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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 apd 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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- ' imal.. and a plant In
well as cells, a tissue and a chronmpsonme of an an
addition, it relates to a detection nethod of a nucleic acid by: an I n S|tu

hybri di zati on wusing a probe containing a py¥yllun1salt as ala i

the detection and identification of a specific sequéhis6Sheetas Bbhg rRa
acid in biological sarrpl es. Related BaC'k92 otnd Art "I' m”m'
the detection and identification of a specific sequence

of the nucleic acid in biological samples.
Related Background Art
As modes -by which a substance can interact with
5 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
10 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

15 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

20 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

25 intercalated) than in the case that the interaction
with DNA of a free state or the like does not occur, is

used for the various detection operations of the



As nmodes by which a substance can interact with the. double hel.ix of DNA,
there are known a case where the substance:gets intolhe basé pair of a
nucleic acid as an intercalater, a case where thHe substance is buries in-

grooves of the double helix, and a case where the sdbjspheeidias Bep Regiwbes SO
as to snuggle to the double helix. ~ 3The above- Hmul;” Wal ater
r

is usually a Ianellar conpound having a spread el ect 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 -sane distance as the

di stance between the base pairs of the nucleic acid in parallel wth the
base pairs of H4RLeHRE| aFEdecFUch\penagarose gel electrophoresis by

the utilization of its characteristics.

Examples of the well-known intercalater include .
acridine orange, proflavine, ethidium bromiae,

5 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

10 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

15 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.

20 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,

25 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



intercalated in DNA, the intercalater characteristically leads to the fact
that an optical absorption spectrumshifts:to a |longer wavel ength side,
absorption intensity decreases, or fluorescent _intensity increases. For:

exanple, a dyestuff, in which the fluorescent intensity nore increases in
the case that the interaction with DNATt &é&s pl ace (when intercal ated)
than in the case that the interaction wth DNA of a free-state or the like
does not occur, is wused for the various detection operations of the

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

5 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

10 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

15 . 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

20 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

25 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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nucl ei c acids such as agarose gel electrophoresis by --the utili-zation of

its characteristics. Exanpl es of the melI-knﬁWH—FnLeLQaL§L§L~Include
acridi ne orange, proflavine, ethldlun1bron1de and actlnony0|n
In particular, ethidium bronide and acridine orang eﬂRﬂMaﬁi
However, nost of these dyestuffs have eXcPt ati on m%

uItravioiet regi on, and hence an intensive ultravi be used,

so that a special care is required in order to protect a nan fron1 t he
| anp. For exanple, at the tine of the detection of :

pathological tests, and various staining methods have
been conceived for various target components. These
staining methods mainly intend to make visible a
specific component, a specific morphology or a specific

5 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

10 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

15 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

20 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

25 microscopic targets can be handled. 1In general, the
main purpose of the fluorescent staining method is

often to detect a specific component.



DNA, sone equiprents are required to protect- the eyes. and skin.of an
operator fromthe ultraviolet rays, and such equi prents are on.the nﬁﬂket‘
Furthernore, in order to take the photographs of the electr

patterns of DNA, a device such as a transillum nator Tﬁs$H&Wﬁlé% d but
the exposure adjustnent of a canera in-tlis case cann seen
by the naked eye and so it is an intricate operatlon ror
Moreover, in the case that the cutting of DNA fromthe’

directly seen by the naked eye, the operator cannot be conpletely

rotected fromthe r [ | h ltravjolet, ra even the
grrpl oyment of the prr%téfﬁjl%{é 'g%ﬁ%ém % 'Eh#j Wt’f% m”*ﬁ 'P‘Fl‘éh‘agt gedi on of
DNA in the stahe ¢ludrdsbbst Wed{¥ing 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.

5 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

10 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.

15 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

20 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

25 the abnormal amplification of this gene, the

| translocation of this gene to the neighborhood of the

gene being wvigorously transcribed, or the bond to



utilization of the dyestuff which can be excited by the uitrauLglet rays,
the irradiation of the intensive ~ - - :
REPLACEMENT SHEET ultraviolet is always contlnuously glven s6 that
harnful ozone and the like are also generated. In a certain casé, DNK _
itself mght be damaged by the ul travi ol @t =i rradi ati on. Muich attention is
being paid to an in situ hybridization in whi ch hybrldlzatlon Is carried
out inlive cells to detect the live cells, but

~An

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
5 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
10 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,
15 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
20 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.
25 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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in the case that the dyestuff which can be excited by. the ultraviolet rays
i's used as a label, the cells themselves are damaged by the ultraviol et
for the detection on occasion. On“the other hand,-in the-fields-of
nmedi ci ne, biology and the like, biological specimens of mcroorganisns,
hunan cells or animal cells are observed &y a mcroscope or another neans
for the purpose of research, diagnosis and the like, but for such an
observation, staining is usually widely carried out. Staining methods
which can be utilized in such a purpose can usually be classified roughly

Into two  cat §gRlLGiian1b kB bh 8bnS2hE901LngtRlSkhS 21552 "nay 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

5 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

10 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

15 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

20 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

25 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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nmet hod in which a specific conponent which can be wutilized for..the _
staining of a portion to be observed present in thé biologicdl $pecinmen is
stained with a dyestuff. As principles of tthe staihing,” thére.dre"a ~case:
where a target is stained with the dyestuff itself and a cas€ "Wwhere a

col oring conmponent is deposited on the-pPesent position of a specific
conponent through various chem cal reactions. They can often be used for

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
5 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
10 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
15 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
20 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 )
25 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

* This Sheet Has Been Replaced

" R




pat hol ogi cal tests, and various staining nethods have been conceived for
various target conponents. These staining -nethods nalnly |ntend to make

visible a specific conponent, a specific n@rpho#egy«@L_a_spﬁQLiLg;_reglon
and they are often used for the observation-of - |ver nacroscoplc
targets. On the contrary, the stainipgng neth “ &icategory
Is called a fluorescent staining nethod. In the f ation of
the fluorescent staining nethod, a fluorescent dy
introduced into a present site of a specific conponent to be stalned. As
an introduction technique, there are a case where a target specific
affinity of tHdshiestuiidn janaldentifiaggtione®f tthe shaofiospme th nucl ei c
acid with ethidium
develop the stain for permitting the differential
staining specific to a different site, in addition to
the already existent reagents (stains) for the
5 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
10 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,
15 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
20 a substituted styryl group is used as a stain for
staining cells in a biological specimen. Furthermore,
in Japanese Patent Application-Laid-open:No.
1-153683, it is described that a compound in wh%Fh
at least two of these phenyl-substituted groups have
25 amino groups has a good efficacy for the remedy of a

cancer.

When a dyestuff having an excitation wavelength in



bronmi de), and a case where a substance having a target specificity such as
an anti body is bonded to the dyestuff, and its specific aff|n1tx S
utilized to introduce the dyestuff into"the target to be stained.™ These
fl uorescent staining methods are often used in aThiS#eANS BednirgpisbedUCh as a

biology. In the fluorescent staining method-in whi ‘to be
observed is fluorescent, the detection sensitivit) I's high,
and precision is also higher than the above- nenti nmet hod by

the coloring, and the mcroscopic targets Cﬁndbe han?{ed.tlndgfne{ag, t he
- i ni . Is often to detec
mai n_purpose Qf t-.petgéxyn%fg’g ezr']égfér? P L iy Ly ols the detection of a
speci fic conponent.
nucleic acid, the above-mentioned problems take place,

and therefore as a means for avoiding these problens,
it can be considered to use a dyestuff which can be

5 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

10 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

15 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

20 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

25 the much higher fluorescent intensity at the
interaction with the nucleic acid as compared with the

case of no interaction.



REPLACEMENT SHEET In either method of the usual _staining nethod and
the fluorescent staining nmethod, the specimen which: is: the target to be
stained such as cells is usually fixed Wth an afdehyde—nr*the—%rke-phlor-
to the staining. This has the effect of inproving;be  AeL0BaRRLILY; Of the
dyestuff for use in the staining or anot e < eagent Ilm”" mll |rren and

the effect of preventing the specinmen fron1break|n
Moreover, in the conventional staining method of

oper ati ons

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

5 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

10 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

15 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

20 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.

25 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



necessary for the staining. Furthernore, in addition to the fixing
operation and the staining operation, a washing operation i-s rtequired to
remove the excessive dyestuff, reagent and+the like. This i-s esSential-to -
decrease background and to obtain stable-results at—the timeof the— '

st ai ni ng. On the other hand, in recent-years, 1@SsheaMSERAYENRS] S
mechani sm and the netastasis nmechani sm of cancers h ated, it
becomes known that the translocation of a chromsowam"EMHHw!ﬁﬁi on of
the chronosone are closely concerned with these nec . S

cellular cancer genes are those which take part in the adjustnent of
reception, t iSRRG ofeiredanscription of a growth signal in

Moreover, most of the fluorescent dyestuffs which
have been heretofore used giQe rise to a vigorous fade
phenomenon, and after the irradiation of the excitation

5 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

10 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

15 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

20 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.

25
SUMMARY OF THE INVENTION

Thus, an object of the present invention is to



normal cells, and it has been elucidated that the genes are activated as
t he cancer genes by the nmutation or the abnormal anpltfication of this-
gene, the translocation of this gene to-the nelghborhood of the gene

bei ng vigorously transcribed, or the bond to - This Bee éﬁéww
Furthernore, it is consi dered t hat the -dedetion of a 01 lﬁ
gene fromthe chronosone is also concerned with the car

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

5 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.

10 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.

15 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.

20 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

25 to provide a fluoreséence staining method or a
differential staining method for preparing storage

specimens in which stained portions neither fade nor



mechani sm In addition, also in various kinds of hereditary di seases, the
gene deletion and the translocation have been nade ‘apparent. As :descri bed
above, if the diagnosis by the detection of The abnormal gene at a T
chronosone | evel is possible, the gromﬁh of" tunmor can he inhibited by
transfecting the normal chronosone info 15he abnor nal chronDsone and th
possibility of the remedy of the cancer and the heredit™hiap

conpensating the detection of the gene can also be exp | :
met hod for knowi ng the abnormal chronosone, there is F ce in

situ hybrldlzaagggbea This nmethod conprises observing a formation ablllty
- of

These objects can be achiewved by the present
invention.

