve the dye compound thus enabling reaction of the dye.
with a: doublc-stranded . nucleic acid resulring'
from the PCR in the reaction chambec.
11. A kir for quantifying a target nacleic acid. comprising -
a reaction chamber for PCR; and .
a reagent chamber, :
whaein the reagent chamber contains a dye compoand
represented by the following formula, and the reagent
chamber is provided so that the dye compotnd in the
reagent chamber is transferred 1o the reaction chamber,

FCRafkin HIC & %& @cr oF
38 c;we

R: a—-_‘\ m

wherein

- -

is (i) a pyrylium ring or (if) a pyrylium-analog cing of 5 or
6 mecmbers where X is O. S, Se. or Te; R' and R? are
independenty a hydrogen atom, a balogen atom. a sulfonate
group. an amino group, a styryl group. a mitro group, a
hydraxy! group, a carboxyl group. a cyano group. a substi.
tuted or unsubstituted lower alkyl group. a substmeed oc
upsubstituted aryl group, a substmted or mnsubstimted
lower aralkyl group. or a substituted or unsobstituted
cycloalkyl; |

R is a group of —A of —L—A whecein L is —L'—,
L3P, or —L*—L7—1°— 1! to 1% being inde-
peadently —(CH==CE}-—1 a bivalenr group dedived
from a substituted or unsubstituted Jower alkyl group,
a substituted or unsubstifirted aryl group. a substimte ot
unsubstitated lower aralkyl group. or 1 substimted ot
unsubstituted cycloalkyl group;
RrR? xsa.g:oup of —A of —L—A wherein L is —L—.
.ot —L* L1 L' o L® being inde-

mbﬁaﬂmmdma
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BE‘P‘N MNNPCR anpi i cado a
i s coatai ncd
cI aim 37. wherein
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2.4-b is(4-N.N- dinethylamn op h en yl) -6- mchyl dil opyr.yJ.4J.Jm&a4~t.-»~42 s
The kir aaoii ng to claim37. wherein dte dye compound is \g\aBEPuAGSMFWbISér

and a solvear is provided to dissolve the dye conpound thuys
reaci on of the dye conpoundw th adoubl e-andednudl eic ad [
hft-.PCR in dte reacion chanber after the 43. TheRER- [

*enarbf'r'rrg"‘r’rf

Wherein a: solution of the dye corrpounéilq’s pl aced in thejre

44. A inedtod for measung a nunber of a tagct mcro- oranijsm or Mger

1518 SERP o

cel s, a nunber of pemipatly -(CHea€H)yoc, 2 bivalontrgrotpe dafised péei-f

HIPN
TiC—genty

conprising Unhe. stfrom obubstimeed iof gnfubisduned Gyl peddp, a.sabpl e conmai ni ng
am ro- organi sm ocswigited bo bEsisiraded PARYLEas Jproupsr bl di | utd= of
6e’ wact ed nucl ei ¢ addf=_RAAG}HNGATE B puichuaemichadirg €ach of che danzed

sanpl es cont ai ni ng
a Specilc basc seqzig‘f %&%&%ﬁf@ﬁ%
unsnbstinmed heterocyde, a substituted or unsubsti-
tuted cycioalkyl group. or a substitoted or umsubstinured
aromatic ring; :
in the pyzylumnng ar a pyrylim-analogons ring con-
taining X, the hydrogen atora bonded to the carbon
atom which is not linked o R, R%, or R® may be
substinited by a balogen atom. a suifonatc group, an
amino group, a styryl group. a nitro group. 2 hydroxyl
group. a cxxboxyl group. a cyano group, a substimred ot
unsubstituted lower alkyt groop, a substitired o ansub-

stituted. axyl group. or-a substimuted oc nnsubstinired
lower aralkyl group; and

Y™ is an anion ,

12, The kit according to claim 11. whervin a reagent far
the PCR is further contzined in the resgent chamber.

13. A kir according 10 claim 11, whercin the reagent
chamber comprises a plucality of sub-chambers, one of
which contains the dye compound, and another sub-chamber
contains a reagent for PCR. '

M.Thchtawo:dmgto cla:ml].,whmanecessa:y
amonnt of a primer set required for PCR amplification of a

_ ‘specific: sequence region of Tacget nuc!e:c acid is contained
in:thereaction chambee: -
.15, The kit ‘according to. ‘claim ‘11 . wherein’ the dye.
eompamdm;:cscmedby the general formula is a 2.4-bis
(LNMmeﬂ\yhmhophenyl)-ﬁ-mcthylpytylmm salt, or a
2,4-bis(4-N,N-di methyl.amlnoph enyl)=6-
" methylthiopyrylium salt.

16. The kit sccording to claim 11 wherein the dye
compound is Watar-insoluble, and a solvent is provided to
dissolved the dyc compound, thus enabling the reaction of
the dye compound with a double-stranded nocleic acid
resulting from the PCR in the reaction chamber.

