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DETERMINATION OF NUCLEIC ACID BY PCR, MEASUREMENT OF
NUMBER OF MICROBIAL CELLS, GENES, OR GENE-COPIES BY

PCR, AND MEASURING-KIT EMPLOYED FOR THE SAME

ACKGR F_THE INVENTION

The present invention relates to a method of
determination of nucleic acid by detecting the
polymerase chain reaction (PCR) amplification product
by use of a dye cqmpound which does not fluoresce in
the free state but fluoresces reacting with double-
stranded nucleic acid. The present invention also
relates to a method for measuring the number of
microbial cells, the number of specified genes and the
number of specified gene copies. The present invention
further relates to a measuring-kit to be utilized for
the above method. The method is useful for measuring
the number of cells of a specified microorganism in a
sblution or in soil.
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

detection of nucleic acid. Detection is conducted by

steps of selecting a specific sequence of the target
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nucleic acid, preparing a set of primers for amplifying
a'épecific sequence, conducting PCR by utilizing the
target nucleic acid as a template, and detecting the
amplified specific sequence. According to PCR, the
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-
fold amplification. Therefore, even one molecule of
nﬁcleic acid can be detected by PCR. This -
amplification proceeds only when the two primer
sequences have complementarity to the template nucleic
acid, and no amplification product can be obtained when
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:
particularly, to identify the pathogen of a virus- or
bacterial disease in clinical tests, to analyze genes
in genetic disorders, and to detect gene markers in
cancer diagnosis.

Another épplication of PCR is in measurement of
the cell number of a certain microorganism, which is
conducted with combination of PCR with MPN (most

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

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
microbiology)", page 45, publishea by Yokendo Co.).
This method has disadvantages that the procedure is
troublesome and requires many test tools and long
incubation period especially for soil microorganism
determination. Moreover, by MPN method, the number of
the specific microbial cells cannot be determined when
two or more kinds of microorganisms are present in the
sample, since the MPN method is positive for all the
microofganisms grown in the employed culture medium.
Té offset such disadvantages, trials have been made to
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,
the dilutions are subjected to PCR with two kinds of
primers to amplify the nucleic acid sequence

characteristic of the target microorganism, and the
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number of the target microbial cells is determined by
défecting the amplification product.

PCR amplification gives the product DNA in an
amount of micrograms from picograms of starting DNA in
a short time, which enables rapid in wvitro
amplification of cloned DNA or genome DNA in a large
amount. Thus, the PCR is now being applied to cloning
and various detections. In PCR, the target double-
stranded DNA is denaturated by heating to give single-
stranded DNA, and.the primers anneal to each of the
single-stranded DNA which serves as the template, and a
complemehtary strand is synthesized by extending the
primer with DNA polymerase.. Therefore, theoretically,
one strand of template DNA is required for
amplification. When genome DNA is employed as a
template DNA, the length of the single-stranded
template DNA greatly varies depending on the kind of
the source organisﬁ. For example, the human genome DNA
hés_a length of 10°® times that of Escherichia coli.
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
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
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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
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
is present or not present in a certain volume of a
dilution, then inéubated for cell proliferation
detection. The number of the cells in the starting
sample is estimated from the results using probability
technique. In the MPN-PCR method, the microorganism is
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
is described specifically below. DNA extracted from a
microorganism-containing sample is serially diluted to
prepare decimal dilutions (e.g., dilution rate of. 1,
1071, 1072, ..... , 107°). Here, the dilution rate 10™
means that the sample is diluted to contain 1/10" of the
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
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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
certain dilution and thereafter. For example, if the
amplification product is detected at the dilution rate
of 10°° and dilutions lower than that, PCR is carried

out for the highest dilution in which the product was

- detected and two adjacent dilutions, namely the

dilutions of 107%, 10°%, and 10°%, in quintuplicate (15
samples in total), followed by agarose gel
electrophoresis to detect the amplification product.

The number of the samples positive for the

amplification product in quintuplicate at the

respective dilution is compared with the MPN table
shown later (cited from J. Bacteriol., 25 101 (1933),"
page 400), from which the most probable number is
obtained. In this example, if 5 reactions of 10™*
dilqtion are all positive (namely, amplification
product being detected), 3 out of 5 reactions of the 10
5 dilution are positive, and 1 out of 5 reactions of the
10® dilution is positive, from the numerals of 5, 3,
and 1, a value (1.1) is obtained by applying 5, 3, and
l1-to P,, P,, and P, in the MPN table. This value (1.1)
multiplied by the reciprocal of 107° which is the
highest dilution detected for the PCR amplification

product, namely 1.1 x 10°, is the number of the target
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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
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
the DNA prelimina;ily since the number of DNA does not
directly correspond to the cell number. Furthermore,
the DNA extraction efficiency also needs.to be taken
into account. Therefore, for a precise measurement
result, it is desirable to draw a calibration curve.
This method is also applicable to the gquantitative
determination of the cells having plural copies of a
specific gene due to the amplification as in the cancer
cell.

= The amplification product of PCR is
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
amplification product in consideration of its molecular
weight, and measuring the fluorescence intensity.

The PCR reaction mixture contains also the
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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
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
sufficient enough_for especially gene analysis in the
clinical examination where many samples should be
treated with high efficiency.

In the application of PCR to MPN method, in
order to estimate the precise number of the micrcbial
cells, the samples are serially diluted by ten-fold,
each dilution is PCR amplified, and the experiment is
repeated for three serial decimal dilutions including
the highest dilution in which the amplification product
ﬁas_been detected. Since this method estimates the
celi number based on probability, usually at least 5 to
10 repetition for each dilution level are required to
meet the conditions for the estimation of the cell
number on the basis of probability from the MPN table.
Accordingly, at least about 25 PCR products.for one
sample should be subjected to gel electrophoresis,
which means a lot of labor, complicated operations, and

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

The most troublesome operation in detecting PCR
amplification pfoduct is the gel electrophoresis to
separate the amplification product from the primers
added to the reaction solution in large excess.
various methods are inyestigated to omit the separation
operation. Of the methods, noteworthy is a method
employing a fluorescent intercalating agent (an
intercalator) which increases fluorescence intensity
when bound to double-stranded nucleic acid. In this
méthod, the fluorescent intercalator reacts with the
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
fluorescence intensity of the intercalator. Therefore,
this method advantageously saves the troublesome

separation operation.
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Japanese Patent Application Laid-Open No. Sf
237000, for example, discloses use of a dye, as the
fluorescent intercalator, such as ethidium bromide,
acridine orange, bisbenzimide, diaminophenylindole,
actinomycin, thiazole orange, chromomycin, and
derivatives thereof for detectipn of the PCR
amplification product. Of these dyes, ethidium bromide
is preferred of which fluorescence intensity increases
as much as about 50-fold under UV excitation light when
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
Japanese Patent Application Laid-Open No. 5-237000 have
fluorescence even in the free state. The measured
fluorescepce thus includes both the fluorescence
p:oduced by the double-stranded nucleic acid-dye
dbmplex and that of the free dye. Therefore, the
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
subtracted therefrom. When the amount of the
amplification product is small, the increase of

fluorescence intensity from the blank value may be
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small, and the sensitivity of the detection becomes
iﬁevitably low.

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

decomposes at room temperature. Moreover, this dye

- also detects the higher-order structure formed between

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

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

fluorescence intensity changed abruptly.



10

i5

20

25

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

small when the amplification products is formed in
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overwhelming amount, while it tends to be formed more
whén a little or no amplification product is formed.
Therefore, the correction by comparison with the blank
value is not easy.

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
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
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
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.

ARY OF THE INVENTION

The present invention intends to provide a
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method for precise determination of a PCR amplification
pfoduct in a simple operation.

The present invention also intends to provide a
method for measuring the number of target microorganism
dr cells, the number of a specified gene, or the copy
number of a specified gene.

The present invention also intends to provide a
measuring kit for the above methods.

The method to determine the nucleic acid
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
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
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
fluoresces when reacted with double-stranded nucleic
acid is plaqed in a PCR reaction chamber. This

measuring kit may contain in the reaction chamber a
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necessary amount of a primer set requirgd for PCR to
aﬁplify a specified Sequence region of the target
nucleic acid. The measuring kit may have a PCR
reaction chamber and separated from it, a reagent
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
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,
or the copy number of a specific gene comprises
extracting the nucleic acid from a sample containing a
midroorganism or cells to be detected, preparing serial
dilutions of the extracted nucleic acid, conducting PCR
oh the diluted samples to amplify a sequence which is
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
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
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the fluoreséence was observed.

The measuriﬁg kit used for the above
measurement comprises a reactor having a plurality of
reaction chambers for PCR and containing therein a
required amount of a dye compound which does not
fluoresce in the free state but fluoresces when in the
bonded state to double-stranded nucleic acid, the
reaction chambers can be employed for serial dilution
of nucleic acid sample extrécted from a sample
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
sequence characteristic of the target microorganism or
cells.

The present invention mentioned above is
applicable also to an MPN-PCR method as described

later.

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
fluorescence intensity and the amount of template DNA
in Example 1.

Fig. 3 shows the relation between the
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fluorescence intensity and the amount of template DNA
ih'Comparative Example 2.

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

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.

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
blank value in Example 3.

