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Fluorescent Stain Containing Pyrylium Salt or its
Similar Salt, Detection Method of Nucleic Acid by Use

of it, and Fluorescent Staining Method of Biological

Sample

THE ENTION
Field of the Invention
The present invention relates to a novel Pyrylium
salt useful for the detection of a nucleic acid by the

use of an optical means. It also relates to a stain

containing a pyrylium salt for use in the detection of -

a nucleic acid by the use of an optical means, and a
detection method of a nucleic acid by the use of the
stain. Furthermore, it relates to a stain for a
nucleic acid containing a pyrylium salt useful for the
detection of a hybrid by a hybridization method using a
probe for the detection of a variation at a nucleic
acid level, and a detection method of a nucleic acid by
a hybridization méthod using the stain for the nucleic
acid.

The pfesent invention also relates to a staining

method and an observation method for microorganisms

 such as bacteria, yeast, mold, algae and protozoan as

well as cells, a tissue and a chromosome of an animal
and a plant. In addition, it relates to a detection
method of a nucleic acid by an in situ hybridization

using a probe containing a pPyrylium salt as a label for
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the detection and identification of a specific sequence
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of the nucleic acid in biological samples.
Related Background Art

As modes -by which a substance can interact with
the double helix of DNA, there are known a8 case where
the substance gets into the base pair of a nucleic acid
as an intercalater, a case where the substance is
buries in grooves of the double helix, and a case where
the substance approaches so as to snuggle to the double
helix.

The above-mentioned intercalater is usually a
lamellar compound having a spread electron cloud, and
it is arranged on an extended line of the stacked base
pairs of the nucleic acid, i.e., on the axis of the
double helix at the same distance as the distance
between the base pairs of the nucleic acid in parallel
with the base pairs of the nucleic acid. When
intercalated in DNA, the intercalater
characteriséically leads to the fact that an optical
absorption spectrum shifts to a longer wavelength side,
absorption intensity decreases, or fluorescent
intensity increases. For example, a dyestuff, in which
the fluorescent intensity more increases in the case
that the interaction with DNA takes_place (when
intercalated) than in the case that the interactiqn
with DNA of a free state or the like does not occur, is

used for the various detection operations of the
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nucleic acids such as agarose gel electrophoresis by
the utilization of its characteristics.

Examples of the well-known intercalater_include.
acridine orange, proflavine, ethidium bromiae,
donomycin and actinomycin. 1In particula;, ethidium
bromide and acridine orange are well known.

However, most of these dyestuffs have excitation
wavelength in an ultraviolet region, and hence an
intensive ultraviolet lamp must be used, so that a
special care is required in order to protect a man from
the lamp. For example, at the time of the detection of
DNA, some equipments are required to protect the eyes
and skin of an operator from the ultraviolet rays, and
such equipments are on the market. Furthermore, in
order to take the photographs of the electrophoresis
patterns of DNA, a device such as a transilluminator is
usually used, but the exposure adjustment of a cémera
in this case cannot be directly seen by the naked eye
and so it is an intricate operation of trial and error.
Moreover, in the case that the cutting of DNA from the
agarose gel is directly seen by the naked eye, the
operator cannot be completely pfotected from the
irradiation with the ultraviolet rays even by t@e
employment of the protective equipments. In addition,
in the detection of DNA in the state of a liquid by the
utilization of the dyestuff which can be excited by the

ultraviolet rays, the irradiation of the intensive
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ultraviolet is always continuocusly given, so that
harmful ozone and the like are also generated. In a
certain case, DNA itself might be damaged by the
ultraviolet irradiation. Much attention is being paid
to an in situ hybridization in which hybridization is
carried out in live celis to detect the live cells, but
in the case that the dyestuff which can bg excited by
the ultraviolet rays is used as a label, the cells
themselves are damaged by the ultraviolet for the
detection on occasion.

On the other hand, in the fields of medicine,
biology and the like, biological specimens of
microorganisms, human cells or animal cells are
observed by a microscope or another means for the
purpose of research, diagnosis and the like, but for
such an observation; stéining is usually widely carried
out. Staining methods which can be utilized in such a
purpose can usually be classified roughly into two
categories. In the first category, there is a étaining
method in which a specific component which can be
utilized for the staining of a portion to be observed
present in the biological specimen is stained with a
dyestuff. As principles of the staining, there are a
case where a target is stained with the dyestuff itself
and a case where a coloring component is deposited on
the present position of a specific component through

various chemical reactions. They can often be used for
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pathological tests, and various staining methods have
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been conceived for various target components. These
staining methods mainly intend to make visible a
specific component, a specific morphology or a specific
region, and they are often used for the observation of
relatively macroscopic targets.

On the contrary, the staining method of the second
category is called a fluorescent staining method. 1In
the fundamental operation of the fluorescent staining
method, a fluorescent dyestuff is first introduced into
a present site of a specific component to be stained.
As an introduction technique, there are a case where a
target spedific affinity of the dyestuff itself is
utilized (the staining of an nucleic acid with ethidium
bromide), and a case where a substance having a target
specificity such as an antibody is bonded to the
dyestuff, and its specific affinity is utilized to

introduce the dyestuff into the target to be stained.

'These fluorescent staining methods are often used in a

research field such as .a biology. In the fluorescent
staining method in which the target to be observed is
fluorescent, the detection sensitivity of a signal is
high, and precision is also higher than the above-
mentioned staining method by the coloring, and the
microscopic targets can be handled. 1In general, the

main purpose of the fluorescent staining method is

often to detect a specific component.



10

15

20

25

This Sheet Has Been R

| 1T

In either method of the usual staining method and

the fluorescent staining method, the specimen which is

the target to be stained such as cells is usually fixed

with an aldehydé or the like prior to the staining.
This has the effect of imp;oving the permeability of
the dyestuff for use in the staining or another reagent
into the specimen, and the effect of preventing the
specimen_from bréaking during various operations
necessary for the staining. Furthermore, in addition
to the fixing operation and the staining operation, a
washing operation is required to remove the excéssive
dyestuff, reagent and the like. This is essential to
decrease background and to obtain stable results at the
time of the staining.

On the other hand, in recent years, as
carcinogenesis mechanism and the metastasis mechanism
of cancers have been elucidated, it becomes known:that
the translocation of a chromosome and the deletion of
the chromosome are closely concerned with these
mechanisms. That is, cellular cancer genes are those
which take part in the adjustment of reception,
transmission or transcription of a growth signal in
normal cells, and it has been elucidated that thg genes
are activated as the cancer genes by the mutation or
the abnormal amplification of this gene, the
translocation of this gene to the neighborhood of the

gene being wvigorously transcribed, or the bond to



another gene. Furthermore, it is considered that the
deletion of a cancer inhibitory gene from the
chromosome is also concerned with.the carcinogenesis
mechanism. In addition, also in various kinds of
hereditary diseases, the Qene deletion and the
translocation have been made apparent. As described
above, if the diagnosis by the detection of the
abnormal gene ét a chromosome level is possible, the
growth of tumor can be inhibited by transfecting the
normal éhromosome into the abnormal chromoscme, and the
possibility of the remedy of the cancer and the
hereditary disease by compensating the deféction of the
gene can also be expanded.

As a method for knowing the abnormal chromosome,
there is FISH (fluorescence in situ hybridization).
This method comprises observing a formation ability of
a hybrid of a probe corresponding to a gene to be:
inspected and a gene of the ch;omosome, and at present,
it is considered to be the most'accufate method. In
this method, the gene to be inspected is limited by the
probe to be used, and so when the target to be detected
is definite, this method can be directly utilized.
However, in the case that it is intended to screen the
whole chromosome, this method is not-always suitable.
Thus, the whole chromosome may be first checked, and

sites, where abnormalities such as translocation

presumable from an abnormal conformation or deletion
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presumable from an abnormal length takes place, may be

‘then screened to focus the target on the abnormal site.

Afterward; FISH can be utilized, whereby the precise
genetic diagnosis is considered to be possible in a
wide range.

In order to carry out such a screening, it is
necessary to beforehand distinguish or identify the
chromosome. As the distinction or the identification
method of the chrom?some, a differential staining
method of the chromosome is utilized. The distinction
of the chromosome by this differential staining method .
utilizes the fact that when the chromosome is dyed in a
band state by the use of a specific dye or fluorescent
dyestuff after various pretreatments, the relation
between its distribution and density is constant for
each chromosome and characteristics in each chromosome.
This technique is utilized for the distinction of the
chromosome or the detection of an abnormality.

As the usual differential staining method of the
chromosome, there are known, for example, Giemsa
staining (G band), quinacrine staining (Q band) and R
band staining. 1In the Giemsa staining method, the
strain of the higher-order structure of the chrqposome
which is caused by a trypsin treatment is
differentiated and observed as the loose state of the

chromosome. Furthermore, according to the staining

with quinacrine which is a fluorescent dyestuff, the
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chfomosome is stained in a deep and light striped
pattefn along its vertical axis, and this can be
observed by a fluorescent microscope. This fluorescent
pattern is inherent in each chromosome, and so the
distinction or the identification of the chromosome can
be achieved by this. The portion stained with
quinacrine is a position where A-T pairs are rich, and
the quinacrine staining is different from the above-
mentioned Giemsa staining in a stained state. In the R
band staining, chromomycin A, which is a fluorescent
dyestuff is bonded to G-C pairs, and then treated with )
distamycin A which is a non-fluorescent dyestuff
specific to the A-T pairs. In this case, a portion
where G-C pairs are rich is only stéined in the form of
an R band, and the staining is characteristically
carried out in a deep and light state opposite to the Q
band staining and the G band staining. In the Q band
staining and the R band staining of these differential
staining methods, the detection sensitivity of a signal
is highér as compared with the G band staining method
by a coloring method, and they are also effective to
handle a more precise microscopic target.

In this differential staining method of the
chromosome, the more precise distinction or )
identification of the chromosome becomes possible by
increasing the kinds of stains-specific to sites of the

chromosome, and so it is important for the more precise
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distinction or identification of the chromosome to
develop the stain for permitting the differential
staining specific to a different site, in addition to
the already existent reagents (stains) for the
differential staining.

On the other hand, many salts of pyrylium or
thiopyrylium compounds in which the 2, 4 and
6-positions of.a pyrylium ring or a thiopyrylium ring
are substituted by substituted or unsubstituted phenyl
groups have been suggested. Most of these salts are
desirable as recording media, and for example, the
specification of U.S. Patent No. 4,341,894 describes
that they are useful as sensitizers for electrical '
photoconductive compositions. In a biological field,
it is described in Japanese Patent Application Laid-
open No. 59-133460 that a 2,4,6-triphenylpyrylium or
thiopyrylium compound, or a compound in which one of
the phenyl groups substituted on the pyrylium ring or
the thiopyrylium ring'of this compound is replaced with
a substituted styryl group is used as a stain for
staining cells in a biological specimen. Furthermore,
in Japanese Patent Application-ﬁaid-open:No.

1-153683, it is described that a compound in wh%Fh
at least two of these phenyl-substituted groups have
amino groups has a good efficacy for the remedy of a
cancer.

When a dyestuff having an excitation wavelength in
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an ultraviolet region is used for the detection of a

nucleic acid, the above-mentioned problems take place,

and therefore as a means for avoiding these problens,

1t can be considered to use a dyestuff which can be

excited by visible light. However, in most of the
visible light excitation type dyestuffs which have been
now utilized for the staining the nucleic acid, stokes
shift is as slight as 20-30 nm, and so they have the
drawback that an S/N ratio is bad at the time of the
detection.

In an agarose gel electrophoresis or the like,
when the degree of the increase of fluorescent
intensity at the time of interaction with a nucleic
acid is larger as compared with a case of no
interaction with the double stand nucleic acid, the S/N
ratio at the detection is good and it is possible to
enhance detection sensitivity. However, the visible
light excitation type dyestuffs which can sufficiently
increase the fluorescent intensity are not known at
present.

As described above, in order to solve the problems
which the ultraviolet excitation type dyestuffs have,
the visible light excitation type dyestuffs have-been
largely desired which has the large stokes shift and
the much higher fluorescent intensity at the
interaction with the nucleic acid as compared with the

case of no interaction.
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Moreover, in the conventional staining method of

biological specimen such as cells, operations such as
the fixation of the specimen by the use of formaldehyde
or the like and the washing/removal of the excessive
dyestuff are essential to obtain reproducible and
stable results. :

For example, the operation of the specimen
fixation is important to improve the permeability of
reagents of the dyestuff and the like or to maintain
the morphology of the obtained specimen. 1In addition,
the dyestuff for the staining, another reagent and the -
like are gsually used in large excess of the specimen.
This has effects of the curtailment of an operation
(staining) time and the like but simultaneously causes
the high background. Therefore, the washing operation
between the respective operations is important to
decrease the background at the time of observatidn or
measurement and to thereby obtain a more correct
judgement. .For these reasons, the washing operation
has been elaborately carried out. ﬁbwever, these
opefations are intricate and take much time, and hence
in the case that a large amount of the specimens are
treated, they interfere with a prompt treatment _
operation.

Therefore, the omission or simplification of
operations such as the fixation and the washing of the

specimens which are intricate and take much time are
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Moreover, most of the fluorescent dyestuffs which

strongly desired.

have been heretofore used giQe rise to a vigorous fade
phenomenon, and after the irradiation of the excitation
light, the fluorescence rapidly disappears.
Accordingly, contrast to the usual staining, it is
difficult to observe a fluorescent image for a long
périod of time, and the preparation of the permanent
specimen by the fluorescence staining is almost
impossible. For these reasons, it is a large theme to
develop a preparation method of the fluorescence-
stained specimens which can be stored for a long period
of time.

In the field of the differential staining of the
chromosome, a stain which can obtain a stained pattern
different from that given by the conventional stain is
highly desired, as described above. In addition, as in
the case of the above-mentioned staining of the
biologiéal specimen, also in the differential staining
of a chromosome, operations such as the fixation of the
specimen by aldehyde and the washing of the excessive
stain take time and load, and they interfere with the
prompt achievément of a treatment such as mass

-

screening of a large amount of the specimens.

RY OF THE INVENTION

Thus, an object of the present invention is to
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provide a stain for a nucleic acid containing, as an

effective component, a visible light excitation type
dyestuff giving a large stokes shift and having a much
higher fluorescent intensity at the time of interaction

with the nucleic acid, as compared with the state of no

" interaction.

Another object of the present invention is to
provide a detection method of a nucleic acid by the use
of the stain.

Still another object of the present invention is
to provide a 2-methyl-4,6-bis-(4-N,N-
dimethylamino)pyrylium or thiopyrylium salt which is
useful as an effective component of the stain for the
nucleic acid.

A further object of the present invention is to
provide a staining method or a differential staining
method which permits reproducible and stablé staining
and the prompt treatment of a large number of
specimens.

A still further object of the present invention is
to provide a differential staining method for a
chromosome which can give a differential staining
pattern different from that by a known stain.

A still further object of the present invention is
to provide a fluoreséence staining method or a
differential staining method for preparing storage

specimens in which stained portions neither fade nor
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These objects can be achiewved by the present

disappear.

invention.

