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K10. 500 047 (BLZ 301 307 00)    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 5    BACKGROUND OF THE INVENTION Field
of 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 compound 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 15    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 solution 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    -2- nucleic acid, preparing a set of primers for
amplifying 



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 nucleic 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 application 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.0. Halvorson, and N.R.    -3- Ziegler: J. Bacteriol., 25 101
(1933)]. In MPN method, which is also called the dilution count method, a
sample is serially diluted, a predetermined portion of 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, published 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 microorganisms 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 



-4- number of the target microbial cells is determined by detecting the
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 vitro 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
complementary 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 organism. For example, the human genome
DNA has a length of 10[err] 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    -5- then the DNA is amplified and detected to determined the
number of the template DNA molecule in the original sample by probability
technique. Accordingly, this 



MPN-PCR method 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 incubated 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, 



10[err], 10[err] ....... 10[err]). Here, the dilution rate 10[err] means
that the sample is diluted to contain 1/10[err] 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
-6- is subjected to agarose gel electrophoresis to detect the amplification
product as an electrophoresis band. 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[err] 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 10[err], 10[err],
and 10[err], 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[err] dilution are all positive (namely,
amplification 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, from the numerals of 5, 3, and 1, a value (1.1) is
obtained by applying 5, 3, and 1 to P[err], P[err], and P[err] in the MPN
table. This value (1.1) 25    multiplied by the reciprocal of 10[err] which
is the highest dilution detected for the PCR amplification product, namely
1.1 x 10[err], is the number of the target   



-7- DNA in the original sample DNA. Assuming 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 preliminarily 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 quantitative 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    -8- template nucleic acid, excess
amounts of primers, etc. Therefore, the separation of the amplification
product from other non-target components by gel electrophoresis 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 microbial 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 has been detected. Since this method estimates the 20
cell 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.    -9- As
mentioned above, detection of nucleic acid or measurement of microbial cell
number by PCR requires, in many cases, complicated and time-consuming
operation to detect or determine the amplification 5    products after the
amplification reactions, hindering efficient treatment 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 product is
the gel electrophoresis to separate the amplification product from the
primers 



added to the reaction solution in large excess. Various methods are
investigated 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 method, 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
fluorescence intensity of the intercalator.  Therefore, this method
advantageously saves the troublesome separation operation.    -10 - 



Japanese Patent Application Laid-Open No. 5- 237000, for example, discloses
use of a dye, as the fluorescent intercalator, such as ethidium bromide,
acridine orange, bisbenzimide, diaminophenylindole, 5    actinomycin,
thiazole orange, chromomycin, and derivatives thereof for detection 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 fluorescence thus includes both the fluorescence produced by the
double-stranded nucleic acid-dye complex 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    -11- small, and the
sensitivity of the detection becomes inevitably low. YOYO-1 (Nucleic Acids
Research, 20 (11), 2803- 2812 (1992)) emit little fluorescence in the free
5    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 10    decomposes at room temperature.
Moreover, this dye also detects the higher-order structure formed between
the primers, as mentioned later, which disadvantageously prevents precise
quantitative determination. 15            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 the blank value: the number of necessary cycles is in 20
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, 25    and the initial
concentration of the target nucleic acid is determined from the cycle
number at which the 



fluorescence intensity changed abruptly.    -12- Such a method of
determination requires a troublesome operation 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    amplification 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    -13- overwhelming amount, while it
tends to be formed more when a little or no amplification product is
formed. 



Therefore, the correction by comparison with the blank 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    -14- method
for precise determination of a PCR amplification product in a simple
operation. The present invention also intends to provide a method for
measuring the number of target microorganism 5    or 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 placed in a PCR reaction chamber. This measuring kit may contain in the
reaction chamber a    



-15 - necessary amount of a primer set required for PCR to amplify a
specified sequence region of the target 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 microorganism or cells to be detected, preparing serial
dilutions of the extracted nucleic acid, conducting PCR 



on 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    - 16 - the
fluorescence was observed. The measuring kit used for the above measurement
comprises a reactor having a plurality of 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 extracted 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 later. 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    - 17 - fluorescence
intensity and the amount of template DNA in 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 method 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    -18- dye compound into grooves of a stable double helix structure of
double-stranded nucleic acid to bind 



thereto. In that state, the dye compound fluoresces on 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 fluorescence, 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 name), Hoechst 33342 (trade name), pyrylium compound salts and other
salts analogous thereto represented by the general formula [I] below:    -
19 - [err] where    [err] represents a heterocycle, and X is 0, S, 5    Se,
or Te, the heterocycle including a five-membered and six-membered ring such
as a pyrylium ring and pyrylium-analogous ring; R[err] and R[err] 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; R3 is a group of
-A or - 15    L-A wherein L is -L[err]-, -L[err]-L[err]-, or
-L[err]-L[err]-L[err]- L[err] to L[err] being independently -(CH=CH)-, a
bivalent group derived from a substituted or unsubstituted aryl group, a
substituted or unsubstituted alkylene group, or -CH=R[err]- (R[err]
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 includes 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    



-20- at least an oxo group. The group -L- preferably includes those
represented by the general formulas [II], [III], [IV], [V], and [VI] below:
5                   -CH=C-(CH=CH)[err]-                 [II] 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; -[err]- (CH=CH)[err]-             [III] where n is
0, 1, or 2, and [err] is a substituted or unsubstituted o-, m,- or
p-phenylene. -CH=CH-[err]-CH=CH-           [IV] 15    where [err] is a
substituted or unsubstituted o-, m-, or p- phenylene group; [err] In the
above general formulas, the substituent of the 



phenylene includes the groups mentioned above. 25            The group A in
R3 in General Formula [I] is a substituted or unsubstituted aryl, or
-CH=R[err] (R[err] being a substituted or unsubstituted heterocycle, a
substituted    -21- or unsubstituted cycloalkyl, or a substituted or
unsubstituted aromatic ring). The heterocycle for R[err] includes the ones
derived from the groups shown below: [err] 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: 20 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    - 22 - containing X, the hydrogen
atom bonded to the carbon atom which is not linked to R[err], R[err], or
R[err] 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, a 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[err], perchlorate ion, 10
HO[err]SCH[err]COO-, halide ion 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 Pd. 15            When the above
substituent is further substituted by a halogen, the halogen includes C1,
Br, and I. The lower alkyl group may be linear or branched, and is
preferably of 1 to 4 carbons. The aryl group includes a phenyl group or 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. Of the compounds represented by General Formula 



-23- [I], the X-containing heterocycle is preferably substituted by two or
more substituted or unsubstituted 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 R3
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[err] 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 R3
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-    -24-
bis(N,N,-dimethylaminophenyl)-6-methylthiopyrylium salts represented by
General Formula [VII]: [err] 



5 10    where X is 0 or S, and Y is an anion.  These compounds are
preferred because 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 fluorescence. 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 [I]
is introduced 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 



-25- of General Formula [I] is incorporated into a double- stranded nucleic
acid segment having a sequence to be amplified, the incorporation density
is much lower than that of ethidium bromide or the like, so that the 5
elevation of melting 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 size 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    -26- desired to form a
stable double helix structure. Therefore the present invention is useful
when the amplification products have a length of 100 base pairs 



or more, for example, preferably 300 base pairs. The 5    maximum length of
the amplification product is not particularly limited. The velocity of
incorporation of the nucleotide in PCR is said to 35 to 100 nucleotides per
second, for example, at 72[err]C. The rate depends on the reaction
conditions such as pH and salt 10    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 15    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)). 20
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 25    specific 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-    -27- stranded
structure between the primers. Therefore, the length 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 5    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 10    acid of the present invention, firstly a sequence 



region is specified 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 15    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 irradiation of excitation
light. The intensity of the 20    fluorescence is proportional to the
initial concentration of the template (the concentration before the PCR)
provided that the concentrations of the reaction components are selected
suitably.  Therefore, the target nucleic acid in an unknown sample can be
25    determined by conducting PCR and then measuring the fluorescence
intensity by reference to a calibration curve prepared preliminarily for
the fluorescence   