17. The kit according 10 claim 11, wherein a solution of
the dye componnd is placed in the reagent chamber.

18. A mucthod for ineasuring a number of a target micro-
arganism or target cells, anumberofaspecﬂicgene.m-a
copy number of a specific gene. comprising the steps of:

extracting nucleic acid from 2 sample containing a micro-

organism or cells to be detected:

providing a serial dilntion of the exmracted nucleic adid:

conducting PCR with respect to cach of the sample

gd for azplicaion of

L&uﬁgfa to providc
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-a doubl e- st anded nucei-e- acrd reacting the double-ctruded a

i QEPMMENT SHEET |

a-sdye corrpourrdre thefollovmngforrmlato bi nd

conmpounad to “m\tgﬁm cd nucl ki aci dd measudng i nensijt

Auor escence f ye tonpound inscrtcd into the doubl e- E(?Jnggl C
acid: and PLACEIVENT SHEET REPLACEM : N S . F@QQCEM EET[? vi'r
-thc nunbCr of e miccrgol= or cells dLe spedillied genes.” or

. 3pecnelL genes in the sanpic e awi ch f uaxcnce is stll

dilutions comraining emnaed nucleic acid with a
primer set required far amplificarin of a specific base
sequence region of the extracted nucleic acid 1o provide
double-strunded nucleic acid:

reacting the resulting double-stranded oucleic acid with a
dye compound rcpresented by the following formuia to
::?:. ?:d dye compound to the double- su:anded nucleic

Ineasuring mtznszry of the ﬂuo:esccnec from' the dyc
chspou:d. ms:ncd into the double-stranded nucleic
a al

deriving the number of the microorgamism or cells.-the
specified genes. ot copies of the specified genes in the
sample on the basis of the dilution rate at which
flucrescence is cbserved,

Ly PP Salad .
R\ ‘\‘ m
R e XY
R’/“‘. ""
wherein
r"--“
X

is () a.pyrylinm ring or (ii) a pyry]mamhgnng of 5or
6 members where X is 0, S, Se, o Te; R* and R? are;
independeatly 3 hydrogen atom, a halogen atorr, a snlfonate
gIoup. an amino group, a syyryl gromp. a Bilro- group, a
hydraxyi group, a carboxyl groap. a cyano group. a substi-
mted. or unsubstimred Jower alkyl group. a substitused ar
unsubstimted aryl group. 3 substituted or unsubstirured
lower xnlkyl group, or & substituted or unsubstimged
R’xsagr of —A ar —L—A whedin L is L™
—, o =~L~1 1% 1310 L°being indepen-
' dcnd.y ~—(CB==CH)—. a bivalent group derived from
a substituted or mesubstined acyl group. & substituted
or unsubstitnted alkylene group, or —CH=R*—,
wherein R*is 2 cyclic structurc having an oxo group;
A Is a subsdruted or unsubstimted aryl group, or
—CH==R?, wherein RS is a substintad or nnsabstimted
heterocycle, & substituted or unsubstitated cycloalkyl
group. or a substituted or unsubstituted aromatic ting:

in the pyrylium dng:or-a pyrylum-analogous. dng con-



, VIS(I) apyyllLrng or (h) ap lm . -anWﬁ
‘memers where-X—i s '0,7S~ S oraTe . and. R are |ndepcnde dé E
“awn. a Io%eg lmm m K@Wﬂmﬁb :nsarnl nc group a styryl oups a n;g;;)
roup, a 0X mop. a cyano r crj
gnzsgbstl u%/cd *Lofe al oop, a }s/ubsteg C ungubstﬂ%fékﬁﬁme‘\fﬁ gEguburA ori-
unsubsftntd | ow aral kyl group, or a subsfiait-d or .uasubsdgatedRTS—a vroup
of -Aor --L-Awhcz L is- L20-L-. or Lto Lt beW ind6en-}dcarly -{CH=CH>- 4
a bi aai nt gpoup derived froma substincd or unsubstiaed wy gpoup, a
substituted or .unsubsdntaiuing Xy thenkydyogen atonr: bondad hdreeemibot is a cyclic
mucre having an oxo groapm Avhich ds mmW@ﬁR‘oR’um%m&yubed aryl group.
or substimated by a halogen atom. a sulfonatc group. an
amino group, a styryl group. a mitro group; a hydroxyl
group. & cacboxyl group, 4 cyano group, a substimed or
unsubstimted lower alkyl group, a substituted or unsub-
stinned aryl group, or a sabstituted or unsubstituted
low:ranlkylg:oup: and
Y is an anion,
19. The method amng o claim 18, wherein the dyc
compoand bound to the double-stranded nucleic add is
inserted into 4 donble belix strucaire of the double-stranded
nacleic acid as an iatercalator
20. The method according 1o claim. 18, wherein the dye
compound represented by the general foomila is a 2,.4-bis
(4N N-dimethylaminopheayl)-6-methylpyryliam salt, or 2
2,4-bis(4-N,N-dimethylaminophenyl)-6-
mcthylthiopyryfiom salt.
21. The ructhod according to claim 18, whercin. the dyc
compound is water-insoluble, and the PCR is conducted in
a reaction system containing the watar-insoluble dyc com-
pound and an aqucous medium, a solvent is added after the
PCR ro the reaction system to dissolve the dye compound
thus enabling the reaction of the dye compound with the
double~stranded nucleic acid resulting from the PCR.
22. The method according to claim 18, whercin the
double-stranded nucleic acid has a chain length of not less
than 100 base pairs.
23, The method according to claim 18, wherein each

ip:@s'ma'insaidpdmesethas & chain length of 30 bases or
S.

24. A kit for measuring a number of a target microorgan-
ista or farget ceils, a number of a specific geac, or a copy
stunbex of the specific gese, compeising:

3 Teactor comprising a plurality of reaction chambexs for
serally diuring a nucleic acid exrracted from a sample
cogtaining microorganisms or cells to be detected. cach
of the reaction chambers contzining a dye compound
represented by the following formula, wherein the
rsaction chambers are employed for the PCR to amplify
nspeuﬁcsequenceofthzexm:tad nocleic acid which
is peculiar ta the microorganisms or cells.