The first aspect of the present invention is
directed to a stain for a nucleic acid characterized by
containing, as an effective component, a compound
represented by the formula [I]

1
e
RE—L X% Y~ (1]
3 ="
R

[wherein

is a heterocyclic ring, and-X is O, S, Se or Te, and it
is a pyrylium ring and a pyrylium-similar ring,

each of R! and R? is independently a hydrogen atom,
halogen atom, sulfonate group, amino group, styryl
éroup, nitro group, hydroxyl group, carboxyl group,
cyano group, substituted or unsubstituted lower alkyl
group, substituted or unsubstituted aryl group,
substituted or unsubstituted lower aralkyl group, or
substituted or unsubstituted qycloalkyl group,

R® is -A or -L-A, )

L is -L!'-, -L?-L3- or -L*-L5-Lf-, and each of L! to
L® is independently -(CH=CH)-, a divalent group derived

from the substituted or unsubstituted aryl group, a
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substituted or unsubstituted lower alkylene group, or
~CH=R*- (R' is a ring structure having an oxo group),

A is a substituted or unsubstituted aryl group or
~CH=R*-~ (R® is a substituted or unsubstituted
heterocyclic ring, a substituted or unsubstituted
cycloalkyl group, or a substituted or unsubstituted
aromatic ring),

the hydrogen atom bonded to a carbon atom not
having R', R? and R® on the pyrylium ring or its similar
ring containing X may be substituted by a halogen atom,
suifonate group, amino group, styryl group, nitro
group, hydroxyl group, carboxyl group, cyano group,
substituted or unsubstituted lower alkyl group,
substituted or uhsubstituted aryl group, or substituted
or unsubstituted lower aralkyl group, and

Y™ is an anion].

The second aspect of the present invention is
directed to a method for detecting a nucleic acid which
comprises the steps of reacting a sample with a stain
for a nucleic acid described above, and
then detecting, by an optical means, the
double-strand nucleic acid stained with the stain in
the case that the double-strand nucleic acid is
contained in the sample. )

The third aspect of the present invention is
directed to a probe for the detection of a target

nucleic acid which is characterized by comprising a

This Sheet Has Been Replaced
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nucleic acid having a base sequence which was
complementary to a base Sequence of the target nucleic
acid, and a compound represented by.the above
formula [I] which is bonded as a label |
to the nucleic acid.

The fourth aspect of the present invention is
directed to a method for the detection of a target
nucleic acid which comprises a step of reacting a.

sample with a probe described above, and a étep

of optically detecting a hybrid of the probe and the

target nucleic acid obtained in the case that the
target nucleic acid is present in the sample solution
by a label bonded to the probe. |

The fifth aspect of the present invention is
directed to a salt of 2-methyl-4,6-bis-(4-N, N-
dimethylaminophenyl)pyrylium or thiopyrylium which is

represented by the formula [VII]

N (CH3)2

-

St

CH, [VII]
(CHy) , N
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1 (wherein X is O or S, and Y is an anién).
The sixth aspect of the present invention is
directed to a method for the fluorescence staining of a
biological sample which comprises bringing the
5

biological sample into contact with a solution of a
fluorescence dyestuff, said method being characterized

in that the fluorescence dyestuff is a compound

This Sheet Has Been Replaced
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The seventh aspect of the present invention is

represented by the above formula [I].

directed to a method for preparing a storage Specimen

of a biological sample which comprises the step of
sealing, in a vessel, a biological sample stained
by the above fluorescence staining method.

The eighth aspect of the present invention is
directed to the above detection method for the detection
of a target nucleic acid by the use of in situ
hybridization in which the reaction step and the

detection step are carried out in an organism, live

.cells or live bacteria.

The ninth aspect of the present invention is
directed to a kit for carrying out the above detection

method.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph showing the shift of an
absorption peak in Example 3, énd A denotes an
absorption spectfum in the absence of DNA and B denotes
an absorption spectrum in the presence of DNA (50
ng/ml).

Fig. 2 is a graph showing fluorescence sSpectra

obtained in Example 3, and A denotes the fluorescence
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spectrum in the absence of DNA and B denotes the

fluorescence spectrum in the presence of DNA (50
pg/ml).

Fig. 3 is a graph showing the change of
fluorescence intensity with respect to DNA
concentration obtained in Example 3 and Comparative
Example 1.

Fig. 4 is a graph showing the change of
fluorescence intensity with respect to DNA
concentration obtained in Example 3 and Combarative
Example 1.

Fig. 5 is a graph showing the shift of an
absorption peak in Example 8, and A denotes an
absorption spectrum in the absence of DNA and B denotes
an absorption spectrum in the presence of DNA (50
pg/ml). |

Fig. 6 is.a graph showing fluorescence specfra
obtained in Example 8, and A denotes the fluorescence
spectrum in the absence of DNA and B denotes the
fluorescence spectrum in the presence of DNA (50
Hg/ml).

Fig. 7 is a graph showing the shift of an
absorption peak in Example 9, and A denotes an
absorption spectrum in the absence of DNA and B denotes
an absorption spectrum in the presence of DNA (50
pg/ml).

Fig. 8 is a graph showing fluorescence spectra
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In the above-mentioned formula [I],

represents a heterocyclic ring, and X is O, S, Se or
Te. -Examples of the heterocyclic ring include a five-
membered ring and a six-membered ring such as a
pyrylium ring and a pyrylium-similar ring.

Each of R' and R? is independently a hydrogen atom,
halogen atom, sulfonate group; amino group, styryl
group, nitro group,'hydroxyl group, carboxyl group,
cyano group, substituted or unsubstituted lower alkyl
group, substituted or unsubstituted aryl group,
substituted or unsubstituted lower aralkyl group, or
substituted or unsubstituted cycloalkyl group.

R® is -A or -L-A. L is -L'-, -L?-L*- or -L*‘-L°-Lé-,
and each of L! to L® is independently -(CH=CH)-, a
divalent group der;ved from the substituted or
unsubstituted aryl group, a substituted or
unsubstituted lower alkylene group, or -CH=R‘- (R!' is a
ring structure having an oxo group). An example of the
divalent group derived from the substituted or
unsubstituted aryl group is a phenylene group to which
substituents may be bonded at any position of ortho,
meta and para positions. An example of the lower
aralkyl group is a straight-chain or branched alkylene

group having 1 to 4 carbon atoms, and an example of a
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substituent on the lower aralkyl group is a group
represented by -L-A. Examples of the ring structure
having the oxo group include a heterocyclic ring,
aromatic ring and aliphatic ring having at least the
OoxXo group.

Preferable examples of the -L- include groups
represente@ by the formulae [II], (III], [IV], [V] and

[VI]:
_.CH=C,:— (C'H‘—‘CH) a—  [I1I]
Z
(wherein Z is a hydrogen atom or a substituted or

unsubstituted lower alkylene group, and n is O, 1 or

2). An example of a substituent on the alkyl group

- represented by Z is a group defined by the above-

mentioned -L-A.

~®- (CH=CH) - O [III]

(wherein n is 0, 1 or 2, and ¢ is a substituted or

unsubstituted o-, m- or p-phenylene group.)
~CH=CH-®-CH=CH- [IV]

(wherein ¢ is a substituted or unsubstituted o-, m- or

p-phenylene group.)

0
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A substituent on the phenylene group in the above-
mentioned formulae is previously exemplified.

A in R® of the formula [I] is a substituted or
unsubstituted aryl group or -CH=R®- (R° is a substituted
Oor unsubstituted heterocyclic ring, a substituted or
unsubstituted cycloalkyl group, or a substituted or
unsubstituted aromatic ring). Examples of the

heterocyclic ring represented by R® include groups

derived from

OO, OO

Lo O QO
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(each of M and N is independently an oxygen atom,

sulfur atom or nitrogen atom, and Y  is an anion), and

an example of a substituent on the heterocyclic ring is

a substituted or unsubstituted aryl group. The
substituted or unsubstituted dycloalkyl group may be
saturated or unsaturated, and examples of the
substituted or unsubstituted cycloalkyl gréup-include

groups derived from resonance systems such as

DO O

Furthermore, an example of the substituted or

Il

I
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unsubstituted aromatic ring is an azulene ring.

Examples of substituents on these groups include lower
alkyl groups and substituted or unsubstituted aryl
groups. - |

The hydrogen atom bonded to a carbon atom.qot

having R!', R’ and R® on the pyrylium ring or its similar

ring containing X may be substituted by a halogen-atom,

sulfonate group, amino group, styryl group, nitro

- group, hydroxyl group, carboxyl group, cyano group,

substituted or unsubstituted lower alkyl group,
substituted or unsubstituted aryl group, or substituted.
or unsubstituted lower aralkyl group.

Y™ is an anion, and examples of the anion include
BF,”, a perchlorate ioﬁ, HO,SCH,C00~, halogen ions such
as a chlorine ion, bromine ion, iodine ion and fluorine
ion, compounds having an anionic function such as
aliphatic hydrocarbons and aromatic sulfonates, and
complex ions of transition metals such as Zn, Ni, Cu,
Pt, Co and Pd.

A group which is further substituted on the above-
mentioned various substituents may be a halogen atom,
and examples of the halogen atom include Cl1l, Br and I.
Moreover, the lower alkyl group may be straight-chain
or branched, and the number of carbon atoms in this
lower alkyl group is preferably from 1 to 4. An
example of the aryl group is a phenyl group. An

example of a substituent on the aryl group or phenylene
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group is an amino group (a lower alkylamino group)
substituted by a lower alkyl group. This lower
alkylamino group is preferably substituted by a
dimethylamino group or diethylamono group at the para
position. An example of the lower aralkyl group is a
lower alkyl group substituted by fhe above-mentioned
substituted or unsubstituted aryl group.

Among the compounds represented by the formula
[I], preferable are compounds in which the heterocyclic
ring containing X is substituted by the two or more
substituted or unsubstituted aryl groups. For example,
when the heterocyclic ring containing X is a six-
membered ring, examples of such compounds include:

(1) a compound in which the 2-position and
4-position of the six-membered ring containing X are
substituted by the substituted or unsubstituted aryl
groups, and any of the 3-position, 5-position and
6-position is substituted by R3,

(2) a compound in which the 3-position aﬁd
S5-position of the six-membered riné are substituted by
the substituted or unsubstituted aryl groups, and any
of the 2-position, 4-position and 6-position is
substituted by R3,

(3) a compound in which the 2-position an&
6-position of the six-membered ring are substituted by
the substituted or unsubstituted aryl groups, and any

of the 3-position, 4-position and 5-position is
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substituted by R3.

The introduction of the substituted or
unsubstituted aryl groups into such positions is
preferable to obtain good characteristics as an
intercalater to the base pair of the nucleic acid. 1In
addition, more preferable is a compound in which the
heterocyclic ring containing X is sqbstituted by two or
more of the substituted or unsubstituted aryl groups so
that these substituted positions may not be adjacent to
each other.

Typical gxamples of the compound represented by
the formula [I] include compounds shown in Table 1
given below. Furthermore, particularly preferable

examples are compounds represented by the formula [VII]

+-
X CH,4 (VI1]

(CH3) , N v

(wherein X is O or S, and Y is an anion), and compounds

represented by the formula [VIIiII]
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N (CHy) ,

[VIII]

(wherein X is O or S, and ¥ is an anion).

In this connection, the compounds represented by
the formula [VII], i.e., 2-methyl-4,6-bis-(4-N,6N-
dimethylaminophenyl)pyrylium salts and 2-methyl-4,6-

bis-(4-N,N-dimethylaminophenyl )thiopyrylium salts are
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novel compounds.

That is, each of these pyrylium salts has a methyl
group at the 2-position, and therefore they are
different in structuré?from compounds which are
heretofore known as sensitizers for recording materials
and which possess substitufed or unsubstituted phenyl
groups at the 2, 4 and 6-positions of the pyrylium ring
or the thiopyrylium ring. Moreover, they are also
different in structure from compoupds which are
described in Japanese Patent Application Laid-open Nos.
59-133460 and 1-153683 and in which the 2, 4 and
6-positions of the pyrylium ring or the thiopyrylium
ring are substituted by the substituted or
unsubstituted phenyl groups, or two of the 2, 4 and
6-positions of the pyrylium ring or the thiopyrylium
ring are substituted by the substituted or
unsubstituted phenyl groups and the remaining one
position is substituted by the substituted styrene
group. ‘

In addition, in these publications, it is not
described that the pyrylium salt or the thiopyrylium
salt of the present invéntion functions as an
intercalater specific to the double strand nucleic acid
owing to the structure in which kinds of substituted |
positions of the substituents'of the pyrylium salt or
the thiopyrylium salt are specified, i.e., the

structure in which the 4 and 6-positions of the

This Sheet Has Been Replaced




N

10

15

20

25

- 28 -~

pyrylium ring or the thiopyrylium ring are substituted
by phenyl groups having a dimethylamino group at the
para position and the 2-position is substituted by a
methyl group, so that fluorescence intensity can be
increased. Moreover, the degree of the fluorescence
increase by the'intercalation to the double strand
nucleic acid of the pyrylium salt or the thiopyrylium
salt [VII] of the. present invéntion is from about S
times to about 10 times as much as that of the
fluorescence increase by a 4-(4-N,N-
dimethylaminophenyl )-2, 6-diphenylpyrylium salt or a
4-(4-N,N-dimethylaminophenyl)-2,6-dipheny1thiopyrylium
salt, i.e., [VIII], and the stokes shift is also large,
about 100 nm. Therefore, the pyrylium salt or the
thiopyrylium salt [VII] of the present invention is
particularly useful as the dyestuff for the detection
of the double-strand nucleic acid.

The compound represented by the formula [I] can be
directly used, or dissolved or dispeised in a suitable
solvent or dispersant, thereby obtaining the stain for
the nucleic acid of the present invention. Examples of
the solvent or dispersant include water, acetonitrile,
dimethyl sulfoxide, and various kinds of buffer
solutions such as a phosphoric acid buffer solué&on énd
an acetic acid buffer solution. In this case, the
content of the compound represented by the formula [I]

can be suitably selected in compliance with its use and
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the sensitivity of a measuring device, and for example,
for the detection of the double-strand nucleic acid in
an aqueous nucleic acid solution, the content of the
compound is in the range of from about 1x10™% to about
1x10™¢ M.

The compound represented by the formula [I] can be
utilized to stain the single-strand or the double-
strand nucleic acid (DNA and RNA), and since the
compound has the intercalater function, it has the
advantage that it predominantly stains the double-
strand nucleic acid. That is, when this compound is
intercalated in the double helix, its fluorescenée
intensity more increases than in the case of a free
state, and if the compound having the large stokes
shift is selected, analysis can be carried out in a
high S/N ratio.

In addition, th;s compound has feature that when
bonded to the double-strand nucleic acid, the compound
is stable and_the fade phenoﬁenon which is often seen
in the case of a fluorescent dyestuff is scarcely
observed.

Moreover, since the excitation wavelength of most
of compounds [I] is 550 nm or more on the long
wavelength side, a sufficient excitation state céﬁ be
obtained by the use of a visible light source such as a
tungsten lamp. Therefore, the above-mentioned problems

in the case of using the ultraviolet rays can be"m
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avoided.

Furthermore, the specimen derived from an organism
often contains a component having
absorption/fluorescence in a wavelength region of 550
nm or less, and so if light in this wavelength region
is used as excitation light, the S/N ratio decreases
inconveniently owing fo the rise of the measured
background attributéd to this component. On the
contrary, the excitation wavelength of most of the
compounds represented by the formula [I] is present on
a long wavelength side of 550 nm or more, and therefore
the rise of the background does not occur, so that the
high~sensitive measurement is possible. This means
that even if the purification of the nucleic acid is
insufficient, the high-sensitive measurement can be
achieved. In particular, it is effective for an
efficient operation that a purification step can be
omitted in the treatment of many specimens as in a
blood test.