-28 - intensity as a function of the template concentration. 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 reaction temperature, etc. depend on the respective reaction
systems. Therefore, when the optimum reaction 10    conditions for
calibration curve preparation are unknown, complicated operations 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 acid segment by use
of an MPN-PCR method which gives 20    probability 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[err], and at 10[err] dilution,
three samples out of the five samples are positive. In this case, at the
concentrations of 10[err] dilution or    - 29 - higher, all of the five
tests of each concentration will be positive. In this example, firstly the
concentration range including the critical dilution of 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 described 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[err] dilution, while at
the lower dilution levels, 10[err] 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    - 30 - respective dilution as a function of dilution levels 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 molecular 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    -31- 



subtracted from the measured value. Since the blank value varies depending
on the measuring conditions, the determination conditions have to be
decided in consideration of the relation of the blank value to the 5
measured value for each of measurement conditions, which is quite
troublesome. In the method of the present invention, such blank value
consideration or a set up of determination conditions is not necessary,
differing from with ethidium bromide, since the dye 10    compound of the
present 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 requiring 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 provided 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    -32-
applying a solution thereof to each of the reaction chambers, 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    compound 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 reagent 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 aqueous solution, the organic
solvent 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 the present invention is incorporated
into the double- 25    stranded nucleic acid segments (amplification
product) at much lower density than ethidium bromide does, 



resulting in little elevation of the melting    - 33 - temperature (Tm),
thus hardly affecting PCR reaction efficiency. 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 an amount necessary 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
detection 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. In the latter case, another
reagent chamber may be provided in    - 34 - which a necessary amount of
the dye compound is held, and 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 PCR 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.    -35- An example of the MPN-PCR method is
described below for measurement of the number of individuals of a
microorganism (cell number). A soil sample is treated to extract the
nucleic 5    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 



10    resulting mixture is kept at 70[err]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[err]C for 5 minutes. 15    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. 20            An aliquot of the recovered DNA is
diluted 100- fold. Starting from it, a series of dilutions was prepared to
make 10[err] to 10[err] dilutions. These dilutions are placed in the sample
block A on the microplate. More specifically, the 10[err]-dilution of the
starting DNA 25    solution (100-fold diluted soil extract), is placed in
A1 to A5 wells, the 10[err]-dilution solution at the wells B1 to B5, and so
forth, and 10[err]-dilution solution at  



- 36 - the wells H1 to H5. Then a reaction solution 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[err] dilution, 3/5 at 10[err] dilution, and 0/5 at
10[err] dilution, the critical 15    dilution for the positive fluorescence
is 10[err]. The numbers of the positive samples (5, 3, and 0) 



at these dilution degrees are respectively applied to P[err], P[err], and
P[err] shown in the MPN table shown later (cited partially, for serial
decimal dilutions 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[err]=5, P[err]=3, and P[err]=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    -37- contained in the soil is
estimated as 0.79 x 10[err] x 10[err] = 0.79 x 10[err].  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 quintuplicate P[err]  P[err]
P[err] 0      1      2       3      4       5 20    5     0      (0.23)
(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).    - 38 - When a code without parentheses is obtained
for the experimental results, the process of the experiment needs to be
reconfirmed. The MPN table 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 used 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
limit for the positive 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[err]
to 10[err]. 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 10[err]  dilution degree.    - 39 - Then 5
samples of the respective dilutions at 10[err], 10[err], 



and 10[err] dilution are again subjected to PCR. The positive numbers at
each dilution are 5/5 for 10[err] dilution, 3/5 for 10[err] dilution, and
0/5 for 10[err] 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 10[err]). 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    - 40 - for the detection of the
amplification product with the dye compound. 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 various 10    living 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 



- 41 - purpose, for example, the number of a specified gene common to all
the cells constituting the tissue is estimated by this method, and the
number of a specific gene characteristic to cancer cells to be detected is
5    estimated for the same tissue sample. Reference 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[err]C for 3 hours. 10
Thereto 20 ml of acetic anhydride and 30 ml of p- dimethylaminoacetophenone
were added at room temperature. Then the mixture was stirred at 45[err]C
for 24 hours for reaction. An equal amount of ethanol was added thereto,
and the mixture was cooled. Further 15    thereto, aqueous potassium iodide
solution was added to 



precipitate a crude crystalline matter. This crude crystalline matter was
collected by filtration, and recrystallized 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[err]C UV/visible (CH[err]CN, E x 10[err])
[err]max: 444 nm (2.43), 550 nm 25    (8.24) NMR ([err]H, DMSO) [err]ppm:
8.3737 (1H, s), 8.2729 (1H, d, J=9.0 Hz), 8.1795 (1H, d, J=9.0 Hz),
7.8864(lH, s),    - 42 - 6.9117 (4H, t, J[err]=J[err]=9.77), 3.1829 (6H,
s), 3.1340 (6H,s), 2.6809 (3H, s) FAB mass m/z 333 



IR (KBr) v cm[err]: 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: C1O[err])) 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. The 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    -43- added. The mixture was stirred at
room temperature for 5 minutes. Then 0.75 ml of hydroiodic acid was added
and 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 (1:4 in volume ratio) to obtain 0.7 g of
crystalline 2-methyl-4,6-bis-(4-N,N- 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[err]C UV/visible (CH[err]CN, E x 10[err]) [err]max: 495 nm (2.50), 587
nm (4.95) 15    NMR ([err]H, DMSO) [err]ppm: 8.5679 (1H, s), 8.4323 (1H,
s), 8.2436 (2H, d, J=9.27 Hz), 7.9786 (2H, d, J=9.28), 6.8959 (4H, t,
J[err]=J[err]=9.28), 3.1756 (6H, s), 3.1157 (6H,s), 2.8323 (3H, s) FAB mass
m/z 349 20    IR (Kbr) v cm-1: 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: C1O[err])) was prepared in the
same manner as above except that the 25    aqueous potassium iodide was
replaced by an aqueous perchlorate solution.    



- 44 - Reference Example 3 Compounds 3 to 55 shown in Table 2 were prepared
respectively. In Table 2, [err] represents a p- phenylene group, or a
phenyl group. 5    - 45 - [err]    - 46 - [err]    



- 47 - [err]    - 48 - [err]    - 49 - [err]    -50- [err]   



- 51 - [err]    -52- [err] [err]    -53- [err] 1VS    - 54 - 



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



- 58 - [err]    -59- [err]    -60- [err]    - 61 - [err] 0
0                  0  



-62- [err] 0                                  0    -63- [err] I     I
I             I    -64- The compounds above were synthesized according
known processes as below. The specific reaction operations were conducted
in conventional manner. 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)), [err]
reacting it with p-N,N-dimethylaminobenzaldehyde (formula shown below): 15
[err] 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): [err] and reaction
the resulting product with a desired 25    anion. Compound [ii] was
prepared by reacting Compound [i] with sodium hydrogen sulfide.  



-65- [err] 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: [err] 20 Compound 5 was prepared by reacting Compound [iii] with
p-dimethylaminobenzaldehyde, and further 25    reacting the resulting
compound with a desired anion. Compound 15 was prepared in the same manner
by using p-diethylaminostyrylbenzaldehyde.   