The first aspect of the present invention is

5 directed to a stain for a nucleic acid characterized by
containing, as an effective component, a compound
represented by the formula [I]
Rl\,-
RZ___' ‘X+ e (1]
10 R3/)<~—"

[wherein

15 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,

20 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,

25 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



a hybrid of a probe corresponding to a gene to be inspected and -a gene- of
the chronosone, and at present, it is considered to:he the nost accurate
nmethod. In this nmethod, the gene to be inspected is LEintted By Qﬁg pr obe
to be used, and so when the target to be dgtected (s definite,” thi's method
can be directly utilized. However, in Thtlcase that it is intended to
screen.the whole chrompsome, this method is not always suitable. Thus,
the whol e chronmpbsome may be first checked, and sites, where abnormalities
such as transl ocation presumable from an abnormal conformation or del etion

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

5 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

10 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

15 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

20 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. )

25 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
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hen screened to
resumabl e froman abnormal |ength takes place, my be_-; eene

?ocus the target on the abnornmal site. Afterward, F SH can bg ythllgedgh
whereby the precise genetic diagnosis is considered to be possiblfe in @

wi de range. In order to carry out such a screeniny,

it is "nécessary

i sti i ' ' ' he distinction
to beforehand distinguish or identify the chronbsone. As the nct
or the identification nethod of the chrenpgoae, a differential staining

nmet hod of the chronosone is utilized. The distinction

1 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

5 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

10 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

15 directed to a salt of 2-methyl-4,6-bis-(4-N,6N-

dimethylaminophenyl)pyrylium or thiopyrylium which is

represented by the formula [VII]

N (CH3)2
20

St

CH,

-

[(VI1]
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of the chronosone by this differential staining nethod_.utilizes t.he fact
that when the chronobsone is dyed in a band state by:the use of a specific
dye or fluorescent dyestuff after various-pretreatments; the reldtion "' °
characteristics in each chronosone. This technique is utilized for the
distinction of the chronosone or the Héaeetion of an abnormality. As
the usual differential staining nethod of the chronosone, there are known,
for exanple, Gensa staining (G band), quinacrine staining (Q band) and R
band staining. In the G ensa staining nethod, the strain of the

hi gher - or dgr strugﬁure of the chronbsone which is caused by a trypsin

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

The sixth aspect of the present invention is
directed to a method for the fluorescence staining of a
biological sample which comprises bringing the
biological sample into contact with a solution of a
fluorescence dyestuff, said method being characterized

in that the fluorescence dyestuff is a compound
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differentiated and observed as the | oose state of the chronosone,

“which is-a
rmore, according to the staining wth qU|nacane

FFLE?:scent dyest uff, gthe chrenbsone is st ai ned in a deep and
light striped pattern along its V&rtical axis, and-this can be ‘Ubseﬁved_

by a fluorescent microscope. This fluorescent pattern iBhisShe&LHRH, agh

REMbA h’"ll“ﬂlll’llﬁl’lﬂle

1 represented by the above formula [I].

The seventh aspect of the present invention is
directed to a method for preparing a storage specimen
of a biological sample which comprises the step of

5 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

10 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

15 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
20 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

25




distinction or the identification of the chronnéone can

be ac

hi eved by ..

this. The portion stained with quinacrine is-a p05|t|on where A-T pairs

are rich, and the quinacrine staining is dlTferent—i#en¥%he—a%eve_

Dand, 8t

chromonycin A3 which is a fluorescent dypstuff is b @E‘

nentroned G ensa staining in a stained state. 1n the

then treated with distanycin A which is a non-fluore
specific to the A-T pairs. In this case, a portion

aqr,

1rs and

iare

rich is only stained in the formof an R band, and the staining |s
characteristically carried out in a deep and light state oggo
band st ai ni ng SPRCtHUMGLpakhe s2hsene). of PNAcang B rdenates nFhg

band stai ni ng of these differenti al

fluorescence spectrum in the presence of DNA (50

pg/ml).

Fig. 3 is a graph showing the change of

5 fluorescence intensity with respect to DNA

site to the Q
and the R

concentration obtained in Example 3 and Comparative

Example 1.

Fig. 4 is a graph showing the change of

fluorescence intensity with respect to DNA

10 concentration ocbtained 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

15 an absorption spectrum in the presence of DNA (50

pg/ml).

Fig. 6 is a graph showing fluorescence spectra

obtained in Example 8, and A denotes the fluorescence

spectrum in the absence of DNA and B denotes the

20 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

25 an absorption spectrum in the presence of DNA (50

pg/ml).

Fig. 8 is a graph showing fluorescence spectra



stai ning methods, the detection sensitivity of.a signal is higher as
conpared with the G band staining nethod by a.colorlng'nethod and t hey’

are also effective to handle a nore precise nicroscop+c target - Inr _
this differential staining method of the chrohosone,- thé nore-preeise - -
distinction or identification of the chrggosonme beconmes possi bl e by

I ncreasing the kinds of stains specific to sites of the chronpsone, and so
it is inportant for the nore precise

cbtained In Lx2mple @, snd A denotes the fluorescence

spectrun in ha simence of Dith and B denotes the

fluorescence gpzevrum in the presence of DNA (50

po/ml).
5
10
obtained in sy
fluoreFﬁF“Cé Spé
the - fll"“°”“ﬁ*“:$f
. pg/ml)[ ¢ CoGanovds
15 presenc: of .
20 .
25

. 5 - "_—“ ; Y
- , :?[I]
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di stinction or identification of the chronbsone to develop the stain for
permtting the differential staining specifi.cito a different sife, in
addition to the already existent reagents (stains) far the diffetentiar”
st ai ni ng. On the other hand, nmany salts of pyryli'imor thiopyrylium
conpounds in which the 2, 4 and 6-positi@hs-of a pyryliumring.or_a._..__
thiopyryliumring are substltuted by substituted or unsubstltuted phen

groups have been suggested. Mbst of these salts are desith Pdlmg
nmedia, and for exanple, the specification of U S. Patent ﬂﬂ
descri bes ,

In the above-mentioned formula [I],

5 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,
10 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
15 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
20 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,
25 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



that they are useful as sensitizers for electrical photoconductive
conpositions. In a biological field, it is described in Japanesé Patent
Application Laid- open No. 59-133460 that a 2:4, 6-triphenyl pytyliUmor **?
t hi opyrylium conpound, or a conpound in which one of - tttre phenyl “§f oups
substituted on the pyryliumring or the @2 epyryliumring of this conpound
Is replaced with a substituted styryl group is used as a stain for
staining cells in a biological specinen. Furthernore, in Japanese Patent
Application Laid- open hb -1- 153683 it is described that a compound in
which at | east % ese I-substltggﬁgggyoups have am no groups
has a good. ef f Peac &ent &% & dé’ Oy, aralky oup 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
5 OXO group.
Preferable examples of the -L- include groups
represente@ by the formulae [II], (III], [IV], [V] and

[VI]:
—CH=C— =
i (C'H CH) n— [II]

10
YA

(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
15 ~ represented by Z is a group defined by the above-

mentioned -L-A.

~®- (CH=CH) - O [III]

20 (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

25 p-phenylene group.)

0
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cancer. When a dyestuff having an ex0|tat|on mave]ength in

REPLACEVENT SHEET .o : REPLACEVENT
SHEET an ultraviolet region is used for the detectioh o6f 'a huckeic aci'd,

t he above-nentioned problens take place, and fherefore as a neans for
avoi ding these problens, it can be considered to use a dyestuff which can
be excited by visible light. However, in nost of the visible |ight

excitation type dyestuffs which have been

0 0

\

“Cf{:ﬂ\\~
0]

(vi]

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
10 unsubstituted cycloalkyl group, or a substituted or
unsubstituted aromatic ring). Examples of the
heterocyclic ring represented by R® include groups

derived from

QQ. oo

15

20

o O OO0

25
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now utilized for the staining the nucleic acid, stokes ..shift is_as slight
as 20-30 nm and so they have the drawback Lhat an S/ Nratio is bad at the
time of the detection. : I n an agarose -gef electrophore3|s Qf_jhe

li ke,, when the degree of the increase of fluofescent ‘intensity at the
time of interaction wth a nucleic a_ci%i,'s_larger as conpared 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.
1 (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

5 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

: 0O U

Furthermore, an example of the substituted or

15

20
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As descri bed above, in order to solve the probl-enms which the ultraviol et
excitation type dyestuffs have, the visible Jtht excitation type
dyestuffs have been largely desired which has:the |arge stokes shlft and
the much higher fluorescent intensity at the interactilsShe

acid as conpared with the case of no imtéfaction. I“Il | |
Moreover, in the conventional staining nethod of

unsubstituted aromatic ring is an azulene ring.
Examples of substituents on these groups include lower
alkyl groups and substituted or unsubstituted aryl
groups. - |

5 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,
sulfonate group, amino group, styryl group, nitro

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

10 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

15 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.

20 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

25 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



bi ol ogi cal specimen such as cells, operations such as the fixation of the

speci men by the use of formal dehyde or the [iKe and the washi ng/Tenoval

t he excessi ve
results.

I nportant to inprove the perneability of”

dyestuff are essential to obfair reprodtcibl'e and .Stable

........

For exanple, the operation of the specinen fixation'is

of

Z%ayents of the dyestuff and the

like or to maintain the norphol ogy of the obtained specinen. In addition,

the dyestuff for the staining, another reagent and the [Iike are usually
used in | arge excess of the specinen.

of - an oper at | 0%z Al lart4cl ¥l N 'Ldford UG TR SUSLY) CaUSes

10

15

20

25

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

This Sheet Has Been Replaced
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_the high background. Therefore, the washing operation .between the

" respective operations is inportant to decreas€ the background at the tine
of observation or neasurenent and to thereby dbtain aZnore correct -
judgenent. For these reasons, the washing operation haS been el aborately
carried out. However, these operations are6inrtricate and take nmuch tine,
and hence in the case that a |large anmobunt of the specinens are treated,
they interfere with a pronpt treatnment operation. Therefore, the
“omission or sinplification of operations such as the fixation and the

washi ng of the sﬁgggkgg@adwg§p§3§re intricate and take nuch tine are

The introduction of the substituted or
unsubstituted aryl groups into such positions is
preferable to obtain good characteristics as an

5 intercalater to the base pair of the nucleic acid. In
addition, more preferable is a compound in which the
heterocyclic ring containing X is substituted by two or
more of the substituted or unsubstituted aryl groups so
that these substituted positions may not be adjacent to

10 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]

15
N (CHg) ,
20 +
(CHgz ) , N v
(wherein X is O or S, and Y is an anion), and compounds
represented by the formula [VIIiII]
25
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strongly desired. - Moreover, nost of the f.luorescent dyestuffs_whict
have been heretofore used give rise to a vigordus fade- phenomenon, -and
after, the irradiation of the excitation [light,: the fl eorescence rapidy .

di sappears.

to observe a fluorescent inmage for a~

Accordingly, contrast to égg gsua! Zta;n{ng, it hsthdlfflcult
period of time, an e

preparation of the pernmanent specinmen by the fluorescence staining is

al nost

10

15

20

25

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

This Sheet Has Been Replaced

L I




| mpossi bl e. For these reasons, it is a large thene to develop-a-
preparation nmethod of the quorescence- stalned speC|ﬁens whi ch can be
stored for a long period of tine. In"the field of _the differentia
staining of the chronosome, a stain whichgcan ‘obtain a stained pattern
different fromthat given by the conventional stain is highly desired, as
described above. In addition, as in the case of the above-nentioned
staining of the biological specinmen, also in the differential staining of
a chronosone, operations such as the fixation of the specinen by al dehyde
and the washi nBovelt gompouadsi.ve stain take time and |oad, and they

interfere with the .
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

5 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

10 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

15 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. ‘

20 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 |

25 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




pronpt achi evement of a treatment such as mass: screenimg of a lafge anount
of the specinens. SUMVARY OF THE INVENTION :  Thus, an object of the
present invention is to provide a stain for.a nucleic-aeid

contdining, as an effective conponent, a §|§|ble | ight excitation type
dyestuff giving a | arge stokes shift and fi ving a much

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
5 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 S5
times to about 10 times as much as that of the
10 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
15 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
20 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
25 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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hi gher fluorescent intensity at the time of intefactioq wi th the nucleic

acid, as conpared with the state of no intefab@!on._i: Anot:her object
offtpe present invention is to provide a deteciion nmet-hod of a nucleic
acid by the use of the stain. Sti another object of the present

invention is to provide a 2-nethyl-4,6-bis-(4-N, N dinethylam no)pyrylium
or thiopyryliumsalt which is useful as an effective conponent of the
stain for the nucleic acid. A further object of the present
invention is to provide a staining method or a differential staining

net hod whi ch Peensessitpvadycolil @ asdsardhedevats Nend 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
5 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

10 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

15 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

20 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

25 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 -'_
This Sheet Has Been Re‘p aced
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and the pronpt treatnment of a |arge nunber of_:specinepg. _ A"still
further object of the present invention is _toIprovide:a differential
staining nmethod for a chronosome which can. give a differential-staining
pattern different fromthat by a known stghn. A still further object
of the present invention is to provide a fluorescence staining method or
a differential staining nethod for preparing storage speci nens in which
stai ned portions neither fade nor

avoided.