In addition, if the compound of the formula [I]
having the absorption in a near infrared region is
utilized, a small inexpensive semiconductor laser can
be advantageously utilized as a light source for thel
excitation. ]

As described above, when the compound of the

formula [I] is intercalated in the double helix, the

fluorescence intensity is remarkably lar er, as
¥ arxadbly g - This Sheet Has Been Replaced -
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compared with the case of a free state (i.e., a state
containing no interaction with the double helix), and
SO when a pattern of DNA digested by a restriction
enzyme is detected as in an agarose gel
electrophoresis, the background can be inhibited to a
low level, so that the detéction sensitivity of DNA can
be relatively heightehed. Furthermore, since the
stokes shift is about 100 nm above, the influence of
the excitation light can be completely eliminated at
the time of the fluorescence detection, whereby a
direct visual observation is possible.

In addition, the compound of the formula [I] of
the present invention is stable when bonded to the
double-strand nucleic acid, and the fade phenomenon
which is often seen in the'case of the fluorescent
dyestuff is scarcely observed. This feature can be
maintained even when the gel is dried, and thus the
long-term storage of the gel is also possible.

Moreover, in the case of ethidium bromide which is
the typical fluorescent intercalater, the fluorescence
is observed even in the absence of DNA, but in the case
of the compound of the formula [I], the fluorescence is
sdarcely observed under such conditions. In addition,
the increase of the fluorescence intensity whicg
depends upon the concentration of DNA can be observed

until a certain h1gh concentration of DNA, in contrast

to ethidium bromide. This Sheet Has Been Replaced
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That is, the compound of the formula [I] has a
higher detection sensitivity than ethidium bromide and
is excellent in the S/N ratio, so that the detection of
DNA is possible in a wide concentration range.

Additionally, even in the detection of the nucleic
acid byla hybridization reaction of a solution system,
if the compound of the formula [I] is used for the.
staining (labeling) of a hybrid, the fluorescence
intensity of the compound is sufficiently hiéh in a
state in which it is intercalated in the double strand
(double helix) than in the case that it is free or
bonded to the singlé stfand. Therefore, the hybrid of
a probe and the target nucleic acid can be directly
detected without separating the hybrid of the probe and
the target nucleic acid from the unreacted probe.

Moreover, since having the function as the
intercalater, the compound of the formula [I] is alsd
advantageous to stabilize the hybrid of the target
nucleic acid and the brobe, and even if a short
oligonucleotide is used as the probe, the stable hybrid
can be formed and the stabilization of the measurement
can be achieved.

As described above, if the compound of the formula
[I] having the large stokes shift is selected, the |
fluorescence and the excitation light can be completely

separated from each other. 1In consequence, the

operation of subtracting the influence of the This Sheet Has Been Replaced
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excitation light from the fluorescence spectrum is
unnecessary, which is convenient for the sake of the
automation of the detection and which leads to the
advantage that the detection sensitivity can be
heightened.

These features of the compound represented by the
formula [I] are based on -the heterocyclic ring and the
specific substituents bonded thereto, and it can be
presumed that the compound is intercalated in the
nucleic acid base pair portion where the portions of
the heterocyclic ring and the substituents are stacked,.
so that it interacts with both the portions to increase
the fluorescence intensity. This enhancement effect of

the fluorescence intensity is larger when the

substituents have the substituted or unsubstituted aryl

group, and it is further larger when the substituents
are substituted by two or more of the substituted or
unsubstituted aryl groups so that these substituted
positions may not'be adjacent to each other. Moreover,
by partially changing the structure of the compound
having the formula [I], a derivative having various
absorption wavelength, excitation wavelength and
fluorescence wavelength can be synthesized, and for
example, the compound to which the semiconductor laser
can be applied as the excitation wavelength can be

obtained. In addition, when the heterocyclic ring or a

condensed ring is introduced as.the substituent, the
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characteristics of the introduced ring structure can be
utilized for a chemical reaction or a biochemical
reaction in combination with the intercalater and
another mechanism.

Furthermore, in order to improve the water
solubility of the compound having the formula [I], a
hydrophilic group such as an amino group, a-
dimethylamino gr6up or a sulfonate Qroup may be
introduced into a suitable portion. 1If the compound is
used as the label of the nucleic acid probe and if the
sufficient hydrophilic nature can be obtained when
bonded to the nucleic acid, the compound can be
directly utilized without introducing any hydrophilic
group.

The nucleic acid stain of the present invention
can be used as a stain for the nucleic acid, for
example, to detect the nucleic acid separated by
electrophoresis. This detection can be fundamentally
carried out in accordance with a conventional method by
the use of the nucleic acid stain of the present
invention in place of ethidium bromide or the like.
That is, after the usual electrophoresis, a gel is |
immersed in a dyestuff solution, followed by detecting.
In this case, however, the visible light is used
instead of the ultraviolet lamp, and so the
constitution of the detection system which is different

from the conventional case is necessary. That is, in
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the detection system, an excitation filter and a

fluorescence filter are required in addition to the
light source. -_

Examples of the utilizable light source include a
halogen lamp, a tungsten lamp, an xenon lamp and a
semiconductor laser. If the visible light source
capable of generating a light amount frbm a slide
projector (100 V,:3OO W) or the like is used, the
detection can be made with the sensitivity'higher than
in the case of ethidium bromide. A strobe which can be
used in photography by a camera is also effective in
taking a photograph. 1In addition, if the semiconductor
laser is used, a densitometer can be constituted in
combination with a photomultiplier without using any
filter for the excitation light.

Moreover, as the excitation light filter and the
detection filter, filters corresponding to the |
respectiye dyestuffs are necessary. That is, the
filter which covers the optical absorption of each
dyestuff and cuts the fluorescence region is used on
the excitation light side, and the filter which
prevents the transmission of the excitation light and
passes through the fluorescence alone is used on _the
detection side.

For example, a visible light source is attached in
place of the ultraviolet lamp in a transilluminator,

and a base equipped with the excitation light filter is
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- put thereon. The gel is mounted on the base, and the

detection is carried out through a slit provided with
the fluorescence filter, or a photograph is taken by
the camera provided with the fluorescence filter.

In consequence, bands moved in thé gel can be
observed by the naked eye without using any protective
tool, and the _cutting of the bands from the gel is also
easy. Furthermofe, also when the photographs are | |
taken, a suitable exposure can be selected by the naked
eye, in contrast to the case of ethidium bromide in
which the exposure is selected by the transilluminator -
with trial and error, while the ultraviolet rays are
avoided. Needless to say, a densitometer equipped with
the photomultiplier can also be utilized. In addition,
if a detection kit which uses a strobe as the light
source and which can operate simultaneously with the
camera is used, the detection of the nucleic acid can
be simply carried out with a power source such as a dry
cell without being affected by generated heat.

Furthermore, the nucleic acid stain of the present
invention can be used to detect the target nucleic acid
which is the detection object by the hybridization
method using the probe. For example, the detection can
be achieved by the procedures of reacting the target
nucleic acid with a.specimen, staining the formed
double-strand nucleic acid with the stain 6f the

present invention, and then optically detecting it. 1In
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this case, the compound of the formula [I] contained in

the stain interacts with the double helix to increase
the fluorescence intensity, and thus the detection is
possible without a B/F separation. In addition, this
interaction scarcely occurs on the double-strand
nucleic acid in which miss-matching takés place, and so
the influence of the miss-matched double-strand nucleic
acid on measured values can be eliminated. The
staining technique which uses the stain of- the present
invention can be applied to a method in which the probe
or the specimen is immobilized and then used, a method -
in which the probe is reacted with the specimen in a
solution, a biopsy, and an in site hybridization method
in which the probe is incorporated into cells or an '
organism. For example, the specimen is reacted with
the probe, and-the étain of the present invention is
then added to the reaction system to stain the
resulting target hybrid, followed by the detection.
Moreover, the employment of a microscope permits
inspecting a position in each cell where the probe is
hybridized.

Needless to say, the stain of the present
invention can also be used to detect the nucleic. acid _
amplified by PCR or the like, and it can be immediately
Judged Whéther or not the nucleic acid is amplified,
without quantitatively analyzing one by one. At this

time, if the reaction of PCR is carried out on a
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microplate, many specimens can be inspected at one

time.

Furthermore, when the compound of the present
invention [I] is used as a label to be bonded to the
probe, the features of the compound can be more
effectively utilized. For example, in the
hybridization reaction which is carried out in a .
solution, the compound can be applied to the object to
be analyzed, i.e., the target nucleic acid having not
only the single strand but also the double strand. 1In
additioh, since the compound has the function as the
intercalater to the nucleic acid base pair, a steric
hindrance of the label compound in the hybrid of the
target nucleic acid and the probe can be avoided, and
the hybrid can be effectively stabilized by stacking.
In order to bond the compound of the formula [I1] to the
probe, various known methods can be utilized. |

As described hereinafter, the compound represented
by the formula [I] of the present inventien shows high
permeability to a biological specimen such as eells,
bacteria, a tissue and a chromosome, and therefore it
is easy to incorporate the probe labeled with the -
compound into the cells or the organism. Hence, the
compound is suitable fpr the in situ hybridization
method.

Moreover, as described hereinafter, since the

compound of the formula [I] can be sufficiently used at.
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a low concentration and has low residence properties,

culture.can be continued even after the reaction. of the
organism with the probe and”the observation.

The compound represented by the formula [I] of the
present invention can be applied to various detection
methods, and what is better, it permits the detection
of the nucleic acid very easily. Therefore, various
kinds of nucleic acid detection kits can be provided
which contain the compound represented by the fdrmula
[I] as it is, or in the form of the probe.

Furthermore, the stain containing the compound of -
the formula [I] of the present invention can be brought
into contact with the biological specimen to stain or
differentially stain it.

Examples of the biological specimen which can be
stained by the method of the present invention include
microorganisms, human cells, animal cells, a tiséue and
a section of creatures (a human, an animal and a
plant), and a chromosome. When the chromosome is used
as the specimen, it can be differentially stained in a
sharp state. |

In the present invention, one or more kinds of
compounds represented by the formula [I] of the_present
invention are dissolved in a suitable solvent such as
water, physiological saline or a mixed solvent of water
and an alcohol such as ethanol, and then used for the

fluorescence staining of the biological specimen.
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Moreover, when the biological specimens are live cells,

microorganisms or the like, the compound of the present
invention can be added to a certain solution in which
they can be kept alive or a culture medium in which
they can grow, to form a staining solution.

The concentrafion of the compound of the present
invention in tﬁe staining solution is suitably in the
range of from SeQeral tens ng to several ug/ml.

In the present invention, when the compound of the
formula [I] is used as the dyestuff for the staining or
the'differential staining, the stable staining can be
achieved with good reproducibility without unevenness,
and what is better, operations such as-the fixation of
the specimen and thé washing of the excessive dyestuff
which are essential in conventional methods can be |
omitted, whereby the treatment operation can be
simplified and a large number of the specimens can be
promptly treated.

Also in the differential staining of the
chromosome, a known stain and a differentially stained
pattern can be obtained by the use of the compound of
the present invention, and the distinction and the
identification of the chromosome can be achieved_with
high precision.

In addition, the employment of the compound of the
present invention also permits the preparation of

storage specimens in which the stained portions neither
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fade nor disappear.

In particular, the compound of the formula [I]
which can be used in the present invention is excellent
in permeability into the specimen, and therefore
operations for feeding this compound into the
biological specimen, for example, the fixation of the
specimen and the subsequent washing.operation can be
advantageously omitted. Moreover, in the case that the
fixation operation is omitted, the specimen can be
utilized in a non-fixed free state, i.e., in a natural.
state or a state similar thereto. For example, it can -

be stained in a live state. Also ih the differential

staining of the chromosome, the fixation operation by a

calnoa fixation solution and the subsequent washing_
operation and a drying step can be omitted.

As described above, the compound of the present
inventlon scarcely generates the fluorescence even by
the irradiation of excitation light, when the compound
is in a free state in the selution, i.e., when any
nucleic acid is not present, but it emits the
fluorescence, when it interacts with the existent
double-strand nucleic acid. This means that background
is extremely low, which permits highly precise
staining. In addition, owing to the above-mentioned
lew background properties, it is possible to utilize

the compound of the present invention in an extremely

wide concentration range. '
' This Sheet Has Been Rep laced
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For example, in the case that 2-methyl-4,6-bis-(4-
N,N-dimethylaminophenyl )pyrylium iodide (compound 1) is
directly added to the culture medium of cells or
microorganisms and observation is made in a state in
which the staining solution is coexistent by a usual
refractive fluorescence microscope, it is apparent that

the compound can be used in a dyestuff concentration

range of several'tens ng/ml to several pg/ml in the

staining solution without the background. In
conéequence, the washing after the staining operation
which has been heretofore necessary can be completely
omitted or simplified.

Even when the staining solution having a high
concentration of several tens pug/ml or so is used in
order to stain the tissues or sections of an animal or
a human, the washing after the staining operation which
has been heretofore necessary can be completely omitted
or simplified.

On the other hand, with regard to stained images,
the compound of the present invenfion sharply stains
the nucleus of each cell, and in the staining of.the
live cells such as cultured cells, cultured bacteria or
various tissues, the chroﬁosome of the dividing_gell
can be clearly observed. This is due to the fact that
the compound of the present invention has a strong
affinity for the nucleic acid (i.e., DNA, RNA, the
double-strand nucleic acid, the intramolecular double-
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strand portion of a single-strand nucleic acid, or the

like), but the_utilization of this feature permits the

count of cells by FCM (a flow sight meter) and the

~classification of the cells in a division period step.

In the case that the live specimen is stained, the
water solubility of the stain is very important. The
live specimen is often handled in an aqueous
environment. On the contrary, the dyestuff is often
handled in an organic solvent system. In the field
where the live specimen is treated, the dyestuff which
can be used in the_aqueous system is strongly desired,
and it is utilizable in a wide range. The.compound of
the present invention is also very useful in that the
water solubility of the compound of the present
invention can be heightened by selecting a suitable
counter ion (e.g., iodine).

The compound of the formula [I] in the present
invention has the low residence properties in the
cells, and so thé live cells aré not badly affected by
fhe residence. Therefore, when the target to be
stained is the cultured cells or microorganisms, the
staining and the stained state can be observed without
fixation only by taking slight care of the A
contamination with other microorganisms and the control
of temperature, and after the observation, they can be
continuously cultured. That is, the fluorescence stain

observation with time of the same specimen is possible.
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As described above, the compound of the present

invention also has the feature that the fade phenomenon
of the fluorescence which occurs in thekcase of the
fluorescence dyestuff is very slight. The employment
of both the features of the low background and the low
fade phenomenon which the compound of the present
inventiqn has permits._the preparation of the specimens
for long-term stdrage of the fluorescence dyestuff.
That is, in placing the specimen together with a
storage solution in a vessel and then sealing up it, if
the compound of the formula [I] of the present
invention is added to the storage solution, the renewal
of the dyestuff is carried out in the stored specimen,
even though the fade_phenomenén slightly occﬁrs. Thus,
the change of the images to be observed can be
inhibited for a long period of time.