-66- Compound 9 was prepared in the same manner by using
p-dimethylaminocinnamaldehyde. Compound 11 was prepared in the same manner
by using the compound below: 5   [err] Compound [iv] was obtained by
reacting Compound [iii] with sodium hydrogen sulfide: [err] Compounds 6,
16, 10, and 12 were prepared 15    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 synthesized in the
same manner as Compound [iii] except 20    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. 25
Compound [v] was prepared from p-methyl- benzaldehyde and acetophenone in
the same manner:    -67- [err] [V] 5 Compound [vi] was prepared by reacting
Compound [v] with sodium hydrogen sulfide: [err] Compounds 13 and 14 were
prepared respectively 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 



respectively by reacting Compound [i] or [ii] with the 20    cation portion
of Compound 1 or 2, and the compound of the formula below: [err] 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    -68- the
formula below: [err] 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: [err] 



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
15    cation portion of Compound 1 or 2, and ethyl orthoformate
[HC(OC[err]H[err])[err]], and reacting the product further with a desired
anion. Compounds 30, 31, and 32 were prepared respectively 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.
-69- Synthesis of Compound 33 



[err]    - 70 - Synthesis of Compound 34 [err]    - 71 - Synthesis of
Compound 35 [err]    - 72 - Synthesis of Compound 36 [err] 



-73- Synthesis of Compound 37 [err]    - 74- Synthesis of Compound 38 [err]
- 75 - Synthesis of Compound 39 [err]  



-76- Compound 40 was synthesized in the same manner as Compound 36 except
for using the compound [err] 5    in place of [err] as a starting material.
Compound 41 was synthesized in the same manner 10    as Compound 37 except
for using the compound [err] in place of 15               [err] as a
starting material. Compound 42 was synthesized in the same manner as
Compound 38 except for using the compound [err] in place of 



[err] as a starting material. 25             Compound 43 was synthesized in
the same manner as Compound 39 except for using the compound    -77- [err]
in place of [err] as a starting material.    - 78 - Synthesis of Compound
44 [err]  



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



-82- Compound 48 was synthesized in the same manner as Compound 44 except
for using the compound [err] 5    in place of [err] as a starting material.
Compound 49 was synthesized in the same manner 10    as Compound 45 except
for using the compound [err] in place of [err] 15 as a starting material.
Compound 50 was synthesized in the same manner as Compound 46 except for
using the compound 20             [err] in place of 



[err] as a starting material. 25             Compound 51 was synthesized in
the same manner as Compound 47 except for using the compound    -83- [err]
in place of 5       [err] as a starting material.    -84- Synthesis of
Compound 52 [err]  



- 85 - Synthesis of Compound 53 [err]    -86- Synthesis of Compound 54
[err]    -87- Synthesis of Compound 55 [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[err] 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 - 1mM EDTA), and was
purified by phenol 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 Compound 1 concentration of 3 x 10[err] 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 fluorescence
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    - 89- an
intensity of about 100 times that of Sample I at the same excitation
wavelength. This shows that Compound 1 is a powerful intercalator.
Solutions were prepared which contain Compound 



5    1 at a concentration of 5 x 10[err] 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
10    in a conventional manner to determine the relation to the DNA
concentration. The fluorescence intensity increased in proportion to the
DNA concentration, the maximum intensity being about 400 times the value in
the absence of DNA. The excitation light was emitted 15    from a xenon
lamp through a low-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. 20                        Table 3 Compound     Maximum
absorption        Fluorescence No.        wavelength ([err]max)
intensity Absence   Presence      [err]em       Increase 



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-fold    - 90- 4         575 nm    610 mn        705 nm
10-fold 6         660 nm   690 nm        800 nm    7-fold 8         650nm
670nm             weak         - 9         660 mn   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
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 2xYT
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[err]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    



-91- layer was collected. Thereto ethanol of twice volume was added to
recover DNA as precipitate. The DNA was dissolved in 100 [err]l 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    the 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 [err]l): 10x buffer*:         5 [err]l
dNTPs:               5 [err]l 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-HCl(pH 9.0), 500 mM KC1, 1%
Triton X-100, 25 mM MgCL2 ) The components were mixed and thereto 25
sterilized water was added to the total volume of 50 [err]l. 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    -92- the template DNA
was not added. The required amount of the 10x buffer (100 mM tris-HCl(pH
9.0), 500 mM KCl, 1% Triton X-100, 25 mM MgCL[err] ) and the dNTPs were
supplied with the polymerase. 



5   Reaction cycle: Pre-incubation at 92[err]C for 5 minutes, 30 cycles of
92[err]C for 45 seconds/ 55[err]C for 60 seconds/ and 72C for 90 seconds,
Final incubation at 72C 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 [err]l 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 [err]l of 150 pg/ml
2,4- 20    bis(4-N,N-dimethylaminophenyl)-6-methylpyrylium 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), 



and using the excitation filter to pass the light of 25    wavelength 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    -93- template DNA in the reaction. No
fluorescence was 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 each of the well, a 5
[err]l 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
of 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  



- 94 - higher-ordered product formed between the primers. Comparative
Example 1 [ Detection of PCR amplification 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 [err]l of
250 [err]g/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 including control wells. Moreover, no difference of the
fluorescence intensity 



was observed between the sample wells containing the template DNA and the
wells not containing template DNA (control wells). Therefore, the
quantitative 20    determination was impossible.  This was attributed to
the presence of higher-order structured matter 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-    - 95 -
methylpyrylium salt with the following operation conditions. The YOYO-1
solution was prepared by diluting 1 mM stock solution 120-fold, and 1
[err]l of the diluted YOYO-1 solution was added to each of the wells, 



5    and mixed well by pipetting.  The mixture was left standing at room
temperature for 5 minutes. The fluorescence intensities were measured by
means of Millipore Fluorescence Apparatus with a 485nm-light transmitting
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 blank 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 product 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-    -96-
bis(4-N,N-dimethylaminophenyl-6-methyl)pyrylium iodide 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    quantitative determination being practicable. Example 2 [
Measurement of bacterial cell number by PCR employing a microplate ] An
overnight culture (2xYT medium) of E. coli JM109 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
10[err], about 10[err], about 10[err], and about 10[err] (corresponding to
Samples A, B, C, and D in Fig. 4, respectively), and the soil samples    



-97- were stirred. One gram of the soil sample containing E. coli was
respectively suspended in 0.5 ml of 1M phosphate buffer solution (pH 8.0).
To the suspension, 0.05 ml of 10% SDS solution was added. The mixture, 5
after being sufficiently stirred, was left standing at 70[err]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 upper layer was 10    collected.  Thereto, twice
the amount of ethanol was added to recover DNA as the precipitate. This
precipitate was dissolved in 100 [err]l 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
-98- of the microplate contains preliminarily applied and dried 1 [err]l of
a solution of 2,4-bis(NN-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 [err]l), eight successive
10-fold dilutions of the template DNA 



(10[err] 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
reaction. The PCR reaction apparatus was 10    Model PTC-100-96 made by MJ
Research Inc. After the PCR reaction, 5 [err]1 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[err], 7.9
x 10[err], 2.2 x 10[err], and 7.9 x 10[err] by reference to the table for
MPN. 25    Comparative Example 3 



The numbers of E. coli cells in the same soil samples prepared in Example 2
were measured by plate count method in which a predetermined amount of the
- 99 - sample was inoculated in an E coli culture plate and the number of
colonies were measured as the viable cell number. The results agreed well
with the results 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 enables 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 [err]l of 2,4-bis(4-N,N-dimethylaminophenyl)- 6-methylpyrylium
iodide solution in acetonitrile and 15    the primers (two kinds of
primers, 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 [err]l 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:    - 100 - 