Furthermore, the specimen derived from an organism
often contains a component having
absorption/fluorescence in a wavelength region of 550

5 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

10 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

15 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.

20 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. ]

25 As described above, when the compound of the

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

fluorescence intensity is remarkably lar er, as
Y a o g - This Sheet Has Been Replaced
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REPLACENENT SHEET  di sappear. These objects can be -achi eved. by the

present invention. The first aspect of the present
directed to a stain for a nucleic acid chargcterized by .

i nventjon js

.containjng..

ef fective conponent, a conpound represquﬁg_py the formula [I]

[ wherein

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

5 electrophoresis, the background can be inhibited to a

as an
[err]

low level, so that the detection 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

10 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

15 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

20 the typical fluorescent intercalater, the fluorescence

25

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 Replace
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_ : , ; - it is a
.-L;ﬁ;}iuhfr?nge;ﬁéogyS;Lgl{ngéiﬁ??a? L?ngz ?:'?eeggthi %Pgrr]aahd.R[erLLa .
i s +ndependently a hydrogen atom hal ogen atom sul fonate group, :am no
_grdup, styryl group, nitro group, hydroxyb group, carboxyl group, cyano
group, substituted or unsubstituted |ower alkyl group, substituted or
unsubstituted aryl group, substituted or unsubstituted |ower aralkyl
group, or substituted or unsubstituted cycl oal kyl group, Rlerr] is -A
or -L-A Lis -L[err]-, -L2-L[err]- or -L[err]-L[err]-L[err]-, and
each of L[err] to 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.
5 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
10 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
15 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
20 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 |

25 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




Ll[err] is indepéndently -(CH=CH) -, a diVaIent_group derived fromthe

) . B _ : d or .
substituted or unsubstituted aryl group a - substituted ¢ :
unsubstituted | ower alkylene group, or. -CH=R[err]- (Rerr] is a.ring
structure having an oxo group), A is a substituted or unsubstituted

. : - . . q
aryl group or -CH=R[err]- (Rerr] is a s§§$r|tuted or unsubstitute
he?ergcycric ring, a substituted or unsubstituted cycloalkyl group, or a

substituted or unsubstituted

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

S  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

10 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

i5 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,

20 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

25 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

This Sheet Has Been Replaced




aromatic ring), the hydrogen atom bonded to a ca[bonlaton1not havi ng
err], Rlerr] and Rerr] on the pyryliun1r[ngtor Its Simlar ring o
Egntaining X may be substituted by a hal ogen attom Suf-fonate-graoup, am no

i ‘gro | group, cyano
o oup, subetituted or unsubstituted’ | osragikyl ar 83‘5’?‘93‘%EW cat
unsubstituted aryl group, or substituted or unsubsti tﬂuﬂ ﬁ?ﬁlkyl
group, and Y- is an anion]. The second aspedt . I ent
invention is directed to a method for detecting a nucleic acid which
conprises the steps of reacting a sanple with a stain for a nucleic acid
descri bed abovgpagﬁgterlstlcs of the introduced ring structure can be
utilized for a chemical reaction or a biochemical
reaction in combination with the intercalater and
another mechanism.
5 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
10 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.
15 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
20 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
25 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



then detecting, by an optical neans, the double-strand nucleic acid
stained with the stain in the case that the _double-sttrand nucleic acid is

contained in the sanple. The third aspect of the_present invention-
is- directed to a probe for the detection of a“target nucgﬁlc acid mhlch
is characterized by conprising a - 35 - This Sheet Has Been Replac

1N

the detection system, an excitation filter and a

l

i

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

Examples of the utilizable light source include a

5 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

10 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

15 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

20 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.
25 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



nucl eic acid having a base sequence which was conplenmsntary to a-base
sequence of the target nucleic acid, and a conpound represented by- t he
above fornula [I] which is bonded as a | abel :to tHhe hucleéic acid. :
The fourth aspect of the present inventionis “directed to a nethod for the

detection of a target nucleic acid whichgganpri ses a@ui*ﬁiebﬁi eplaqda
il

sanple with a probe described above, and a step of o ng a
hybrid of the probe and the target nucleic acid obtai that
the target nucleic acid is present in the sanple solution by a |abel

bonded to the probe.
- 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.

S 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

10 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,

15 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.

20 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

25 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



The fifth aspect of the present invention is directed to a saLt:of_
2-met hyl -4, 6-bi s-(4-N, N di met hyl am nopheny! )-pyryl i uny or thlopyryllum

which is

10

15

20

25

represented by the fornula [VII] ~[err]
wherein Xis Oor S, and Y- is an anion). - This Sheet Has Been Replaced
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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



The sixth aspect, of the present invention is. directed.to a nethod for the
f1 uorescence staining of a biological sanple.which conprises brlnglng the_

bi ol ogi cal sanple into contact with a soluti'on df @ fTuorescence dyestuff :

said method being characterized in that the fl UoresnRSh®Rt iy BsdnReplades a

conpound -19- repr esent ed -bpgst ke above ”I‘l“\ll" HI' II

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
5 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
10 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
15 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
20 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
25 method.
Moreover, as described hereinafter, since the

compound of the formula [I] can be sufficiently used at.



The seventh aspect of the present invention is dlrected to a method for

preparing a storage specinen of a blologlcal ‘sanpl e-which—ecoenprises the

fl uorescence staini ng net hod. The ei ght h"aspect

i nvention is

step of sealing, in a vessel, a biological: saiple Sh%k@ﬁg giﬁﬁ above

a target nucleic acid by the use of in situ hybridiz

directed to the above detecdg an net hod f

reaction step and the detection step are carried out in an organlsn1
cells or live bacteri a. The ninth aspect of the present invention is
directed to a kit for carpglng out the above detection nethod.

10

15

20

25

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 formula

[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.

the

live



'BRIEF DESCRI PTI ON OF THE DRAW NGS Fig. 1is a graph show ng.the
-.shift of an absorption peak in Exanple 3, and. A denoties an absorption.

'spectrun1|n t he absence of DNA and B denotes an abSQLpLLOﬂ—SpecLLUHLLn

the presence of DNA (50 pg/ m). Fig. 2is a gr
‘fluorescence spectra  obtained in Exampl @03~ and A den i” mglnRellimed

fl uorescence
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

5 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

10 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

15 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

20 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.

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

storage specimens in which the stained portions neither



- 20 - REPLACEMENT SHEET spectrumin the absence of DNA and B
denotes the fluorescence spectrumin the presence of DNA (50 pg/ni).
Fig. 3 is a graph show ng the change of fl uorescence Enteﬁsyty_Wkth
respect to DNA concentration obtained in Exanple 3 and” ConparatiVve

Exampl e 1. Fig. 4 is a graph show ng the change of fluorescence
intensity with respect to DNA concentration obtained in Exanple 3 and
Conparative Exanple 1. Fig. 5is a graph showing the shift of an

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

5 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

10 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_

15 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

20 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

25 lew background properties, it is possible to utilize

the compound of the present invention in an extremely

wide concentration range. '
' This Sheet Has Been Replaced
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absorption peak in Exanple 8, and A denotes an absorpt-i on spectrumin ‘the
absence of DNA and B denotes an absorption spectrumin-.the presepce of DNA
(50 pg/m). Fig. 6 is a graph showing tluoréScén§e.spectna_.obtainéd-f
in Exanple 8, and A denotes the fluorescente “spettrumiin the absence of

DNA and B denotes the fluorescence spest4am-in the presence of DNA (50

pg/ m). Fig. 7 is a graph showing the shift of an absorption peak in
Exanple 9, and A denotes an absorption spectrumin the absence of DNA and

B denotes an absorption spectrumin the presence of DNA (50

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

5 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

10 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

15 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,

20 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

25 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-

This Sheet Has Been Replaced




pg/m). " Fig. 8 is a graph showi ng fluorescence spectra _

obtained in Exanple 9, and A denotes the fuorescence spectrumin_the
absence of DNA and B denotes the fluarescence:spectrumin the presence of ~
DNA (50 pg/m). Fig. 9 is a graph show ng-t he shiHistshet HaBeabBpapidi on

peak in Exanple 10, and A denotes an absd3®t4 on spect mmunmﬂummrnce of
) pg/m ).

DNA and B denotes an absorption spectrumin the prese
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.
5 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
10 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
15 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
20 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
25 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.



Fig. 10 is a graph show ng fluorescence spectra obtained in Exanrple 10.
Here, A denotes the fluorescence spectrumin.the_absence of DNA, B denotes
the fluorescence spectrumin the presence: of ZDNA (10 pn1n1) and C

denotes the fluorescence spectrumin the preseénce
Fig. 11 is a graph showi ng the change of 44 uorescen Hm Ir '
respect to DNA concentration obtained in Exanple 10 ON OF THE
PREFERRED EMBCODI MENTS A stain for a nucleic acid of the present
i nvention is characterized by containing a conpound represented by the

rr
formula (1) as an effqgéggg;gggﬂggggg the com;;ugd 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
5 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

10 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,

15 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

20 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

25 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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In the

above-nentioned formula [1], [err] represents a heterocycllc Ting, and
Xis 0, S, Se or Te. Exanples of the heterocycllc ring 1 nclude a flve-

rren’oered ring and a six-nenbered ring suc% as’a pyryhlggmmaageeaméin .
n tIy a

pyryliumsimlar ring. Each of Rer
hydr ogen at om

10
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“and R[errw

IR

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



hal ogen atom sul fonate group, amino group, styryl graup, nitro-group,-
hydr oxyl group, carboxyl group, cyano group, substituted or unsubstltuted
| ower al kyl group, substituted or unsubstituted aryl” group, "subStituted

or unsubstituted | ower aral kyl group, or -substituted or unsubstituted
cycl oal kyl group. Rlerr] is-Ao~46A Lis -L[err]-
-L[err]-L[err]- or -L[err]-L[err]-L[err], and each of L[err] to L[err] is
i ndependently -(CH CH)-, a divalent group derived fromthe substituted or
unsubstituted aryl group, a substituted or wunsubstituted |ower alkylene

S ot e M i, S ol S
unsubstitut ed an Bélqu%r OusD potas 1@%“%0%1% J' O'i%t;[i%nvmwlacs then added

thereto to precipitate crude crystals. Next, the

crystals were collected by filtration, and then

5 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 =

10 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,
15 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
20 (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 perehloric
acid solution, to obtain 2-methyl-4,6-bis-(4-N,N-"
25 dimethylaminophenyl )pyrylium perchlorate (compound 1 in

Table 1 wherein Y is CIO,).