The preparation of the storage specimens by fhe
utilization of the staining method of the present
invention can 5e achieved by .staining the biological
specimen with the compound of the present invention,
placing the stained specimen in a suitable vessel, and
then sealing up it. Any vessel having an optional
shape and size can be used in compliance with a
purpose, so long as it can seal up the specimen. A
container 6btained by sealing the periphery of a cover
glass put on a slide glass with a sealing material such

as a resin is included in the category of this vessel.
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The stained biological specimen is placed in the

vessel, if necessary, together with a liquid medium
containing an antiseptic such as sodium azide, and the
vessel is then sealed up. Alternatively, the
biological specimen may be mixed with the staining
solution in the vessel, followed by sealiﬁg. Any
liquid medium can be used, so long as it can be
utilized as a staining solvent. Moreover, if the
biological specimen is added to the liquid medium
containing the fluorescence dyestuff in the sealable
vessel, the a stained state can be stably maintained
during the above-mentioned long-term storage.

Next, the present invention will be described in
more detail in reference to examples, but the scope of
the present invention should not be limited to these
examples.

Example 1

100 ml of acetic anhydride was mixed with 30 ml of
concentrated sulfuric acid with cooling, and the -
resulting mixture was then heated for 3 hours on a
water bath, while maintained at 80°C. Next, 20 ml of

acetic anhydride and 30 ml of p-dimethylamino

‘acetophenone were added thereto at room temperature,

-

and the temperature of the solution was then raised up
to 45°C, followed by stirring for 24 hours to carry out
reaction. Afterward, ethanol was added to the reaction

solution, the amount of ethanol being equal to that of
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the reaction solution. This solution was cooled, and
an aqueous potassium iodide solution was then added
thereto to precipitate crude'crystals. Next, the
crystals were collected by filtration, and then
recrystallized from a mixing system of ethanol and
ether (a volume ratio = 1:4) to obtain green crystals
of 2-methy1-4,6-bis-(4-N,N-dimethylaminopheqyl)pyrylium
iodide (compound 1 in Table 1 wherein Y is I). |

Analytical results of the obtained compound 1 (Y =
I):

Melting point: 254-257°C

UV/visual (CH,CH € x 10™) Amax: 444 nm (2.43), 550
nm (8.24)

NMR ('H, DMSO) & ppm: 8.3737 (1H, s), 8.2729 (1H,
d, J=9.0 Hz), 8.1795 (1H, 4, J=9.0 Hz), 7.8864 (1H, s),
6.9117 (4H, t, J,;=J,=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

Furthermore, the same procedure as described above
was carried out except that the aqueous potassium
iodide solution was replaced with an aqueous perghloric
acid solution, to obtain 2-methyl-4,6-bis-(4-N,N-"
dimethylaminophenyl )pyrylium perchlorate (compound 1 in

Table 1 wherein Y is CIO,).

Example 2 This Sheet Has Been Replaced -
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20 g of sodium sulfide nonahydrate was dissolved
in ion-exchanged water so as to bring the total volume
to 50 ml. Next, 7 g of sodium hydrogencarbonate was
added to and dissolved in this solution, and 50 ml of
ethanol was further added thereto under ice cooling,
followed by stirring at room temperature for 30
minutes.m The precipitated sodium carbonate was
collected by filtration, and then washed with 25 ml of
ethanol. Afterward, the filtrate was mixed with the
washing liquid to obtain about.125 ml of the water-
ethanol solution of sodium hydrogen sulfide.

Next, 0.92 g of 2-methyl-4,6-bis-(4-N,N-~
dimethylaminophenyl )pyrylium iodide obtained in Example
1 was dissolved in 20 ml of DMSO, and 5 ml of the
previously prepared water-ethanol solution of sodium
hydrogen sulfide was then added to the resulting
solution, followed by stirring at room temperatufe for
5 minutes. After the stirring, 0.75 ml of hydoriodic
acid was added thereto, and the solution was further
stirred for 5 minutes. Subsequently, dichloromethane
extraction and silica gel column purification were
carried out in usual manners, followed by
recrystallication in an ethanol-ether mixed solution (a
volume ratio = 1:4), to obtain the crystals of )
2-methyl-4,6-bis-(4-N,N-

dimethylaminophenyl )thiopyrylium iodide (compound 2 in

Table 1 wherein Y is I). -
) This Sheet Has Been Replaced
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Analytical results of the obtained compound 1 (Y =
I):

Melting point: 246-248°C

UV/visual (CH,CH € x 10™*) 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, d, J=9.28),
6.8959 (4H, t, J,y=J3.=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), 1460 (s), 1430
(s), 1370 (s), 1260 (s), 1160 (s) |

Furthermore, the same ﬁrocedure as described above
was carried out except that hydoriodic acid-was
replaced with an aqueous perchloric acid solutiqn, to
obtain 2-methyl-4, 6-bis-(4-N,N-
dimethylaminophenyl)thiopyrylium perchlorate (compound
2 in Table 1 wherein Y is CI10,).

Reference Example 1

Compounds 3 to 55 shown in Table 1 were prepared.

- In Table 1, & is a p-phenylene group

O

or a phenyl group.
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Table 1

Rg
Ry Ry
+
Ry X~ “Rg
-
Compd Y R; :
No. 1 A
1 C10, |R. =CH
4 | Bs = -
or ' |Ry =H ° $-N (CHz),
I RB =—~N (CH3 ) 2
Rg =H
Rjg=A
2 C10, |R. =CH '
4 | Bg 3 —
or R, =H ®—-N (CHy ) 2

Rg =H
Rig=A

- GV—
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Table 1 (continue)

Compd [ XY
No.

R;

A

3 [0[C10,

or

I

R7 =
R8 =A
Rg =H .
Rm=¢

®-N (CHy ),

4 [s]c10,

or

Rs =
Ry =A
Rg =

Rlo-_—(p

¢4N(CH3)2

5 [0]|C10,
or

RB =

R7 =H
Rs =[L~A
Rg =
R10=q>

General Formula [II]
n=0
Z=H

®=-N (CH, CH, ),

_og—
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" Table 1 (continue)

compd| X | Y R; L A
No. :
6 |S|C104 |Ry= General Formula [II] &~N (CHZ CHy),
or R7 =H n=0
I Rg =L-A Z=H
Rjp=2 .
7 |[O]C104 |Ry = General Formula [II] ®&~-N (CH3 ) 9
or R7 = n=0 _
1 Ry = Z=H
8 S|C10, [Ry =0 General Formula [II] d~N (CH3 ) 2
© or Rq =H n=0
I ‘| Rg =@ Z=H
Rg =H ’
R10=L_A
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Table 1 (continue)

Compd| X |Y Ri L A
No. . : .
9 |0|C10, Rg =@ General Formula [II] ®~N (CH3 ) 2
or R7 =H n=_1
I Rg =L—-A Z=H
10 [s]|c10, [R; =@ General Formula [II] ®~N (CH,) 2
or R7 =H n=1] ‘
I R8=L—A Z=H
Rg =H
. Rjp=¢
11 0[c10, [Rg =0 General Formula [II) &-N (CH3 ) 4
| or R-, =H n=1
I R8 =L-A Z= .
Rl(]:q)

~ ¢§ -
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Table 1 (continue)

Compd| X |Y R; L A
No. C
12 S[{C104 |Ry =@ General Formula ([II] &-N (CH3 ) 9
or R7 =H n=1
| R8=L—A Z= . _
Rq =H (—)CH=CH—¢—N(CH3)2
13 |0|Cl10, [Rg =0 General Formula [ITI] &-~N (CH3 ) 2
or Re = n=1
I Rg =L-A
Rg =H
Ryp=% |
14 S|C104 Rg =@ ' General Formula [III] d~N (CH3) 2
or | R-, =H n=1] '
I RB =[—-A
R1p=?

—sg_
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Table 1 (continue)

Compd

No.

Y

R;

L

15

C10,
or
I

RS =¢
R7 =H

Rs =L-A

Rg =H
R10=¢

General Formula [IV]

16

c1o,
or

Rs =
R7 =H

Rs =L~A

Rg =H
Ryp=¢

General Formula [IV]

17

C10,
or

Rs =
R7 =H
Rs =
R9 =H

R10=L—A

General Formula [IV]

®-N (CH, CHy ),

- bg -—
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Table 1 (continue)

Compd | X{Y Ri L A
No.
18 1S1C104 |Rg= General Formula [IV] ¢—~N (CH, CH, )
h 5 : 2 372
or R7 =H
I Ra =
R10=L“A
19 0 C104 RG = | General Formula [V]
or R7 =H ' ¢-N (CH3 ) 2
I R8-¢
Rg =
Rm:.L_A ) (=CH d~N (CH3 ) 4
20 S|C10 Rp =@ General Formula [V] ' -
. 4 ; —_
or Rg =H . ‘ . ¢-N (CH3 ) )
I Ra = : ) ' E
Rg =H . . .
Ryp=L-A (CH” °8” Me-N (CH,) ,

- 6§ -
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Table 1 (continue)

Compd | X|Y R; L A
No.
21 O|Cl1 04 RB =@ General 'Fourmula vl
or |Rq= ¢~N (CHy) ,
Rg =H
22 0jiCi1o0 R, =& ‘General Formula [VI]
4 '
or Rs —H . ®-N (CHg )y
I R8 = .
. Rg =H
Rjg=L—A CH” N0 M@ ~N (CH3 ) ,
23 sl|lcio Re =& General Formula ([VI]
6
‘ or4 Rq =H ®-N (CHy) 4
Rg =H
R10=L—'A (-)CH S ¢"'N'(CH3) 2
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Table 1 (continue)

compd | X [Y |R; L A
No.
24 |01C104 |Ry =@ General Formula [VI] ®~N (CHy ) 4
or R7 =H .
1 RB =
_ i |
8 {=C S” M-N (CH, )
R. =L—A ()CH : (CH,q 2
10
26 |0|C10, |Ry =0 General Formula [II] . '
or Ry =H n=0
I R8=¢ Z=H
Rg =H
26 S C104 RS =¢ Gene:':al Formula [II]
or R, =H n=0 -
1 Ry =@ Z=H
Rm:L"A
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Table 1 (continue)

Compd | X]|Y R; L A
No. .
27 lolci 04 Rg =0 General Formula [II] ®~N (CH, )y
or R, =H n=0
I R8 =@ Z=H '
Rq =H '
9 - -
: Rig=L-A (CH” M0" Mo N (CHz),
28 |sl|ci 0, .RS =& General Formula [II] &—N (CHy ),
or R, =H n=0 -
.R =H .
8 . -
Ry=L-A (CH” 7s” Me-N (CHy ),
29 olci 04 RG = General Formula [II] ®~N (CHg ),
- or R, =H n=0 .
1
I Ry =& Z=H
Rg =H
8 - ¢~N (CH
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Table 1 (continue)

Compd | XY R; L A
No. .
30 |0|C10, [Rg =@ General Formula [II] &~N (CHy ) ,
or Ry =H n=0 '
I Ry =L—A Z=H QeH=<" 0
|Bg =B ®~N (CHg) ,
R10=(I)
31 S|C 1.04. Rg _-'-'€I> General Formula [II] =N (CHy ) .
or R7 =H n=0
1 Rg =L—A Z=H (ACH S
Rg =H T Ne=N (CHy) ,
R10~‘-.-<I>
32 |0|C10y Rg =@ Ge_m(a)ral Formula [II] O-N (CH3 ),
or Rq =H n=
I |Bg=L-=A Z=H eH=_ s
Rg = ®~N (CHy ) 5

-
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Table
Compd
No. X Y Ri L A
33 0 |clo,”| Rg=¢-N(cH,), ®-N(CH,)
or or R,=H
s 1 Rg=A
R9=H
R, g=0-N(CH;) ,
34 " " Same as Compd No. 33 CH3
35 n " " ¢-Cco0oH
36 " " R6=¢-N(CH3)2 General Formula [II] ¢—N(CH3)2
R,=H n=0
R8=L—A Z=H
R9=H
R, =¢-N(CH;) ,
37 " " Same as Compd No. 36 | General Formula [II] ¢-N(CH3)2

n=1

Z=H

~- 09
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Table 1 (continue)

ngpd X Y Ri L A
38 " " Same as Compd No. 36 | General Formula [III] ¢—N(CH3)2
' n=1
39 " " " General Formula [IV) ¢-N(CH3)2
40 " " " General Fofmula~[II] ¢-~COO0OH
n=0
Z=H
41 " " " General Formula [II] $-COOH
n=1
Z=H
42 " - " " General Formula [III] ¢-COOH
n=1
43 " " " General Formula [IV] é~COOH
[}

- 19 -
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Table 1 (continue)

Comp

No.

Ri

44

General Formula [II]
n=0
Z=H

¢-N(CH3)2

45

General Formula [ITI]
n=1
Z=H

¢-N(CH3)2

l.

46

General Formula [III]
n=1

¢-N(CH3)2

Ml

47

General Formula [IV]

¢-N(CH3)2

I

paoejday usag seH 139YS Sy,

|

- ¥19 -




Il

doy] usag seH 199YS SIYL

I

paoe]

Table 1 (continue)
ggmpd x.| ¥ Ri L A
48 0 1 Same as Compd No. 44 General Formula [II] ¢-C00ﬁ
or | or n=0
S clo, Z2=H
49 " n " General Formula [II] ¢-COOH
n=1
Z=H
50 u " " General Formula ([III]] ¢-COOH
n=1 |
51 n " " General Formula [IV] ¢-COOH
52 " " Rg=A A=COOH
R.=H
Rg= -N(CH3)
R9=H |
R10=¢-N (CHB) 2
53 1" " " A=¢—COOH

- 919 -
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Table 1 (continue)

Compd .
No. X Y Ri
or or R,=H
S ClO4 R8=¢-N(CH3)2
R9=H
55 " n R6=<I>_N (CH3) 5

R7=H

R0

8
R9=H

- 019 -
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These compounds were synthesized in the following

known methods. In this connection, the typical
reaction operations were done in accordance with usual
procedures.

A compound 7 was obtained by synthesizing the

compound [i]

(i1

in accordance with a process described in W. Foerst et
al., "New Methods of Preparative Organic Chemistry",

Acad. Press (1964)"; reacting the synthesized compound

.HCO*Z:}FN(CH3)2

(p-N,N-dimethylaminobenzaldehyde) to form a compound ;

[i] with

and then reacting the forméd compound with desired
anions. A compound 17 was obtéined by reacting the

above-mentioned compound [i] with

o4<;>~CH=CH<Z;>~N(CZH5h

-

(p-diethylaminostyrylbenzaldehyde) to form a compound;
and then reacting the formed compound with desired
anions. Compounds 8 and 18 were synthesized by

reacting the above-mentioned compound [i] with sodium



- 63 -

hydrogen sulfide to form a compound [ii]

[ii]
. i
S CH3

and then'treatiﬁg this compound [ii] in the same ﬁanner

as in the compounds 7 and 17.

A compounq 5 was obtained by synthesizing a

compound [iii]
CH,q
[iiil

from acetophenone and acetaldehyde in accordance with a
process described in R. Wizinger et al., Helv. Chim.