10x buffer:         5 [err]l dNTPs:               5 [err]l Taq DNA
polymerase: 0.5 unit Further, to each of the wells, sterilized water was 5
added to the total volume of 50 [err]l.  Then PCR was carried out with a
PCR apparatus, Model PTC-100-96 (made by MJ Research Inc.), under the same
conditions as in Example 1. After the PCR reaction, 5 [err]l 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 10[err] 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[err].
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    -101 - to be 4 x 10[err],
which agrees approximately with the results obtained in Example 3. 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 can 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 15    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 guanidine 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    -102- phenol, and
0.4 ml of chloroform-isopentyl alcohol (49:1 in volume ratio) with
sufficient stirring at each addition. The mixture was shaken by means of a
Vortex mixer for 10 seconds, cooled with ice for 15 minutes, 5    and
subjected to centrifugation at 4[err]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[err]C
overnight. The mixture was then centrifuged as above and 0.6 ml of 10    D
Solution was added to dissolve the precipitate. Thereto an equal amount of
isopropyl alcohol was added. The mixture was cooled at -20C for one hour,
and centrifuged at 4[err]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[err]C for 20
minutes. The precipitate was dried as a crude RNA fraction, which was
heated at 65[err]C for 5 minutes, then cooled rapidly to room temperature,
and was 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-Iauroylsarcosinate]. 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).
- 103 - (2) Preparation of cDNA: Double-stranded cDNA was prepared from the



above mRNA by means of TimeSaver[err] 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 amount of 10 pmoles respectively. In the container 2
prepared from paraffin-coated paper, the components below were packed.
dNTPs:                5 [err]l 15            Taq polymerase:        0.5
unit 150 [err]g/ml 2,4-bis(4-N,N-dimethylaminophenyl)-6- methylpyrylium
iodide solution in acetonitrile:         1 [err]l 10x buffer:           5
[err]l 20            Distilled water:       39 [err]l (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-    - 104 - diluted sample) was injected with a Pipetman to
the bottom of vessel 1 of the kit, breaking through the 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  



-105- samples derived from Tissue B. Comparative Example 5 The above Tissue
A and Tissue B were examined by a 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.    - 106 - What is climed is: L A method for quantifying a
target nucleic acid com- prising the steps of: conducting PCR of a nucleic
acid sample with a primer set required for amplifiction of a specific base
sequence region of the target nucleic acid to provide a double stranded
nucleic acid; reacting the double-stranded nucleic acid with a dye compound
represented by the followig, formula to bind the dye compound to the double
stranded nucleic acid; and measuring intensity of the fluorescence from the
dye 



compound bound to the double-stranded nucleic acid to quantitatiely
determine the target nucleic acid in the [err] is [err] a pyrylium ring or
(ii) a pyrylium-analog ring of 5 or 6 members where X is O. S. Sc. or Te:
R[err]  and R[err]  are independently a hydrogen atom, a halogen atom,&
sulfonate group,an amino group, a styryl group. a nitro group. a hydroxyl
group, a carboxyl group. a cyano group. a substi. tuted or unsubstituted
lower alkyl group, a substituted or unsubstituted aryl group. a substituted
or unsubstituded lower aralkyl group. or a substituted or unsubstituted
cycloalkyl; R[err] is a group of --A or -L -A  wherein L is --L[err]-,
L[err]-L[err]-or L[err]--L[err]-L[err]-L[err] to L[err] being inde-
pendenthy -(CH=CH)-a bivalent group derived from a substrimted or
unsubstitutedd aryl group. a sub- stited or nasubstituted alkylene group.
or -CH=R[err]-. wherein R[err] is a. cyclic structure having  



- 107 - an oxo group: A is a substituted or unsubstituted aryl group.or
--CH=R[err] wherein R[err] is x substituted or unsubstituted heterocycle. a
substimted or unsubsti- mted cycloalkyl group. or a substituted or
unsubstituted aromatic ring; in the pyrylium ring or a pyzylium-analogous
ring con- tainig X. the hydrogen atom bonded to the carbon atom which is
not linked to R[err], R[err]. or R[err] may be substimted by a halogen atom
a sulfonate group, an amino group. a styryl group. a nitro group, a
hydrozyi group. a carboxyl group. a cyano group. a substituted or
unsubstituted lower alkyl group. a substitured or unsul- stituted aryl
group, or a substituted or unsubstituted lower aralkyl group; and Y is an
anion 2. The method according to claim 1 wherein the dye 



compound bound to the double-stranded nucleic acid is inserted into a
double helix structure of the double-stranded nucleic acid as an
intercalator. 3. The method according to claim 1 wherein the dye compound
represented by the general formula is a 2,4-bis
(4-N,N-dimethylaminophenyl)-6-methylpyrylium salt or a 2,4-b is (4-N,N-
dimethylaminophenyl)-6- methylthiopyrylium salt. 4. The method according to
claim 1 wherein the dye compound is insoluble in water PCR is conducted in
an aqueous reaction system containing the. dye compound and an aqueous
medium and a solvent is added to the reaction system after the PCR to
dissolve the dye compund thus enabling the reaction with the
double-stranded nuclcic acid resulting from the PCR. 5. The method accoring
to claim. 1 wherein the double- stranded nucleic acid has a chain length of
not less than 100 base pairs. 6. The method according to claim 1, wherein
each primer 



in said primer set has a chain length of 30 bases or less. 7. A kit for
quantifying a targer nucleic acid in a sample- a reactor containing
areaction chamber for PCR. in which a required amount of a dye compound
represented. by the following formula is provided.    - 108- [err] wherein
[err] is (i) a pyryliunt ring or (ii) a pyrylium-analog ring of 5 or 6
members where X is 0, S, Se, or Te; R[err] and R[err] are independently a
hydrogen atom, a halogen atom, a sulfonate group, an amino group. a styryl
group, a mitro group, a hydroxyl group, a carboxyl group. a cyano group. a
substi- mted 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[err] is a group of -A or-L-A wherein L is L-L[err]-,
-L[err]-L[err],or-L[err]-L[err]-L[err]-L[err] to L[err] being inde-
pendently -(CH==CH )-. a bivalent group derived from a substituted or
unsubstituted aryl group. a sub- stituted or unsubstituted alkylene group.
or -CH=R[err]-. wherein R[err] is a cyclic structure having an oxo group; A
is a substituted or unsubstituted aryl group,or --CH==R[err] is a
substituted or unsubstituted heterocycle. a substituted, or unsubsti- tuted
cyclolkyl group. or a substituted or unsubstituted aromatic ring; in the
pyrylium ring or a pyrylium-analogous ring con- taining X  the hydrogen
atom bonded to the carbon atom which is not linked to R[err] R[err] or
R[err]  may be substituted by a halogon atom. a sulfonate group. an amino
group. a stytyl group. a nitro group. a hydroxyl group. a carboxyl group, a
cyano group. a substituted or 



unsubstituted lower alkyl group. a substituted or unsub- stituted. aryl
group. or a substituted or unsubstituted lower aralkl group; and Y is a
anion. 8.The kit according to claim 7.wherein the reactor further contains
in the reaction chamber a required amount of a primer ser which is
necessary for the PCR ampification of a spcific sequence region of a target
nucleic acid.    -  109 - 9. The kit according to claim 7. wherein the dye
com- pound represented by the general formula is a 2.4-bis(4-N.
N-dimethylaminohenyl)-6-methylpyrylium salt, or a 2.4-
bis(4-N,N-dimethylaminiopheyl)-6-methylthiopyrylium salt 10. The kit
according to claim 7, wherein the dye com- pound is water-insoluble, and a
solvent is provided to 