Sl




-HR .- wherein RVis asubtm tzdorunsubstitut4 heirocycic a su -
unsubstl I-uted—cycioal Kyl “group. or a substituted or unsubstji mpngMEﬂmSHEET 2

ring, in thﬁmmnmmlﬂllr“alfr a pyyi um aal ogous zing can- e—t-tre
hyd b whi ch li nk R
ydr ogen at carbon atom which is not |inke ?E #ﬁ‘w

R may be subsdued by a®hal ogen atom a sul fonat g
BERCERP A S Cyano l

styryl soup, a nifto gpoop. a hydrowyl g‘ré a cat
group, a subsituted or afsubstinrow alkyl group. a substitided a unsb-
sStitcd azl group. cc a substiute-d or unsubstituted | owe ak—=Ski—grotm:
and Yzs an aion. 45. Thc ntt th:accn-r-d-l ng to cLai m 44, wiBin Ehc dyc
REPLACEMENT SHEET - 120 - \REPLACIYE_M N S
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)] 1
/ »
R ‘--o‘

wherein

is (@) a pyrylium ting or (ii) 2 pyrylium-analog ring of 5 or
6 members where X is O. S. Se. or T%; R* 2gd R? are
independcatly a hydrogen atom, 2 halogen atom. a sulfonate
grotp. an amino group. a styryl group. a nifro group. a
kydroxyl group. a carboxyl group. a cyano group. a substi-
tured or unsabstmired lower alkyl group, a substinstzd ot
unsubstituted aryl group. a substituted or uasubstimred
lower amlkyl group. or a substimted or unsubstituted
cycloalkyl;

R is a group of —A of —L—A whetein L is —L'—.
X1’ ar —L4—1°—15 L!1o LY being inde-
pendeatly —(CH==CH)—. a bivalent group detived
from a substinted or unsubstituted aryl group. a sub-
stituted or unsubstimtzd alkylene .group, or
—CH=R*—, wherein R* is a cyclic strucnuce having
an oxo group; A Is a substinited or unsubstimted aryl
group, ot —CH==R>, wherein R? is a substinted. or
unsubstitnted heterocydle, a substitured oc unsubsi-
tuted cycloalkyl group, or a substituted cr unsubstitatcd
srorpatic riong; _

in the pyrylium ring or a pyrylium-analogous ring con-
taimng X, the hydrogen atom boaded to the carbon
atom which is not linked to R, RZ, oc R may be
substituted by a balogea atom, a sulfonate group, an
amino- group, a styryl group. a mitro group. 2 hydroxyl
group, a carboxyl group, a2 cyano groap. a substimited o
unsubstituted lower alkyl group, a substinuted or unsub-
stimted. aryl groop, or a substimtcd or unsubstimited
lower aralkyl group; and :

Y™ is an anion.

25 The kit according to claim 24, wherein the dye
compound represented by the genexal formula is a 2,.4-bis
(4N N-dimethylaminophenyl)-6-methylpyrylinm salt, or a
2,4-bis(4-N,N-dimethylaminophenyl)-6-
methylthiopyrylium salt.

26. The kit according to claim 24, wherein the dye



conpound bouad to the doubl c-standed nucleic acid is insetedl into x double

heli x stucsrC of the daubl c-szi ded nuCLeic add 3S an itercal

Bl DG

met hod acoding to cl A m44. tberei dye conpound Rﬁplrm’r&ﬁ mﬂﬂﬁ\ﬂﬂ\ﬂhﬁﬂfﬁ
y

fonulaa is a 2.4-bis (4-Cyl 1di ney; yhen 1Y)-6 py fyi pnysat
2,4-bEs(4-NN-di mechyl mi aophcnyl)-6- thyt hi opyyi salt 47.
according to claim44. wberei ihe dye c@pound I s wa=-1wol dbke

Tt e

T?ﬁh %‘EEFJ‘%?%

conducted in a rection, syst—_contlnlng t he wazer - |nsoluble

di ssol ve the dye dissolvigptie mﬂmﬁﬁeﬁmgqﬂeﬁdamdyef co +he—
doubl e- st nded nuq{,@@yc go&m{, uﬁﬂa&%ﬂﬂc% accordi ng to

clai m44. wherei thé fia éﬁo a chaia |l ength of nct

| ess di m LOO basel 27 & nz e ?ocgﬁﬁhrﬁ{ﬂ e the #émc\‘/\ébcrm n each

chamber ﬁmhcr contsins a primer set for PCR amplification
of a sequence characteristic of the microorganism ar cells to
be detected.

28. A nxcthod for quantifying a target nucleic adid in a
sample, compxising the steps of:

subjecting a sample coomining a nucleic add to be
detected to MEN-PCR with a prmer set required for
amplification of a specific base scqueace segion of the
target nucleic acid to provide a double-stranded nucleic
acid;

reacting the double-sranded nucleic acid with a dye
compound represeoted by the following formala to
bind the dye compound to the double-smdcd. nocleic
acid; and

measuring intensity of the fuorescence of the dye com-
pouand inserted into the double-stranded nucleic acid to
quantify the target nocleic acid in the satuples -

X e ’
. . Nllllll HIIH lllll Hlll H Ill!

is (i) a Pyrylium ring or (n) apmhwo§m of S oc
6 members where X is O, S, Se, or Te; R and R? are
indepcndeatly a hydrogen atom, a halogea atom. a sulfonate
group. an amino group, a styryl group. a nifro group. 2
hydroxyl group, a carboxyl group, a cyano groap. a substi-
rutcd of unsubstirated lower alkyl groop, a substituted or
pnsubstituted acyl group, a substinmed oc unsubstimized
lower amlkyl group, or a substimted oc unsubstitited
cydoalkyl;