Example 2 This Sheet Has Been Replaced -
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substituents may be bonded at any position of ortho, ppta and para
positions. An exanple of the lower aralkyl group-is a siralght-cbalp or .
branched al kyl ene group having 1 to 4 carbon:atons; and an exanple of a
substituent on the lower aralkyl group is a group- represented by -L-A
Exanmpl es of the ring structure having Th&7o%o group include a heterocyclic
ring, aromatic ring and aliphatic ring having at |east the

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

5 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

10 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

15 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

20 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 )

25 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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0X0 group.

a hydrogen atomor a substituted or

Preferabl e exanpl es of the -L- include-groups reptesented
by the formulae [I'I], [III], [IV], [V] and [VI] -[err] (whegein Zis

and n is 0, 1 or 2). An exanple of a subggituent on the al kyl group
represented by Z is a group defined by the above- nentioned -L-A

10

15

20
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Analytical results of the obtained compound 1 (Y =
I):

Melting point: 246-248°C

UV/visual (CH,CH € x 107*) Amax: 495 nm (2.50), 587

nm (4.95)

NMR ('H, DMSO) & ppm: 8.5679 (1H, s), 8.4323 (1H,
s), 8.2436 (2H, d, J=9.27 Hz), 7.9786 (2H, d, J=9.28),
6.8959 (4H, t, Jp4=J,.=9.28), 3.1756 (6H, s), 3.1157 (6H,
s), 2.8323 (3H, s)

FAB mass m/z 349

IR (KBr) V cm’: 1600 (s), 1560 (s), 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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(wherein nis 0, 1 or 2, and [err] is a substituted or.-unsubstit-uted o-,
m or p-phenyl ene group.) -CH=CH-[err]-CHCH = -[1V] | (wherein
[err] is a substituted or unsubstituted o-, mI or -~ p-phenyl ene grqup.)
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- [err] A substituent on the phenyl-ene -gr.oup in the- above-
nentloned formul ae is previously exenplified, AidnRlerr] of-the -
formula [1] is. a substituted or wunsubst:ituted aryl group or -CHRerr]-
(R[err] is a substituted or unsubstit ed het erocyclic ring, a substituted
or unsubstituted cycloal kyl group, or a substituted or unsubstituted
“aromatic ring). Exanples of the heterocyclic ring represented by Rl err]

i ncl ude groups

®—~N (CH3 ) )
@‘N(CHs)z
®-N (CH, CHy) ,

General Formula [II]

n=0
Z=H

=@
=H
=A
=H
=
=%
=H
=o

Rl

Rg

Rq

Ry

Rg
Ryp
Rg

R7 =H
Ry =A
Rq
Ry
R, =H
R8=L~A
R9=H
Rlu'—'(p

or
or

I

0[c1o,
or

s[c10,

o[c1o,

Table 1 (continue)
3
4
5

Compd | X|Y

No.
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h--of M.and Nis™~

(eac

at om or

[err] 25-

derived from

ni trogen ;atom and.Y--is an

-

sul fur

I ndependent|ly an oxygen atom

ani on) ,

F

- 51
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an exanple of a substituent on the heterocyclic ring is

unsubstituted aryl .group. The ]
saturated or unsaturated, and exanpi.es of the
2 gqroups derived from resonance

group may be

unsubstituted cycl oal kyl
systens such as

Table 1 (continue)

group i ncl udé

Furthernore, an exanple of the substituted or
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uns,
not

or
ar al kyl

group.

Table 1 (continue)

having R err],

styryl

gr oups.

Rl err]

unsubstituted aromatic ring is an azul ene U'ng.'lExaanés of -
substituents on these groups include | ower
stituted aryl

al kyl .groups.and supsii{uteq or .

The hydrogen at’om borided to a e€arbon at om

and Rlerrd sm the pyryliumring or
ring containing X my be substituted by a hal ogen atom
am no group,
cyano group,
unsubsti tut ed

its simlar
sul f onat e group,

i

group, nitro group, hydroxyl group, carboxyl group,
substituted or unsubstituted | ower al kyl group, substituted
’_ar\lll GH-QLa—QF substituted o unsubstitiuted | ower
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Y- is an anion, and exanples of the anion include BF[err], a .perehlorate

ion,
i on,
such as

which is further
and | . Mbr eover

branched, and the
preferably froml

HJ err] SCH err] COO-,
i odi ne ion and fl uori ne

i on,

Ni ,
substituted on the above-
may be a hal ogen at om

hal ogen ions such .as a chlorine ion, bromne:;

conpaunds havihg an “ani oni ¢ function

al i phati c hydrocarbons and aromatic sul fonates,
of transition nmetals such as Zn,

Cu,

Pt, Co and Pd.
mentioned various substituents
and exanpl es of the hal ogen atominclude Cl, Br

and

Table 1 (continue)

the | ower al kylf group may be strai ght-ch
nunper of carbon atons in thjs | ower al
to 4. An :
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exanpl e of the aryl

on the aryl

group or

phenyl ene

gr oup fs a phenyl

group An .'exaane of ‘a substituent

-

-27-- : -

REPLACEMENT SHEET ™ group is an am no_ gggup (a | over alkylan1no greup)
al kyl am no group is

preferably substituted by a dinmethylam no group or diethylamono group at

substituted by a | ower alkyl

the para position.

group. This | ower

An exanpl e of the |ower aralkyl

group is a

group substituted by the above-nenti oned
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P P

substituted or unsubstituted aryl group. - Anong the conpounds :
. represented by the formula [I], preferable are conpoubhds in mhhch -t he ;_
“heterocyclic ring containing Xis sug ti-tuted hy the.two or nore
substituted or unsubstituted aryl gro % ” For exanpl e, when the
heterocyclic ring containing X is a six- nenbered ring, exanples of such

conpounds i ncl ude: (1) a conpound in which the 2-position and
-4-position of the six-menbered ring containing X are substituted by the
Subst 1 tut ed or urCIlhcf Lkt nrl -VAVi| gr Cups1 anrl an)l Cf t hc 3 pOSI t | on,
5-position and 4g-posiftion is subsdltuted by~R[lerr], ~ |(2) a conpound
I n which the 3-pgsitiadn and Ser<|t|on of'Epe six-nmentigredl ring are
substituted by - < N o ~ = o
~ O | ~ 8|~ e
= =z = z = z
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t he substituted or unsubstituted aryl

4-position and 6-position is
in which the 2-position and

substituted by
t he 3-position,
substituted by Rerr].

-28

Table 1 (continue)

gr oups,

and- any- -
substituted by Rerr], -
6- position of the six- merbér ed ring.are .

-

of the 2:position,
.(3).a conpound
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The introduction of the substituted or unsubstituted aryl groups.into such
positions is preferable to obtain good characterlstlcs as an intercal ater
to the base pair of the nucleic acid. In ‘addition, nore preferahle is.a
conpound i n which the heterocyclic r| ? contalnlng X is substituted by two
or rmore of the substituted or unsubstitufed aryl groups so that these
substituted positions nmay not be adjacent to each other. Typi cal
exanpl es of the conpound represented by the fornula [1] include conpounds
shown in Table 1 given below. Furthernore, particularly preferable

-

exanpl es are conpofinds epresenteq“b tre—for-rmot-a— v+
. . o~ : o~ -
~ :E". ™ i
o o~ € «~ o
P A I
Laxcd
s |5 3|8 =
N/ o O | O [
4 S g < = ©
a z. < '
]
© o & %! Q- o)
g T e
< 2
< < L 0
l:l"! ~ L |
o H H
«
¢ ¢ ¢
& = g
& 4 &
£ ; S
Py e
~ ~
g : g
2 om ¢ O g O =n
g i g o R
- O &N O aN W &N
< < <
: | : l |
DB m I emema emexn O
i u llc I S I [ llo wwnnu
— e WOt~ O O — O 0= O O w o 2
g |= |Fedoe decdn o se s
g e ~ ~
: =3 = = 5
S I» ST ST O - ]
- | o 7)) O
4 | B
H |OZ A
Thﬁ ISI}iiet Has Been Rer




‘and

n ani on),

and Yis-a

S,

(wherein X is 0 or

represented by the formula [VIII]

[err]

conpounds

[err]
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[err] [M 1 1] (wherein Xis Oor_ S, and y-
IS an anion). I n thIS connection, the conpounds represented by the
formula [MI1], i.e., 2-methyl-4,6-bis-(4-N,N- dinethylani nophenyl ) pyrylium
salts and 2-nethyl-4,6- bis- (4-N, N® net hyl ani nophenyl )t hi opyrylium
salts are
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novel comnpounds. That is, each of these pyryliumsalts has-a nethyl
group at the 2-position, and therefore they are different in structure
from conpounds which are heretofore known as sensitizers for recording"
mat'ekial s and whi ch possess substituted or unsubstituted phenyl groups at
the 2, 4 and 6-positions of the pyryllun1r|ng or the thiopyryliumring.
Nbreover they are al so 61
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different in structure from conpounds which are . described in Japanese
Pat ent Application Laid-open Nos. 59-133460 antt 1-153683 and in which the |
2, 4 and 6-positions of the pyryliumring or the thlopyryllunt_nlng are
substltuted by the substituted or unsubstituted phenyl groups, or two of
the 2, 4 and 6-positions of the pyryliumring or the thiopyrylium ring
are substituted by the substituted orgijansubstituted phenyl groups and the
remai ning 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 invention functions as an
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7

I ntercal ater. specific to the double strand nucleic acid -ewi ng to the
structure in which kinds of substituted positions of the substltuents of .

the pyryliumsalt or the thiopyryliumsalt are speC|f|ed cthe .
structure in which the 4 and 6-positions of the - -
- 31 - REPLACEMENT SHEET  pyryliumring or the thiopyryliumring

are substituted by phenyl groups haviggsa-di net hyl am no group at the para
position and the 2-position is substituted by a
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met hyl group, so that fluorescence intensity can_be increased. Moreover,
. the degree of the fluorescence increase by the-tntercalation to.the double

strand nucleic acid of the pyryliumsalt or the:thiopyrylium salt-.T{vil] °°
of the present invention is fromabout 5 tinmes to about "TO tines as huch
as that of the fluorescence increase by a 4-(4-N N
dinethylaninophenyl)-2,6-diphenylpy[yutqg1salt or a 4- (4-N :
-N-di met hyl am nophenyl) -2, 6-di phenylthiopyrylium salt, i.e., [VIII], and
‘the stokes shift is also large, about 100 nm Therefore the pyrylium salt
or the thiopyryliumsalt [VII] of the present invention is particularly
useful as the dyestuff for the detection '
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of the double-strand nucleic acid. The conpound-represented by the
formula [I] can be directly used, or dissolved -or dlspersed in-a suitable
sol vent or dispersant, thereby obtalnlng the stain:for the nucleic acid of’
the present invention. Exanples of the solvent or :difsip mmaaﬂﬁBaﬂmk d&i

wat er, acetonitrile, dinethyl sulfoxide6Zanrd various

sol utions such as a phosphoric acid buffer solution a Cld
buffer solution. In this case, the content of the’ conpoun represe ted by
the formula [I] can be suitably selected in conpliance with 1ts use and