dissolve the dye compound thus enabling reaction of the dye. compound with
a double-stranded  nucleic acid resulting from the PCR in the reaction
chamber. 1. A kit for quantifying a target nucleic acid comprising a
reaction chamber for PCR and a reagent chamber. wherein the reagent chamber
contains a dye compound represented by the following formula. and the
reagent chamber is provided so that the dye compound in the reagent chamber
is transferred to the reaction chamber [err] wherein is (i) a pyzylium ring
or (ii)a pyrylium-analog ring of 5 or 6 members where X is 0. S, Sc or Te;
R[err] and R[err] 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 substi- tutcd or unsubstitutd
lower alkyl group. a substimted. or unsubstituted aryl group, a substirated
or unsubstituted 



lower aralkyl group. or a substituted or unsubstitutcd cycloalkyl: R[err]
is a group of -A or -L-A wherein L is-L[err]-. -L[err]--L[err]-. or L[err]
to L[err] being inde- pendently .-(CH=CH)-- a bivalent group derived from a
substituted or unsubstituted lower alkyl group. a substituted or
unsubstituted aryl group. a substituted or unsubstituted lower aralkyt
group. or a substituted or unsubstituted. cycloalkyt group; R[err] is a
group of-A or -L--A wherein L is-L[err]- L[err]-L[err]-.or
L[err]--L[err]-L[err] to L[err] being indc-    - 110 - pendently -(CH==CH)-
, a bivalent group derived from, a substituted or unsubstituted aryl group.
a sub- stituted or unsubstituted alkylene  group, or --CH==R[err]-, wherein
R[err] is a cyclic structure having 



an oxo group; A is a substituted or unubstituted aryl group. or -CH=R[err].
wherein R[err] is a substituted or unsubstituted heterocycle. a substituted
or unsubsti- tuted cycloalkyl group, or a substituted or unsubstituted
aromatic ring; in the pyrylium ring or a pyrylimn-analogous ring con-
taining X, the hydrogen atom bonded to the carbon atom which is not linked
to R[err]. R[err]. or R[err] may be substituted by a halogen atom. a
sulfonatc 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 at unsub- stituted. aryl group. or a
substituted or unsubstituted lower akyl group; and Y is an anion. 12. The
kit according to claim 11. wherein a reagent for the PCR is further
contined in the reagent chamber. 13. A kit according to claim 11. wherein
the reagent chamber comprises a plurality of sub-chambers. one of 



which contains the dye compound, and another sub-chamber contains a reagent
for PCR. 14. The kit according to claim 11 wherein a necessary amount of a
primer set required for PCR amplilication of a specific sequence region of
target nucleic acid is contained in the reacton chamber. 15. The kit
according to claim  11 wherein the dye compound represened. by the general
formula is a 2,4-bis (4-N-N-dimethylaminophenyl)-6-methylptylium salt, or a
2,4-b is (4-N,N-dimethylaminophenyl) -6. methylthiopyrylium salt. 16. The
kit according to claim 11 wherein the dye compound is water-insoluble, and
a solvent is provided to dissoved the dye compound, thus enabling the
reaction of the dye compound with a double-stranded nucleic acid resulting
from the PCR in the reaction chamber. 17. The kit according to claim 11,
wherein a solution of the dye compound is placed in the reagent chamber.
18. A method for measurig a number of a target micro- 



organism or target cells, a number of a specific gene. or a copy number of
a specific gene. comprising the steps of: extracting nucleic acid from a
sample containing a micro- organism or cells to be deteched; providing a
serial dilution, of the extracted nucleic acid, conducting PCR, with
respect to each, of the sample    - 111 - dilutions containing nucleic acid
with a primer set requied for amplification of a specific base sequence
region of the axtracted nucleic acid to provide double-stranded nucleic
acid; reacting the resulting double-stranded nucleic acid with a dye
compound representd by the following formula to bind the dye compound to
the double-stranded nucleic acid; and measuring intensity of the
fluorscences  from the dye 



compound inserted into the double-stranded nucleic acid and driving the
number of the microprganism 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 wherein [err] is (i) a pycylium ring or (ii) a
pyrylium-analog of 5 or 6 members where X is 0, S, Se,Te: R[err] and R[err]
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 substi- muted or unsubstituted lower alkyl group. a
substituted or unsubstituted aryL. group a substituted or  unsubstituted
lower aralkyl group, or a subsitatuted or unsubtituted cycloalkyl; R[err]
is a group of--A or -L---A wherrein L is -L[err]--
L[err]-L[err],or-L[err]-L[err]-L[err]L[err] to L[err] being indepen- 



dently -(CH=CH)- a bivalent group derived from a substituted or
unsubstituted aryl group. a substituted or unsubstituted alkylene group,
or--CH==R[err] where R[err] is a cyclic structure having an oxo group; A is
a substituted or  unsubstitutd aryl group, or --CH==R[err] whereial R[err]
is a substituted a unsubstituted hetercyale. a substituted. or
unsubstituted cycloalkyl group. or a substituted or unsubstituted aromatic
ring: in the pyrylium ring a pyrylium-analogous ring con-    - 112- taining
X the hydrogen atom bonded to the carbon atom which is not linked. to
R[err] R[err], or R[err] my be substitued 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 unsub- 



stituted aryl group,  or a substituted or unsubstituted lower aralkyl
group; and Y is an anion 19. The method according to claim 13. wherein the
dye compound bound to the double-stranded nucleic acid is inserted into a.
double helic structure of the double-stranded nucleic acid as an
intercalator. 20. The method according to claim 18, wharein the dye
compound represented by the general formula is a 2,4-bis
(4-N.N-dimethylaminophenyl)6-methylpyrylium. salt, or a.
2,4-bis(4-N,N-dimethylaminophenyl)-6- methyltiopyrylium salt 21. The method
according to claim 18. wherein the dye compound is water-insoluble, and the
PCR is conducted in a reaction system containing the water-insoluble dye
com- pound and an aqueous medimu, 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 double-stranded nucleic acid resulting from the
PCR 



22. The method according to claim 18 wherein 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 primer in said primer set has a chain
length of 30 bases or less. 24. A kit for measuring a number of a target
microorgan- ism or target cells, a number of a specific gene. or a copy
number of the specific gene. comprising a reactor comprising a plurality of
reaction chambers for serially diluting a nucleic acid extracted from a
sample containing microorganisms or cells to be detected. each of the
reaction chambers containing a dye compound represented by the following
formula wherein the reaction chambers are employed for the PCR to amplify a
specific sequence of the extracted nucleic acid which is peculiar to the
micoorgarisms or cells-   



- 113 - [err] wherein [err] is (i) a pyrylium ring or (ii) a
pyrylium-analog of 5 or 6 members where X is 0. S. Se. or Te; R[err] and
R[err] are independently a hydrogen atom a halogen atom.  sulfonate group.
an amino group. a styryl group. a nitro group. a hydroxyl group. a carboxyl
group, a cyano group. a substi- tuted. or unsubstituted lower alkyl group.
a substituted or unsubstituted aryl group. a substituted or unsubstituted
lower aralkyl group. or a substituted or unsubstituted cycloalkyl: R[err]
is a group of -A or --L-A wherein L is -L[err]- L[err]-L[err]- or
-L[err]-L[err]-L[err]- L[err] to L[err] being jnde- pendently -(CH==CH)--.
a bivalent group derived from a substituted or unsubstituted aryl group. a
sub- stituted or unsubstituted alkylene. group or 



--CH=R[err]-, wherein R[err] 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 cycloalkyl group, or a substituted or unsubstituted aromatic ring; in
the pyrylium ring or a pyrylium-analogous ring con- taining X, the hydrogen
atom bonded to the carbon atom which is not linked to R[err]. R[err], or
R[err] may be 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 unsub- stimted aryl group, or a substituted or unsubstituted
lower aralkyl group; and Y is an anion. 25. The kit according to claim 24,
wherein the dye compound represented by the general formula is a 2,4-bis
(4-N,N-dimethylaminophyenyl)>6-methylpyxylium  salt or a 