R? is a groap of —A or —L—A wherein Lis 13—
L3I or —L4T% 1% I'to L® being inde-
pendently —(CH=CH)—, a bxvalent group derived -
from a.substimuted or tnsubstituted aryl group. a sub-
stituted or umsubstituted: alkyleuc group. or




penria said Leno of 30 bases or lesL 50. A ltfor
measm ng a nunbernmmmimggg oorgai - Limor target clls e of-a .
sperific genes. O accopy mmyber of ft ffclc ge= Lg@m @%ﬁ’%@ SrE
conpdsi ng a pinal ky of nacdtn danbasfor scrially d~ |cﬁ¥§ ¢rc acid
ecxtactcd froma sanple conta;hng a-r _ jgpaisno oa ceUs tolbe d|e‘-f e§10|!
of thc ricdna c r conailg a dye com pound represeid by the}folTow ng"
| obl a wherein the iccon chanbers we enployed for the MPV P
soecific sequence of die eazced nucl ei ¢ ahl ddwhch is peafi af :
m crorgans of ' cells, LAdCH=R*™ . Wherein R* {s a cyclic stucmre having y—RI e
Vi~ ., - Cmuxcg:mpynwaﬁﬁsmwwmubsmmdmﬁw a pyrylimalog
ring of 5 or group, o —CH=R>, wherein R? is 3 substinuted or

upsubstituted heterocycle, a substituted or ugsubst-

tuted cycloalkyl groap, or a substinuted or unsubstituted

aromatic dng;

in the py::yl.m ring or a pyrylimm-analogous ring con-
taining X, the hydrogen atom bonded to the carbon
atom which is oot linked to R'. R? or R® may be
substituted by a halogea atam, a suifonate group. an
amino group. a styryl group. a pitro group. a hydroxyl
group. a carboxyl group. a cyano group. & substimeed or
unsubstimted lower alkyl gronp, a substitured or unsub-
stitured aryl group, or & subsimted or opsubstituted
lower aralkyl group; and

Y™ is an anion.

29. The method according to claim 28, wherein the dye
compoand boand to the double-stranded nucleic add is
inserted into a doable helix swucmre of the double-stranded

. nucleic add as an interealator

30. The method according to claim 28. wherein the dyc
compoand represented by the geaeral formula is a 2,4-bis
(4-N.N-dimethylaminophenyl)-6-methyipyrylium salt, or a
2,4-bis(4-N.N-dimethylaminophenyl)-6-
methyithiopyrylium salt. :

31. The method according to claim 28, whercein the dyc
compotind is insoluble in water; the MEN-PCR js conducted

in an aqueous reaction system containing the dye compound
and an aqucous mecdium; and a solvent is added to the
reaction system after the MPM-PCR to dissolve the dye
compound thus eaabling the reaction of the dye compound
with the double-standed nucleic acid resulting from the
MPN-PCR.

32. The method according to claim 28, whaein the
double-stranded nucleic acid has a chain length of oot less
than 100 base pairs.

33. The method according to claim 28, whercin cach
primer in said primer set has a chain length of 30 bascs or
less.

3. ALt for quannfymg a target nacleic acid in a sample,
compdsing: -

a Yeactor comprising reaction chambers for MEN-PCR,

wherzin in each of the reaction chambers a required

amount of a dye compound represented by the follow-
ing formula is contained,




6 nmbcas where Xis 0, S. Se. or Te; Rl and R are REPLA

MNMawedowlell ot
T Lina |} T

indgpendly a hydrogen, atom a hal ogea atom a sulfonatc grouB:ﬁEakACilﬂlENb SHEET

goup. a stYt grOp, a nito group. a hydryl psop, a cactoxyl grljoyp- ayago
group, a subsi- tutcd-er—unubstuftd |ower alkyl group, a subs

unsubstitutc

m subsrtured or ansubrai ni redRIEpMCEamZti | %Pow,q
or a subsu“\“mm“ﬂ\ﬂm* 'It_i tuted R3 i=sl¥ group of -A or-L-A et
R W - -

to L6 bring *dc- pendently (CF={CH) a

-L"-. L1-

bi vacat gr6up dcdved froma subsrilcd o unnmubstitd ,y group, a-sub=—sjytuted

or I nsuoscitutcd atkyl ene group®Qr,~"CFt-R ., wherain R4 Ms

’ a cycik sncture
having an oxo group; Ais a subg ed %!.' nmsubsdnted. ryl SOUp, o -LCH V.
whnmn R5 is a subsdnmd oc 3/‘( A
K Veau’
wherein

r‘—-“

[} b

.

" -

is @) a pyrylium ring or (fi) a pyrylium-analog ring of 5§ o
6 members where X is O. S, Se, or Te; R* and R? are
independentdy a hydrogen atom, 2 halogen atom, a suifopare
group. an amino group, & styryl groop, a WO group. &
hydroxyl group, a carbaxyl group, a cyano group. 8 substi=.
arted or ansubstimited lower:alkyl: groap, a substimted oc
unsubstituted aryl group, a substituted or unsubstimted
lower aralkyl group, oc a substituted or unsubstituted
cycloalkyl;

R’ is a group of —A or —L—A wherein L is —L!—,
—1A L — or—L'—1% 1% I'toL®beinginde-
pendently —(CH=CH)—, a bivalent group dedived
from a substituted or unsubstimted aryl group,'a sub-
stimted or unsubstituted alkyleme group, or
—CH=R"—, wherein R* is a cyclic strucmre having
an oxo group; A is a substitated or unsubstinned aryl
group, of —CH=R’, wherein R® is a substitated or
unsubstituted heterocycle, a substimited or unsubsti-
tted cycloalky] group. or a substituted or unsubstimzed
aromatic fng; .

in the pyrylium ring or & pyrylinm-analogous ring con-:
taining X, the hydrogen atom boaded to the carbon
atom which is not linkad to R, R2, or R? may be
substinited by a halogen atom, a sulfonate groap, an:
amino groap, a styryl group, a mtro group, a hydroxyl
groap, a carboxyl group, a cyano group, a substimeed or
substimted lower alkyl group, a substitured or unsub-
stituted aryl group. or a substitured or unsubstimred
lower aralky! group: and

Y is an anion.