These compounds were synthesized in the following

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

5 A compound 7 was obtained by synthesizing the

compound [i]

(i1

10 in accordance with a process described in W. Foerst et
al., "New Methods of Preparative Organic Chemistry",
Acad. Press (1964)"; reacting the synthesized compound

[i] with

§ o Yn ey

(p-N,N-dimethylaminobenzaldehyde) to form a compound ;
and then reacting the forméd compound with desired
anions. A compound 17 was obtéined by reacting the

20 above-mentioned compound [i] with

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

(p-diethylaminostyrylbenzaldehyde) to form a compound;

-

25 and then reacting the formed compound with desired
anions. Compounds 8 and 18 were synthesized by

reacting the above-mentioned compound [i] with sodium



- 32-- the sensitivity of a nmeasuring device, and for exanple,” for the
detection of the double-strand nucleic acid in-~ an aquequs nucleic acid :
sol ution, the content of the conpound is in'the range. of..from ahoul..
IxIJerr] to about IxlO[err] M The conpound represented by the
formula [I] can be wutilized to stain theegingle-strand or the doubl e-
strand nucleic acid (DNA and RNA), and since the conpound has the
intercalater function, it has the advantage that it predom nantly stains
t he double- strand nucleic acid. That is, when this conpound is

1 hydrogen sulfide to form a compound [ii]

(ii]
5 + '
S
CH3
and then'treatiﬁg this compound [ii] in the same ﬁanner
as in the compounds 7 and 17.
10 A compounq 5 was obtained by synthesizing a
compound [iii]
CH,q
[iiil
0)
15

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;

20 '
CHy CHO + ZCH3CO—<::>

— CH; —-C__ 0O

25
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intercalated in the double helix, its fluorescence intensity nore .
increases than in the case of a free state, apd if the:conmpound having the
| arge stokes shift is selected, analysis can be carried out in‘a High S/N

ratio. In addition, this conmpound has feature that "when bonded to

t he doubl e-strand nucleic acid, the €odpound is stable and the fade
phenonmenon which is often seen in the case of a fluorescent dyestuff is
scarcely observed. Mor eover, since the excitation wavel ength of nost
of compounds [I] is 550 nmor nore on the long wavelength side, a
sufficient excitation state can be

1 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

S the synthesis of the cbmpound 5 except that
p-dimethylaminobenzaldehyde was replaced with
p-diethylaminostyrylbenzaldehyde. A compound 9 was
obfained by the game procedure as in the synthesis of
the compound 5 except that p-dimethylaminobenzaldehyde

10

15

20

25
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obtai ned by the use of a visible |ight source such as-a -tungsten |anp.
t he above-nenti oned problens in the case of tusing the
rays can be : -33-I avoided. -7
t he specinmen derived froman organism often contains a
conmponent having absorption/fluorescenee6dn-a wavel ength region of 550
and so if light in this wavelength region is used as excitation

Ther ef o

ul travi ol et
Fur t her nore,

or less,

i ght,

re,

the S/IN rati o decreases

10

15

20

25

was replaced with p-dimethylaminocinnamic aldehyde. A

compound 11 was obtained by the same procedure as in
the synthesis of the compound 5 except that
p-dimethylaminobenzaldehyde'was replaced with the

following compound:

(CHy ) , N@—CH=CH_-%—CH=CH-®—N (CHy ),

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 compound 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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inconveniently owwng to the rise of the measured. background attributed to-
this conponent. On the contrary, the excitation:wavel éngth of nmosf of the
conpounds represented by the fornula [I] is presént on = long wavelength
side of 550 nmor nore, and therefore the rise of the background does not
occur, so that the high-sensitive nmeasurenent is possible. This nmeans

that even if the purification of the~n@dPeic acid is insufficient, the
hi.gh-sensi tive neasurenent can be achieved. In particular, it is effective
for an efficient operation that a purification step can be omtted in the
treatnment of many specinens as in a blood test.

1
CH,

[v]
5
10
15
20
This Sheet Has Been Replaced
23 (KR ll




I n additi on,

i f the conpound of the formula [I] .
near infrared region is wutilized, a small inexgensive: sem conductor |aser

> A

can be advantageously utilized as a light source for~the : excitati.dn.
As descri bed above, when the conpound of the formula [I1 is intércalated
inthe double helix, the fluorescence ingsnsity is remarkably larger, as

10

15

20

25

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 compound 1 or

2 and
Ou OH
A
oxd 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

havi ng the absorption in a



-

conpared with the case of a free state.(i.e., astate centaining no

I nteraction with the double helix), and so when a pattern_of DNA digested ,
by a restriction enzyne is detected as in an adarose’ gel electrophore5|s
t he background can be inhibited to a |ow level,” so that the detection
sensitivity of DNA can be relatively hebghLened. Furthernore, since the
stokes shift is about 100 nm above, the influence of the excitation |ight
can be conpletely elinmnated at the tine of the fluorescence detection,

- whereby a direct visual observation is possible. In addition, the
conpound of the formula [I] of the present invention is stable mhen bonded
to the doubl & &and nucleic acid, and the fade phenomenon

-0 OH
0 Oﬁ{
0
5 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

10 CH3

(CHg) s N

and then reacting the resulting compound with désired
anions. Compounds 27, 28 and 29 were each obtained by

15 reacting the compound [i] of [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

20 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.

25 Each of compounds 33 to 55 was synthesized in a

manner as shown in the following:
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which is often seen in the case of the fluorescent dyest-uff is scarcely
. observed. This feature can be maintained even- mhen the gel is dried, and

thus. the long-termstorage of the gel is also p055|ble ... Mor edver, in’

the. gase of ethidiumbrom de which is the typical fluorescent
intercalater, the fluorescence is obsepved even in the absence of DNA, but
in the case of the conpound of the formula [I], the fluorescence is
scarcely observed under such conditions. In addltlon, the increase of the
fluorescence intensity which depends upon the concentration of DNA can be
observed 33nti | aN@ﬂ!Hf\)Q hi gh concentration of DNA, in contrast to

et hi di um br omi de. o

"
+ 2 cEgC @N (CH3),

CHO

——p (X‘-’S)

N(CH3)2

(CH3)2N or N(CH3)2

-
Sheet Has Been Replaced

T



REPLACEMENT SHEET 20 MAY 1999 -- - -35- ..

That is, the conpound of the fornula [I] has a ‘h.l gher détection: °
sensitivity than ethidiumbromde and is excelléent in"the S/N ratlo SO

t hat-~t he detection of DNA is possible in a w de concentration range.
Additionally, even in the detection aof gghe nucleic acid by a hybridization
reaction of a solution system if the conmpound of the forrmula [I] is used
for the staining (labeling) of a hybrid, the fluorescence |nten5|ty of

t he conpound is sufficiently highin a

35 COOH
0
i
+ 2
@ @N(CH3,2
CHO
COOH

NaSH
— 2 (X=8)

N(CH3)2
' N (CH
2 34 o+ ( ) NaSH
N(CH —_ 3 (X=5)
(X—O)
CHO CH
OJ\
(CH,) N// T ~. N(CH,)
32 or 32
ClO4
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state in which it is intercalated in the double strand (double heli-x) than
inthe case that it is free or bonded to the S|hgle strand. Therefore, the
-hybrid of a probe and the target nucleic acid can be di¥ectly detected -
wi t hout separating the hybrid of the probe and fhe target nucl ei ¢ ‘aci d
fromthe unreacted probe. Nbreong since having the function as the
intercal ater, the conpound of the for a[l] is also advantageous to
stabilize the hybrid of the target nucleic acid and the probe, and even if
a short oligonucleotide is used as the probe, the stable hybrid can be

formed andsthe stahilizat uonmfcﬂt3ly% measyr enmrcﬂﬁazn belasdhi eppds,

(X=0)
O
CH ' CH
] Il
CH CH
| i
CHO CH
It
CH
O
ol
(CH3) ,N I N(CH,),
: or
. C€lo,
HH ﬁ
38 (CH3)2N-<C::>-C=C~<::>PCHO + cn3c«<::>-N(cn3)2
_ : N(CH,),

|
CH

NaSH, (y_g)
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As described above, if the conpound of the fornuta [1-] having the_targe
stokes shift is selected, the fluorescence and the excifation Irght can be
conpletely separated fromeach other. In consequence the - oper.at i.on. of s
subt kacting the influence of the _ - 36 -
excitation light fromthe fluorescencegpectrumis unnecessary, which is
conveni ent for the sake of the automation of the detection and which | eads
to the advantage that the detection sensitivity can be

HH
39 3+ (CHy),N c=c@cno
(X=0)

N(CH3)2
_ NaSH ) (X=5)
CH
{1
CH

(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(CH3)2

CHO
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hei ght ened. These features of the conmpound- represented by the-
formula [I] are based on -the heterocyclic ring and the: specifit -
substituents bonded thereto, and it can be presuned thdt fhe conpound is

i ntercalated in the nucleic acid base pair portion where the portions of
the heterocyclic ring and the substitugats are stacked,. so that it
interacts with both the portions to increase the fluorescence intensity.
Thi s enhancenent effect of the fluorescence intensity is |arger when the
'substituents have the substituted or unsubstituted aryl group, and it is
further |4kger wherThie subpoundewas sgneheshaedt ihedhbyshwe manABre of the

substituted or

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

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

42 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 .

43 This compound was synthesized in the same manner

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

was employed instead of the material

HH /-
(CH3)2N@C=CCHO ]
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unsubstituted aryl groups 'so that these substituted -posrtions may. not be -
adj acent to each other. Miyreover, by partially changing the structure of
t he conpound having the fornula [1], -a derivative having.various .-
absorption wavel ength, excitation mayehﬁngth and fluorescence wavel ength
can be synthesized, and for exanple, the conmpound to which the

sem conduct or -l aser can be applied as the excitation wavel ength can be
obtained. In addition, when the heterocyclic ring or a condensed ring is

introducgg as the substituent, the
44 1 (x=0) + (CH5),N CHO

NaSH (x=s)

clo,
45 1 (Xx=0) + (cn3)2uq<:::>»c=c-cno
N(CH,),
O .
™07 c=c-c=c '
, C=C-C=C- N(CH,),
7~ sl
(CH,) N .
clo,
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characteristics of the introduced ring structure can be*-utilized for a
chenical reaction or a biochemical reactionin conbinatiopn with t he .
i ntercal ater and another nechani sm Fur t-herpore; .in ordeér - i nprove
the water solubility.of the conmpound having the fornula [1], a
hydrophlllc group such as an amino grolip,—a dinethylam no group or a
sul fonate group may be introduced into a suitable portion. |If the conpound -
is wused as the label of the nucleic acid probe and if the sufficient

hydrophilic nature ca obt ai ned wheﬁ
46 (CH;3),N CHO + cn3cw<:::>rN(cn3)2
0

N(CH3) 2 [IX] |

HH
47 1 (x=0) + (CHy) N«<:::>rc =C

N(CH,) _
NasH, (xg)
O H H HH
0, c=C c=C N(CH;),
(CH;) ,N I
or
clo,

—_—
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bonded to the nucleic acid, the conpound can be directky_ utilized w thout
I ntroduci ng any hydrophlllc group. The nucleic acig stain of. the
present invention can be used as a stain fér the nucleic-acid, .for-.
exanpl e, to detect the nucleic acid separated by electrophore3|s. Thi s
detection can be fundanentally carried?’$ut in accordance with a-
conventional nethod by the use of the nucleic acid stain of the present
invention in place of ethidiumbromde or the |ike. That is, after the
usual electrophoresis, a gel is imrersed in a dyestuff solutlon fol |l oned
by detect48g. In tBhisceemponndevas, syhthesizete ini ghe samesménniest ead of

the ultraviolet lanp, and so the

as 44, except that HOOCﬁ<:::>rCHO was employed instead
of the material (CH3)2N1<:::>rCHO -

49 This compound was synthesized in the same manner

HH
as 45, except that HOOCﬂ<:::>}C=C=CHO. was employed-
. H H
instead of the material (CH3)2N C=C~-CHO .