2,4-bis (4-N,N-dimehylaminophenyl) -6- methylthiopyrylium salt 26. The kit
according to claim 24, wherein the dye    - 114 - compound is
water-insoluble. and a solvent is provide for dissolving the dye compound
thus enabling the reaction of the dye compound  with a double-stranded
nucleic acid resulting from the PCR in the reaction chamber. 27. THe kit
according to claim 24, wherein the reaction chamber further contains a
primer set for PCR amplification of a sequence charactecistic of the
microorganism or cells to be detected. 2. A method for quantifying a target
nucleic acid in a sample comprising the steps of: subjecting a, sample
continig a nucleic acid to be detected to MPN.PCR with a primer set
required for 



amplificatiom of a specifie base sequence region of the target nucleic acid
to provide a double-stranded nucleic acid; reacting the double-stranded
nucleic acid wih a dye compound represented by the following formula to
bind the dye compound to the double-stranded nucleic acid; and measuring
intensity of the fluorescence of the dye com- pound inserted into the
double-stranded nucleic acid to quantify the target nucleic acid in the
sample . [err] _ _ ___                                    -- Wherein [err]
is (i) a pyrylium ring or (ii) a pyrylium-analog ring of 5 or 6 members X
is 0. S. Sc, or Te; R[err]  and R[err] 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 substi- 



tuted or unsubstituted lower alkyl group, a substituted or unsubstituted
aryl group, a substituted or unsubtituted lower aralkyl group. or a
substituted or unsubstituted cycloalkyl: R[err] is a group of-A or-L-A
wherein L is,-L[err]-. L[err]-L[err],or -L[err]-L[err]L[err],L[err]to
L[err] being inde- pendently -(CH=CH)---, a bivalent group derived from a
substituted or unsubstituted aryl group. a sub- stituted or unsubstituted
alkyleue group, or    - 115 - -CH=R[err]-, wherein R[err] is a cyclic
structue 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 cycloalkyl group, or a
substituted or unsubstituted aromatic ring; 



in the pyrylimn ring or a pyzylimn-analogous ring con- taining X the
hydrogen atom bonded to the carbon atom which is not linked to R[err].
R[err]. or R[err] may be substituted by a halogen atom 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 unsub- stituted aryl group, or a substituted or
unsubstituted lower aralkyl group; and Y is an anion. 29. The method
according to claim 28, wherein the dye compoound bound to the
double-stranded nucleic acid is inserted into a double helix structure of
the double-stranded nucleic acid as an intercalator. 30. The method
according to claim 28. wherein the dye compound represented by the general
formula is a 2,4-bis (4-N.N.dimethylaminophenyl)-6-methylpyrylium salt, or
a 2,4-bis (4-N.N-dimethylaminophenyl) - 6- methyithiopyrylium salt 



31. The method according to claim 28. wherein the dye compound is insoluble
in water, the MPN-PCR is conduted in an aqueous reaction sysem containing
the dye compound and an aqueous medium; and a solvent is added to the
reaction system after the MPM-PCR to dissolve the dye compound thus
enabling the reaction of the dye compound with the double-stranded nucleic
acid  resulting from the MPM-PCR. 32. The method according to claim 28.
wherein  the double-standed nucleic acid has a chain length of got less
than 100 base pairs. 33. The method according to claim 28, wherein each
prmers in said primer set has a chain length of 30 bases or less. 34. A kit
for quantifying a target nucleic add in a sample. compdsing-. a -racor
corprising reacton chambcts for INMb -PCE, wherein in each of the reaction
chambers a rcquirid amotu of a dye compound represenced by the follow- 



ing fbmulh is contained.    REPLACEMErT SHEET .-l!\ !  116 -     REPLACE E
J C~ ~ ~ ~ R   ' whein is CI) a pyrylium iing or (ii) a pyyium-analog ing
of S cx 6 members where X is 0. S. Sc, or Te RL and R2 are Indpeadenay a
hydrogenatom, a. halogen awra, i sulfona grop. an amino group, a styryl
group. a niro group. a hydalxyi group, a carxbayi group,. a cyano group. a
subsi-. mured or unsubsdmle4, Lower:alkyt group, a substimmed or unsubstntd
aryl groSp a substituted or uubsrimred lowcr arlkyl group, or a subsfuted
or unsubstitated cydoalk~yl; R3  a group of-A cr -L-A       wheei   is-1 or
L L to L bing Wde- 



pcadenty -(CH==C---, a blvajent group dcivcd froua a substituted or unsubi
asyl groqp,a sub- stimted or unaubstituted alkylene group. or -CH=R'-.
whacdn Ri is a cyclic s5ftUe having an oxo group; Ais a subsdtaed ar
usubstimted myl group, or  - V. wbern Rcis a substiisted or usubstituted
hctesocycle, a subsdled or unsubsti Wad cycloalUyl group. or a substituted
or unasmted aromasticring in the pzylyuz ring or a pyrylinm.-analogous ring
con-. taining X, the hydrogen atom boaded to the cirbon atom which is not
linked to R. Re. or R may be subcdured. by a halogea atom, a. slfoname
group, an =mn group. a scyrA group. a itro group. a hydroxyl group, a
caboxyl group, a cyno group, a sblaimed or subuimced lowcr allyt group, a
substitued or unsub- sted azyl roup. or a subsdtired or unsubsaited lowr
mnikyl group; and Y is aann. 



35. Teh ktit according to clim 34, wherein the reactor fuxthcr contains in
the reatiol chamber a =equed amuM of a pri= set which is necessay for
MPM-PM amplifi- cadoo of a specific sequeoce region of rarger nudeic aid.
36. Thc kdt a~ording to claim 34. wherein thc dyc cmpound rcXcscnwd by the
geerW fOinalI is a 2.4-bis    111111111111 IItIjI 11111111111
REPLACEMENT SHEET - 117 -              REPLACEME IT SHI1 (4-N-d
ylafnsphay)4mxbylpyryim saLL or a, 2,4-bis(4-N.N-dime thylami aphenlyI*6-
37. A kIt for quatfying a arecE noc.Ieic add in a salc aomprisiizg
aweaction cbam  forbrMN-P  adareagentchamber. wherein the Lmaget chamube
cotains a required xmount of a dye compound  esentud by the following
f*rnla. and 



iie ragent cbamber is providcd so ir the dye com- pound in the rcageat
chambor is u   dnsfamed to thc reaction cbambmr '.r ILz - wherein *- -v XI
* a is (O) a pyylim ring ar  a) apyi)1hmL-aog ring of 5 or 6 embers whre X
is 0, S. Sc. or Te; W aad.RZ arce indcpendcdy a hydrogen acor. a halogen
atom. a sulfora group. an uacn  group, a srfyl growp, a nitro group. a
bydroxyl group, a c=boxyl group. a cy; groap, a substi- tuted or
usubsrimted lower alkyl group. a substitued or uusubsdtumd aryl group, a
substtuted or unsubsiured lower aizLky group. or a subsrimned or
uozubstturmd cycd1kyL4 R3 is a group of -A or -L-A whercia L is -L-_, 