35. The kit according to claim 34, whetein the reactor
further contains in the reaction chamber a required amount
of a primet set which is necessary for MPN-PCR amplifi-
cation of a specific sequence region of targee nucleic acid.

36. The kit according to claim 34, wherein the dyc
compound repeesented by the general formulz is a 2.4-bis



unsubsti t ut-ed-benocycle. a substitted or =ubsti- tuitcdcycoal kyi group. or

2 3rBﬁszsisgazllmgﬁj@mﬁj;ﬁw ° Zing in the pyryi Zii
edy s

which is not I*In

or R3 may be subsMiced by a hdl qg€n_atom &
sul fonare group. an MAMO gfoup. a yl VMup, a A&uro groug. |.
group. a carboyl group. a gn= grwp. iiys'ubstut ed. or WEpURSEMEN B %\C/\gesrﬁmyl
or

group. a subst edor unsub- sdrmed aryl group. or a substtcd

A
ol g 10 O am A aaniy o ek TR S B e ©
cm:f:;'logt} chamber for MPN-PCR and a reagent chamber,
m::g:‘:t chamber contains a required amount of a dye
compound represented by the following formnla. and

the reagent chamber is provided so thar the dye com- -
pound in the reagent chamber is wransferred to the

reaction chamber,
B! ',“'-. L]
3./“~-—"
wherein
tl" ~~‘.
LR
\._ ‘l

is () a pyrySium ring or (i) a pysylim~analog ring of 5 or
6 members where X is O, S. Sc, or Te; R' and R? arc
independently a hydrogen atorn. & halogea atom. a sulfonate
group. an amino group, a styryl group, a mitro group,
hydroxyl group, a catboxyl group. a cyano group, 3 substi-
tutcd or unsubstituted lower slky] group. a substimted oc
unsubstituted ary{ group, a substituted or unsubstimted
lower aralkyl group. or a substimuted or unsubstitutcd
cydoalkyl:

R’ is a group of —A of —L—A whercin L is —1'—,
—L3 1% or—L*=L°—1°— L'to L®being inde-
peadentty —(CH=CH)—. a bivaleat group derived
from a substituted or unsnbsticited aryl group. & sub-
stittted or unsubstituted alkyleme pgxoup, or
—CH=R“— whetzin R* is a cyclic squcture having
an oxo group; A Is a substituted: or unsubstruted aryl:
group, ar —CE=R’, Wherein R’ is a substitated or
unsubstinted heterocycle, a substituted or unsubsti-
tuted cycloalkyl group, or a substituted or unsubstinxred
somatic ring;

in the pyrylium ring or a pyrylium-analogoas ring con-
taining X, the hydrogen atom bonded to the carbon
atom which is not linked o R R? or R® may be
substicated by a halogen arom. a sulfonate group, an

(17 o oo,
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38. The kit according o claim 37, whercin a reagent for

MPN-PCR is further confained in the reageat chamber.
39, The kit according to claim 37, whersin the rcagent
chamber compeises a plurality of snb-chambers. one of

which contains the dye compound, and another sub-chamber

cootains a reagent for MEN-PCR.

49. The kit amurdmg o claim 37. wherein a necessacy
amount of 2 primer sct required for MEN-PCR amplificadon
of 1 specific sequence region of a target nucleic acid is
contained further in the reaction chamber

4L The kit according to claim 37. whaein the dye
compoind reprasentad by the gensral formula iz a 2.4-bis

(4=NN-dimethylaminopheayl)-6-methylpyrylium salt. or &
2.4-bis(4-N N-dimethylaminophenyl)-6-
roethylthiopyrylium salt.

42. The kit acconding fo claim 37, whereln the dye
compeound is water-insojuble. and a solveaf is provided to
dissolve the dye compound thus enabling the reactiog of the
dye compound with a double-stranded nueleic acid resulting
from the MEN-PCR in the reaction chamber after the
MPN-PCR.

43, The kit according to claimn 37, wherein a solution of
the dye compoand is placed. in the reagent chamber

44. A method for measuring a number of a target micro-
ofganism or target cells, a number of a specific gene, or a
copy number of a specific gene, comprising the. steps of:

cxtracting nuclcic acid from a sample containing a micro- -

organism or cclls to be detected;

providing z seral dilution of the exmacted nudeic adid;

conducting MEN-PCR with respect to cach of the dilnted
samples containing extracted nucleic add with 2 primer
set required for amplification of a specific basc
sequence region of the extracted nucleic acid w provide
a double-stranded nucleic add; :

reacting the double-stranded mucleic acid with a dye
compound represented by the following formula to
bind the dye compound to the double-strandcd nucleic
acid;

measuring intensity of the fluorescence from the dye
compound insested into the double-standed nucleic
acid: and



pound rqxpesenfc \ owi ng fonula; and neasuring i atensity.ofe.the—
fl uorescence \ und- to giuanralvely ddznni nRERLheEMBﬂgGHEtT

nudci c acidl
i1/ 11111 JII-

I
dng of 5 cr 6 nm?swhe OX n 0.r ISS )Scaolroyyl'em ZRI ggdo é*’&ﬂ)f%’? ﬁr%ﬁg‘%@g

hydrogen aom abal ogea atom a suffonangggroup, an angno gru a_sgzyl
group. a ulwo goup, a *by*oxia pup, a carboxyL group, a c
subsdi - nmued or unsubstituted | owa akl gr, poup, .a subsuj rrted
sryl grop, a substidardeg $ic wmbesS Bie ae

is-L1-

sanp'!e ~"r "P9 Re'

samplc on the Lasis of the dilbtion rate at which
fluorescence is still observed,