Acta., 39, p. 217 (1956) via the following route;

CHy CHO + ZCH3CO—<::>

— CH; —-C__ 0O

This Sheet Has Been Replaced
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reacting this compound [iii] with
p-dimethylaminobenzaldehyde to form a compound; and
then reacting the formed compound with desired anions.
A compound 15 was obtained by the same procedure as in
the synthesis of the cbmpound 5 except that
p-dimethylaminobenzaldehyde was replaced with
p-diethylaminostyrylbenzaldehyde. A compound 9 was
obtained by the same procedure as in the synthesis of

the compound 5 except that p-dimethylaminobenzaldehyde

This Sheet Has Been Replaced
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was replaced with p-dimethylaminocinnamic aldehyde. A
compound 11 was obtained by the same procedure as in
thé synthesis of the compound 5 except that
p-dimethylaminobenzaldehyde'was replaced with the

following compound:

(CHg) 4 N@—CH=CH_—%—CH=CH-®—N (CHz) ,

o

Compounds 6, 16, 10 and 12 were obtained by the
same procedures as in the compound 5, 15 and 9,
respectively, except that the above-mentioned compound

[iii] was replaced with a compound [iv]
CH
3

[iv]
$

which was obtained by reacting the above-mentioned
compound [iii] with hydrated sodium sulfide. "

A compound 4 was obtained by forming the compound
3 in the same manner as in the synthesis of the above-
mentioned compound [iii] except that
p-dimethylaminobenzaldehyde was réplaced with a raw
material acetaldehyde; reacting-the compoun§ 3 with
sodium hydrogen sulfide to form a compound; and_;hen
reacting the formed compound with desired anions. A

compound 13 was obtained by forming a compound [v]
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[v]
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from p-methylbenzaldehyde and acetophenone in like
manner; reacting the compound [v] with
p-dimethylaminobenzaldehyde to form a compound; and

then reacting the formed compound with desired anions.

A compound 14 was obtained by the same procedure as in

the compound 13 except that the above-mentioned

compound [v] was replaced with a compound [vi]

CH,q

[vi]

+
S

which was formed by reacting the compound [v] with
sodium hydrogen sulfide.

Compounds 19, 20 and 21 were each obtained by
reacting the compound [i] or [ii], or the compouﬁd 1 or

2 and

Ou OH

This Sheet Has Been Rerlaced
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and then reacting the fesulting compound with desired

anions. Compounds 22, 23 and 24 were each obtained by

reacting the compound [i] or [ii], or the compound 1 or
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2 and

0 OH
0 :

and then reacting the resulting compound with desired
anions. Compounds 25 and 26 were each obtained by

reacting the compound [i] or [ii] with

Hg C CHO

CHgq

(CH3 ), N

and then reacting the resulting compound with désired
anions. Compounds 27, 28 and 29 were each obtained by
reacting the compound [i] oi [1ii], or the compound 1 or
2 and triethoxymethane [HC(OC,H;),]; and then reacting
the resulting compound with desired anions. Compbunds
30, 31 and 32 were synthesized by reacting
dimethylamino deri&atives of the above-mentioned
compounds [iii] and [iv] synthesized from
p-dimethylaﬁino acetophenone in the same manner as in
the compounds [iii] and [iv], the compound [iii] or
[{iv] and triethoxymethane; and further reacting the
resulting compound with desired anions.

Each of compounds 33 to 55 was synthesized in a

manner as shown in the following:
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N(CH,),
o
0
+ 2 cuyC -<i:::>—N(CH3)2
CHO
N(CH '
— — //L\\ 3)2 NaSH (xes)
jfE::
© N
P
\\0+ 3
O -
3) o or N(CH,)
cio,”

(CH,).N
372 or N(CH3)2

-
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35 COOH
o}
i1
+ 2
@ e @_N(CH3’2
CHO
—_— NasSH (X=5)
CH,) ,N
(CH;), . N(CH,),
clo,
' N(CH
2 34 o+ ( ) NaSH
N(CH —_ (X=5)
(X—O)
CHO CH
O J\
(CH.,) N~ T ~. N(CH,)
372 or 3/2
ClO4

(I I N )
]

LI I I
]
2]
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37 34 + N(CH;), —> N(cHy), 2% (x5
(X=0)
O
CH ' CH
] Il
CH CH
| i
CHO CH
I
CH
O
N\
ol
(CH3) ,N I N(CH,),
: or
. clo,
| H H 0
38 (CH3)2Nf<C::>-c=c~<::>~cno + cn3c«<::>-N(cn3)2
—_— . 1;1(CH3)2
CH
NaSH, (x.g)
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39 34 + (CH3)2N_@. _
(X=0)

Qo
Q)
Q
I
(@]

N (CH3) 2
— NaSH i (X=5)
CH
i
CH

I
(CH,),N ' N(CH,)
372 or 372
ClOI4
40 This compound was synthesized in the same manner

as 36, except that COOH was employed intead of the

" CHO

material  N(CH,),

CHO
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This compound was synthesized in the same manner

—\ HH
as 37, except that HOOC%<3§Z>%C=C-CHO was employed

HH
instead of the material (CH3)2N{<::>} =C-CHO .

This compound was synthesized in the same manner

HH
as 38, except that Hooc4<:::>}c=c1<:::>rcno.

was employed instead of the material

H H
(CH;) ,N c=c@cno .

This compound was synthesized in the same manner

HH
as 39, except that HOOC@C=C-@CHO

was employed instead of the material

HH
(CH,) 2N@C=CCHO ]
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44 1l (x=0) + (CH3)2N—@-CHO

(CH,) ,N
372 or
clo,
45 1 (x=0) + (cn3)zn@c=c-cno

(CH3) 5N
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0
[}
N (CH.,)
46 (CH3)2N@-CH0 + CHC 3/2
HH o
fi IX]
(CH3) HN C=C-C@N(CH3)2 s
H H '
n CH
NaSH

—=2=5  (X=S)

(CH3) ,N I

—_—
This Sheet Has Been R
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This compound was synthesized in the same manner:

as 44, except that HOOC-@CHO was employed instead

of the material (CH3)2N~@CHO .

This compound was synthesized in the same manner

HH
as 45, except that HOOC-@-C=C=CHO. was employed-
H H
instead of the material (CH3)2N =C-CHO .

This compound was synthesized in the same manner

o]
i HH
as 46, except that CH,C @-C=C-@COOH was

employed instead of the material

9 H H .
CH,C c=C N(CH;), .

This compound was synthesized in the same manner

_ | H H
as 47, except that HOOC@C=CCHO' was

employed instead of the material

HH
(CH3)2N Cc=C CHO .
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[IX] + CH;C~COOH

'(CH3) 2N

]
[IX] + CH3C

(CHy) ,N ~

NasH, (x=g)

NasH. (x=g)

—_—
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_NaSH, (y_g,
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Example 3

A compound 1 obtained in Example 1 was dissolved

in a 10 mM phosphoric acid buffer solution containing
10% acetonitrile, and the solution was then regulated
so that the final concentration of the compound 1 might
be 3x10° M, to prepare a sample I. The absorption
spectrum of this sample I was measured in a usual
manner by thé use of a part of the sample I with a
spectrophotometer, so that the results shown by a curve
A in Fig. 1 were obtained.

Next, a salmon sparm DNA (made by Sigma Co., Ltd.)
was dissolved in a TE buffer solution (10 mM of tris-
lmM EDTA) and then purified by phenol extraction. For
easy handling, the purified'solution was further
subjected to a digestion treatment using the
restriction enzyme EcoRI to obtain a DNA solution. A
part of this DNA solution was mixed with a part bf the
sample I, and the solution was then regulated so that
the final concentration of DNA'mighf be 50 pug/ml and so
that the final concentration of the compound 1 might be
1x10* M, to obtain a sample II. The absorption
spectrum of the sample II was measured in a-usual
manner by the use of a part of the sample II, sq'that
the results shown by a curve B in fig. 1 were obtained.
That is, the absorption peak of this compound was
shifted as much as 20-30 nm to a longer wavelength side

by interaction with DNA. This was due to typical
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The fluorescence spectrum of the sample I was

characteristics of an intercalater.

measured in a usual manner by the use of a part of the
sample I, and as a result, when DNA was absent, a weak-
peak was detected at about 650 nm by excitation at 550
nm (refer to a curve A in Fig. 2). Next, the
fluorescence spectrum of the sample II was similarly
measured by the use of a part of the sample II, and as
a result, a peak having.fluorescence intensity which
was about 100 times as much as the case of DNA being
absent was detected in the vicinity of 650 nm by
excitation at the same wavelength (refer to a curve B
in Fig. 2). The above-mentioned results indicate that
the compound I was a strong intercalater.

Next, solutions containing the compound 1 at a
concentration of 5x10°°® M and different DNA
concentrations were prepared by the use of the
previously prepared DNA solution, the compound 1 and a
10 mM phosphoric acid buffer solution containing 10% of
acetonitrile. Fluorescence intensities of the thus
prepared solutions were measured in a usual manner to
determine changes of the fluorescence intensities to
the DNA concentrations. The obtainedagesults are shown
in Figs. 3 and 4. The fluorescence intensity enhances
with the increase of the DNA concentration, and it was
at most about 400 times larger than when DNA was

absent. 1In this case, as excitation light, there was
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used light from a Xe lamp light source from which

ultraviolet portion was removed by a low cut filter of

" 480 nm.

rati m

Changes of flugrescence intensities to DNA
concentrations were determined in accordance with the
same procedure as in Example 3 by the use of ethidium
bromide (EB) which was known as an intercaléter, " The
results are shown in Figs. 3 and 4.

As is apparent from the results in Fig. 3, the
fluorescgnce intensity of a compound 1 is substantially-
zero in the absence of DNA, but in the case of EB, it
is high even in the absence of DNA. Furthermore, for
example, at a DNA concentration of 4 uM, the
fluorescence of the compound 1 increases about 17
times, whereas the fluorescence of EB increases about 4
times. Therefore, it is apparent that in the presence

of DNA, S/N of the compound 1 is much better than that

of EB. Hence, when the compound 1 is used as a stain

for a nucleic acid, the high-sensitive detection of the
nucleic acid is possible on very low background, and
even in a low-concentration region of DNA, the
detection with the high sensitivity is possible. _
Moreover, as is apparent from the results in Fig.
4, the compound 1 can obtain the fluorescence intensity
4 times as much as EB, so long as visible'light is used

as excitation light, and so when the compound 1 is
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used, the nucleic acid can be detected with the'high
sensitivity.

Example 4

A DNA size marker A/Hind III digest-®X174/Hae III
digest (made by Toyobo Co., Ltd.) was used to prepare
solutions having various concentrations of from 100 ng
to 0.1 ng in all, and separation was _then carried out
by 0.8% agarose gel electrophoresis. Next, an
acetonitrile solution of a compound 1 was dissolved in
distilled water so that the final concentration of the
dyestuff might be 1x107¢ M and so that the concentration-
of acetonitrile might be 10%, and the gel which had
undergone the electrophoresis was immersed in this
acetonitrile solution for about 2 minutes.

One side of a transilluminator-like box was
covered with a band'pass filter of from 480 to 590 nm,
and the stained gel was then put on the filter ana
another filter for fluorescence detection (a band pass
filter of from 620 to 710 nm)'was further superposed
upon the gel. Afterward, the gel was irradiated with a
halogen lamp, and as this time, the developed pattern
of DNA could-be directly confirmed by the naked eye and
the stained band where 0.05 ng of DNA was considered to
be present could be directly confirmed by_the naked
eye. In addition, photographs taken by a Polaroid
camera were also good. In this case, sensitivity was

ten or more times better than in the case that the gel
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stained with conventional ethidium bromide was excited

with ultraviolet rays (a transilluminator was used).

Example 5

DNA size markers having various concentrations
were prepared by the same procedure as in Example 4,
and DNA fragments were separated in a 1% agarose gel
(5%x6 cm) by the use of a small-sized electrophoresis
device. Next, a'compound 1 was dissolved in the same
manner as in Example 4, and the gel which had undergone
the electrophoresis was then immersed in the solution
of the compound 1. Afterward, the same band pass
filter as in Example 4 was set instead of a glass above
the surface of a strobe which was an excitation source.
The stained gél was put on the‘filter, and photographs
were taken by a Polaroid camera equipped with a band
pass filter for fluorescence detection, the camera
being connected to the strobe. Preferably, a shutter
speed was 1 second and an aperture was about 1/16.
Detection sensitivity was the same as in Example 4.

Example 6

Solutions having various concentrations were
prepared using a DNA size marker #X174/Hae III digest
(made by Toyobo Co., Ltd.) by the same procedure_ as in
Example 4, and separation was then made by 8%
polyacrylamide gel electrophoresis. Next, a compound
10 was dissolved in the same manner as in Example 4,

and the gel which had undergone the electrophoresis was
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then immersed in the solution of the compound 10.

Afterward, a semiconductor laser (680 nm, made by
Hitachi, Ltd.) was used as an excitation source and a
band pass filter (a wavelength region of from 700 to
800 nm) was set in front of a photomultiplier, and
fluorescence intensity was then determined by scanning
on the gel. The intensity of each band was directly
proportional to the length of the DNA fragment of the
size marker, and quantitative handling was possible
till the highest concentration, 1.3 kb (25 ng).

Example 7

An M13 mp 18 single-strand DNA was used as the
model of a target nucleic acid, and a 20-mer
oligonucleotide having the following sequence which was
complementary to the base sequence of the target
nucleic acid was syﬁthesized as a probe I by the use of
a DNA synthesizer (trade name 381A, made by ABI Co.,
Ltd.):

5'GTTGTAAAACGA6GGCCAGT3'

Moreover, a 20-mer for a control test consisting
of T aloné was similarly synthesized as a probe II.

The probe I and the M13 mp 18 single-strana DNA
were added to a solution of 1 mM phosphoric acid.buffer
solution (pH = 7.0), 145 -mM of NaCl and 5 mM KCl so
that the respective final concentrations the probe I
and the single-strand DNA might be 10 pg/ml, and they

were reacted with each other to obtain a specimen I.
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In addition, similar reaction was carried out using the
probe II in place of the probe I to obtain a specimen
II.

Next, an acetonitrile solution of a compound 1 was
added to each of the specimens I and II so that the
final concentration might be 3x10° M, and the solution
was irradiated with light from a tungsten lamp. As a
result, in the case of the specimen I, red luminescence
was confirmed, but in the case of the specimen II, a
transparent state was maintained. The results indicate
that the detection of a hybrid of the probe and the
target nucleic acid in the solution system can be
achieved without B/F separation.

Example 8

For a compound 12, the same experiment as in
Example 3 was carried out. That is, a suitable amount
of the compound 12 was dissolved in a 100 mM acetic
acid buffer solution containing 10% of acetonitrile,
and the solution was thén regulated so that the most
absorption maximum might be about 0.4. As shown in
Fig. 5, when DNA was absent, the compound 12 had the
absorption maximum at 625 nm.

A DNA solution prepared in Example 3 was adged to
the solution of the compound 12 so that the final
concentration might be 50 pg/ml, and at this time, the
absorption was shifted as much as 35 nm to a loné

wavelength side and the compound 12 had absorption

- : This Shéet Has Been Replaced E
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maximum at 660 nm. In addition, its absorbance

decreased, and a hypochromic effect was shown, which
were typical characteristics of an intercalater.

Fluorescence spectra were measured in the presence
and the absence of DNA in the same manner as in Example
3, and in consequence, the results shown in Fig. 6 were
obtained. As shown in Fig. 6, in the case of no DNA,
weak fluorescence was observed at about 690 nm when
excitation was given by a xenon lamp. Next, DNA was
added to the solution so that the final concentration
might be 50 pg/ml, and in this case, the wavelength of
the fluorescence was 735 nm, and its fluorescence
intensity increased about 10 times as much és the case
of no DNA. That is, it was confirmed that the compound
12 was an intercalater. By the use of this compound
12, the detection of DNAs in Examples 4 and 7 could be
carried out.

Example 9

For a compound 6, the.same experiment as in
Example 3 was carried out. That is, a suitable amount
of the compound 6 was dissolved in a 10% aqueous
acetonitrile dimethyl sulfoxide solution, and the
solution was then regulated so that the most absorption
maximum might be about 0.4. As shown in Fig. 7, when
DNA was absent, the compound 6 had the absorption
maximum at 660 nm.