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

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

present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The dye compound employed in the present
invention does not fluoresces in the free state but
fluoresces when reacted with double-stranded nucleic
acid. Reaction of the dye compound with double-

stranded nucleic acid means specific insertion of the
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dye compound into grooves of a stable double heiix
sfructure of double-~stranded nucleic acid to bind
thereto. In that state, the dye compound fluoresces on
irradiation of excitation light. The dye compound does
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
portion, it produces no fluorescehce, that is, it
fluoresces only in the bonded state to the stable
double helix structure. Accordingly, the dye compound
of the present invention is the one which enters a main
groove or a sub groove of a double helix structure and
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
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
(trade namé), Hoechst 33342 (trade name), pyrylium
compound salts and other salts analogous thereto

represented by the general formula [I] below:
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‘ \\_
RE—— X% Y~ (1]
| R3/)<;,
“ N
where ( }V represents a heterocycle, and X is O, S,

N -

Se, or Te, the heterocycle including a five-membered
and six-membered ring such as a pyrylium ring and
pyrylium-analogous ring; R!' and R’ are independently a
hydrogen atom, a halogen atom, a sulfonate group, an
amino group, a styryl group, a nitro group, a hydroxyl
group, a carboxyl group, a cyano group, a substituted
or unsubstituted lower alkyl group, a substituted or
unsubstituted aryl group, a substituted or
unsubstituted lower aralkyl group, or a substituted or
unsubstituted cycloalkyl group; R® is a group of -A or -
L-A wherein L is -L!-, -L?-13-, or -L*-L°-L%-, L! to LS
being independently -(CH=CH);, a bivalent group derived
from a substituted or unsubstituted aryl group, a
substituted or unsubstituted alkylene group, or -CH=R*-
(R‘ representing a cyclic structure having an oxo
group). The bivalent group derived from a substituted
or unsubstituted aryl group includes a phenylene group
and the like, and may have the bonds in any of ortho,
meta, and para positions. The lower alkylene group
ipcludes linear or branched alkylene group having 1 to
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-
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at least an oxo group.
| The group -L- preferably includes those
represented by the general formulas fxxy, [I1x1, [IV],
[V], and [VI] below:
| -—CH=(|3-— (CH=CH) ,— (11}
yA
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
by -L-A defined above;
~-3-(CH=CH) - [1IX]
where n is 0, 1, or 2, and ¢ is a substituted or
unsubstituted o-, m,- or p-phenylene.
-CH=CH-$-CH=CH- [1IV]
where & is a substituted or unsubstituted o-, m-, or p-

phenylene group:;

o)
—CH (N
o~
0 0
(vi]
—CH
o)

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

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

substituted or unsubstituted heterocycle, a substituted
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or unsubstituted cycloalkyl, or a substituted or
uﬁéubstituted aromatic ring). The heterocycle for RS

includes the ones derived from the groups shown below:

| Q QY'_ @M @M-PY—
G O OO

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
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

OO0 O

The substituted or unsubstituted aromatic ring includes

system:

an azulene ring. The substituent linked to the above
groups includes lower alkyl groups, and substituted or
unsubstituted aryl groups.

In the pyrylium ring or an analogous ring
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containing X, the hydrogen atom bonded to the carbon
a‘éom which is not linked to R}, R?, or R® may be
substituted by a halogen atom, a sulfonate group, an
amino group, a styryl group, a nitro group, a hydroxyl
group, a carboxyl group, a cyano group, & substituted
or unsubstituted lower alkyl group, a substituted or
unsubstituted aryl group, or a substituted or
unsubstituted lower aralkyl group.

Y is an'anion, including BF,”, perchlorate ion,
HO,SCH,C00", 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 Pd4.

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

0f the compounds represented by General Formula
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[I], the X-containing heterocycle is preferably
sﬁbstituted by two or more substituted or unsubsfituted
aryl groups. The examples of such compounds having
six-membered heterocycle are:
(1) those having substituted or unsubstituted aryl
groups at 2- and 4-positions and an R® group at any one
of 3-, 5-, and 6-positions of the X-containing six-
membered ring:;
(2) those having substituted or unsubstituted aryl
groups at 3- and 5-positions and an R® group at any one
of 2-, 4-, and 6-positions of the X-containing six-
membered ring; and
(3) those having substituted or unsubstituted aryl
groups at 2- and 6-positions and an R® group at any one
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
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
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-
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bis(N,N, -dimethylaminophenyl )-6~-methylthiopyrylium

salts represented by General Formula [VII]:

N (CHy)

<+

CH, V1]
(CHg) , N Y™

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

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

The compound of General Formula [Ij is
infroduced specifically into the double-stranded
structure in a ratio of one molecule to 20 to 30 base
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
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of General Formula [I] is incorporated into a double-
sfranded 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
elevation of me;ting temperature (Tm) of the double-
stranded nucleic acid hardly occurs not affecting the
PCR. Because of the low incorporation density, when
the PCR product is analyzed by gel electrophoresis, the
mobility of the double-stranded nucleic acid is hardly
affected by the incorporated dye compound, thus
enabling precise éize measurement.

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

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

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

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

excessively long primers tend to form locally a double-
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stranded structure between the primers. Therefore, the
léngth of the pfimer is less than about 30 base pairs,
preferably less than about 28 base pairs. The minimum
of the primer length is not specially limited, but is
required to have a sufficient length for recognizing
the terminal portion of the specific region to be
amplified: e.g., not less than 14 base pairs,
preferably not less than 18 base pairs.

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

curve prepared preliminarily for the fluorescence
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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
has been established. The reaction conditions,
however, especially the amount of the target nucleic
acid, the amount of the primers, the :eaction
temperature, etc. depend on the respective reaction
systems. Therefore, when the optimum reaction
conditions for calibration curve preparation are
unknown; complicafed'operatidns are necessary for
establishing the conditions.

When the conditions for calibration curve
preparation are not established in the system, the
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
proﬁability of detection of the target nucleic acid
segments. Thereby the conditions for preparing the

calibration curve can be obtained easily. For

instance, in the specific example described before in

the Related Background Art, the number of the template
DNA in the sample is 1.1 x 10°, and at 107° dilution,
three samples out of the five samples are positive. In

this case, at the concentrations of 10 dilution or
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higher, all of fhe five tests of each concentration
Will be positive. 1In tﬁis example, firstly the
concentration range including the critical dilution of
the template DNA is determined according to the
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
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
practicable to check the formation of amplification
product for all over the dilutions, by use of a tool
such as a microplate which can provide many reaction
zones (chambers). For instance, when the sample
desqribed in the Related Background Art is treated on a
microplate according to the present invention, positive
wells and negative wells will be observed at the 10°°
dilution, while at the lower dilution levels, 10™*
dilution or lower, the same intensity of fluorescence
will be observed in the same dilution level, because
the amplification proceeds in the same degree in the
same dilution level. The plots of the average

fluorescence intensity of the five reaction of
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rgspective 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
the straight line, it means that the quantity of the
primer or other conditions need to be changed.

. If the fluorescence intensity is in a linear
relation with the dilutions, the number of the template
DNA and the quantity thereof (number x molecu;ar
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
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
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.
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
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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
measured.value for each of measurement conditions,
which is quite troublesomé. In the méthod of the
present invention, such blank value consideration or a
set up of determinatioﬁ conditions is not necessary,
differing from-with ethidium bromidé, since the dye
compound of the p;esent invention produces no or
negligible fluorescence in the free state. Further in
the present invention, the fluorescence intensity need
not be monitored during the PCR process as described in.
Japanese Patent Application Laid-Open No. 5-237000.

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

A nucleic acid determining kit can be providéd
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
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applying a solution thereof to each of the reaction
chambers, followed by evaporétion or drying or the
like. Such a constitution is practicable owing to the
stability of the dye compound at room temperature.

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

The reageﬁt chamber may contain a buffer
solution, nucleotides, the enzyme, etc. necessary for
the PCR together with the dye compound. When all of
these PCR substances are dissolved in an agqueous
solution, the organic soivent for the water-insoluble
dye-compound is preferably not more than 1 ¥ based on
the aqueous solution. This constitution of placing the
reagents for PCR and the dye compound together in a
reagent chamber is possible because the dye compound of
tbe present invention is incorporated into the double-
éfranded nucleic acid segments (amplification product)
at much lower density than ethidium bromide does,

resulting in little elevation of the melting
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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
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
solution containing the enzyme, nucleotides, a buffer
solution, etc in ﬁn amount nécessary for the PCR (see
Fig. 9A and Fig. 9B). With this device, PCR is
conducted by injecting a solution of template nucleic
acid into the reaction chamber 5 by a suitable means
such as a Pipetman, concomitantly breaking through the
container 2 to feed the contents therein to the
reaction chamber 5, and mixing the reaction components
to start PCR (see Fig. 9C). The dye compound for
détection of the amplified product may be added after
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.

| The dye compound may be added to the reaction
chamber for PCR prior to or after the PCR. 1In the

latter case, another reagent chamber may be provided in
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which a necessary amount of the dye compound is held,
aﬁd the dye compound may be added to the reaction
chamber after the PCR from the reagent chamber. Of the
compound represented by General Formula [I], water-
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
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
the reaction chamber can be simplified by placing the
primer separately and preliminarily in the reactor by
liquid application or in a powder state.

The detection of the amplification product of
PéR‘with the dye compound of the present invention is
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
the number of specific genes or the number of copies of
the specific gene of the above individuals with greatly

simplified operations.
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An example of the MPN-PCR method is described
bélow for measurement of the number of individuals of a
microorganism (cell number).

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

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

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



10

15

20

25

- 36 -

the wells Hl t6 H5. Then a reaction solution
dsntaining 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
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
for the positive fluorescence is derived. If the
numbers of positive samples out of the 5 samples at
each of the dilution level (positive sample number/
total sample number) are 5/5 at 10™ dilution, 3/5 at
107% dilution, and:O/S at 10°® dilution, the critical
dilution for the positive fluorescence is

105, The numbers of the positive samples (5, 3, and 0)
at these dilution degrees are respectively applied to
P,, P,, and P; shown in the MPN table shown later (cited
partially, for serial decimal diiutions in
quintuplicate, from J. Bacteriol. 25 101 (1933), page
400, "III. MPN (Most Probable Number) Table"”, thereby
the most.probable number of.0.79 is read from P,=5,
P,=3, and P,=0. This value is the number of the
template DNA derived by a probabilistic statistical
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
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contained in the soil is estimated as 0.79 x 10° x 10?2 =
0.79 x 10’. 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
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
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.