Rl LS m
\: .
R? —i— xY
. l’/(‘--’ P
wherein
l" ~“-
' x
n(’)apyxyhm.mgcr(n’) ognngofiar

6 members where X is O, S, Se. o Te; R and R? are
independently a hydrogen atorm. a halogen atom. a suifonate
group, an amino group, a STyryl group., 4 pitro group. 8
bydroxyl gronp, a catboxyl group, 2 cyano group. a substi-
tuted or unsubstituted lower alkyl group, a substituted of
unsubstituted aryl group. a substimtad or unsubstitted
lower aralkyl group, or a substiruted or unsubstituted
cycloalkyl; L
Rlisa goup of—Ao:-—L—Awhcanxs —Ll
L>—1’—, or L%=1°—L%— L' to L° being mdepen—-
deatly —(CH-—CB)— a bivalent group dexived from
a substimted or unsubstituted aryl group, a substinated
or unsubsdruted alkylene group. or or —CH=R*".
wherein R* is a cyclic strucmre having an oxo groups
A is a substimted or unsubstituted aryl group. or
—CH=R>, wherein R” is a substitated or unsubstituted
heteroeycle, a substituted or unsubstinuted cycloalkyl
group. or a substituted or unsubstituted aromatic ring;
in the pyrylium rdng ar a pyrylium-analogous ring con-
taining X. the hydrogen atom bonded to the carbon

atom which is mot linked ta R:. R% or R® may be
subsdared by a halogen atom. a sulfonate group. an
aminc group, 1 styryl group, 1 nitro groap. a hydroxyl
£roup. a carboxyl group. a cyano group. a substiruted oc
nnsubstimred Iower alkyl group. a substituted or unsub-
stituted aryl group. or a substingted or unsubstituted
lower aralkyl group; and

Y is an anion.

45. The method according to claim 44, wherein the dye

|||||||||
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group, a

or a

Ry ,
substituted or onsubtspecified gevesagksopiesof the Mﬁ%#ﬁﬁmﬁl‘br ---A whu In



or -L'--L"-L LL to L' being inde- peadently -(CHH=>CE.-, a bival eat
group dexived froma subsflturcd or Unubsted al gUOUp, a sul rtuted

. O L Ul
unsubsdt at cd al kyl ene group. or -CH=r- , wbereiu Ris a cyclii @EEMQM‘E%VSHE@T
a oxo group; Ais a substituted or unsubsiuted ayl group. or| -ICI K=R5 wheci n
RV is a substitured or unsubstituted hgpgcyde. a subBti*EEMYNT 69591%99
uned cycl oal kyl group. or a substtuted or unsubsraued aromatfid ng; 1 n ihe
pyzyliwmrisg oc | pyryiiumanal ogous ling coi- tam ng X tle hytrogen—aton
bonded to the ardsnnpamdnboutdito itse dogbleistianidadoniicicRRIdns R May be subse

by a hal ogen at OjgkerfadSintd LA HERY Rruciiteaftdee dpublpstaamded\yyT goup, a ni no
group. a hydr oxyllmg %ndaascﬂgﬁﬁé goup, a cyao group. a substiuteduor
uasubsti uct edl owcr IR{@%?PS&I f,lﬂ%@ﬁrww% c-dyétl rurd aryl group,
cc a subsiutrd Oéompcundtrepresentex\%y S‘g& Fia 8% 2.4-bis '

(4-NN-dimethylaminopheayl)-6-methylpyrylinm salt. or' a

2.4-bis(4-N,N-dimechylaminophecnyl)-6-

methyithiopyrylium sait. .

47. Thcg:ymod according to claim 44, whetein the dye

compound is water-insaluble, and PCR is conducted in a

reaction system contzining the wates-insoluble dye com-

potnd and an aqueous medium. a solvent is added after the

MPN-PCR to the reaction system 1o dissolve the dyc com-~

pound thus caabling rcaction of the dye cotapound with the

double-stranded nucleic acid resulting from. the MEN-PCR.

43. The mcthod according to claim 44, wherein the

double-stranded mmcleic acid bas a chain leagth of not less

than 100 base paies. -

. 49, The method according to cxim 44. wherein each

primex in said primer sct has 4 chain length of 30 bases or

less. :

50, A kit for measuring 2 number of a tacget micxoorgan-
ism or target cells, a number of 2 spedific genes. oc a copy
nmmber of the specific gene. comprisiog

a reactor compeising 2 plurality of reaction chambers for

serially diluting & aucleic acid extracted from a sample
containing “a: microorganism or cells to-be- detected.
cach of the rcaction chambers-containing a dye com-
pound represented by the following formula, wherein-
the reaction chambers are employed for the MPN-PCR -
to amplify a specific sequence of the extracted micleic .