50 This compound was synthesized in the same manner

0
as 46, exc i HH
28, except that CH3C@-C=C coom Was

employed instead of the material

f,’ HH )
CH3C c=C Q N(CH3)2 .

51 This compound was synthesized in the same manner

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

employed instead of the material

HH
(CH3)2N Cc=C CHO .
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constitution of the detection systemwhich is different--from the-

conventional case is necessary. That is, in i the det ect.i on
system an excitation filter and a fluorescence filtef ate required in
addition to the |ight source. - Exanpl és of the utilizable |ight

source include a halogen lanp, a tungsien | anp, an xenon |l anp and a
i
52 [IX] + CH,C~COOH

NaSH,  (x=s)

NaSH : (X=8)

-
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sem conductor laser. If the visible light source capabte of generating a
i ght anpbunt froma slide projector (100 V, 300 W or :the |ike is -used, )
the detection can be made with the senS|t|V|ty hi gher than in.the case of
ethi.di um bromi de. A strobe which can be uséd in photography by a canera is
al so effective in taking a photograph?’él+ addition, if the sem conductor

| aser is used, a densitoneter can be constituted in conbination with a
photonul tiplier without using any filter for the excitation |ight.

Mor eover, as the excitation |ight filter and the detection filter, filters

corresponding to the respectl%ﬁ stuffs are necessary. That is, the
filter \Mgl ch coversﬁae gpt 'C(ifil t| on of each

—> (X=s5)
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~dyestuff and cuts the fluorescence region is used on the excitati-on |ight
" side, and the filter which prevents the transm ssion of 1he eXC|tat|on
i ght and passes through the fluorescence alone is usé&d on the QQtectlon'

- side, For exanple, a visible light source i$ attached in’ pl ace of
the ultraviolet lanmp in a transillum nat-orz7 - and a base equi pped with the
excitation light filter is _ ' Th;sIsIhcet Iliiilﬂe’lilﬁii{cilaced

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
5 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
10 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
15 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
.20 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.
25 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



put thereon. The gel is nmounted on the base, and the detection is carried
out through a slit provided with the fluorescence f[IEer, or a phot ograph
is taken by the camera provided with the fluorescence Sfifter. _ - In
consequence, bands noved in the gel can be -observed_hy 'the naked eye —

Wi t hout using any protective tool, and-thg cutting of the bands fromthe

gel is also easy. Furthernore, also when the photogr cedy
sui tabl e exposure can be selected by the naked eye, u  he
case of ethidiumbromde in which the exposure is se

transillum natg and errqr, while the ultraviol et rays are

avoi ded. hbedl%égr?ﬁ%§595técﬁeﬁ§lFBnéP&PrSé&P§&§d with

The fluorescence spectrum of the sample I was

n -~

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-

5 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

10 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.

15 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

20 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

25 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



the photonultiplier can also be utilized. In addltlon --if a detectlon Kit
whi ch uses a strobe as the |ight source and mhlc
simultaneously with the canera is used, the det ect Sh%gtﬁpgeemuqﬂlmdc ‘aci d

can be sinply carried out with a power source- such wi t hout
beiny affected by generated heat. - Frg ther nor e, “ﬂ& Id stain
of the present invention can be used to detect the t c acid
which is the detection object by the hybridization nethod using the probe.
For exanple, the detection can be achieved by the procedures of reacting
the target nucleic acid with a %e0|nen staining the forned

doubl e- st r and YRRS HiGhici EFAR 1 ¥ LR HiGRt SRUTCR EEoR ¥RASRti on, and

then Optlcalr&f¥¥é¥§é éklportlon was removed by a low cut filter of

- 480 nm.
| rati m
5 Changes of flugrescence intensities to DNaA
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.

10 As is apparent from the results in Fig. 3, the
fluorescence 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

15 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

20 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.

25 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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the conpound of the formula [I] contained in- the stain interacts’mﬁth the
doubl e helix to increase the fluorescence intensity; and:thust

detection is

possi bl e-without a B/F separation..In addition, this

m ss-mat chi ng takes place, and so the influence of the
doubl e-strand nucleic acid on neasured val ues can be eI

I nteraction scarcely occurs on the doubl_e-ggtrand nucl elmxsabaedlasﬁeﬂfﬁ[mf

10

15

20

25

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



stai ning techni que which uses the stain of the present :invention.can be
applied to a nmethod in which the probe or the specinen is i mobilized and
then used, a method in which the probe is reacted With the Specimeén in a -

solution, a biopsy, and an in site hybridization neimggmﬂ;ﬁgyggﬁ jatdae probe
I's incorporated into cells or an organi-s@l For - exa nis
reacted wwth the probe, and the stain of the presen t hen
added to the reaction systemto stain the resulting

foll owed by the detection. Mreover, the enploynent of a n1croscope

permts inspecting a position in each cell where the probe is hybridized.
stained with conventional ethidium bromide was excited

with ultraviolet rays (a transilluminator was used).
Example 5
DNA size markers having various concentrations
5 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
10 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
15 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.
. 20 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%
25 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



Needl ess to say, the stain of the [ [

. : “the present invention can also be t 0
detect the nucleic acid anplified by PCR or the like,Zand it C:ﬁu;gd He
i medi ately judged whether or not the nucleic-acid is. anplified wi t hout
quantitatively analyzing one by one. At this ¢tine, iﬂthQwﬂeae%éﬂmlg£dPCR

is carried ' ir
» ‘ﬁﬁe ied out on a ni cropl at g many speci nﬁ"ﬂ”ﬂ' mﬂlmﬁpect ed

tinme.
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

5 800 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

10 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

15 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'
20 : 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

25 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.



Furt hernore, when the conpound of the present- invention.[l] is used as a

| abel to be bonded to the probe, the features of the Compound cam be-Tore
effectively utilized. For exanple, in the hybridi zatfhgrghgeeﬁgstgeg{ke &Qh s~

carried out-in a solution, the conpound can be applle
be anal yzed, i.e., the target nucleic aei @3havi ng not u ﬁﬁ
strand but al so the double strand, In addition, since has t he
function as the intercalater to the nucleic acid base pair, a steric

hi ndr ance of the | abel compound in the hybrid of the target nucleic acid

and the robe yoi ded, and_the hybrid can be effectively stabilized
by stacking. - 18 SIGLFLSh. otBIIRE EBAGOIRD BRS, HERFsRRUPRL Hpihe the

probe II in place of the probe I to obtain a specimen
II.
Next, an acetonitrile solution of a compound 1 was
5 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
10 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
15 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 then regulated so that the most
20 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
25 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



probe, various known nethods can be utilized. As descri bed .

herei nafter, the conpound represented by the formula [I]Zof the present
i nvention shows high perneability to a biological spetimen such as cells,”
bacteria, a tissue and a chronosone, and therefore it Tm§g§a$ﬁsgﬁnmmhwd.

|ncorporate the probe |labeled with the -cag®pound into t?“ mnuﬂ!‘%ﬁ
i
t

organi sm Hence, the conpound is suitable for the in s
decreased, and a hypochromic effect was shown, which

nmet hod. Mor eover, as descri bed hereinafter, since
the formula [I] can be sufficiently used at

maximum at 660 nm. In addition, its absorbance

were typical characteristics of an intercalater.
Fluorescence spectra were measured in the presence
5 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
10 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
15 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
20 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
25 DNA was absent, the compound 6 had the absorption
maximum at 660 nm.

A DNA solution prepared in Example 3 was added to



- 42 - a Iom1concentrat|on and has | ow residence praperties, cult

.can be continued even after the reaction of the

and the observati on. The conpound represented by the fornula [

the present

_ _ i nvention can be applied to various det ced

what™is better, it permts the detection gef-the nucl aS|Iy.

Ther ef or e, various ki nds of nucleic acid detection. ki |'
I]

whi ch contain the conpound represented by the formula

as it is,

‘the formof the probe.

10

15

20

25

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

ure

organismwi th- the probe

1 of -
‘and

ded
or in



Furthernore, the stain containing the conpound of the fornula [I} of the
present invention can be brought into contact with the bLgLQgLQaL_speC|n?q
to stain or differentially stainit. - Exanpl es . of the b|oIo |ca

" speci.men which can be stained by the nethod of the1bs as
i ncl ude mcroorganisns, human cells, ani&®8l-cells, sectlon
of creatures (a human, an animal and a plant), and en t he

chronmosone is used as the specinen, it can be dlfferentla Iy stalned in a
sharp state. In the present invention, one or nore Kinds of

of the present
conpounds rEprﬁ?eentaedgebyoé hfrgn?rgytg <L é nm, ax?d 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

5 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,

10 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

15 - 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.

20 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

25 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



i nvention are dissolved in a suitable solvent such as wat er, .
physi ol ogi cal saline or a m xed sol vent of water and-an- al cohol such as .
et hanol, and then used for the fl uorescence stainingzof:the ki ol.ogi cal -
speci ren. Mor eover, when the biiol ogical speeinens dre live '
cells, mcroorganisns or the |like, the cogpound of the present invention
can be added to a certain solution in which they can be kept alive or a

culture nediumin which

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

5 compounds shown in Table 1 in the presence of DNA,

measurement was made by the same procedure aé 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

10 final concentration of DNA being 50 pm/ml.

This Sheet Has Been Replaced
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they can grow, to forma staining solution. The concentration of the -
conpound of the present invention in the stai-ning-solutizon is.suitably in
the range of fromseveral tens ng to several pg/m. : 2 °In the -present -
.invention; when the conpound of the for mul a [IF] is used as theé-dyestuff
for the staining or, the differential stggning, the stable staining can be
achieved wth good reproducibility w thout unevenness, and what is better,
operations such as the fixation of the specinen and the washing of the
excessi ve dyestuff which are essential in conventional methods can be
omtted, whereby the treatnent operation can be sinplified and a | arge
nunber of the speci nens can be
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pronptly treated. Also in the dlfferentlal staining of the
chronmosone, a known stain and a differentially stained: pattern can be
obt ai ned by the use of the conpound of the present Ln#ent#gn——and—Lhe——
distinction and the identification of the chronosone can be achle
hi-gh ~pr eci si on. In addition, the enployment of

present invention also pernits the preparation of sto

whi ch the stained portions neither l

o

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

5 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

10 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

15 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

20 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

25 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



-44- fade nor di sappear. In particular, -the conpound of_thé'fornulé -
[I] which can be used in the present invention is excellent in .
perneability into the specinmen, and therefore operations-for feeding this

conpound into the biological specinmen, for exanple, thgﬁilﬁgLLgﬂ—QLthe
speciyen and the subsequent washi ng- operatégn can be—a vantageously
onmitted. Mreover, in the case that the ation opqﬁ,gtsh&masserm he
speci nen can be utilized in a non-fixed free st at e, \m ra
state or a state simlar thereto. For exanple, it can \

concentration = 0.5%).