Table 1 MPN (Most Probable Number),

for Serial decimal Dilution, in guintuplicate
Pl PZ P3

0 1 2 3 4 5

5 0 (0.23)1(0.31)] 0.43 0.58 0.76 0.95
5 1 {(0.33)](0.46)] 0.64 0.84 1.1 1.3
5 2 (0.49)}{(0.70)| (0.95)] 1.2 1.5 1.8
5 3 (0.79){(1.1) { (1.4) 1.8 2.1 2.5
5 4 (1.3) |(1.7) {(2.2) [(2.8) 3.5 4.3
5 5 (2.4) 1(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).
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When a code without parentheses is obtained for the
eiperimental 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
literature. If an experimental result falls outside
Table 1, corresponding part of the original MPN table
of the literature should be referred to. The
literature includes MPN tables for various experimental
conditions, which may be uéed according to the
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
the dilution limif for the pésitive reaction, and the
second PCR operation to investigate the vicinity of the
critical dilution in detail to obtain the most probable
number of the individuals from the MPN table. For
example, from the above-described soil sample (1 gram),
DNA is recovered in the same manner as above. The
recovered DNA, without the above-described first
dilution, is serially diluted to the dilution degrees
of from 10! to 10°. The respective dilution solutions
are subjected to the first PCR in a conventional
manner, and the presence of the amplification product
is detected by agarose gel electrophoresis to find that

the dilutions are positive to the 1077 dilution degree.
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Then 5 samples of the respective dilutions at 10, 1077,
and 10°® dilution are again subjected to PCR. The
positive numbers at each dilution are 5/5 for 107
dilution, 3/5 for 1077 dilution, and 0/5 for 10
dilution. Therefore the value 0.79 is obtained from
the MPN table in the same manner as above. The number
of the template DNA in the soil is derived from this
value multiplied by the reciprocal of the dilution
degree of the dilution limit (0.79 x 107). This method,
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
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
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
serially diluted samples is required for statistical
treatment of the result. Even when PCR is conducted in

different vessels, the microplate is preferably used
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for the detection of the amplification product with the
dje compound.

This method for measuring the number of the
template DNA is applicable éffectively to measure the
cell number of the target microorganism in a liquid or
in soil, the number of microbial cells in various
samples, the number of cells in various samples, the
number of cells in various tissues, the number of a
specified gene and copy number thereof in wvarious
liviné body samples, and so forth. Usually, the
concentration of template DNA is estimated by weight
based -on the light absorption intensity. In the case
of cancer cells, however, the number of the copies (the
number of specified genes) is frequently of interest.
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
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
cancer cells.

This method is also useful for judging the

presence of cancer cells in a human tissue. For this
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purpose, for example, the number of a specified gene
cémmon 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
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°C for 3 hours.
Thereto 20 ml of acetic anhydride and 30 ml of p-
dimethylaminoacefophenone were added at rooﬁ
temperature. Then the mixture was stirred at 45°C for
24 hours for reaction. An equal amount of ethanol was
added thereto, and the mixture was cooled. Further
thereto, aqueous pbtassium iodide solution was added to
precipitate a crude crystalline matter. This crude
crystalline matter was collected by filtration, and
rgcrystallized from an ethanol-ether mixture (1:4 in
volume ratio) to obtain 2-methyl-4,6-bis-(4-N,N-
dimethylaminophenyl )pyrylium iodide (Compound 1 in
Table 2, where Y is I) in a green crystal form.

[ Analysis results of obtained Compound 1 (Y¥:I) ]
Melting point: 254 - 257°C
UV/visible (CH,CN, € x 10™*) Amax: 444 nm (2.43), 550 nm
(8.24)
NMR (*H, DMSO) &ppm: 8.3737 (1H, s), 8.2729 (1H, 4,

J=9.0 Hz), 8.1795 (1H, d, J=9.0 Hz), 7.8864(1H, s),
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6.9117 (4H, t, J,;=0,.=9.77), 3.1829 (6H, s), 3.1340
(6H,s), 2.6809 (3H, s)

FAB mass m/z 333

IR (KBr) v cm™: 1645, 1610(sh), 1580(s), 1490(s), 1270,
1200, 1160

2-methyl-4, 6-bis~-(4-N,N, ~dimethylaminophenyl)-
pyrylium perchlorate (Compound 1 (Y: Cl0;)) was prepared
in the same manner as above except that the aqueous
potassium iodide was replaced by aqueous perchlorate
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
hydrogen carbonate was dissolved. Further thereto, 50
ml of ethanol was added under cooling with ice. The
mixture was stirred at room temperature for 30 minutes.
?he precipitated sodium carbonate was removed by
filtration, and washed with 25 ml of ethanol. The
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
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
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adaed. The mixture was stirred at room temperature for
S'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
dichloromethane, purified by silica gel column
chromatography, and the product was recrystallized from
a ethanol-ether mixed solvent (1l:4 in volume ratio) to
obtain 0.7 g of crystalline 2-methyl-4,6-bis-(4-N,6N-
dimethylaminophenyl )thiopyrylium iodide (Compound 2 in
Table 2, where Y is I).

[ Analysis results of obtained Compound 2 (Y:I) ]
Melting point: 246 - 248°C
UV/visible (CH,CN, € x 107*) Amax: 495 nm (2.50), 587 nm
(4.95)
NMR ('H, DMSO) &ppm: 8.5679 (1H, s), 8.4323 (1H, s),
8.2436 (2H, 4, J=9.27 Hz), 7.9786 (2H, 4, J=9.28),
6.8959 (4H, t, J,;=J,.=9.28), 3.1756 (6H, s), 3.1157
(6H,s), 2.8323 (3H, s)
FAB mass m/z 349
IR (Kbr) v cm™®: 1600(s), 1560(s), 1640(s), 1430(s),
1370(s), 1260(s), 1160(s)

2-methyl-4, 6-bis~-(4-N,N, -dimethylaminophenyl)-

thiopyrylium perchlorate (Compound 2 (Y¥: Cl0,)) was
prepared in the same manner as above except that the
aqueous potassium iodide was replaced by an aqueous

perchlorate solution.
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Reference Example 3

Compounds 3 to 55 shown in Table 2 were
prepared respectively. In Table 2, & represents a p-

phenylene group, or a phenyl group.
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Table 2 (continued)
Compound '
P XY R; L A
No. .
3 . O ClO4 R6 = (D q)_N(CHg)z
or R,=H :
I R,=A
R,=H
R=®
4 S | Clo, {Ry=d ©—N(CHy), :
or [R,=H ' >
I R, =A .
R,=H
R=®
5 O | cio, |R;=® general formula [11] ®—N(CH,CH,),
I R8 = L""‘A Z = H
R,=H
R,=®




Table 2 (continued)

Compound x| v R L A
No. 1 .
6 S | clo, [R;= general formula [II] ®—N(CH,CH,),
or |R,=H n=0
I RS =L—A Z=H
R,=H
R,=®
7 O [clo, [Ry=0 general formula [1I] ©—N(CH,), |
or |R,=H n=0 ~
I Ry=@ Z=H !
R,=H
R=L—A
8 S | c10, |R=® general formula [I1] ®—N(CH,),
or |R,=H n=0 .
I R,=® Z=H
R,=H
R,=L—A
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Table 2 (continued)
Compound - R A
No. XY i L :
9 O | clo, [R;=® general formula [II] ®—N(CH,),
or R., =H n= 1
I Rs =L—A 7Z=H
R,=H
R=
10 clo, [R=® general formula [I1] ®—N(CH,), a
or |R,=H n= 1 ~
I Rs =L—A Z=H I
R,=H
R10= @
11 clo, |Rg=® ' general formula [II] ®—N(CH,),
or [R,=H n= 1 : |
I [Ry=L—A Z = (—)CH=CH~—®—N(CH,), , 1
R =H - |
9 : |
R,=®




Table 2 (continued)

Compound
. L A
No. X\ Y Ry
12 S | c10, |R=@ ~ general formula [II] ®—N(CH,),
or |R,=H n=1
I |Rg=L—A Z = (—)CH=CH—®—N(CH,),
R,=H |
R10= (D
13 O | clo, |R,;=® general formula [IIT] ®—N(CH,),
or [R,=H n=1 '
I R,=L—A
R,=H
R~
14 S | clo, |R=® general formula [II1] ®—N(CH,),
or |R,=H n=1
I R,=L—A
R,=H
R,=®
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Table 2 (continued)

Compound
No.
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or

XY L A
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general formula [IV] - ®—N(CH,CH,),
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Table 2 (continued)

Compound
No. XY R, L | A
18 S | clo, [R=® general formula [IV] - @—N(CH,CH,),
or [R,=H
I R,=®
R,=H
R,=L—A
19 O | clo, |R=® general formula [V]
or |R=H &-N(CH3),
I R;=®
R,=H . :
R~L—A (-)CH 0"~ " ®-N(CHa),
20 S | Cl10, |R;=@ general formula [V] & —~N(CHa),
or |R,=H
I |R,=®
R,=H E
R=L—A (-)CH S $ ~-N(CH3),

_Ig_




Table 2 (continued)

Compound -
i A
No. XY R; L
2] 0 Clo, |R,=® general formula [V] & ~N(CHs),
~or [R,=H .
I R,=®
R,=H
R=L—A (CHZS” > ©-N(CHy);
. =
22 O | Cl0, |R; general formula [VI] ®-N(CHz),
or |R,=H
I R,=®
R9 = H .
R=L—A (-)CH O o ~-N(CH3),
23 S | Cc10, |R;=® general formula [VI] ' & ~-N(CH3),
or |R,=H
I R,=® '
R,=H : _
R=L—A (-)CH S o -N(CH3),

— Zg -




Table 2 (continued)

Compound
No. XY R, L
24 0| Cclo, (R=D general formula [VI] & -N(CHz);
or |R,=H
1 R,=®
R,=H
R,=L—A
25 O | clo, |R=@ general formula [II]
or |R,=H n=0
I R8 = Z=H
R,=H
R,=L—A
26 S | 10, |[R,=® general formula [II]
or |R,=H n=0
I |Ry=0 Z=H
R,=H
R,=L—A




Table 2 (continued)