<   <_ or-L'L54.-L6  L'To L being indc_- pendealy -(CEcE- )-. a, bivaleat
groap derived from a subsdtitucd or unsubsciabmd axyl group. a sub-
sticured or u=nsubstiruted alkylefe groUp, or - -R'--. whercin R' is a
cyclic sm0uJre baving an oxo group A Is a subsdtutud or unsabsdmed aryLi
group. or C      ' wberin Rs is a substid or unsubsfred heterocycle. a
substituted or unsubdi- tuted cycloaULyL goup, or a substitued or
unsubsdtraed xromadc ring; in dhe pyrylium ring or a pyryim-analogous ring
con- tabin X, the hydrogen atom bonded to the cuobn atom wichi :s noc Enked
to W. R2. or R? may bc substiwred by a halogen acom, a sulonar group, an
\\ii5iI1\\I\!U1~~i ~\Ill                REPLACEMENT SHEET C c  L  11
- 118 -             REPLACE IE |IT SIP 1999 



amino group, a syryl group, a niuo group, a hydOXyl gloup, a rboxyl grop. a
cyano group, a substimced or unsubsdtci lower allM group. a substitted cc
Unsub- stimced ayl group, cc a subsftned or unsubstiwtcd lower arkgyl goup,
and Yis an anioa. 3& The kIt accrding to clim. 37, whrcin a reagent for
MW-PCR is fither cont ained in the reagent chamber. 39. 7be Irk according
to claim 37, wherein the -cagent chanbcr compises a plurality of
sub-chambers. oae of which cotains  the dye copound. and another
sub-cbamber contains a ragcnt for BPW-PCR 40. Thc kIt acrording to claim
37. wherein a necessary amoun o aofS.    set equred for MNNPCR ampiicado a
of a specific seaence. region of a target nuclaeic acid. is coataincd
further in the reaction cbambcr 4L The kdt acrording to claim 37. wherein
the dye comDoud refeuemrad by the lewd ffmrnli is a 24bii (4-N N-dim
thyhainopheptL)l-6ictylpylsum salt. or a 



2.4-b is(4-N.N- dimethylamin op h en yl) -6- mnchyldilopyryliUm salt. 42
The kir aaoiing to claim 37. wherein dte dye compound is wasr-insoluble.
and a solvear is provided to dissolve the dye compound thus enabling the
reacion of the dye compoundwith adouble-andednudleic ad resultng from the
hft-.PCR in dte reacion chamber after the 43. The I& accotding to claim37.
Wherein a: solution of the dye compound is  placed in the reagent chambcs
44. A inedtod for measung a number of a tagct micro- oranism, or Mrger
cels, a number of a specific gene, oc a copy numbe ofa specific gene,
comprising Uhe. steps of: craetinguleic acid from1 a.smple conmaining
amiro- organism oc cells to be dected; providing x serial dilutd= of
6e'wacted nucleic add; coaductingNTS-POL with espect to each of che danzed
samples containing etracted nuce acid with a set required for azplicaion of
a Specilc basc sequtn  region of the emaeed. nuddc acid to providc 



a double-standed nuceic acid; reacting the double-ctruded aucleic acid with
a dye compound repcesenrd by the following formula to bind die: dye
compounad to the double-scandcd nuclki acidd measudng inensitr of the
Auorescence from the dye compound inscrtcd into the double-sm-anded nucleic
acid: and    REPLACEMENT SHEET REPLACEM :N S        1999 -119 -_. dcdvirg
thc numbCr of e miccrgol= or cells dLe specified genes. or cwieS of the
3pecmeL genes in the sampic       e                 awich fLuaxcnce is stll
observi, j1   .---=                     m 



B. wherein -- , V is (i) a pyyliLrng or (h) ap    Imi.-anaLof zing of 5 o 6
memers where X is 0, S. S  oraTe . R  and. R  are indepcndently a hydge
awn. a logee.  a sulfonae group, in arninc group a styryl groups a nito
group, a hydroxyl grmap, a. cboxyl Smop. a cyamo group. a substi- arAd cr
unzsubstiutcd 1owe alkyl oop, a substed c unsubsticd ar  group. a suburA or
unsubsftmtd low aralkyl group, or a substtutd or .uasubsdcated R'is a Vroup
of -Aor --L-A whcz L is- _ L20-L-. or Lto Lt beWg ind6en- dcarly -{CH=CH>-4
a biaaint gpoup derived from a substimcd or unsubstiaed wy gpoup, a
substituted or unsubsdnued alkylenc group. or  -}R wherein  ' is a cyclic
mucre having an oxo group; A is a. subsdtiotd or unsubstituted aryl group.
or 



-HR', wherein RVis asubtmitzdorunsubstitut4 heirocycic a substitited or
unsubstiiuted cycioalkyl group. or a substituted or unsubstituted aromtic
ring, in the pyryluzm xing cr a pyyium-aalogous zing can- niug X. the
hydrogen atom bonded to the carbon atom which is not linked to RL. R3, or
R' may be subsdued by a halogen atom. a sulfonat group. aa amo SrouP. a
styryl soup, a nifto gpoop. a hydrowyl grop. a catboxyl gruup. a cyano
group, a subsituted or afsubstinrowr alkyl group. a substitded a unsb-
s5titcd az1 group. cc a substiute-d or unsubstituted lowe ar =Skl group;
and Yzs an aion. 45. Thc mcthod according to cLaim 44, whein Ehc dyc
REPLACEMENT SHEET - 120 -          REPLACEM N S 



compound bouad to the doublc-standed nucleic acid is insetedl into x double
helix stucsrC of the daublc-szided nuCLeic add 3S an itercalaE 46. lhc
method acoding to clAim 44. tberei   dye compound represented by the geneA
fonulaa is a 2.4-bis (4-Ctyl1dimeU;yhen      lY)-6-hylpy fyinm salt, or a
2,4-bEs(4-NN-dim echylmii aophcnyl)-6- mcthythiopyyi  salt 47. Tbe method
according to claim 44. wberei ihe dye compound is wa=-iwoldble, and PCR is
conducted in a rection, syst= contining the wazer-insoluble dye cm- pounad
andan aqucous mdim a solycat Li addd afer the PNq-PCK to &he neacom sysmn o
dissolve the dye com- pond ts enabling eaction of the dye copoUnd with. the
double-stnded nuclcic aidcUsuling froum   -PCR 48 The mto. according to
claim 44. wherein the doubLe-ssaded  ceidc acd ha" a chaia length of nct
less dim LOO basei. 49. The nzaed accoding to claim 44. wbcrcin each 



pemr ia said      set has a chain Leno of 30 bases or lesL 50. A Itfor
measming a nunber of a target miroorgai- Lim or target clls. a. number of a
sperific genes. or a copy nmmber of ft  ffclc ge=       isi a =ctor
compdsing a pinalky of macdtn dambasfor scrially d~idng & nudcic acid
ecxtactcd from a sample conta;hng a-r    gaaismo oa ceUs to be detcted eaci
of thc ricdna c   r conaiIg a dye com- pound represeid by the following
Iobla wherein the iccon chambers we employed for the MPV PCR to amplify a
soecific sequence of die eazced nucleic ahlddwhch is peafiar to the
microrgams of'cells, ^1   ,--"                 . K-'-  _  _y RI
V1~~' .,    _-._- 'C'~~~~~~~~~~~ is Ci) a pyrylhmi eg or (U) a pyrylim-alog
ring of 5 or 