A DNA solution prepared in Example 3 was added to
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the solution of the compound 6 so that the final

concentration might be 50 pg/ml, and at this time,.the
absorption was shifted as much as 30 nm to a long
wavelength side and the compound 6 had absorption
maximum at 690 nm. In addition, its absorbance
decreased, and a hypochromic effect was shown, which
were typical characteristics of an intercalater.

Fluorescence. spectra were measured in the presence
and the absence of DNA in the same manner as in Example
3, and in consequence, the results shown in Fig. 8 were
obtained. As shown in Fig. 8, in the case of no DNA,
weak fluorescence was observed at about 735 nm when
excitation was given by a xenon lamp. Next, DNA was
added to the solution so that the final concentration
might be 50 pg/ml, and in this case, the wavelength of
the fluorescence was 800 nm, and its fluorescence
intensity increased about 7 times as much as the éase
of no DNA. That is, it was confirmed that the compound
6 was an intercaiater. By the use of this compound 6,
the détection of DNAs in Examples 4 and 7 could be
carried ouf.

Xam 1

A compound 2 was dissolved in a 10 mM phospgoric
acid buffer solution containing 10% of acetonitrile,
and the solution was then regulated so that the final
concentration might be 5x10° M. As shown in Fig. 9,

when DNA was absent, the compound 2 had absorption in
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the range of from 520 to 660 nm, and its absorption
maximum was at 580 nm.

A DNA solution prepared in the same manner as in
Example 3 was added to the 'solution of the compound 2
so that the final coﬁcentration might be 50 yug/ml, and
at this time, the absorption was shifted as much as 30-
40 nm to a long wavelength side, which was typical
characteristics of an intercalater. Fluorescence
spectra were similarly measured, and in consequence,
the results shown in Fig. 10 were obtained. As shown
in Fig. 10, in the case of no DNA, a peak was observed
at about 700 nm when excitation was given by a xenon
lamp. |

Next, the compound 2 was dissolved in a 10 mM
phosphoric acid buffer solution containing 10% of
acetonitrile, and the solution was then regulated.so
that the final concentration might be 1x107% M. DﬁA was
then added to the solution at various concentrations to
prepare solutiohs having different DNA concentrations.
The fluorescence intensities of the thus prepared
solutions were measured in a usual manner to inspect
changes of the fluorescence intensities to the DNA
concentrations.l The results are shown in Fig. 11. The
fluorescence intensities enhanced with the increase of
the DNA concentration, and it enhanced at most about
100 times as much as the case of no DNA.

It was confirmed from the above-mentioned results
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that the compound 2 was the strong intercalater.

Exam 1

With regard to the shift of absorption maximum and
the enhancement of fluorescence intensity of other
compounds shown in Table 1 in the presence of DNA,
measurement was made by the same procedure as in
Examples 3, 8 and 9. Typical examples of the obtained
results are shown in Table 2. In this connection; each
degree of the enhancement is a value at the time of the

final concentration of DNA being 50 pm/ml.
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Table 2

Absorption Maximum (Amax)

in the

in the

Fluorescence tensit

Compound Degree of

No. absence of DNA presence of DNA Aem Enhancement

1 540 nm 560 nm 650 nm 100 times

2 580 nm 620 nm 700 nﬁ 60 times

3 535 nm 570 nm 640 nm 13.6 times

4 575 nm 610 nm 705 nm 10 times '

6 660 nm 690 nm 800 nm 7 times ® '

8 650 nm 670 nm weak - '

9 660 nm 720 nm 750 nm | 16 times ,

11 625 nm 660 nm 735 nm 10 times ....
15 670 nnm 680 nm 820 nm 5 times :,“
16 690 nm 720 nm 825 nm 5 times ’
17 690 nm 720 nm weak e
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Example 12
(Live cell staining of cultured cells)
L cells (NCTC clone 929, ATCC No. CCLl, Sanford,

K. K., Earle, W. R., Likely, G. D.: J. Natl. Cancer

Inst., 9.229-246, 1948) were used as cultured cells,

and an ordinary culture method was employed and Eagle's
MEM of an eagle (made by Nissui Co., Ltd.) + 10% FCS |
was used as a cuiture medium.

Cultivation was carried out in a CO, incubator at

37°C, and the culture medium in which a cell density

became about 1.2 x 10° cells/cm? was used for staining. °

2-methyl-4, 6-bis-(4-N,N-
dimethylaminophenyl )pyrylium iodide [compound 1 wherein
(Y was 1)] was dissolved in ethanol (for fluorescence
analysis) so that the concentration of the compound 1
might be 200 pg/ml.- The resulting solution was passed
through a filter having a pore size of 0.22 pm to
sterilize the same and to remove particles therefrom,
thereby obtaining a stock solution for a staining
solution of the present invention.

As the cells to be stained, unfixed live cells
were used. That is, the ahove-méntioned stock solution
was directly aseptically added to the culture medium of
the culture cells in accordance with a usual culture
operation. In this experiment, the culture medium was
regulated so that the final concentration of the

compound 1 might be 100 ng/ml (the final ethanol
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The culture medium was statically induhated for 5
minutes in the CO, incubator, and fluorescence
observation was then carried out. This fluérescence
observation was made in the culture medium still
containing the compound 1, i.e., in a state where the
cells were present in the staining solution. In this~
observation, an inverted type refractive fluorescence
microscope (trade name IMT-2, made by Olympus Optical
Co., Ltd.) was used. As a result, cell nuclei were
sharply stained, and fluorescence images emitting clear
fluorescence were observed. In addition, the fade
phenomenon of the fluorescence was not observed, and
the fluorescence of the staining solution which became
background was scarcely obsefved.

Moreover, aftef the observation, the staining
solution was replaced with a usual culture medium, and
the cultivation was then continued. The cells were
normally propagated, and after éubcultures, it was
possible to stain them again and to observe the
fluorescence.

In the case of the compound 1 which was the
dyestuff which was used in this example, the excitation
light and the fluorescence were in a relatively iong
wavelength region, and hence, in the fluorescence
observation for a long time in one visual field, a bad

influence such as heat generation on the cells could be
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presumed. However, any particular influence was not

- present owing to the very low concentration, the

inhibition of the excitation light by much
fluorescence, and the like.
m E 1

[Live cell staining of cultured cells by ethidium
bromide (EB)]

Cells to be‘étained were prepared by the same
procedure as in Example 12.

A dyestuff (EB) is usually used in the state of an
aqueous solution, but in this experiment, it was used
in the state of an ethanol solution for the sake of
coordination with Example 12. The concentration of the
dyestuff solution was set to 200 pg/ml, as in Example
12. The dyestuff solufion was passed through a filter
having a pore size of 0.22 um to sterilize the same and
to remove particles therefrom, thereby obtaining a
stock solution for a staining solution for comparison.

Staining was also carried out by directly adding
the stock dyestuff solution to the culture medium, as
in Example 2.

After the addition of the dyestuff, sfatical
incubation was carried out for four different times,
i.e., 5 minutes, 15 minuteé, 1 hour and 1.5 hours, and

the specimens were then observed. A used observation

device was the same as in Example 12.

The obtained results were as follows: '

i
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(1) Owing to the very strong background of EB,
the cells were neither confirmed nor observed, and the
direct observation in the intact staining solution was
difficult irrespective of the staining time.

(2) After the staining solution was replaced with
the culture medium or a physiological saline, the
observétion was made, and it was apparent that cell
nuclei were weakiy.stained in the case that the
staining time was 1.5 hours or more.

Example 13

(Preparation of long-term storage specimens of
stained cells) |

Cells were prepared fundamentally in the same

manner as in Example 12. However, at the time of

cultivation, a sterilized slide glass (for fluorescence
observation) was buried in a culture dish, and the
cells were propagated on the slide glass. The slide
glass with the propagated cells was taken out from the
culture dish, and the following operations were then
aseptically carried out to stain the cells.

In the first place, the taken slide glass was
immersed in a 4% aqueous formaldehyde solution for 30
minutes to achieve fixation. Afterward, the slide
glass was passed through distilled water to simply wash
it, and a suitable amount of a staining solution (1
pg/ml, a 0.5% ethanol solution, filter sterilization)

prepared by the use of a stock solution of the present
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invention was then dropped thereon. Next, a cover
glass for the fluorescence observation-was put on the
specimen, and the excessive staining solution was then
removed. Afterward, the cover glass was fixed with a
sealing resin to form a storage specimen.

Observation was carried out in the same manner as
in Example 12, and as a result, cell nuclei were-
sharply stained aﬁd fluorescence images emitting clear
fluorescence were observed, as in Example 12.

The specimens were stored at -20°C, 4°C and room
temperature (each specimen was wrappéd in aluminum foil -
to shut out light), and after 3 months, the
fluorescence observation was made again. Since the
specimens were sealed up in the aqueous solvent, the
specimens other than the specimen stored at -20°C were
in a good storage stéte, though the specimen stored at
-20°C gave rise to the partial breakage of cell
morphology. In addition, even after the storage, the
fluorescence was sufficiently emitted, and a staining
state was also good.

Example 14

(Live cell staining of blood cells)

Blood cells obtained by a blood culture method
("All of Staining", Ishiyaku Publishers Inc., p. 366)
were stained in the state of the unfixed live cells.

That is, 5 ml of a sampled peripheral blood was

first placed in a sterilized Spitz tube, and the tube -
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was uprightly allowed to stand; thereby separating the
blood cells. Next, 0.5 ml of bovine serum and 0.1 ml
of PHAM (made by Gibco Co., Ltd.) were added to 5 ml of
a cell culture medium (RPMI 11640, made by Gibco Co.,
Ltd.), and the resulting mixture was put in a culture
dish. Next, about 0.5 ml of the supernatant liquid of
-the separated blood, i.e., a plasma portion rich in
leukocyte was added to the culture dish, and the cells
were cultured for 3 days in a CO, incubator at 37°C.

A staining solution (concentratibn = 200 pg/ml, an
ethanol solution) prepared in the same manner as in
Example 12 was added to a part of the suspension of the
cultured cells, and the solution was then regulated so
that the final concentration of a compound 1 might be
100 ng/ml and so that the final concentration of
ethanol might be 0.5% to stain the blood cells.

For fluorescence observation, a culture medium
containing the compound 1 was used as it was, and an
inverted type refractive fluorescence microscope (trade
name IMT-2, made by Olympus Optical Co., Ltd.) was
used. As a result, cell nuclei were sharply stained,
and fluorescence images emitting clear fluorescence
were observed, as in Example 12. In addition, the fade
phenomenon of the fluorescence was scarcely obsefved.

Exam 1

(Staining of cultured Escherichia coli)

As Escherichia coli, there was used a JM-109
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strain which was usually utilized as a host for genetic
recombination.

About 1% of agarose was added to an M-9 culture
medium (pH = 7.0) having the following composition, and
the agarose was then melted and sterilized in an
autoclave. Next, the solution was poured into a
culture dish to form a blate.

COmposition of the M-9 culture medium (in one
liter): |

Na,HPO,+7H,0 ... 12.8 g
74: o J 3g
NaCl ...ceeececes 0.5 g
NHCL ..cccvecees lg
MgSO, «eccceceses 1 MM
glucose ........ 0.2%
CaCl, ceccveeeee. 0.1 mM
balance ........ water
| The bacteria from the stock of the JM-109 strain
(Takara Shuzo Co., Ltd.) were inoculated into this M-9

plate, and they were then incubated overnight in an

"incubator at 37°C to propagate the bacteria, thereby

obtaining colonies on the plate. Next, the bacteria
were picked up from one of these colonies by a
sterilized platinum loop, and then inoculated into 100
ml of a 2xYT culture medium having the following
composition in a culture vessel.

Composition of the 2x¥YT culture medium (in one
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M

1

liter):
bacto-trypton ......... 16 g
bacto-yeast extract ... 10 g
NaCl ...ccccececece e 5 ¢g
balance .........c..... water
(pH = 7)

This culture medium was set to a thermostatié
water bath with a shaker, and shake culture was carried
out at 37°C for about 10 hours. After completion of
the culture, the cultured bacteria were harvested from
the culture medium by centrifugal separation, and then -
resuspended again in physiological saline so that the
concentration of the bacteria might be about 10°
bacteria/ml. Next, the obtained suspension was divided
into two portions, and they were used in comparative
tests using fixed bacteria and unfixed bacteria.

(1) Fluorescence staining of the fixed bactéria

A 4% formaldehyde solution (pH = 7.0) was added to
one portion of the suspension of fhe JM-109 strain
obtained by the above-mentioned operations, the amount
of the formaldehyde solution being equal to that of the
suspension. After sufficiently stirred, the solution
was allowed to stand for 30 minutes at room temperature
to fixed the bacteria. The thus fixed bacteria were
harvested by centrifugal separation, and then
resuspended in physiological saline again. At the time

of this suspension, the concentration of the bacteria

This Sheet Has Been Replaced
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was set in the range of from 10’ to 10° bacteria/ml

which was suitable for observation by a fluorescence
microscope.

A staining solution was prepared by dissolving a
compound 1 (Y = I) in ethanol so as to become a
concentration of 200 pg/ml, and then sterilizing the
solution and removing grains therefrom by the use of a
f£ilter. | |

This staining solution was added to the suspension
of the previously prepared fixed bacteria so that the
final concentration of the compound 1 might be 0.2
pg/ml and so that the concentration of ethanol might be
0.5%, and the solution was then allowed to stand at
room temperature for 10 minutes, thereby staining the
bacteria. Afterward, fluorescence observation was done
in this intacf state where the fixed bacteria were
suspension, i.e., without removing the compdund 1 which
was the dyestuff from the suspension solvent.

(2) Fluorescence staining of live bacteria
(unfixed bacteria)

The same procedure as in the preceding paragraph
(1) was carried out except that bacteria were not fixed
with formaldehyde, to obtain the suspension.of the
stained live bacferia. Also in this case, fluorescence
observation was done without removing the compound 1
which was the dyestuff from the suspension solvent.

Each of the bacteria suspensions obtained in the
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above-mentioned operations (1) and (2) was dropped on a
slide glass, and a cover glass was then put thereon.
Afterward, the excessive liquid was removed therefrom,
and the glasses were sealed with a sealing resin. The
fluorescence observation of the thus obtained specimens
was carried out by the use of a refractive fluorescence
microscope (trade name IMT-2, made by Olympus Optical
Co., ﬂtd.). As é'result, it was observed that the
Escherichia coli which was procaryotic microorganisms
was wholly stained. A difference of staining
préperties between the fixed bacteria and the unfixed
bacteria was not observed, and in both the cases,
fluorescence images emitting very light red
fluorescence were observed. In addition, the fade
phenomenon of the fluorescence was not observed.

After the obsefvation,‘the staining solution of
the unfixed bacteria was replaced with a culture
medium, and cultivation was ?hen carried out. In this
case, the Escherichia coli normally propagated, and for
the bacteria obtained by subcultures, it was possible
to stain them again and to observe the fluorescence.

Also in the this case, there could not be observed
a bad influence on the Escherichia coli by heat _
generatibn or the like which was attributed to the
fluorescence observation for a long time in one visual

field. r______.____——-f—f
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[Live bacteria staining of EScﬁerichia coli by
ethidium bromide (EB)]

Escherichia coli which was a target to be stained
was prepared in the same manner as in Example 15. A
dyestuff (EB) is usually used in the state of an
aqueous solution, but in this experiment, it was used
in the staté of an ethanol solution- for the sake of
coordination with:Example 15. The concentration of the
dyestuff solution was set to 200 pg/ml, as in Example
15. The dyestuff solution was passed through a filter
having a pore size of 0.22 pm to sterilize the same and-
to rémove particles therefrom.