. acid which {s pectliar to the microorgamisms of cells,

w— )T

is (i) a pyrylimm ring oc (f) & pyryliim-analog ring of 5 or
6 members where X is O, S. Se. or Te; R and R? are
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54. wherein the fluorclca-emti

Mgﬂmqmﬂct |: of flie d(ﬁugl ](c)estzadcd nuc 'e"
56. A
com pni ngﬂt ﬁecs?g:os of . ngghc?i ngolrD g‘éﬁ@ i ggfet

of a specific base sequence egla
ncl edic addd co provide a PCR a"i pdfiet producr coain;n g a

CL \E TV 55.
@%ﬁ?

f the urget
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n ucl ei ¢ addng ampeudcnﬂpumgdrmmamm.qmgchfmﬁditﬂowg f om a to the
PCR-al Vi . ed produgfouppas %8s g, & HEEFK grdp, Whaitbugipcgnce fom the dye

hydroxyl group, a carboxyl group, a cyuno group, a substi-

- tuted or unsubstituted lower alkyl group, a substimitad ot

unsubstituted aryl group, a substiruted or unsubstimuted
lower aralkyl groop, or a substituted or umsubstituted
cycloalkyl:

R® is a group of —A or —L—A whesein L is —L'—
113 of —[4—L°—L%— L' to LS being inde-
pendently —(CH=CH)—, a blvalcnt group derved
from 2 substiruted or unsubstiturad aryi group, a sub-
stituled or unsubstituted alkylene group. or
—CH=R'—, vdmnunkfxblcydu:ﬂnunkehmnng
an oxo group; A is a substituted or unsubstimred aryl
group, of —CH=R’, whertein R® is a substimted oc
uasubstituted het=rocycle, a substinrtad or unsubsti-
tuted cycloalkyl group, or a substinured or unsubstituted
aramatic ring;

in the pyrylinm ring oc a pyrylium-analogous ring coa-
taining X. the hydrogen atom bonded to the carbon
atom Which is not linked to R:. R?, or R? may be
substimted by a halogen afom. a sulfomate group. an

amino group. a styryl group, a nifro group, a hydroxyl.

group. a carboxyl group. 1 cyano group. a substituted or.

unsubstimted lower alkyl group. a substituted or ugsub--

stimted aryl group. or a substituted or unsubstimted
lower aralkyl group; and

Y™ is an anjon.

51 The kit according to claim 50, wherein the dye
compound rcpresented by the general formula is a 2.4-bis
(4-N.N-dimethylaminopheayl)-§-mcthylpyrylivm salt. or a
2.4-bis(4-N.N-dimethylaminophenyl)-6-
methyithiopyryliom salt.

52. The kir according to claim 51, whercin the dye
compoand is Water-insolnble, and a salvent is provided for
dissclving the dyc compound thus cnabling reaction of the
dye compound with 2 double-stranded nucleic acid resultding
from the MPN-PCR in the reaction chambec

§3. The kit accarding 1o claim 59. wherein the reaction
chamber further coptains a primer set for PCR amplification
of a sequence characteristic of the microorganism oc cealls to
be detected. _

54. A method for quaptifying a uzget nacleic acid, com-
poising the steps of:

conducting PCR of a ancleic acid sample with a pdmer set

required for amplification of a specific base sequence
region of the target nucleic acid o provide a double-




compound in the PCR-pllfed product to quanrita- tivety determne the target

audeic acid in the sanple. Ro- - - I
e R - wherein
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is ) a pyyliunring or (ii) apyiyliun-analog dg of 5 or 6 mcn] [Wiere X Ts

0. S. Se or Te: W and 4 are i ndependendy a hydrogen afo é;h PA9Y9

ato a sulfonate goup, an am o snup. al8% group. a ul & EFLAPBYENT bydroxy!
t

group, a cbtoxyl up. a cyano group, a nbsd- nred or nsubst
all gi group, a substinted or unsubstinmed aryl group, a subsf

unsubsti nsed | ower stnded ngcleip acdrinathsgrsstnce ¢f & dysictlist t ured Cvdoal Ky
R3 i a group of -A pjundrepeisbimted by thefollowingdormulaj 3ad - _ L' tolLG being Ve-i

pendenly - ( CH=EC) prapciily itkfiily 0F e flitklséBibe from tic dye
| componnd to quamrimrively dctcrmine: the target

- T iy

is (@) a pyrylium ring or (i) a pyrylium-analog ting of 5 ar
-6 members where X is O, S. Se, or Te; R* and R? arc
independently a hydrogen atom, 2 halogen atom, a suifopate
group, an amino group, a styryl group, a mico group, a
" hydroxyl group, a carboxyl group, a cyano group, a subst-
tuted or unsubstituted lower alkyl group, a substimeed or
unsubstituted aryl group, a substituted or unsubstimted
lower amalkyl group, or a substituted or unsubsticuted
cycloalkyl; |
R’ it a group of —A or —L—A whetein L is —L'—,
A1 —, or —L*~=L’—1°— L!ro LS being inde-
pendeatly —(CH==CH)—-, a bivaleat group dedved
from 3 substituted or unsubstituted aryl group, a sub-

stituted or unsubstituted alkylenc group. or
—CH==R*—, whereiz R* is 1 cyclic scucture having
an oXo group; A is a substituted or unsubstituted aryl
group. or —CH=R® wherzin R? is a substituted or
unsubstituted heterocycle, a subsdruted or unsubsti.
oxted cycloalky! group. or & substituted or unsubstruted
aromatic ring;

in the pyrylium ring ot 2 pyrylium-analogous ring con-
taining X. the hydrogen atom bonded 1o the carbon
atom which is not lizked to R R* or R® may be
substitited by 3 halogen. atom. a sulfonate group. an
amino group. a styryl group, a niro group. a hydroxyl
group, a carboxyl group, a cyano group. a substinuted or
unsubstitnted lower alkyl group, 2 substituteder onsub-~—