Compound .
No. X .Y Ry L A
27 0 | clo, [R,=® general formula [II] e
P gene -N(CH),
I R,=® Z=H
R,=H |
R,=L—A _ | (OCH” 0" " ®-N(CHy),
28 S | C10, |R j(I) general formula [II] h & -N(CH3), '
or |R,=H n=0 4
I R = Z=H !
R,=H 5
R=L—A (-CH S o -N(CH3);
29 O | Clo, |R;=® general formula [II] . & ~N(CH3),
or [R,=H n=0"
I |Ry=@ Z=H
R,=H "
R,=L—A ()CH ™ "0 "~ ¢~-N(CHj),




Table 2 (continued)
Compound '
X|Y R; L A
No. .
30 O | C1l0, [R;=D general formula [II] $-N(CHj),
or R7 =H n=0 |
I |R=L—A Z=H (-)CH 0
R,=H
R,= P ®-N(CHa)z
31 S | Clo, |R;=® general formula [II] $-N(CH3)2
or [R,=H n=0
I |Ry=L-A Z=H (CH S
R,=H
R,=® $~N(CH3),
| 32 O | ClO, |R;=® general formula [II] $d-N(CHzs),
or R., =H n=0
[ |Ry=L-A Z=H (-)CH S
R,=H
R,=® ©-N(CHjy),

_gg_




Table 2 (continued)
Compound : '
XY R; L A
No. 1
33 O | C10, |R,=®—N(CH,), ®—N(CH,),
or or |R,=H
s| 1 R =A
R,=H
R,;=®—N(CH,),
34 O | €10, |R,=®—N(CH,), CH, 1
or or (R,=H " o
s | I R;=A .
R,=H
R,=®—N(CH),
35 O | Clo, |R,=®—N(CH,), ®—COOH
or or |R,=H '
s | I R,=A
R,=H
R,= ®—N(CH,),
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Table 2 (continued)

Compound ' . , |
No. Xi{Y | Ry L A ' |
36 | 0| clo, |R,=®—N(CH,),| general formula (@] ®-N(CH),

or or |R,=H n=0
s| I [Ry=L—A Z=H
R,=H
R,= ®—N(CH,),
37 O | C10, |R,=®—N(CH,),| general formula [II] ®—N(CH,), '
or| or |R;=H n=1 3
S I R8 =L—A Z=H i
R,=H
R = ®—N(CH,),
38 O | C10, {R,=®—N(CH,),| general formula [TII] ®—N(CH,),
or| or |R,=H n=1
s| 1 |R=L—A
R,=H
R = ®—N(CH,),




Table 2 (continued)

Compound : | :
XY R; ' L A
No. 1 :
39 O | C10, |R(=®—N(CH,),| general formula [IV] _ ©—N(CH,),
or or |R,=H
S I Rs =L—A
R,=H
R,;= ®—N(CH),),
40 O | C10, |Ra=®—N(CH,),| general formula [[I] ©—COOH !
‘lor| or |R,=H n=0 ' | &
s| 1 |R=L—A Z=H .
R,=H
R, = ®—N(CH,),
4] O | €10, |R;=®—N(CH,),| general formula 11] ®—COOH
or| or [R,=H n=1
S I Rg =L—A Z=H
R,=H
R,= @~ N(CH)),
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Table 2 (continued)
Compound -
x|y | R L | A
No.
42 O | C10, |Rg=®—N(CH,),| general formula [11I] $—COOH
S I R8 = L_A
R,=H
R,;=®+N(CH,),
43 O | C10, |R;=®—N(CH,),| general formula [IV] ®—COOH !
or| or |R;=H b
S I R8 = L""A 1
R,=H
R,;= ®—N(CH,),
44 O | Cl0, [Rg=L—A general formula [II] 1 ®—N(CH,)),
S I Ry=®—N(CH,),| 2=y
R,=H '
R,=®—N(CH,),




)
Table 2 (continued)
Compound :
, A
No. | X1 Y R; L
45 O | clo, |R;=L—A general formula [} ®—N(CH,),

R
or or |R,=H n=1
s| I |Rg=@®~NCHy,| z=-y
R,=H
R,=®

= @ N(CH,),
46 O | €10, (R,=L—A general formula [IH] ©—N(CH,), !
or or R7 =H n=1 . 8
g | I R, =®—N(CH,), .
R,=H
R,= ®—N(CH,),
471 | o|clo, [R,=L—A general formula [IV] ®—N(CH,), | - B

or or
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Table 2 (continued)

Compound x| v R, L A
No. !
48 O | €10, |R;=L—A general formula [II] $—COOH
or or |R,=H n=0
s| 1 |Re=®-NCH),| z-g
R,=H
R,= ®—N(CH,),
49 0 | €10, |R,=L—A general formula [II] ®—COOH "
or| or |R;=H n=1 o
S I Rs = (D_N(CHa)z Z=H !
R,=H
R,=®—N(CH,),
50 O | clo, [R;=L—A general formula [1II] ®—COOH
or or |R,=H n=1
g | I R, =®—N(CH,),
R,=H
R,=P—N(CH,),




Table 2 (continued)

Compound
X1Y R; L A
No. 1
51 O | Cl0o, |[Rg=L—A general formula [IV] ®—COOH
or| or |R=H .
s | I R, =®—N(CH,),
R,=H
R,;= ®—N(CH,),
52 O | Cl0, [R=A —COOH
or or |R;=H
s | I R, =®—N(CH,),
R,=H
R,;=P—N(CH,),
53 O [ Clo, [R,=A ©—COOH
or or |R,=H
g | I Ry =®—N(CH,),
R,=H |
R,;= ®—N(CH,),

.'_29...

-
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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
Compound [i] according to the method described by W.
Foerst et al. ("New Methods of Preparative Organic

Chemistry", Acad. Press (1964)),

(il

-+
0~ “CH,4

reacting it with p-N,N-dimethylaminobenzaldehyde

( formula shown below):

HCO%{l}wN(CH3)Z

and by reacting the resulting compound with a desired
anion.

| Compound 17 was prepared by reacting Compound
[i] with p-diethylaminostyrylbenzaldehyde (formula

shown below):

HCO%{l}HCH=CH{Z;>—N(CZHSh

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

[i] with sodium hydrogen sulfide.
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[ii)

+
S” “CH,

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

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

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

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

using p-diethylaminostyrylbenzaldehyde.
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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:
(CHg) 4 N—@—CH=CH—ﬁ—CH=CH—@—‘N (CHg) 5
0 ) .
Compound [iv] was obtained by reacting Compound

[1i1ii] with sodium hydrogen sulfide:

CH3
[iv]

4

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

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

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

benzaldehyde and acetophenone in the same manner:
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CHgq

[v]

+
o)

Compound [vi] was prepared by reécting Compound

[v] with sodium hydrogen sulfide:

CH,

[vil

+
S

Compounds 13 and 14 were prepared reépectively
by reacting Compound [v] and Compound [vi] respectively
with p-dimethylaminobenzaldehyde, and the resulting
compound with a desired anion.

Compounds 19, 20, and 21 were prepared
fespectively by reacting Compound [i] or [ii] with the
cation portion of Compound 1 or 2, and the compound of

the formula below:
O~ OH

07 OH

and reacting the product further with a desired anion.
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
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the formula below:
.0 OH
O;OH
0

and reacting the product further with a desired anion.

Compounds 25 and 26 were prepared respectively
by reacting Compound [i] or [ii] with the compound of
the formula below:

Hy C CHO

CH4

(CH3)2N

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
cation portion of Compound 1 or 2, and ethyl
orthoformate [HC(OC,H;);], and reacting the product
further with a desired anion.

Compounds 30, 31, and 32 were prepared
réspectively by reacting Compound [iii] or [iv] with a
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

processes below.
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Synthesis of Compound 33

N{CH3),
- Q
T 2 .CH3C~@N(CH3)2
CHO
Compound 33
| (X=0)
CHz)o N .
(CHsl2 I N(CH3)p
or
ClOg
lNaSH

Compound 33 (X =S)
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Synthesis of Compound 34

9

— —>
CHgz
| Compound 34
" % (X=0)
CH ' -
or
ClOg
lNaSH

Compound 34 (X :S)
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Synthesis of Compound 35

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

Compound 35 (X :S)
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Synthesis of Compound 36

Compound 34 + @
(X=0)

‘N(CH3)»

>

%H Compound 36
CH (X=0)

o)
(CHzlpN™" T N(CHJ),

or
ClOag
J/ NaSH

Compound 36 (X =S)
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Synthesis of Compound 37

N(CHz)5

Compound 34 +
(X=0)

CH Compound 37
CH (X=0)

(CH3l2 N I N(CH3),
or
CIOZJ;
} NaSH
Compound 37 (X=S)
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Synthesis of Compound 38

(CH3)2N®C- @cm

CH3C-®N(CH312

N(CH5x),

Compound 38

\6 (X=O)

(CHa)oN I N(CHz)2

or
ClOq
l NaSH

Compound 38 -
(X=8)
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Syﬁthesis of Compound 39

Compound 34 +CH3)2N@C'C©-C
(Xx=0)

l

N(GHa),

© Compound 39

.9 (X=0)

: +
(GHa)N I N(CHz2)2

ClOy
| NasH
Compound 39 (X:S)
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Compound 40 was synthesized in the same manner

Compound 36 except for using the compound

HOOC-@CHO
(CHoN @CHO

a starting material.

place of

Compound 41 was synthesized in the same manner

Compound 37 except for using the compound

HH
HOOCQC:C—C HO
place of
HH
(CHQZNQC:C—CHO

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

Compound 38 except for using the compound

\ HH
HOOC®C=C®CHO

place of

(CH3); NQCH'—‘CHQCHO

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

Compound 39 except for using the compound
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\ H_H
oo Y4 VHero

in place of

H H
(CH3) 2N©C=C®CHO

as a starting material.
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Synthesis of Compound 44

compound 1+ (CHzl»N ‘@CHO
(x=0)

NCH3),

Compound 44
(X=0Y} .