The culture medium was statically induhated for 5
minutes in the CO, incubator, and fluorescence
observation was then carried out. This fluérescence

5 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

10 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
15 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

20 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

25 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



be stained in a live state. Also in the differential- staining of the
chronosone, the fixation operation by a calnoa fixation:solution and the -
subsequent washing operation and a drying step can becarfitted. - As
descri bed above, the conpound of the present invention scarcely generates
the fluorescence even by the irradiationgof excitation Iight, when the
compound is in a free state in the solﬁt?gnf I.e., when any nucleic acid
is not present, but it emts the fluorescence, when it interacts with the
exi stent doubl e-strand nucleic acid. This neans that background is
extrenely low, which permts highly precise staining. In addition, ow ng
to the above- ngpéiared. | aowbeekyr angdpprepenlaesinfluenscgowasbinott o

Ut'||2e - present owing to the very low concentration, the
inhibition of the excitation light by much
fluorescence, and the like.

5 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.

10 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

15 12. The dfestuff 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

20 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

25 the specimens were then observed. A used observation

device was the same as in Example 12. This Sheet Has Been Re

AT

placed a

The obtained results were as follows: '




t he compound of the present

range.

2- et hyl -

S

t hat

10

15

20

25

4, 6- bi s- (4-

- 45- For exanple, in the-case that

-

f\l\cllllrem

(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

i nvention in an extrenely wi.de concentration

N, N- di met hyl am nophenyl Tnﬁ‘—jrfr—————-—————
directly added to the culture nedluﬁ1o?ycLP¥;yLL oot de_{compound 1)

obsegvatlon is made in a state in

THEL §He8131agBEh RepBacand
whi ¢ch sta
coexiistent by a usual refractive fl uores%:j;ﬁ_ce mI(r:“r(r)]gcawmn“m



t he conmpound can be used in a dyestuff concentration .range of -several tens
ng/mM to several pg/m in the staining solution mqthout t he background. In
consequence, the washing after the staining Operation® @®hilh

her et of ore necessary can be conpletely omtted or sinplified.

ced
when 1 he stai ning solution having a high ggoncentratlonTmiﬁse
pg/m or so is used in order to stain the tissues.or I mal

~or a human, the washing after the staining operation mhl
heret of ore necessary can be conpletely omtted or S|an|f|ed

ot her hand, wth regard to stained inmages,
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
5 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.

10 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

15 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

20 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)

25 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 -



t he  conpound of the present invention sharply stains the_nucleus of each..

cell, and in the staining of the live cells such as—etiltured cells

cultured bacteria or various tissues, the chronnsone of h d|V|d|ng cel | -
can be clearly observed. This is due to the fact that #d t he
present invention has a strong affinity_feg 1he nucle '

RNA, the double-strand nucleic acid, the intranol ecu

-46-
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.,

5 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.

10 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

15- 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

20 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.

25 Exam 1

(Staining of cultured Escherichia coli)

As Escherichia coli, there was used a JM-109



strand portion of a single-strand nucleic acid, or the |l.i-ke), but the

utilization of this feature permits the count  of cells by -FCM{a—ftow

sight nmeter) and the classification of the cells in a divisi Qanlkgg
i ] r -.

st ep. In the case that the live specinmen is st&hig
solubility of the stain is very inportant .gsThe live s
handl ed i n an aqueous environnment. On the contrary, t
handl ed i n an organi c solvent system In the field whe
is treated, the dyestuff which can be used in the aque

strongly desired, and it is utilizable in a wi de range.

A, ...

re the live specinen
ous systemis
The conpound of

the present i nedmeiion which sas aispaldst wtilizaathiag /e hogk fOoS Iee i€y of

t he conpound of the present
recombination.

About 1% of agarose was added to an

M-9 culture

medium (pH = 7.0) having the following composition, and

5 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):
10 Na,HPO,+*7H,0 ... 12.8 g
KH,PO, «cvocesccoes 3g
NaCl ...ceeececes 0.5 g
NHCL ..cccvecees lg
MgSO, secceccece . 1 mM
15 glucose ........ 0.2%

Caclz e ® e s e oo oo 0.1“‘M

balance ........ water

The bacteria from the stock of phe JM-109 strain

(Takara Shuzo Co., Ltd.) were inoculated

into this M-9

20 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

25 ml of a 2xYT culture medium having the following

composition in a culture vessel.

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



i nvention can be heightened by selecting a suitable counter ion.(e.qg.,

i odi ne). The conpound of the formula [I]-in the present invention _
has the | ow residence properties in the cells, and so thedive tells are °.
not ‘badly affected by the residence. Therefore, when rhe:LaLgeL_Lg_be_____
stainéd is the cultured cells or microorgaggsus, the st in and th

stained state can be observed without fixation only by gpcd
of the <contam nation with other mcroorgani sns and the co H
tenperature, and after the observation, they can be conti d ed.

That is, the fluorescence stain observatlon with tinme of the sane speci men
i s possible. liter):

=

bacto-trypton ......... 16 g
bacto-yeast extract ... 10 g
NaCl ...ccccececece e 5 ¢g
5 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

4

10 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
15 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
20 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
25 harvested by centrifugal separation, and then
resuspended in physiological saline again. At the time

of this suspension, the concentration of the bacteria



As descri bed above, the conpound of the present . i nvention also-has the
feature that the fade phenonenon

case of the fluorescence dyestuff is very slight. oth?
the features of the | ow background and the low fade g?%m!"t%s & em

conpound of the present invention has perg# ts-the pre
speci nens for long-termstorage of the quorescence d

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
5 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
10 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
15 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
20 (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
25 observation was done without removing the compound 1
which was the dyestuff from the suspension solvent.

Each of the bacteria suspensions obtained in the



That is, in placing the specinen together with a
vessel and then sealing up it, if the conpound-of the-foroula [{] of the
present invention is added to the storage solutijon, the renewal> of the

dyestuff is carried out in the stored specinen, even thdough the Tade

phenomenon slightly occurs. Thus, the chagage of the inages to be observed
can be inhibited for a |ong period of tine.
storage speci nmens by the

conpound of the present invention, placing the stained specinmen in a
sui t abl e vesselbosedmentioned operations (1) and (2) was dropped on a

10

15

20

25

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. ——

eét Has Beéen- Replaced
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storage solution in a

The preparation of the
utilization of the staining nmethod of the present

invention can be achieved by staining the biological specinen wth the

FREENRY



then sealing up it. Any vessel having an optional - shape and size can be
used in conpliance with a purpose, so long as it can ‘$eal -up the speci men..
A container obtained by sealing the periphery of a1VACY S put jon a
slide glass with a sealing material such -as a resin._i thggﬁgphamthe

category of this vessel. - - 98 - “SS\W
bi ol ogi cal specinen is placed in the .vessel, if nec m‘“ mam‘ar wth a
i quid nmedi um

[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

5 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

10 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)

15 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:

20 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,

25 which disturbed the judgement of the staining state of
the bacteria.

(2) The bacteria were separated from the liquid



contai ning an antiseptic such as sodium azide, and t

, vessel is then
seal ed up. Alternatively, the biological speci.ien ngy be m W th the
Thiy ui d medi

can be used, so long as it can be wutilized as a staini
Moreover, if the biological specinmen is-ad@@d-to the |

staining solution in the vessel, followed by?seéling;”ﬂﬂmaﬁr:

1 Replaceq
containing the fluorescence dyestuff in the sealable ve ,.& ; Aﬂ#tained
state can be stably maintained during the above-nentioned |ong-ter
st or age. Next, the present invention will be described in "nore
detail in reference to exanples, but the scope of the present invention
shoul d not be | Padiem,t yashede 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

5 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

10 (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

15 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.

20 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

25. 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



“exanpl es. Exanmple 1 100 M of acetic anhydride was m xed with-
30-m of concentrated sulfuric acid with cooling, are—the—restHting—

. mxture was then heated for 3 hours on a water bat h, i, | ' at
80[err]C. Next, 20 ml of acetic anhydride and 30 ni %m@hee?Hs JB@%C
acet-ophenone were added thereto at room erature, mm ture

[ for

24 hours to carry out reaction. Afterward, ethanol was added to the

of thé solution was then raised up to 4 rr]C, follo
reaction solution, the amobunt of ethanol being equal to that of

bacteria by freezing, because the suspension medium of
the bacteria was aqueous. However, the specimens
stored at other storage temperatures were kept in a
good storage state. In addition, fluorescence was also
5 sufficiently emitted, and a staining state was also
good.
Example 17
(Staining of 'tissue section)-
A sliced section of a mouse liver covered with
10 - paraffin on a slide glass prepared by a usual manner
was staihed 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
15 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
20 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
25 to sterilize the same and to.remove grains therefrom,
thereby preparing a staining solution.

In order to increase the permeability of the



t he reaction solution This solution wa
the _ : s cool ed, and an aqueous potassium
i odi de solution was then added thereto to precipitate crudg crysrg#s——

Next, the <crystals were collected by filtration, i
' . and
froma mxing systemof ethanol and ether (a vol ume Imh@ﬁﬂ}ﬁﬁﬁg §&ﬁmo fgﬁn
green crystals of 2-nethyl-4,6-bis-(4-NMoR di methyl am 4 um
i odi de (compound 1 in Table 1 wherein Y is I). Al I ts of
the obtained conpound 1 (Y =

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

5 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%

10 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

15 ‘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

20 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.

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

made by Olympus Optical Co., Ltd.) was used. A visual



l): Mel ting point: 254-257[err]C U/ visual (CHerr]GCH [err] x
10[err]) [err]max: 444 nm (2.43), 550 nm (8.24) ~ NVR:(I[err]H. - -DNBO)
[err] ppm 8.3737 (1H, s), 8.2729 (IH d, J=9.0"Hz), 8.1795 (1H, d, J= 9
Hz), 7.8864 (IH s), 6.9117 (4H, t, J[err]—J[err —Th&sKJe HasCBeérﬂQe@laeﬂH s),
3.1340 (6H, s), 2.6809 (3H, s) FAB mass nl z 3 ry. v
cnfer]r: 1645, 1610 (sh), 1580 (s), 149010?57 1270,
Furthernore, the same procedure as descri bed above mas carrle out excep
t hat the aqueous potassium

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
5 fluorescence. During the observation, background was

scarcely observed. This fact means that the

_ washing/remoQal of the excessive dyestuff after the
staining is unneééssary and it is less needful to take
care of the dyestuff concentrétion in the staining

10 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.