6 mmbcas where X is 0, S. Se. or Te; R1 and R: are    REPLACEME T HiEf
indqpendly a hydrogen, atom, a halogea atom, a sulfonatc group, an amino
goup. a stYt grOp, a nito group. a hydryl psop, a cactoxyl group. ayaqo
group, a subsi- tutcd or umubstuftd lower alkyl group, a subsztiaed or
unsubstitutc aryl group, a subsrtured or ansubrainired lowr araLkyl group,
or a substituted or unmubstituted R3 is a group of -A or-L-A wheein L is
-L'-. L1-L--, or -L'--L6-.L  to L6 bring *dc- pendently -(CF=CH)--. a
bivacat group dcdvcd from a subsrilcd o unmubstitd ,y group, a sub- sjtuted
or lnsuoscitutcd atkylene group. or -CF t-R-., wherain R4 is a cycik smcure
having an oxo group; A is a subsituted or imsubsdmced. ryl SOUp, o -LCH-V.
whmin R5 is a subsdmld oc 



unsubstituted bemocycle. a substitted or =ubsti- tuitcdcycoalkyi group. or
a subsdnzed or unsubsdutcd aromatic zing; in the pyryli ziing c a
plyiumand1ogos xing con- rining X  the hydrogen atom bded to the cabon atom
which is not linked to R. R:. or R3 may be subsMuced by a halogen atom. &
sulfonare group. an MAmno group. a s3yyI VMup, a A&uro group. . hydro3y
group. a carboyl group. a qn= grwp. a substuted.or uusubstimtuedlower alkyl
group. a subst edor unsub- sdrmed aryl group. or a substtcd or unsubsuibLr
lowar arAlkyl group; aud Y  is an anion. SL The  Ei acording to claim SO.
wharim dte dye coapound  pr esened by the general fomula is a 2.4-his
(4-N.dimethyL     henyr)-6-mztrylpilium salt or a
2.4-bis(4-N.N-dimechylaminophenyl)-6- rMcthyithipyryiug   sAIL 52. he kir
amording to clam SI. wherein die dye 



Compound is water-insolule, and a solycar is provided for dissolving the
dyc compound thus enabling reactica of the dye compound with a
double-stranded nucleic acid resuing from the hNTN-PCR La the reacdion
chamber. 5S3be WE aig  to   m 55. whcri          tie reaction ch-mber
ftzhcr conon a prime set for PCR. amplihicarioa of a sequence cbaractalstic
of the micrgnisr j cells to be detccmd 54. A method for quantifying a
target nucleic acid. om- 9rsng the steps of; coaduacig PCR of ancleic
acidsamplewith apimr set requited for ampificaion of a 6pecfic base
sequence rcoa of the =egE nuclic acid to ziovid& a doublz-    REPLACEMENT
SHEET - 122 -              iEPLA JE      SEP 1999 staaded nueic acid
inklic'pcesece of awdyc caa- 



pound rqxpesentcd by TheI following fomuIa; and measuring iatensity of .the
fluorescence from ic dly compound- to qiuanraIvely   ddznnizne tbe targeL
nudcic acid in ihe sample, ~'r P9 Re'__                       IIIIIlllII 1
ill/ 11111 Jll- ,a --, o      r is ) a pyylm zing or (U) a pyzyimm-analog
dng of 5 cr 6 mm rswhe  X  n 0. S. Sc or Te; R and Rar indepeudendy a
hydrogen aom. abalogea atom. a suffonare group, an angno group, a sgzyl
group. a ulwo goup, a *by*oxia  pup, a carboxyL group, a c     group, a
subsdi- mued or unsubstituted lowa aklgr poup, a subsuimted cr ansubsztiure
sryl grop, a substituted or uwsabstimred lower amlkyl group, or a
substituted or onsubtiwcutd qyoadkyl; R? is a group of -A or ---A whu In
is-L1- 



or -L'--L'-L    LL to L' being inde- peadently -(CHH=>CE.-, a bivaleat
group dexived from a subsflturcd or Unubsted a1 gUOUp, a sub. stituted or
unsubsdtatcd alkylene group. or -CH=r- , wbereiu R is a cyclic struc having
a oxo group; A is a substituted or unsubsiuted ayl group. or -CIK=R5 whecin
RV is a substitured or unsubstituted hemocyde. a subsduted or unsubsti-
uned cycloalkyl group. or a substtuted or unsubsraued aromatic ng; in ihe
pyzyliwm risg oc I pyryiium-analogous ling coi- taming XI the hydrogcn atom
bonded to the arbon azom wvidL is noc liUkd to R1. RR or R may be subse
by a halogen atom, a sflionate group. an amno group. a. sVyyl goup, a nino
group. a hydroxyl goup. a cagboxyl group, a cyao group. a substiuteduor
uasubstiuctedlowcralkyl graop, a substituteder unsub- - stirurd aryl group,
cc a subsiutrd or umubstitcd lowr aralylW group; an4 



Yis an  iono    REPLACEMENT SHEET - 123 -                  CL \E     TV 55.
Thc method according to daim 54. wherein the fluorc1ca-emitiag dye compound
is ised inro a doubiebeli stuct:= of flie doubloestzadcd nucleic add to
bind the doabletmadcd andeic acil 56. A method for quanifiag a target
unleic acid. com- pning the steps of. conducting PCRfoandclicaddsplewith a
pe set equitd for amplica  of a specific base sequence egia.x of the urget
ncledic addd co provide a PCR a"ipdfiet producr coain;n g a double-standed
n ucleic addng  a dye compound rqrescntcd by the following foomla to the
PCR-alVi.ed product; and measuring inCcsky of thc luorescence fom the dye 



compound in the PCR-plIfed product to quanrita- tivety determine the target
audeic acid in the sample. Ro- - - "                     l R
='t~~~~~~ R   - wherein                                    !.L..-S  * I X-
is ) a pyyliumring or (ii) apyiyliun-analog dg of 5 or 6 mcm   Where X is
0. S. Se or Te: W  and 4       are independendy a hydrogen atom a halogen
ato  a sulfonate goup, an amn o smup. a sT group. a uI&  group, a bydroxyl
group, a cbtoxyl   up. a cyano group, a mbsd- nred or nsubstitated lower
allqi group, a substimted or unsubstimed aryl group, a subsfttd or
unsubstimsed lower allkyl group, or a subsdmtod or unsibsttured CYdoaIMky
R3 i a group of -A or -L-A wherein L is - , or   -L5---_ L' toLG being We-i
pendenly -(CH=EC)--. a bivalcut group derived 



from   subs    or unsubsdintted ayle group, a sub- stituted or
utuabstituted alkylenc group, or -C4H=R-. wherein R is a cyclic strucaur
having an ozo grouy, A is a subsmtced or unsubsauced aryl group, or
-4CS--R, wherein k is a substituted or unsubsrticed hctcrocycle. a
substituted or unsubsti- Mted cycloaLkyl group. or a subsdmtxd or
unsubstituted    REPLACEMENT SHEIET -124-                R3SP19 TREPLA E
IENJTSHIEET  .. aromatic zing__ ia the pyrylium ring or a pyygium-aalogous
dng con- cidag X, h hydrogen atom bonded to te carbon aOM which is not
likcd to RI. R2, oc R3? ay b subsdiutcd by a halgca am, a sulfocac group.
am amino group. a styryl group.. ARo group. a hydroxyi 



9rup, a carboAyl voup. a cyano group. a subsdwredor unsubstittd lower aLkyl
group, a substitutcd or uunbs- sdtumdl uyl goup, or a subsrimed or
uasubstituted l1wcr arllyl group; and Y-is atn ioa 57S The niehod =arding
to cLaim 56, whccin the fluorcscrcocmItng dyre compound is iscztd bno a
doubleheai scructure of the doubic.staxded, nucleic acid in the
PCP,-uFpbflcd paodu= S5. The kit according to dcm 34. wbmen the dye
compound Is waur-Insoluble. and a sokYeat is providcd for dissolving the
dye compound thus en2aling the  =dion of the dye compoand with a
double.strnded nucigic add resung from the PCR in the reation cbambe. 59.
The method aecoeding to clim 57. whaetia te fIUoresceczihng dye compound is
i*sced inco a double hel  stumcre of dhe doubcsturudedmudzc acid in the
PCR-MPlified prdue. as an intcreularo 11111111 11111 111111 ii11 i111 
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