4 HH
0~ ~CC N(CH3) 5

(CH3),N
I” or ClOj

l NaSH

Compound 44 (X ::S)
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Synthesis of Compound 45

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

1

N(CH3)»

(X=0)

Compound 45
(Xx=0)

(CHLN

L NaSH

Compound 45 (X=S)
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Synthesis of Compound 46

(C H3)2N @CHO
0. '
A Ve W

-(CH3)2N@E£—g @N(GH312

[I1X]

Compound [ I X]

Q H H
+ CH3C C=C N(CH3)2

N(CHz)»

Compound 46
. (X=0)
O

- HH /7 \
(CH3)oN - C=C®~N(CH3)2

or

ClOz \N aSH

Compound 46
(X =S)
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Synthesis of Compound 47

‘ HH
Compound 1 +(CH3)2N‘®C=CQCHO
- (X=0)

N(CH3)

Compound 47 (sz)

o c-c@ @N(CH 2,
(CH3 )N '

I or ClO,4
} NaSH

Compound 47

(X=$)
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Compound 48 was synthesized in the same manner

Compound 44 except for using the compound

HOOC@CHO
place of
(CH3)2N®GH0

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

Compound 45 except for using the compound

OOC@C C-CHO

place of

' H H
(CH3)2N©C=C-CHO

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

Compound 46 except for using the compound

0 H H
CH36®»C:C COOH

place of

Natla e

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

Compound 47 except for using the compound
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H H
HOOG C=C®C HO

in place of

H H
(c H3)2N®c=c @CHO

as a starting material.
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Synthesis of Compound 52

. ]
Compound [ 1 X] '+ CH3zC-COOH

(X=0)

iNaSH ;

Compound 52.
(X=8)
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Synthesis of Compound 53

o 5 |
Compound.[ 1x; + CH3& @‘COOH

N(CH3)»

Compound 53

5 (X=0)
(CH3)N I OOH

oxr

Cloz

l NaSH

Compound 53
(X=8)
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- Synthesis of Compound 54

0O
Compound [ X] + CH3&~©¢

N(CH3),

Compound 54

(X=0)

or

CI0g

l NaSH

Compound 54
(X=9)
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Synthesis of Cbmpound 55

®0H0+ 2 CH36©N(CH3)2

Compound 55

Xt ol
(CHg)N-
- L N(CH3)
Clog |
1 NaSH

Compound 55
(X=S)
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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
concentration of 10 mM, followed by dilution with water
containing 10% acetonitrile to the final concentration of
Compound 1 of 3 x 10° M. This solution is referred to as
“"Sample I". The absorption spectrum of Sample I was
measured with a spectrophotometer in a conventional manner.

Salmon sperm DNA (made by Sigma Co.) was dissolved

in a TE buffer solution (10 mM Tris - 1lmM EDTA), and was'
purified by phénol extraction. The purified DNA was
further digested with restriction enzyme EcoRI for easy
handling. An aliquot of this DNA solution was mixed with

the stock solution of Compound I to give a DNA

‘concentration of 50 ug/ml and a Compound 1 concentration of

3 x 10 M. This solution containing 10% acetonitrile is
referred to as "Sample II". The absorption spectrum of
Sample II was measured with a spectrophotometer in a
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
Sample II were taken in a conventional manner, Sample I
showed a trace fluorescénce peak at about 650 nm by
excitation at 550 nm, whereas Sample II containing DNA

showed a strong fluorescence peak at about 650 nm with
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an intensity of about 100 times that of Sample I at the
ééme excitation wavelength. This shows that Compound 1
is a powerful intercalator.

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

the absence of DNA. The excitation light was emitted

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

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

Typical examples are shown in Table 3.

Table 3
Compound Maximum absorption Fluorescence

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

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

2 580 nm 620 nm 700 nm 60-fold

3 535 nm 570 nm 640 nm 13.6-fold
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4 575 nm | 610 nm 705 ﬁm HlO—fold
6 660 nm 690 nm 800 nm 7-fold

8 650 nm 670 nm weak -

9 660 nm 720 nm 750 nm l16-fold
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 -

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
amplification product was detected by use of 2,4-bis(4-
N,N-dimethylaminophenyl)-6-methylpyrylium salt.

Firstly, the entire DNA of P. aeruginosa was
prepared as follows. After overnight incubation in a
ZQYT culture medium, the cells of 2 ml culture were
collected by centrifugation. The collected cells were
suspended in 0.5 ml of 0.1M phosphate buffer solution
(pH: 8.0), to which 0.05 ml of 10% SDS solution was
added. The suspension was mixed well, and was kept
standing at 70°C for one hour. Then the suspension was
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




TN

10

15

20

25

- 91 -

layer was collected. Thereto ethanol of twice volume
was added to recover DNA as precipitate. The DNA was
dissolved in 100 pl of TE buffer (pH: 8.0). This DNA
was used as the template DNA.

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
fhe techniques for the synthesis are based on the
protocol of ABI Co.

PCR was conducted with the template DNA and the
primers under the following conditions:

[ PCR conditions ]

Composition of reaction solution (total volume: 50 pl):

10x buffer*: 5 pl
dNTPs: 5 pl
Primers 1 and 2: 10 pmol respectively

Taq DNA polymerase: 0.5 unit
Template DNA: 500 pg, 100 pg, 10 pg, 1 pg,
100 fg, or 10 fg
*(100 mM tris-HC1l(pH 9.0), 500 mM KCl,
1% Triton X-100, 25 mM MgCL, )

The components were mixed and thereto
séerilized water was added to the total volume of 50
pl. The mixture was allowed to react in a Thin-Walled
Gene Amp tube (entire volume: 0.5 ml, made by Takara
Shuzo Co., Ltd.). Separately, as the blank, a sample

was prepared in the same manner as above except that
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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, ) and the dNTPs were supplied
with the polymerase. '
Reaction cycle:

Pre-incubation at 92°C for 5 minutes,

30 cycles of 92°C for 45 seconds/

55°C for 60 seconds/ and 72°C for 90 seconds,

Final incubation at 72°C for 5 minutes followed

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
20-fold with TE buffer (10 mM Tris-HCl (pH: 8.0) - 1 mM
EDTA), to the final volume of 50 pl on a 96-well
microtiter plate (Falcon Assay Plate 3911 (U-bottomed
well) made by Becton-Dickinson Co.) (See Fig. 1). To
each of the wells, was added 1 pl of 150 upg/ml 2,4-
bis(4-N,N—dimethylaminophenyl)—6-methy1pyrylium iodide
solution in acetonitrile. The contents of the wells
were mixed well by pipetting. The microplate was set
on a Millipore.Fluorescence Apparatus (CytoFlour 2350),
apd using the excitation filter to pass the light of
ﬁavelength 590 nm and the emission filter to detect the
light of wavelength 645 nm, the fluorescence under the
excitation light irradiation was measured. Fig. 2
shows the fluorescence intensity at 645 nm of the

respective dilutions as a function of the amount of the
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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
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
of detection with 2,4-bis(4-N,N-dimethylaminophenyl)-6-
methylpyrylium salt to the reaction solution in eachlof
the well, a 5 pl aliquot of the respective reaction
solutions were taken out and subjected to agarose gel
electrophoresis. The gel was stained with ethidium
bromide (hereinafter referred to as EB), and the amount
of the PCR amplification product was estimated from the
fluorescence density of the band. As a result, a
distinct band was observed at the template DNA levels
6f 500 pg, 100 pg, and 10 pg; a weak band was observed
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
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
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higher-ordered product formed betﬁeen the primers.

Comparative Example 1 [ Detection of PCR amplification

product with EB ]

The same operation was conducted as in Example
1 except that EB was used in place of 2,4-bis(4-N,N-
dimethylaminophenyl )-6-methylpyrylium salt with the
following operation conditions. To each of the wells,
was added 1 pl of 250 pg/ml EB solution, and mixed well
by pipetting. The mixture was left standing at room
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
observed at all the wells indluding control wells.
Moreover, no difference of the fluoreécence intensity
was observed between the sample wells containing the
template DNA and the wells not containing template DNA
(cogtrol wells). Therefore, the quantitative
determination was impossible. This was attributed to
the presence of higher-order structured mattér formed
from primers in the sample and blank wells.
Comparative Example 2 [ Detection of PCR amplification
product employing YOYO-1 ]

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-
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methylpyrylium salt with the following operation
cénditions. The YOYO-1 solution was prepared by
diluting 1 mM stock solution 120-fold, and 1 pl of the
diluted YOYO-1 solution was added to each of the wells,
and mixed well by pipetting. The m;xture was left
standing at room temperature for 5 minutes. The
fluorescence intensities were measured by means of
Millipore Fluorescence Apparatus with a 485nm-light
fransmitting excitation filter and a 530 nm-light
transmitting emission filter. Fig. 3 shows the
results. As shown in Fig. 3, the fluorescence
intensity increased in proportion to the amount of the

template DNA, but the increase rate is low. Moreover,

- the blaﬁk wells also produced fluorescence at

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

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-
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bis(4-N,N-dimethylaminophenyl-6-methyl)pyrylium iodide
ndt influenced by the higher-order structured product
formed from the primers. This result is well
consistent with the result of EB staining of agarose
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
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,
guantitative determination being practicable.
Example 2 [ Measurement of bacterial cell number by PCR
employing a microplate ]

An overnight culture (2xYT medium) of E. coli
JMlQQ strain was added to soil. From the soil, DNA was
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
numbers per gram of soil of about 107, about 10°, about
10%, and about 10* (corresponding to Samples A, B, C,

and D in Fig. 4, respectively), and the soil samples
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were stirred. One gram of the soil sample containing
EL coli was respectively suspenéed 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,
after being sufficiently stirred, was left standing at
70°C for one hour. The suspension was mixed with a
vortex mixer for complete cell lysis. To the lysate,
an equal amount of a phenol-chloroform mixture was
mixed. After centrifugation, the ﬁpper layer was
collected. Thereto, twice the amouht of ethanol was
added to recover DNA as the precipitate. This
precipitate was dissolved in 100 pl of a TE buffer
solution (pH 8.0) to form a template DNA solution for
PCR.