Escherichia_coli was stained in the same manner as
in Example 15 by the use of this dyestuff (EB)
solution. After the addition of the dyestuff solution,
statical incubation was carried out for four different
times, i.e., 5 minutes, 30 minutes, 1 hour and 1.5
hours, and a staining state was then observed. The
obtained results were as foilows:

The obtained results were as follows:

(1) Wwhen the observation was made in the intact
state in which the dyestuff solution was added to the
bacteria suspension, the liquid medium emitted light
very strongly. That is, background was very strong,
which disturbed the judgement of the staining state of
the bacteria.

(2) The bacteria were separated from the liquid
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medium, washed, resuspended in a culture medium or
physiological saline again, and then observed. As a
result, it was apparent that the fixed bacteria were
stained in a standing (staining) time of about 30
minutes, and the unfixed bacteria were stained in about
one hour. However, the staining state of the unfixed
bacteria was weaker than that of the fixed bacteria,
and it was uneven.

Example 16

(Preparation of long-term storage specimens of
stained bacteria) |

The same procedure as in Example 15 (1) was
carried out except that sodium azide was added as an
antiseptic so that the final concentration might be
about 0.05%, to carry out the fluorescence staining of
the fixed bacteria.'-Afterward, a staining state was
observed, and as a result, it was apparent that the
whole bacteria clearly emitted fluorescence, as in
Example 15.

Mény specimens were prepared by placing the
samples in vessels and then sealing up them, and they-
were wrapped in aluminum foil to shut out light.
Afterward, they were stdred at -20°C, 4°C and room
temperature. After a passage of 3 months, the
fluorescence of the'specimens was observed again. As a
result, the specimen which was stored at -20°C gave

rise to the partial breakage of the morphology of the
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bacteria by freezing, because the suspension medium of

- 101 - |

the bacteria was aqueous. However, the specimens
stored at other storage temperatures were kept in a
good storage state. In addition, fluorescence was also
sufficiently emitted, and a staining state was also
good.

Example 17

(Staining of 'tissue section)-

A sliced section of a mouse liver covered with

- paraffin on a slide glass prepared by a usual manner

was stained with 2-methyl-4,6-bis-(4-N,6N-
dimethylaminophenyl) pyrylium iodide (a compound 1) in
accordance with the following procédure. However, for
observation by fluorescence, there were used the slide
glass, various solvents and solutions which were:free
from the fluorescence. |
In the first place, a suitable amount of 2—méthyl-
4,6-bis-(4-N,N-dimethylaminophenyl) pyrylium iodide (a
compound 1) was diséolved in ethanol and then diluted
with physiological saline, and the solution was next
regulated so that the final concentration of the
dyestuff might be 1 pg/ml and the concentration of

ethanol might be 0.5%. This dyestuff solution was

'passed through a filter having a pore size of 0.22 um

to sterilize the same and to remove grains therefrom,
thereby preparing a staining solution.

In order to increase the permeability of the
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aqueous staining solution, the paraffin was removed
from the sliced section covered therewith of the
specimen prior to its use. That is, the specimen was
immersed in a xylol for 3 to 5 minutes to dissolve and
remove the paraffin. After the removal of the paraffin
was carried out again with a fresh xylol, the specimen
was immersed in pure ethanol to remove xylol therefrom,

and a fresh ethanol was used again to completely remove

xylol. 'Afterward, the specimen was immersed in a 70%

ethanol solution, and then washed with water to bring
the paraffin removal operation to an end. |
Simultaneously, the environmental solvent of the
specimen was replaced with an aqueous system.

Next, the slide glass specimen from which the

‘paraffin had been removed was immersed in a suitable

amount of the staining solution for 5 minutes to stain
the same. After the staining, a thin cover glass for
fluorescence observation was put on the section on the
slide glass withoﬁt washing the slide gLass, and the
glasses were sealed along their péripheries with a
sealing agent. If the specimen is held in the sealed
glasses together with the "solution containing the
dyestuff without removing the solution by washing, the
staining state of the specimen can be maintained.

For the fluorescence observation, an inverted type
refractive fluoresceﬁce microscope (trade name IMT-2,

made by Olympus Optical Co., Ltd.) was used. A visual
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field was set by a transmitted phase contrast image,

and the tissue specimen was then irradiated with
excitation light. As a result,-cell nuclei were
clearly stained, and a stained image emitted bright
fluorescence. During the observation, background was

scarcely observed. This fact means that the

. washing/removal of the excessive dyestuff after the

staining is unneééssary and it is less needful to take
care of the dyestuff concentrétion in the staining
operation. In addition, no fade phenomenon was
present, and operations of the setting of the wvisual
field, the taking of photographs and the like could be
carried out with leeway without stopping fhe
irradiation with the excitation light.

In this connection, at the time of sealing after
the staining, sodium azide could be added as an
antiseptic so that the final concentration might.be
about 0.05%, and in the thus sealed specimen, the
fluorescence-stained image did not change and could be
observed even after the storage of 3 months of more.

Comparative Example 4
[Staining of tissue section by ethidium bromide

(EB)] )
A dyestuff (EB) is usually used in the state of an

aqueous solution, but in this experiment, it was used

in the state of an ethanol solution for the sake of

coordination with Example 17. The concentration of the
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dyestuff solution was such that the final concentration

was 1 pg/ml,'as in Example 17 (the final concentration
of ethanol was 0.5%). The dyestuff solution was passed
thfough a filter having a pore size of 0.22 pm to
sterilize the same and to remove particles therefrom,
thereby preparing a staining solution. Staining was
also carried out in the same manner as in.Example 17.
After the additidn of the staining solution, a staining
state was observed at passage times of 5 minutes, 15
minutes, 1 hour and 1.5 hours. The same observation
device as in Example 17 was used. The following
results were obtained:

(1) In the case of EB, background was so strong
that the tissue seemed to be wholly stained, and an
image having no contrast was observed. It was
difficult to observé cell nuclei alone.

(2)  In the specimen which was stained for i.5

hours, washed with distilled water, and then sealed, it

. was observed that the cell nuclei were weakly stained.

Example 18

(Staining of a chromosome)

(1) Preparation of a chromosome specimen

5 ml of peripheral blood sampled from a normal
adult human was first placed in a sterilized Spitz
tube, and the tube was uprightly allowed to stand fof 3
hours or more at room temperature, thereby separating

the blood cells. Next, 0.5 ml of bovine serum and 0.5
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ml of PHAM (made by Gibco Co., Ltd.) were added to 5 ml

of a culture medium of RPMI 11640 (made by Gibco Co.,
Ltd.), and the resulting mixture was put in a culture
dish. Next, about 0.5 ml of a plasma and leukocyte
layer of an upper portion in the Spitz tube was added
to fhe culture dish, and the cells were cultured for 3
days in a Co;incubatpr at 37°C. Next, colcemid was
added to the culture medium so that the final
concentration might be in the range of from 0.2 to 0.5

pg/ml, and the medium was allowed to stand for 2 to 3

" hours. The cultivation was stopped, and cells were

then harvested by centrifugation for 5 minutes at 1,000
rpm. Afterward, 3 ml of 0.075 M of a KC1l solution was
added to the harvested cells, and the mixture was
mildly stirred, and theﬁ allowed to stand for 7
minutes. Next, these cells were harvested by
centrifugation, and 5 supernatant was then removed.

Afterward, a calnoa fixing solution (pure

' methanol:glaéial acetic acid = 3:1) was added to the

cells, and the mixture was then allowed to stand for 1
hour to fix them. The used fixing solution was

replaced with a fresh- fixing solution twice or thrice,
and finally the cells were suspended in a small amount

of the fixing solution. Next, to this solution, there

~ added a staining solution in which an ethanol solution

of 2-methyl-4,6-bis-(4-N,6N-

dimethylaminophenyl)thiopyrylium iodide (a compound 2)
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was regulated so that the final concentration of the

compound 2 might be 500 ng/ml and so that the
concentration of ethanol might be 1% or less. Here,
the staining solution was beforehand passed through a
filter having a pore size of 0.22 pm to sterilize the
same and to remove particles therefrom. One or two
drops of the mixture of the cell suspension solution
and the staining solution was dropped on a cooled
fluorescence-free slide through a Pasteur pipet, and
then dried up in air.

(2) Observation of a chromosome

The specimen on the slide obtained in the
preceding (1) was sealed with a sealing resin, and it
was put on a refractive fluorescence microscope (Nikon
K.K.) connected to a high-sensitive CCD camera (made by
Hamamatsu Photonics Co;, Ltd.) to analyze a
fluorescence pattern.of a chromosome. As a resulf, it
was apparent that the chromosome was clearly
differentially stained and its pattern was different
from a differential stéining pattern by quinacrine. BY
this differgntial staining pattern, the chromosome
could be classified.

Example 19

In the first place, cells were cultured in ;he
same manner as in Exampie 18, and they were then
hervested by centrifugation. Next, to the hervested

cells, there was added a 0.075 M KC1l solution (3 ml) to
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which 2-methyl-4,6-bis-(4-N,N-
dimethylaminqphenyl)pyrylium iodide (a compound 1) was
added so that the final concentration might be 500
ng/ml and the concentration of ethanol might be 1% or
less. In this case, the harvested cells were not
subjected to a fixation treatment with a calnoa fixing
solution. Afterward, a chromosome was diffused in
accordance with a vapor drying method ("All of
Staining", Ishiyaku Publishers Inc., Pp. 366), and
excessive water drops were wiped off without particular
drying. Next, a cover glass was put on the chromosome, .
and its periphery was then sealed up.with a sealing
resin. The specimen was observed in the same manner as
in Example 18. As a result, it was apparent that the
chromosome was clearly differentially stained even
without any fixation operation, and about the same
results as in Example 18 were obtained. After that
step, this fluorescence was scarcely faded. After one
month, this specimen was observed again, and at this
time, about the same fluorescence as at the time of the
manufacture could be obtained again.

Example 20

(Detection by ih situ hybridization)

2-(4-carboxystyryl-4,6-bis-(4-N,N-
dimethylaminophepyl)pyrylium iodide [a compound 48 (X =

O and Y = I)] was synthesized from carboxybenzaldehyde

and a compound 1 (Y = I).
This Sheet Has Been Replacsd
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Next, 170 mg of the thus synthesized compound 48
was dissolved in 5 ml of dry DMF, and 50 pl of dry
pyridine and 128 mg of DSC (disuccimizyl carbonate)
were added thereto, followed by stirring in a dark
place at room temperature for 20 hours. Afterward, 150
ml of diethyl ether was added to the reaction mixture,
and the resulting precipitate was hervested, washed
wifh diethyl ether, and then dried. The thus obtained
active ester was used in a reaction with a nucleic
acid.

A 30-mer oligonucleotide having an amino linker at.
its S' terminal and having the following base sequence
which was complementary to a part of the base sequence
of the mRNA of an immunoglobulin K chain in a mouse was
synthesized by the use of a DNA synthesizer 381lA made
by ABI Co., Ltd.:

5'CTCACAGGTATAGCTGTTATGTCGTTCATAI'
The cleaving from a CPG support, deprotection, and

purification by a high-performance liquid

" chromatography (HPLC) were carried out in usual

manners.
Next, 200 pg of the above-mentioned
oligonucleotide, 100 pl of 1 M sodium sulfate buffer
solution and 500 pl of water were mixed and diss;lved,
and 2 mg of the above-mentioned active ester beforehand
dissolved in 400 pl of DMF was slowly added thereto

with stirring._Reaction was carried out at 40°C for 24
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hours, and the reaction solution was then crudely
purified through a gel filter column NAP-50 made by
Farmacia Co., Ltd. and then further purified by HPLC to
obtain about 150 pg of a following DNA probe labeled

with the compound of the present invention:

CONH

DNA

(2) In situ hybridization

P3 X 63 Ag8U.1 of myeloma cells of a mouse Qas
suspended in a DMEM culture medium, and the suspgnsion
was spread on a dish so as to be 2.5 x 10° cells/ml.
After cultivation at 37°C for 36 hours, the DMEM
culture medium was replaced with another DMEM culture
medium containing the probe prepared in the above-
mentioned step (1) at a concentration of 10 nM,.and
cultivation was further continued for 1 hour. Next,
the operation of replacing the used culture medium with
a culture medium containing no probe and then culturing

the cells for 30 minutes was repeated twice, and
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observation was then made by the use of a fluorescence
microscope. In this fluorescence microscope |
observation, filters suitable for the absorption
wavelength and fluorescence wavelength of the probe
were used, and detection was done by the use of a
super-high-sensitive CCD camera. As a result,
fluorescence was observed on the cells.

Oon the other hand, a probe for comparison was
synthesized from a nucleotide having a base sequence in
which homology was lower than in a nucleic acid in the
above-mentioned cell, and similar observation was then
made. As a result, any fluorescence was not observed.

Example 21 |

(Detection of a PCR amplified product)

PCR was carried out, using 16S ribosomal RNA of E.
coli as a target, and its amplified product was
detected by the use of a compound 1.

In the first place, fhe whole DNA of an E. coli JM
109 strain was prepared as follows. 2 ml of fhe
bacterial suspension had been cultured overnight in a
2xYT culture medium. And the bacteria'was harvested by
centrifugal separation,'and then suspended in 0.5 ml of
a 0.1 M sodium phosphate buffer solution (pH = 8.0).
Next, 0.05 ml of a 10% SDS solution was added t;-this
suspension, and after sufficient mixing, the mixture
was held at 70°C for 1 hour. This suspension was mixed

with a vortex mixer to completely lyse the bacteria.

This Sheet Has Been Replaced

[T




10

15

20

25

Afterward, phenol/chloroform was added to this lysed

solution, the amount of the phenol/chloroform being

equal to that of the lysed solution, and mixing and

centrifugal separation were then done. The resulting

upper layer was taken out, and ethanol was added

thereto, the amount of ethanol being twice as much as

that of the upper layer, so that DNA was hervested in

the form of a precipitate. This DNA was dissolved
100 pl of a TE buffer solution (pH = 8) to form a
template DNA of.PCR.
The following two primers were used in PCR:
Primer 1: 5'AGAGTTTGATCCTGGCTCAG3'-

Primer 2: 5'AACCCAACATCTCACGACAC3'

These primers were synthesized by the use of a DNA

in

synthesizer 381A made by ABI Co., Ltd. Reagents and

techniques necessary for the synthesis depend upon the
protocol of fhe ABI Co., Ltd.
Reaction conditions of PCR were as follows:
Composition of a reaction solution (volume 30 ul)
10xbuffer 3 ul
dNTPs _ 1 pl
Primer 1 ' 10 pmoles
Primer 2 10 pmoles
Tag DNA polymerase 0.5 unit i
Template DNA 100 pg, 10 pg, 1 pg,

100 £fg and 10 fg

A steri;ized water was added to the reaction
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Table 3
Amount of DNA 100 pg 10pg 1pg 100 fg 10 fg
Fluorescence o o e} o) o)
Electrophoresis o O o o O

O: The PCR amplified product was detected.

X: The PCR amplified product was not detected.
Table 4
Amount of DNA 100 pg- 10 pg 1 pg 100 £fg 10 £fg
Fluorescence O - O @) X X
Electrophoresis O e 0]

: The PCR amplified product was detected.
Xz The PCR amplified product was not detected.