. stimared acyl group, of a substituted or unsubstitutcd
lower aralkyl group; and

Y is an anion.



from: subs or unsubsdintted ayle group, a sub- stituted or

utuabstituted al kyl enc group, or -CAH=R-. wherein Ris a cydi r
havi ng an ozo grouy, A is a subsnmtced or unsubsauced aryl griou PE@E%M SHEET
-4CS--R, wherein k is a substituted or unsubsrticed hctcrocyclie

substituted or unsubsti- Med cycl oaLkyl group. or a su BNE%E&TM
unsubsti t ut ed REPLACEMENT SHEI ET - 123-123 - R39P19 TREPLA E
|ENDJTSHIEET .. aromatic zing_ _ ia the pyryliumring or a pyygrumraarogous

dng con- cidag X Qm a on aQM whi ch i s_not,
| i Ecd to RI. gR2 %é{ @Bgd ﬁhﬁf E’SE R, o sulfocac group.
am am no group. double Nelix bty f‘l%?:b o-stxmdc nocleic z‘ladto
bind the donble-strupded nndeic acid. '
56. A method for quantifying & target auceic acid. com-
prising the steps of:
conducting PCR of a nucleic acid sample with a primer set
required for amplification of a specific base scquence
tegmn.ofth:nngdnndelcacdwpmMeaPCR
argplified product containing a double-stranded nucleic
acid;
adding 2 dye compound represented by the following
formala to the PCR-amplified product; and
measuring intensity of the fluorescence from the dye
compound in the PCR-amplified product to quantits- -
tively determine the target audeic acid in the sample,
Rl "-‘\‘ m

4

RI—= Xy

Hllllll IHIH IIIH Hlll | llll

whetein

is@a pytyhum ring or (i) a pyrylium-analog dng of 5 or
6 members where X i5 O, S, Se. or Te; R* and R* arc
independendy a hydrogen atom. a halogen atom. a sulfonate
group, b 2mino group, a styryl group. a mitro group, a
brydroxyl group, a carboxyl group. 2 cyano group, a subst-
tuted or nasubstiaxted lower alkyl group, a substimeed or
unsubstiired aryl group, a substitated or unsubstinmed
lower aralkyl group, or a substimited or unsubstitured
wdoalkyt
R? Is a group of —A or —L~A wherein L is —L'—
L L’ ot —L“L°1% 1!t LS being inde-
peadently —(CH=CH)—. a bivalent group derived
from a substited or unsabstimted aryl groap, a sub-
stitutcd or unsubstituted alkyleac group, or
—CH=R"—, wherein R* is a cyclic swucturc having
an axo group; A is a substituted or unsubstruted aryl
group, or —CH=R’, whercin R? is a substimted or
unsubstituted heterocycle. 2 substituted or unsnbst-
tuted cycloalkyl group, or a substimted or unsubstituted



9rup,s a carboAyl voup. a cyano group. a subsdw edor unsubstittd | ower aLkyl

group, a substitutcd or uunbs- sdtundl uyl goup, or a subsri oF
uasubstituted | 1wer arllyl group; and Y-is atn ioa 57S The r}i BEBICACEMENT fHIEET
to cLai m 56, whccin the fluorcscrcocnmtng dyre conmpound is ijs no a
doubl eheai scructure of the doubic.staxded, nucleic acid inf{the SEP 1999
PCP, - uFpbf | cd paodu= S5. The kit accordi h@dt‘o dcm 34. M@%E %.l% E
conmpound Is waur-Insoluble. and a sokYeat is providcd f | '

dye conpound thus en2adoididcirdifyr =di on of the dye conpoand wifth a

doubl e. strnded nuci g ?gﬂ! Y rﬁfpﬁ i n_the reatiomrchamte 59"
The met hod aecoedi ngh%mn iﬁ%%& ﬁ@f BUZiRRy dye conpound is
i *sced inco a double 4 ydegen, atom, fouthsortbion: acid in the
PCR-MPlified prdue. ageph &mﬁriglﬂoirlﬂ;ﬁ&%lﬁi‘lki}&}iﬂ&}]&, 111 0111
substiuted by a balogen amom. a sulfoguls group, an
amino group. a styryl group. a nitro group. a hydroxyl
group. a carboxyl group. 2 cyano group. a substinited or
unsubstituted lower alkyl groop. a substituted or unsub-
stituted aryl group, or a substiored or upsubstituted .
lower aralky) group; and
Y is an anioq. ‘
57. The method sccording to claim 56, whercin the
fluorcscence-cmitting dye compound is inserted into a
double helix saucnure of the double-stranded nucleic acid in
the PCR-amplificd product.

58. The kit according o daim 34. wherein the dye
c?mpwnd is wacer-Insoluble. and a solveat is provided for
dissolving the dyc compound thus enabling the reaction of
the dyc compoand with a double-stranded nudeic acid
tesuldng from. the PCR in the reaction chamber.

53. The method aceording to claim ‘57, wherein the
fluorescence-emitting dyc compound is insemred into &
double helix stucrare of the doublerstranded nueleic acid in
the PCR-amplified product as an interealator.

LTI
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DETERMINATION OF NUCLEIC ACID BY PCR, MEASUREMENT OF
NUMBER OF MICROBIAL CELLS, GENES, OR GENE-COPIES BY
PCR, AND MEASURING-KIT EMPLOYED FOR THE SAME

A PCR amplification product is detected, in

quantitative determination of nucleic acid and

measurement of the number of bacterial cells or
specific genes, by addition of a dye compound which
does not fluoresce in the free state but fluoresces in

the bonded state toc a double-stranded nucleic acid.

FIGURE 1