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
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
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
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of the microplate contains preliminarily applied and
d;ied 1 ul of a solution of 2,4-bis(N,N-dimethylamino-
phenyl)-6-methylpyrylium iodide in acetonitrile of the
same concentration as in Example 1. Starting from the
DNA solution (the extracted DNA solved in 100 nl),
eight successive 10-fold dilutions of the template DNA
(10! to 107®) were prepared and each dilution (1 pl) was
distributed in five wells in one line as shown in Fig.
4 for the PCR reaction. The PCR reaction apparatus was
Model PTC-100-96 made by MJ Research Inc. |

After the PCR reaction, 5 pl of acetonitrile
was added to each of the wells on the microplate. Each
mixture was agitated sufficiently, and was left
standing for 5 minutes. Then the microplate was set on
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
amplification product (shadowed wells in Fig. 5). From
the results, the numbers of E. coli in the respective
soil samples were estimated to be 4.9 x 10°, 7.9 x 10°,
2.2 x 105, and 7.9 x 10° by reference to the table for
MPN.
Comparative Example 3

The numbers of E. coli cells in the same so0il
samples prepared in Example 2 were measured by plate

count method in which a predetermined amount of the
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sémple was inoculated in an E coli culture platé and
fhe nuﬁber 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.

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

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

In each of the wells of a_microplate as used in
Example 2, 1 ﬁl of 2,4-bis(4-N,N-dimethylaminophenyl)-
6-methylpyrylium iodide solution in acetonitrile and
the primers (two kinds of primefs, 10 pmoles) as used
in Example 2 were applied and dried.

Separately, from 2 ml of an overnight culture
of E. coli, DNA of E. coli was extracted in the same
manner as in Example 2, and the extract was diluted
100-fold to obtain a template DNA solution.

This template DNA solution was serially diluted
in the same manner as in Example 2. The dilutions were
added by 1 ul each to the wells of the microplate as
shown in Fig. 5. To each of the wells, the PCR
reaction solution was added which contains one Ampli
Wax PCR Gem 100 (made by Perkin-Elmer) and the

components below:
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10x buffer: 5 pl

dNTPs: 5 pl

Tag DNA polymerase: 0.5 unit
Further, to each of the wells, sterilized water was
added to the total volume of 50 pl. Then PCR was
carried out with a PCRIapparatus, Model PTC-100-96
(made by MJ Research Inc.), under the same conditions
as in Example 1.

After the PCR reaction, 5 pl of acetonitrile
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

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

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
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to be 4 x 10°, 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
detection can be decided, and the sample concentration
can be set according to the results of Examples 2 and
3. Therefore calibration curves caﬁ be prepared for
the number of the cells, the copy number, and the
amount of template DNA.

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
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
Biochemistry)" vol. 2, Nucleic acid I, page 48): 2 ml
of D Solution (4M guahidine thiocyanate, 25 mM sodium
citrate (pH 7.0), 0.5% sodium N-lauroylsarcosinate, and
0.1M 2-mercaptoethanol) was added to each of the tissue
samples, and the tissue was immediately homogenized in
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
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phenol, and 0.4 ml of chloroform-isopentyl alcohol
(49:1 in volume ratio) with sufficienf stirring at each
addition. The mixture was shaken by means of a Vortex
mixer for 10 seconds, cooled with ice for 15 minutes,
and subjected to centrifugation at 4°C at 10000 x g for
20 minutes. After the centrifugation, to the aqueous
layer, an equal amount of isopropyl alcohol was added,
and the mixture was left standing at -20°C overnight.
The mixture wés then centrifuged as above and 0.6 ml of
D Solution was added to dissolve the precipitate.
Thereto an equai amount of isopropyl alcohol was added.
The mixture was cooled at -20°C for one hour, and
centrifuged at 4°C at 10000 x g for 20 minutes. The
obtained precipitate was suspended in 75% ethanol, and
the suspension was centrifuged again.at 10000 x g, at
4°C for 20 minutes. The précipitate was dried as a
crude RNA fraction, which was heated at 65°C for 5
minutes, then cooled rapidly to room temperature, and
wés_washed with an equal amount of a 2x TNEL buffer
solution [20 mM Tris-hydrochloric acid buffer solution
(pH 7.6), 0.5M sodium chloride, 1mM EDTA, and 0.1%
sodium N-lauroylsarcosinate]. The washed crude RNA
fraction was applied to an oligo(dT)-cellulose column
made by Pharmacia) equilibrated with a TNEL buffer
solution, and mRNA was eluted with an extraction
solution (TNEL buffer solution without 0.5M sodium

chloride).
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(2) Preparation of cDNA:

Double-stranded cDNA was prepared from the:
above mRNA by means of TimeSaver™ cDNA Synthesis Kit.
(3) Constitution of quantitative determination kit:

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

dNTPs: 5 pul

Taq polymerase: 0.5 unit

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

methylpyrylium iodide solution in

acetonitrile: 1pl
10x buffer: 5 pl
Distilled water: 39 pl

(freeze stored)

The container 2 was set in the vessel 1 as
shown in Fig. 9B to make up a kit. The cDNA samples
obtained above from each of the aforementioned Tissue A
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-
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diluted sample) was injected with a Pipetman to the
bottom of vessel 1 of the kit, bieaking through the
paraffin-coated paper container 2. After the injection
of cDNA, the vessels were centrifuged to transfer the
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.
(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.
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.
(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-
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
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samples derived from Tissue B.
omparati Exampl
The above Tissue A and Tissue B were examined
by a conventional culture method. Tissue A exhibited
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
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.
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WHAT IS CLAIMED IS:
1. A method for quantitative nucleic acid

determination, comprising conducting PCR of a nucleic
acid sample with a primer set required for
amplification of a specific sequence region of a target
nucleic acid; reacting a double~stranded amplification
product which will be formed when the target nucleic
acid is present in the sample with a dye compound which
does not fluoresce in the free state but fluoresces in
the bonded state to double-stranded nucleic acid, and
measuring intensity of the fluorescence to
quantitatively determine the target nucleic acid in the

nucleic acid sample.

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

compound is represented by the general formula [I]

below : 1 _ e e o e = s it e s+
R N This Sheet Has Been Replaced
s a R T[]
AR
R3 |
y - -~ \ .
where i }* represents .a heterocycle where X is 0, S,

~—

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

R! and R? are independently a hydrogen atom, a halogen

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

Hll!lll HIIH lllH Hlll | llll

REPLACED

THIS SHEET HAS BEEN




e omto et e e m meb ot et 2 80 4 ne Mk n e wmaran o

- 107 -

group, a nitro group, a hydroxyl group, a carboxyl
group, a cyano group, a substituted or unsubstituted
lower alkyl group, a substituted or unsubstituted aryl
group, a substituted or unsubstituted lower aralkyl

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

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

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

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

unsubstituted aryl group, or a substituted or

Temee —— | /ll/ill///l//m///])},‘,;,”'/‘“
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3. The method for quantitative nucleic acid
determination according to claim 2, wherein the dye
compound represented by the general formula [I] is a
2,4~-bis(4~N,N-dimethylaminophenyl )-6-methylpyrylium
salt, or a 2,4-bis(4-N,N-dimethylaminophenyl )~6-

methylthiopyrylium salt.

4. The method for quantitative nucleic acid
determination according to any one of claims 1 to 3,
wherein the dye compound is insoluble in water; PCR is
conducted in an aqueous reaction system containing the
dye compound and an aquecus medium; and a solvent is
added to the reaction system after the PCR to dissolve
the dye compound thus enabling the reaction with the

amplification product.

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

not less than 100 base pairs.

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

less.

7. A kit for quantltatlve nuclelc acid

RN N

n Re
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determination, comprising a reactor containing a

réquired amount of a dye compound in a reaction chamber
for PCR, the dye compound not producing fluorescence in
the free state but producing fluorescence in the bonded

state to double-stranded nucleic acid.

8. The kit for quantitative nucleic acid
determination according to claim 7, wherein the reactor
further contains in the reaction chamber a required
amount of a primer set which is necessary for the PCR
amplification of a specific sequence region of a target

nucleic acid.

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

below: Rl
AVEEN

RE—L ‘x+ Y™ (13
o3 <=

o

where ( gV represents a heterocycle, and X is 0O, S,
Se, or Te;_;he heterocycle including a five-membered
and six-membered ring such as a pyrylium ring and
pyrylium-analogous ring;

R! and R? are independently a hydrogen atom, a halogen

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

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

Hlllll! I IIIH Hlll | lll!
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group, a cyano group, a substituted or unsubstituted
lower alkyl group, a substituted or unsubstituted aryl
group, a substituted or unsubstituted lower aralkyl
group, or a substituted or unsubstituted cycloalkyl
group;

R® is a group of -A or -L-A wherein L is -L'-, -L?-L3-,
or -L*-L°-L%-, L' to L® being independently -(CH=CH)-, a
bivalent group derived from a substituted or
unsubstituted aryl group, a substituted or
unsubstituted alkglene group, or -CH=R‘-~ (R* being a
cyclic structure having an oxo group); A is a
substituted or unsubstituted aryl group, or -CH=R® (R®
being a substituted or unsubstituted heterocycle, a
substituted or unsubstituted cycloalkyl group, or a
substituted or unsubstituted aromatic ring):

in the pyrylium ring or a pyrylium—analogous ring
containing X, the hydrogen atom bonded to the carbon
atom, which is not linked to R!, R?, or R3, may be
substituted by a halogen atom, a sulfonate group, an
amino group, a styryl group, a nitro group, a hydroxyl
group, a carboxyl group, a cyano group, a substituted
or unsubstituted lower alkyl group, a substituted or
unsubstituted aryl group, or a substituted or

unsubstituted lower aralkyl group; and e

e LT

10. The kit for quantitative nucleic acid
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determination according to claim 9, wherein the dye

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

methylthiopyrylium salt.

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

PCR.

12, A kit for quantitative nucleic acid
determination, comprising a reaction chamber for PCR
and a reagent chamber separated therefrom, the reagent
chamber containing a required amount of a dye compound
which does not fluoresce in the free state but
fluoresces in the bonded state to double-stranded
nucleic acid, the dye ¢ompound in the reagent chamber
being provided so as to be transferable to the reaction

chamber.