As shown in Tables 3 and 4, the.sensitivity of
the detection of the PCR amplified product was

increased two orders of magnitude by using the compound

1 of the present invention, over that using EB, the !
conventional intercalater.

Reference will be made to the effects of the
present invention.

-

Most of the compounds of the formula [I] which

is an effective component of a stain of the present
invention have an excitation wavelength of 550 nm or

more on a -long wavelength side, and for example, the
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The Tag DNA poiymerase employed here had been

solution to bring the total volume to 30 pl.

manufactured by Takara Shuzo Co., Ltd. In addition,
10xbuffer and dNTPs used here was the same that had
been attaching to enzymes.

A reaction cycle was as.follows:

Preincubation at 92°C for 5 minutes

30 cycles .of 92°C-45 sec, 60°C-60 sec, and

72°C-90 sec |

Finally, incubation at 72°C for 5 minutes.

Here, as a PCR device, there was used model
PTC-100-96 made by MJ Research, Inc., and as a reaction
vessel, there was used a 96-well microtiter plate
(Falcon Assay Pléte 3911 (U bottom) made by Becton-
Dickinson Co., Ltd.). |

' PCR was carried out under the above-mentioned
conditions and the amplified product was detected;

The detection was carried out as follows: 1 pl
of a 5 pg/ml compound (an acetonitrile solution) was
added to each well in which the reaction was over, and
they were sufficiently mixed by pipetting and then
allowed to stand at room temperature for 5 minutes.
The thus treated sample was put on a transilluminator
capable of irradiating the sample with light through
the plate, and presence/absence of the amplified
product was inspected by presence/absence of

fluorescence. Furthermore, 10 pl of the reaction

|




10

15

20

25

1]
»
I I I

- 113 -

solution in the wel; was sampled, and agarose gel
electrophoresis was also carried out. The results are
shown in Table 3.

mparati Exam

[Detection of é PCR amplified product by use of
EB]

PCR was carried out, using 16S ribosomal RNA of
E. coli as a target, and its amplified product was
detected Sy the use of EB.

A template DNA prepared in Example 21 was
utilized. Furthermore, a primer, a reaction solution
composition, a reaction cycle and the amount of the
template DNA were all the same as in Example 21, and a
compound to be detected was only changed.

The detectibn was carried out.as follbws: 1 pl
of 5 pg/ml EB was added to each well in Which regction'
had been over, and they were sufficiently mixed 5}
pipetting and then allowed to stand at room temperature
for 5 minutes. The thus treated sample.ﬁith a plate
was put on a transilluminator (Model TM-10, made by
UVP, Inc.), and presence/absence of the amplified i
product was inspected by presence/absence of
fluorescence. Furthermore, 10 pl of the reaction
solution in the well was sampled, and agarose gel
electrophoresis was also carried out. The results are

shown in Table 4.
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WHAT IS CLAIMED JS:

l. A stain for a nucleic acid characterized by
containing, as an effective component, a compound

represented by the formula [I]
Rl
. \,<.—~‘\‘
RE—L X+t vy~ | (13
.%s_f’
RS

[wherein

is a heterocyclic ring, and X is 0, S, Se or Te, and it
is a pyrylium ring and a pyrylium-similar ring,

each of R' and R? is independently a hydrogen
atom, halogen atom, sulfonate group, amino group,
styryl group, nitro gréup, hydroxyl group, carbéxyl
group, cyano group, substituted or unsubstituted lower
alkyl group, substituted or ‘unsubstituted aryl group,
substituted or unsubstituted lower aralkyl group, or
substituted or unsubstituted cycloalkyl group,

R® is -A or -L-a,

L is -L'-, -L?-L3- or -L*-1°-L%-, and each of L!
to L® is independently -(CH=CH)-, a divalent group
derived from the substituted or unsubstituted aryl
group, a substituted or unsubstituted lower alkylene

group, or -CH=R‘- (R' is a ring structure having an oxo
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excitation can be achieﬁed by a xenon lamp or a
tungsten lamp, so that the use of harmful ultraviolet
rays can be avoided. Furthermore, since the excitation
light on the long wavelength side is utilized, the rise
of background in_the,dgtection of a sample derived from
an organism can be inhibited, whereby a high-sensitive
analysis is possible. For examplé, the sample derived
from the orgénism'is often contaminated with sﬁbstances
which are excited.by ultraviolet rays to emit
fluorescence. Thus, if the ultraviolet rays are used
as the excitation light, it is necessary that the

saﬁple is purified to some extent. On the contrary, if

the stain of the present invention is used, the

emission of the fluorescence from such substances can
be inhibited, and so the high purification of the
sample is not requifed any more. For example, the
sample such as a crude extract can be directly
utilized, and the detection with high sensitivity is
possible.-

Moreover, a compound having absorption in a
near infrared region can be selected and utilized as
the compound of the formula [I], which permits the
utllizatlon of a small- sized inexpensive semiconductor
laser as a light source for the excitation, so that a
measuring cost can be decreased.

Furthermore, the stokes shift of the compound

of the formula [I] is about 100 nm, and the excited
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light can be completely separated from the fluorescence
light. Thus, the high-sensitive detection is possible
in a high s/N ratio, which is particularly effective
for the automation of the measurement. |
In addition, the detection of a nucleic acid
and a nucleic acid fragment in a gel separated by
electrophoresis can be sufficiently carried out by a
light source such. as the tunésten lamp, and thus the
detection of DNA can be achieved with a good
sensitivity without bathing in the ultraviolet rays
which are harmful to humans. At this time, the
detection sensitivity is 10 times or more higher than
in the case of ethidium bromide, the S/N ratio is good,
and the enhancement of fluorescence intensity which
depends upon the concentration of DNA can be obtained
in a wide region, which permits the detection in a wide
concentration range. | |
In a hybridization reaction in a solution
system, the stain of the present invention can be used
to detect a hybrid of a probe and a target nucleic
acid, and in this case, the compound of the formula {1]
functions as an intercalater for the base pair of the
nucleic-acid. Thus, the compound intercalates ;p the
double-strand nucleic acid, so fhat the fluorescence
intensity increases, for example, in the case of the
compound 1, at most 400 times as much as in a free

state by interaction with the double-strand nucleic
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acid. Hence, the detection of the hybrid can be
achieved without B/F separation, and so the detection

of an amplified product of PCR can be very simply

achieved. 1In addition, the hybfid can be stabilized,

and so a stable analysis is possible.

The compound of the formula [I] of the present
invention can be used as a dyestuff for staining a
biological sample, whereby there can be provided a
fluorescence staining method suitable for many
biological samples in which fixation and a washing
operation can be omitted or remarkably simplified in
contrast to conQentional methods. In addition, in the
present invention, the fixing operation of the
biological samples can be omitted, and so fluorescence
observation is possible in a live state or in a natural
state and the fluorescence observation with time in the
cultivation of one sample is also possiblé. Morebver,
a long-term storage specimen by the fluorescence
staining can also be prepared. For the sake of the
differential staining of a chromosome, there can be
provided a differential staining method using a
fluorescence dyestuff which is different from a

conventional dyestuff in a differential pattern..
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A stain for a nucleic acid characterized by
containing, as an effective component, a pyrylium salt
compound having Y as a negative portion and a pyrylium
ring or a pyrylium-similar ring, wherein the ring is
comprised of X selected from O, S, Se and Te as a
hetero atom and has substituents R, R? and R’, wherein
each of R! and R’ is independently a hydrogen atom,
sulfonate group, amino géoup, substituted or
unsubstituted aryl group, etc.,

R* is -A or -L-A, L is -L!-, -L*-L*- or -L*-L’-Lf-, and
each of L! to L°® is independently -(CH=CH)-, a divalent
group derived from the substituted or unsubstituted
aryl group, etc., A is a substituted or unsubstituted
aryl group, etc., and Y is an anion. A method for
detecting a nucleic acid which comprises the steps of
reacfing a sample with the stain, and then detecting,
by an optical means, the double-strand nucleic acid
stained with the stain in the case that the double-

strand nucleic acid is contained in the sample.
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group),

A is a substituted or unsubstituted aryl group
or -CH=R’-~ (R’ is a substituted or unsubstituted
heterocyclic ring, a substituted or unsubstituted -
cycloalkyl group, or a substituted or unsubstituted
aromatic ring),

the hydrogen atom bonded to a carbon. atom not
having R!, R? and R® on the .pyryli,um ring or its similar
ring containing X may be substituted by a halogen atom,
sulfonate group, amino group, styryl group, nitro
group, hydroxyl group, carboxyl group, cyano group,
substituted or unsubstituted lower alkyl group,
substituted of unsubstituted aryl group, or substituted
or unsubstituted lower aralkyl gréup, and

¥ is an anion].

2. The stain for a nucleic acid according to
Claim 1 wherein both of R! and R? are the substituted or

unsubstituted aryl groups.

3. The stain for a nucleic acid according to
Claim 1 or 2 wherein the heterocyclic ring including X

is a six-membered ring.

4. The stain for a nucleic acid according to

Claim 3 wherein the 2-position and the 4-position of

the heterocyclic ring including X are substituted by
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the substituted or unsubstituted aryl groups, and any
of the 3-position, 5-position and 6-position is

substituted by R°.

5. The stain for a nucleic acid according to
Claim 3 wherein the 3-position and the 5-position of
the heterocyclic ring including X are substituted by
the substituted or unsubstituted aryl groups, and any
of the 2-position, 4-position and 6-position is

substituted by R’.

6. The stain for a nucleic acid according to
Claim 3 wherein the 2-position and the 6-position of
the heterocyclic ring including X are substituted by
the substituted or unsubstituted aryl groups, and any
of the 3-position, 4-position and 5-position is

substituted by R3.

7. The stain for a nucleic acid according to
any one of Claims 1 to 6 wherein at least two of the
substituted or unsubstituted aryl groups are
alternately substituted by pyrylium rings and their

similar rings including X. -

8. The stain for a nucleic acid according to
any one of Claims 1 to 7 whereih the -~L- is a group

represented by the formula [II], [III], [Ivl, (Vv] or

This Sheet Has Been Replaced

L

i

Il




’
» .
?

(T

1 [vi]:

~CH=C- (CH=CH) ;= [11)
Z

5 (wherein Z is a hydrogen atom or a substituted or

unsubstituted lower alkylene group, and n is O, 1 or

2),
~®~ (CH=CH) - [II11]

10

(wherein n is 0, 1 or 2, and ¢ is a substituted or

unsubstituted o-, m- or p-phenylene group)
15 —-CH=CH-®—CH=CH- _ [IV]

(wherein & is a substituted or unsubstituted o-, m- or

p-phenylene group)

0]
0] -
' [V I] This Sheet Has Been Replaced
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9. The stain for a nucleic acid according to

Claim 1 which selectively stains the double strand of
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the nucleic acid.

10. The stain for a nucleic acid according to
Claim 1 wherein the compound represented by the formula

[I] is a compound represented by the formula [VII]

[(VII]
(CH3) , N

(wherein X is O or S, and Y is an anion).
11. The stain for a nucleic acid according to

Claim 1 wherein the compound represented by the formula

[I] is a compound represented by the formula [VIII]

N (CH, ),

-_—

DVI 11] 'ﬂmSMﬂH%B&nRe

T

(wherein X is O or S, and Y is an anion

12. The stain for a nucleic acid according to
any one of Claims 1 to 11 wherein the substituent on

the pyrylium ring and its similar ring containing X is
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further substituted by a hydrophilic group.

13. A méthod for detecting a nucleic acid
which comprises the steps of reacting a sample with a
stain for a nucleic acid described in any one of Claiﬁs
1 to 12, and then detecting, by an optical means, the
double-strand nucleic acid stained with the stain in
the case that the double-strand nucleic acid is

contained in the sample.

14. The method for detecting a nucleic acid
according to Claim 13 wherein the sample is a nucleic
acid or a nucleic acid fragment separated in an agarose

gel or polyacrylamide gel electrophoresis.

15. The method for detecting a nucleic acid
according to Claim 13 wherein the double-strand nucleic

acid is a hybrid of a probe and a target nucleic acid.

16. A probe for the detection of a target
nucléic acid which is characterized by comprising a
nucleic acid having a base sequence whiéh was
complementary to a base sequence of the target qycleic
acid, and a compound represented by the formula [I]
described in Claims 1 to 12 which is bonded as a label

to the nucleic acid.
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17. A method for the detection of a target
nucleic acid which comprises a step of reacting a
sample with a probe described in Claim 16, and a step
of optically detecting a hybrid of the probe and the
target nucleic acid obtained in the case that the
target nucleic acid is preseht in the sample solution

by a label bonded to the probe.

18. A salt of 2-methyl-~-4,6-bis-(4-N,6N-
dimethylaminophenyl)pyrylium or thiopyrylium which is

represented by the formula [VII]

N (CHy) ,

+ -
| X" CH, [(VIii]
(CH3)2 N -

{(wherein X is 0 or S, and Y is an anion).

19. A method for the fluorescence staining of
a biological sample which comprises bringing the |
biological sample into contact with a solution qf a
fluorescence dyestuff, said method being characterized
in that the fluorescence dyestuff is a compound

represented by the formula [I] described in Claims 1 to

9.
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20. The fluorescence staining method according
to Claim 19 wherein the nucleic acid in the biological
sample is stained with the compound represented by the

formula [I1].

21. The fluorescence staining method according
to Claim 20 wherein the nucleic acid is DNA, RNA, a
double-strand nucleic acid, the intramolecular double-

strand portion of a single-strand nucleic acid.

22. The fluorescence staining method according
to Claim 19 wherein the compound is a compound

represented by the formula [VII].

23. The fluorescence staining method according
to Claim 19 wherein the compound is a compound

represented by the formula [XIII].

24. The fluorescence staining method according
to any one of Claims 19 to 23 wherein the biological
sample is microorganisms, a biological tissue, a
biological tissue section, human cells, animal cells or

a chromosome.

25. The fluorescence staining method according
to any one of Claims 19 to 24 wherein a solvent for the

fluorescence dyestuff solution mainly comprises
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physiological saline.

26. The fluorescence staining method according
o any one of Claims 19 to 25 wherein the biological

sample is used in an unfixed state.

27. The fluorescence staining method according
to Claim 26 wherein the unfixed biological sample is
microorganisms, human cells or animal cells in a live

state.

28. The fluorescence staining method according
+to Claim 27 wherein a solvent for the fluorescence
dyestuff solution is a culture medium for the

biological sample.

29. A method for preparing a storage spécimen
of a blologlcal sample which comprises the step of
sealing, in a vessel, a biological sample stained by a
fluorescence staining method described in any one of

Claims 19 to 28.

30. The method for preparing a storage
specimen of a biological sample according to Claim 29
wherein the biological sample is sealed together with a

ligquid medium in the vessel.
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31. The method for preparing a storage
specimen of a biological sample according to Claim 29
or 30 wherein the liquid medium contains a fluorescence

dyestuff which stains the biological sample.

32. The method for preparing a storage
specimen of a b{plogical sample according to Claim 30
or 31 wherein the biological sample is mixed with the
solution of the fluorescence dyestuff in the vessel and

then sealed as it is.

33. A method for the detection of a target
nucleic acid by the use of in situ hybridization in
which a reaction step and a detection step described in
Claim 17 are carried out in an organism, live cells or

live bacteria.

34. The method for the detection of a target
nucleic acid according to Claim 15 wherein the target

nucleic acid is amplified by a PCR reaction.

35. A kit for carrying out the detection of a
nucleic acid described in any one of Claims 13, 14, 15,

17, 33 and 34.
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