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

reagent chamber contalns also a reagent for the PCR.

||I||II| SR AR
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. 14. The kit for quantitative nucleic acid
détermination according to claim 13, wherein the
reagent chamber is divided into several chambers, and a
dye compound-containing reagent chamber and a PCR

reagents-containing reagent chamber.

15. The kit for quantitative nucleic acid
determination according to any of claims 12 to 14,
wherein a necessary amount of a primer set required for
PCR amplification of a specific sequence region of a
target nucleic acid is contained in the reaction

chamber.

16. The kit for quantitétive nucleic acid
determination according to any of claims iZ to 15,
wherein the dye compound is represented by the general
formula [I] below:

1
R
\<—~

%-.../
R3

o

hY
where )U represents a heterocycle, and X is 0, §,

I
\
~ e

Se, or Te, the heterocycle including a five-membered
and six-membered ring such as a pyryliuﬁ ring and .
pyrylium~analogous ring:;

R' and R’ are independently a hydrogen atom, a halogen
atom, a sulfonate group, an amino group, a styryl

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

[T
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group, a cyano group, a substituted or unsubstituted
léwer alkyl group, a substituted or unsubstituted aryl
group, a substituted or unsubstituted lower aralkyl
group, or a substituted or unsubstituted cycloalkyl
group;
R} is a group of -A or -L-A wherein L is -L'-, -L2-L3-,
or -L*-15-15-, L' to L® being independently -(CH=CH)-, a
bivalent group derived from a substituted or
unsubstituted aryl group, a substituted or
unsubstituted alkylehe group, or -CH=R‘-~ (R! being a
cyclic structure having an oxo group); A is a
substituted or unsubstituted aryl group, or -CH=R® (R®
being a substituted or unsubstituted heterocycle, a
substituted or unsubstituted cycloalkyl group, or a
substituted or unsubstituted aromatic ring):
in the pyrylium ring or a perlium—analogous ring
containing X, the hydrogen atom bonded to the carbon
atom, which is not linked to R!, R?, or R3}, may be
substituted by a halogen atom, a sulfonate group, an
amino group, a styryl group, a nitro group, a hydroxyl
group, a carboxyl group, a cyano group, a substituted
or unsubstituted lower alkyl group, a substituted or
unsubstituted aryl group, or a substituted or

unsubstituted lower aralkyl group; and e

- io an anion. R

i7. The kit for quantitative determination of
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a nucleic acid according to claim 16, wherein the dye

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

methylthiopyrylium salt.

18. The kit for quantitative nucleic écid
determination according to any of claims 12 to 17,
wherein the dye compound is water-insoluble, and a
solvent is provided to dissolve the dye compound, thus
enabling the reaction of the dye compound with the
amplification product in the reaction chamber after the

PCR.

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

reagent chamber.

20. A method for measurement of number 6f
target microorganism or cells, number of specific gene,
or copy number of a specific gene, comprising
extracting nucleic acid from a sample containing a
microorganism or cells to be detected; preparing a
serial dilution of the extracted nucleic acid;
conducting PCR with the sample dilutions to amplify a

sequence which is characterlstlc of the mlcroorganlsm

R O ) |I||
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or cells; reacting the resulting amplification product
of double-stranded nucleic acid 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 intensity of the fluorescence;
and deriving the number of the microorganism or cells,
the specified genes, or copies of the specified genes
in the sample on the basis of the dilution rate at'

which fluorescence is observed.

21. The method for measurement according to
claim 20, wherein the dyg compound is represented by

the general formula [I] below:

l

R
\<—~ \

RE—L  X* v~ (1]
3
R
,"\
where i }V represents a heterocycle, and X is O, S,

~.”

Sg, or Te, the heterocycle including a five-membered
and six-membered ring such as a pyrylium ring and
pyrylium-analogous ring;

R' and R? are independently a hydrogen atom, a halogen
atom, a sulfonate group, an amino group, a styryl
group, a nitroc group, a hydroxyl group, a-carboxyl
group, a cyano group, a substituted or unsubstituted
lower alkyl group, a substituted or unsubstituted aryl
group, a SUbstituted or unsubstituted lower aralkyl

group, or a substituted or unsubstltuted cycloalkyl
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R® is a group of -A or -L-A wherein L is -L!-, -I3-1°-,

group;

or -L*-L°-L%-, L! to L® being independently ~-(CH=CH)-, a
bivalent group derived from a substiéuted or
unsubstituted aryl group, a substituted or
unsubstituted alkylene group, or -CH=R‘- (R! being a
cyclic structure having an oxo group); A is a
substituted or unsubstituted aryl group, or -CH=R® (R®
being a substituted or unsubstituted heterocycle, a
substituted or unsubstituted cycloalkyl group, or a
substituted or unsubstituted aromatic ring):;

in the pyrylium ring or a pyrylium-analogous ring
containing X, the hydrogen atom bonded to the carbon
atom, which is not linked to R', R?, or R®, may be
substituted by a halogen atom, a sulfonate group, an
amino group, a styryl group, a nitro group, a hydroxyl
group, a carboxyl group, a cyano group, a substituted
or unsubstituted lower alkyl group, a substituted or
unsqbstituted aryl group, or a substituted or
unsubstituted lower aralkyl group; and

Y™ is an anion.

22. The method for measurement according to
claim 21, wherein the dye compound represented by the
general formula [I] is a 2,4-bis(4-N,6N-
dimethylaminophenyl)-6-methylpyrylium salt, or a 2,4-

bis(4~N,N-dimethylaminophenyl)- 6—methylthlopyryllum salt.
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23. The method for measurement according to
aﬁy of claims 20 to 22, wherein the dye compound is
water-insoluble, and the PCR is conducted in a reaction
system containing the water-insoluble dye compound and
an aqueous medium, a solvent is added after the PCR to
the reaction system to dissolve the dye compound thus
enabling the reaction of the dye compound with the

amplification product.

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

pairs.

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

length of 30 bases or less.

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

practicing serial dilution of a nucleic acid extract
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obtained from a sample containing a microorganism or
cells to be detected, and employed for the PCR for each
dilution to amplify a sequence which is characteristic

of the microorganism or cells to be detected.

27. The kit according to claim 26, wherein
the dye compound is represented by the general formula

[I] below:

1

R
\'. \

R? x* y- [1]
/-'_/
R3S
’/"‘\\
where \ )U represents a heterocycle, and X is 0, S,

—

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

R' and R? are independently a hydrogen atom, a halogen
atom, a sulfonate group, an amino group, a styrvl
group, a nitro group, a hydroxyl group, é carboxyl
group, a cyano group, a substituted or unsubstituted
lower alkyl group, a substituted or unsubstituted aryl
group, a substituted or unsubstituted lower aralkyl
group, or a substituted or unsubstituted cycloalkyl
group;

R? is a group of -A or -L-A wherein L is -L'-, -L2-L3-,
or -L*-L°-1%-, L! to L® being independently -(CH=CH)-, a
bivalent group derived from a substituted or

unsubstituted aryl group, a substituted or

* c L M S *
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unsubstituted alkylene group, or -CH=R‘- (R* being a
d&clic structure having an oxo group):; A is a
substituted or unsubstituted aryl group, or -CH=R® (R®
being a substituted or unsubstituted heterocycle, a
substituted or unsubstituted cycloalkyl group, or a
substituted or unsubstituted aromatic ring):

in the pyrylium ring or a pyrylium-analogous ring
containing X, the hydrogen atom bonded to the carbon
atom, which is not linked to R!, R?, or R}, may be
substituted by a halogen atom, a sulfonate group, an
amino groué, a styryl group, a nitro group, a hydroxyl
group, a carboxyl group, a cyano group, a substituted
or unsubstituted lower alkyl group, a substituted or
unsubstituted aryl group, or a substituted or
unsubstituted lower aralkyl group; and

¥~ is an anion.

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

dimethylaminophenyl)-6-methylthiopyrylium salt.

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

thus enabling the reaction of the dye compound with the
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amplification product in the reaction chamber.

30. The kit according to any of claims 26 to
29, wherein the reaction chamber further contains a
primer set for PCR amplification of a sequence
characteristic of the microorganism or cells to be

detected.

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

sample.

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

below: i ) e
Ry ——

T L

1}
. ;/><\_,/
R3
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where (/ \X’ represents a heterocycle, and X is O, S,
Se, or Te“rhe heterocycle including a five-membered
and six-membered ring such as a pyrylium ring and -
pyrylium-analogous ring:;

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

R® is a group of -A or -L-A wherein L is -L}-, -L2-L°-,
or -L*-15-1f-, L! to L® being independently -(CH=CH)-,
bivalent group derived from a substituted or
unsubstituted aryl group, a substituted or
unsubstituted alkylene group, or -CH=R‘- (R! being a
cyclic structure having an oxo group); A is a
substituted or unsubstituted aryl group, or -CH=R® (RS
being a substituted or unsubstituted heterocycle, a
substituted or unsubstituted cycloalkyl group, or a
substituted or unsubstituted aromatic ring):

in the pyrylium ring or a pyrylium-analogous ring
containing X, the hydrogen atom bonded to the carbon
atom, which is not linked to R', R?, or R? may be
substituted by a halogen atom, a sulfonate group, an

amino group, a styryl group, a nitro group, a hydroxyl
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group, a carboxyl group, a cyano group, a substituted
of ﬁnsubstituted lowerlalkyl group, a substituted or
unsubstituted aryl group, or a substituted or
unsubstituted lower aralkyl group; and

¥~ is an anion.

33. The method for quantitative nucleic acid
determination according to claim 32, wherein the dye
compound represented by the general formula [I] is a
2,4-bis(4—N,N—dimethylaminophenyl)—6-methylpyrylium
salt, or a 2,4-bis(4-N,N-dimethylaminophenyl)-6-

methylthiopyrylium salt.

34. The method for quantitative nucleic acid
determination according to any one of claims 31 to 33,
wherein the dye compound is insoluble in water; the
MPN-PCR is conducted in an aqueous reaction system
qontaining the dye compound and an aqueous medium; and
a sqlvent is added to the reaction system after the
MPN-PCR to dissolve the dye compound thus enabling the

reaction with the amplification product.

35. The method for quantitative nucleic acid
determination according to any one of claims 31 to 34,
wherein the amplification product has a chain length of

not less than 100 base pairs. .

k i H!lu"m”lm”l Il
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36. The method for quantitative nucleic acid
determination according to any of claims 31 to 35,
wherein the primer has a chain length of 30 bases or

less.

37. A kit for quantitative nucleic acid
determination, comprising a reactor containing a
required amount of a dye compound in a reaction chamber
for MPN-PCR, the dye compound not producing
fluorescence in the free state but producing
fluorescence in the bonded state to double-stranded

nucleic acid.

38. The kit for quantitative determination of
nucleic acid according to claim 37, wherein the reactor
further contains in the reaction chamber a required
amount of a primer set which is necessary for MPN-PCR
amplification of a specific sequence region of target

nucleic acid. .

39. The kit for quantitative determination of
nucleic acid according to claim 37 or 38, wherein the
dye compound is represented by the general formula [I]

below:

2 Ay + —
Ré—L XT Yy (1} This Sheet Has Been Replac

o [T
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where ( >C represents a heterocycle, and X is 0, S,
Ss, or Te,—the heterocycle including a five-membered
and six-membered ring such as a pyrylium ring and
pyrylium-analogous ring:

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

R® is a group of -A or -L-A wherein L is -L!-, -L%-L3-,
or -L*-L°-L%-, L! to L® being independently -(CH=CH)-, a
bivalent group derived from a substituted or
unsubstituted aryl group, a substituted or
unsubstituted alkylene group, or -CH=R!- (R* being a
cyclic structure having an oxo group); A is a
substituted or unsubstituted aryl group, or -CH=R® (R®
being a substituted or unsubstituted heterocycle, a
substituted or unsubstituted cycloalkyl group, or a
substituted or unsubstituted aromatic ring):

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

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

o e e

T
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group, a carboxyl group, a cyano group, a substituted
oi unsubstituted lower alkyl group, a substituted or
unsubstituted aryl group, or a substituted or
unsubstituted lower aralkyl group; and

Y- is an anion.

40. The kit for quantitative determination of
nucleic acid according to claim 39, wherein the dye
compound represented by the general formula [I] is a
2,4-bis(4-N,N-dimethylaminophenyl )-6-methylpyrylium
salt, or a 2,4-bis(4-N,N-dimethylaminophenyl)-6-

methylthiopyrylium salt.

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

MPN-PCR.

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

fluoresces in the bonded state to a double—stranded

HHI"I IIII!I lllﬂ !Illl II llll

REPLACED

THIS SHEET HAS BEEN




10

15

20

25

This Sheet Has Been Replaced.

el NI

nucleic acid, the dye compound in the reagent chamber
being provided so as to be transferable to the reaction

chamber.

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

chamber contains also reagents for the MPN-PCR.

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

reagent-containing reagent chamber are provided.

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

reaction chamber.

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

formula [I] below:
l
R
NeT N _
RZ —L Xt vy~ (1]
. 3%\—’,
R
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Se or Te, the heterocycle including a five-membered
and six-membered ring such as a pyrylium ring and
pyrylium-analogous ring;

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

R® is a group of -A or -L-A wherein L is -L'-, -L?-L3-,
or -L*-L°-L®-, L! to L® being independently -(CH=CH)-, a
bivalent group derived from a substituted or
unsubstitutéd aryl group, a substituted or
unsubstituted alkylene group, or -CH=R‘- (R* being a
qyclic structure having an oxo group); A is a
substituted or unsubstituted aryl group, or -CH=R® (R®
being a substituted or unsubstituted heterocycle, a
substituted or unsubstituted cycloalkyl group, or a
substituted or unsubstituted aromatic ring):

in the pyrylium ring or a pYrylium—analogous ring
containing X, the hydrogen atom bonded to the carbon
atom, which is not linked to R', R?, or R?}, may be
substituted by a halogen atom, a sulfonate group, an

amino group, a styryl group, a nitro group, a hydroxyl
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group, a carboxyl group, a cyano group, a substituted
df unsubstituted lower alkyl group, a substituted or
unsubstituted aryl group, or a substituted or
unsubstituted lower aralkyl group; and

Y™ is an anion.

47. The kit for quantitative determination of
nucleic acid according to claim 46, wherein the dye
compound represented by the general formula [I] is a
2,4-bis(4-N,N-dimethylaminophenyl )-6-methylpyrylium
salt, or a 2,4-bis(4-N,N-dimethylaminophenyl)-6-

methylthiopyrylium salt.

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

MPN-PCR.

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

is placed in the reagent chamber.

50. A method for measurement of number of
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target microorganism or cells, number of specific genes
éontained therein, or numbef of copies of the specific
genes, comprising extracting nucleic acid from a sample
containing a microorganism or cells to be detected;
preparing a serially diluted sample solutions of the
extracted nucleic acid; conducting MPN-PCR with the
diluted samples to amplify a sequence which is
characteristic of the microorganism or cells; reacting
the resulting MPN-PCR amplification product containing
a double-stranded nucleic acid with a d&e compound
which does not fluoresce iﬁ the free state but
fluoresces in the bonded state to the double-stranded
nucleic acid; measuring intensity of the fluorescence;
and deriving the most probable number of the
microorganism or cells, the specified genes, or copies
of the specified genes from the highest dilution rate

at which fluorescence is still observed.

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

the general formula [I] below:

1

R
\’~ \

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

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

and six-membered ring such as a pyryllum ring and
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THIS SHEET HAS BEEN
REPLACED




- 130 - eet Has Been Replaced

T

R' and R? are independently a hydrogen atom, a halogen

pyrylium-analogous ring;

atom, a sulfonate group, an amino group, a styryl
group, a nitro group, a hydroxyl group, a carboxyl
group, a cyano group, a substituted or unsubstituted
lower alkyl group, a substituted or unsubstituted aryl
group, a substituted or unsubstituted lower aralkyl
group, or a substituted or unsubstituted cycloalkyl
group;

R® is a group of -A or -L-A wherein L is -L'-, -L2-L°-,
or -L*-L°-1%-, L' to L® being independently -(CH=CH)-, a
bivalent group derived from a substituted or
unsubstituted aryl group, a substituted or
unsubstituted alkylene group, or -CH=R‘- (R! being a
cyclic structure having an oxo group):; A is a
substituted or unsubstituted aryl group, or -CH=R® (R®
being a substituted or unsubstituted heterocycle, a
substituted or unsubstituted cycloalkyl group, or a
éubstituted or unsubstituted aromatic ring):

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

unsubstituted_aryl group, or a substituted or
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unsubstituted lower aralkyl group; and

Y is an anion.

52. The method for measurement according to
claim 51, wherein the dye compound represented by the
general formula [I] is a 2,4-bis(4-N,6N-
dimethylaminophenyl )-6-methylpyrylium salt, or a 2,4~
bis(4~N,N-dimethylaminophenyl)-6-methylthiopyrylium

salt.

53. The method for measurement according to
any of claims 50 to 52, wherein the dye compound is
water-insoluble, and PCR is conducted in a reaction
system containing the water-insoluble dye compound and
an aqueous medium, a solvent is added after the MPN-PCR
to the reaction system to dissolve the dye compound
thus enabling reaction of the dye compound with the

amplification product.

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

pairs.

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

length of 30 bases or less.
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56. A kit for measurement of the number of
t;rget microorgaﬁism or cells, number of specific genes
contained therein, or number of copies of the specific
genes, comprising a reactor having a plurality of
reaction chambers for MPN-PCR and containing therein a
required amount of a dye compound which does not
fluoresce in the free state but fluoresces in the
bonded state to a double-stranded nucleic acid; the
reaction chambers being employed for practicing sérial
dilution of a nucleic acid extract obtained form a
sample containing microorganism or cells to be
detected, and for the MPN-PCR for each dilution for
amplification of a sequence which is characteristic of

the microorganism or cells to be detected.

57. The kit according to claim 56, wherein
the dye compound is represented by the general formula

[;] below:

RE—L Xt YT (1]

where ( }F represents a heterocycle, and X is O, S,
Se, or Te:’the heterocycle including a five-membered
and six-membered ring such as a pyrylium ring and
pyrylium-analogous ring;

R' and R® are independently a hydrogen atom, a halogen

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

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

R® is a group of -A or -L-A wherein L is -L!'-, -L?-L’-,
or -L*-15-L%-, L' to L® being independently -(CH=CH)-, a
bivalent group derived from a substituted or
unsubstituted aryl group, a substituted or
unsubstituted alkylene group, or -CH=R'- (R! being a
cyclic structure having an oxo group); A is a
substituted or unsubstituted aryl group, or -CH=R5 (R®
being a substituted or unsubstituted heterocycle, a
substituted or unsubstituted cycloalkyl group, or a
substituted or unsubstituted aromatic ring);

in the pyrylium ring or a pyrylium-analogous ring
containing X, the hydrogen atom bonded to the carbon
étom, which is not linked to R!, R?, or R®, may be
substituted by a halogen atom, a sulfonafe group, an
amino group, a styryl group, a nitro group, a hydroxyl
group, a carboxyl group, a cyano group, a substituted
or unsubstituted lower alkyl group, a substituted or
unsubstituted aryl group, or a substituted or
unsubstituted lower aralkyl group; and

Y- is an anion.
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58. The kit according to claim 56 or 57,
WBerein the dye compound represented by the general
formula [I] is a 2,4-bis(4-N,N-dimethylaminophenyl )-6-
methylpyrylium salt, or a 2,4-bis(4-N,N-

dimethylaminophenyl )-6-methylthiopyrylium salt.

59. The kit according to any of claims 56 to
58, wherein the dye compound is water-insoluble, and a
solvent is provided for dissolving the dye compound
thus enabling reaction of the dye compound with the

amplification product in the reaction chamber.

60. The kit according to any of claims 56 to
59, wherein the reaction chamber further contains a
primer set for PCR amplification of a sequence
characteristic of the microorganism or cells to be

detected.

AT

This Sheet Has Been Replaced

R

THIS SHEET HAS BEEN
REPLACED