15 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

20 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

25 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



I odi de solution was replaced with an aqueous perchloric .acid selution, to
obtain 2-nethyl-4,6-bis-(4-N N d|nethylanlnophenyl)pyryl|un1perchlorate

(conpound 1 in Table 1 wherein.Y is ClJerr]).
- 50 - 20 g of sodium sul fide nonahydrate mas dlssolved in

i on“éxchanged water .so as to bring the i vol une Tmmﬂismﬂd,elmm"

dyestuff solution was such that the final concentration

of sodlunlhydrogencarbonate was added Jb and dlssolved
and 50 m of

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
5 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
10 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
15 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.
20 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
25 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



et hanol was further added thereto under ice cooling,

- fold-owed by stirring

at roomtenperature for 30 mnutes. The precinpitat d sodi carbonate
collected by filtration, and then washed anth 25 m  of elﬁghol Aﬁtermgfz
the filtrate was mxed with the washing quuid'to olfihigiShe aW@ of
the water- ethanol solution of sodium hydramen sulfid 0.92 g
of 2-nmethyl-4,6-bis-(4-N, N dinethylam nophenyl) pyryl aihed

in Exanple 1 was dissolved in 20 mM of DMSO, and 5 ml of the

previously

prepared wat er - et hanol sol utiion of sodium hydrogen sul fide was then added

to the resulting solution, followed by stirrin roomt%la%%rq:tursem

10

15

20

25

ml of PHAM (made by Gibco Co., Ltd were a

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)

EY



5 mnutes. After the stirring, 0.75 m of h
_ , 0. ydoriodic aci-d was added.
thereto, and the solution was further stirred for 5 minutes. Subsegquently,:

di chl oronet hane extraction and sili Mﬂﬂ

I _ ca gel col unrhu$heet Hast

carried out in usual nmanners, followed b recrystEh N]idm
pheny g hi

et hanol - et her nixed solution (a volumelf@tto -
i odi de (conpound 2 in Table 1 wherein Y is I) opyryl

crystals of 2-nethyl-4,6-bis-(4-N, N dinethy IamnoIl

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
5 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
10 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
15 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
20 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
25 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



Analytical results of the obtained conpound 1 (Y = 1): .. Mel ting
poi nt: 246-248[err]C W/ Visual (CHerr]CH [err] x: 10[err]2 [err] max:
495 nm (2.50), 587 nm (4.95) ~ NVR ([err]H: DMSO) B ppm 8:5679_(1H,
s), 8.4323 (1H, s), 8.2436 (2H, d, J=9.27 Hz), 7.9786 (2H, d, J-o. 28)
6.8959 (4H, t, J=[err]J=[err]=9.28), 3-11B66 ¢6H, s), 3.1157 (6H s),
2.8323 (3H, s) FAB nmass m z 349 IR (KBr) V cnferr]: 1600 (s),
1560 (s), 1460 (s), 1430 :
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
5 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
10 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
15 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
20 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-
25 dimethylaminophegyl)pyrylium iodide [a compound 48 (X =

O and Y = I)] was synthesized from carboxybenzaldehyde

I

and a compound 1 (Y = I).
This Sheet Has Been Repl
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(s), 1370 (s), 1260 (s), 1160 {s) Furthernore, the.sane procedure as
descri bed above was carried out except that hydorrodrc:aerd was replaced

with an aqueous perchloric acid solution, to obtain - -
2-met hyl -4, 6-bi s-(4-N, N d|nethylanrnophenyl)thropyryl|un1perchlorate

(conpound 2 in Table 1 wherein Y is CI-OR[Q& Ref erence Exanple 1
Conmpounds 3 to 55 shown in Table 1 were prepared. In Table 1, [err] is a
p- phenyl ene group or a phenyl group.

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

- 5 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

10 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

15 synthesized by the use of a DNA synthesizer 381A made
by ABI Co., Ltd.:

5'CTCACAGGTATAGCTGTTATGTCGTTCATAS3'

The cleaving from a CPG support, deprotection, and
purification by a high-performance liquid

20 " 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,

25 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

This Sheet Has Been RTlaced
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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.
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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
5 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
10 '

Amount of DNA 100 pg- 10 pg 1 pg 100 £fg 10 £fg

Fluorescence O : O O X

Electrophoresis O e 0]

1
> The PCR amplified product was detected.

Xz The PCR amplified product was not detected.

As shown in Tables 3 and 4, the.sensitivify of
the detection of the PCR amplified product was
increased two orders of magnitude by using the compound

20 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

25 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
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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
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
. \,<.—~‘\‘
RR— Xt vy~ . (1
.%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..

Il

il

|
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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

This Sheet Has Been Replaced ' I

[

i

|

III



10

15

20

25

- - -

- 120 -

: ///
l 1\\\\\}\\\1\\\\\!\\\!\\

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
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| AR 00
—CH=C|1-— (CH=CH) n” [I1]

Z

(wherein Z is a hydrogen atom or a substituted or
unsubstituted lower alkylene group, and n is O, 1 or

2),

~®— (CH=CH) - [1I1]

(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]

j—CH (V]

[V I ] This Sheet Has Been Replacec
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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

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

10 (VII]
(CHg ), N
(wherein X is O or S, and Y is an anion).
11. The stain for a nucleic acid according to
15 Claim 1 wherein the compound represented by the formula
[I] is a compound represented by the formula [VIII]
Y N (CH3 ) 2
20
-
o Thﬁlsl'iiﬁtliﬁlﬁfm i
(wherein X is O or S, and Y is an ani ’”'”"l
25 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
5 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-
10 dimethylaminophenyl)pyrylium or thiopyrylium which is

represented by the formula [VII]

N (CHy) ,
15
+ :
| X' CHy (VvIiIi]
(CH3)2N _
Y
{(wherein X is 0 or S, and Y is an anion).
20
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
25 in that the fluorescence dyestuff is a compound

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

9.
This Sheet Has Been Repl
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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 methoa according
fo 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.
10
22. The fluorescence staininglmethod'according
to Claim 19 wherein the compound is a compound

represented by the formula [VII].

15 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
20 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 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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BSTRACT OF THE DISCL E

A stain for a nucleic acid characterized by
containing, as an effective component, a pyrylium salt
compound having Y as a negative portion and é pyrylium
ring or a pyryliqm—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 group, substituted or
unsubstituted aryl group, etc.,
R® is -A or -L-A, L is -L'-, -L?-L3- 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
reacting a sample with the stain, and then detecﬁing,
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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FIG. 7
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pr ocedur es. A compound 7 was obtai ned by synthesizing. the conpound
[1] _ CH3 in accordance with a proress described in
W Foerst et al., "New Methods of Preparative O ganiic Chem stry™, ~ACad.:
Press (1964)"; reacting the synthesized compound- ['] wth* ""Terr] =~ ~
(p- N, N-di net hyl anmi nobenzal dehyde) to #ftl a conmpound;
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‘and then reacting the formed conpound with desired__anions. A conpound 17
.was obtained by reacting the above-nentioned conapound [i]; with [err]
(p-diethyl ami nostyryl benzal dehyde) to form a conpeund; ard tfen-reacting:
the formed conpound with desired anions. - Conpeunds 8 amd-18 were "~
synt hesi zed by reacting the above- me@/ithed conpound [i] with sodium
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and then treating this conmpound [ii] in t'he sane manner as in the ...
conmpounds 7 and 17. A conmpound 5 Was Zobt ai'n_eél-_by synthesi.zing a™ ~
conpound [iii] CH 10’/11‘
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Z
5_ (wherein Z is a hydrogen atom or a substituted or

unsubstituted lower alkylene gioup, and n is 0, 1 or

2),

(I11]

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 ©0-, m- oOr

p-phénylene group)
0
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9. The stain for a nucleic acid according to

Claim 1 which selectively stains the double strand of

ced
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[err] Corrpog géa‘BNOY)éMO anid 12 were obtai ned by the same procedur es
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FC N CONTAINING PYRYLIUM SALT OR ITS SIMILAR

SALT, DETECTION METHOD OF NUCLEIC ACID BY USE OF IT,
AND_FLUORESCENT STAINING METHOD OF BIOLOGIEAL SAMPLE

ABSTRACT OF THE DISCLOSURE

A stain for a nucleic acid characterized by

o v |

containing, as an effective component, a pyrylium salt
compound having Y as a negative portic_?n and a pyrylium
ring or a pyrylium-similar ring.", wherein the ring is
comprised of X selected from 0, s, Se' and Te as a

w " hetero atom and. has substituents R!, R? and R?®, wherein
each of R! and R? is independently a hydrogen atom,
sulfonate group, amino group, substituted or
unsubstituted aryl group, etc.,
R' is -A or -L-A, L is -L!'-, -L’-L’- or -L*-L°-L%~, and
each of L! to Lf is independently -(CH=CH)-, a divalent
group derived from the substituted or unsubstituted
aryl group, etc., A is a substituted or uhsubstituted
aryl group, etc., and Y is an anion. A method for
detecting .a nucleic acid which comprises the steps of

— _ reacting 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.

FIGURE 1
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compound 13 was obtai ned by form ng a conpound [ V] CH3

: ‘LR )

1. A process for detecting a double-stranded nucleic acid,
comprising the steps of: )

providing a biological sample which may contain double-~
stranded nucleic acid:

providing a pyrylium compound represented by the following
formula [I]:

1
R

: 2'\,<."‘,\ R

R® —L Xty (1]
R3/<,._‘

wherein

is a2 pyrylium ring, an{X is 0, S, Se or Te, hydrogen atoms at
2,4 and 5 positions of the pyrylium ring are substituted by R' ,
R® and R? , _

each of R* and R® is independently a hydrogen atom, halogen
atom, sulfonate group, amino group, styryl group, nitro group,
hydroxyl group, carboxyl gtoup, cyano group, sﬁbstituted or

unsubstituted C, to ¢, alkyl group, substituted of unsubstztuted

aryl group, substituted or unsubstituted aralkyl group
comprising C, to Cy alkyl group, or substituted or unsubstituted
cycloalkyl group,

/_
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from p- net hyl empgal_mﬂmg ﬁ\’\%ﬂa et ophenone in like manner; reacting the
eonpound [v] wt minobenzal dehyde to form a corrpound and

then reacting fhe f gggp wi th desired anions. A conpound 14 was
' 52 rey al

obt ai ned by th in the conmpound 13
et o e SR M T

above-nenti one

CH3

R? is A or L-A,

L is a group represented by the formula [II], [III], [IV],
(vl or [VI]:

~CH=G- (CH=CH) ,~ [II]
z

{(wherein Z is a hydrogen atom or a substituted or
unsubstituted lower alkylene group, and n is 0, 1 or 2),

-2~ (CH=CH) - [I11]

(wherein n is 0, 1 or 2, and @ is a substituted or
unsubstituted o-, n- or p-phenylane group)

—CH=CH-®-CH=CH- [IV]

(wherein ® is a substituted or unsubstituted o-, m- or p-

phenylen.e group) 0
—CH (vl
o~
0 0
(Vi]
-CH
Q

A is a substituted or unsubstituted aryl group or -CH=R’-
(R¥ is a substituted or unsubstituted heterocyclic ring, a

substituted or u'nsubstituted_ cycloalkyl group, or a substituted
or unsubstituted aromatic ring), and

Y- is an anicn: _ \
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mixing the pyrylium compound with the biological sample to
intercalate the pyrylium compound into the double-stranded
nucleic acid:

irradiating the double~stranded nucleic acid in which the
pyrylium compound is trapped as an 1nter¢alator with light to
excite the trapped pyrylium compound; and

méasubinq fluorescent light emitted from the trapped
pyrylium compound which is excited to detect the existence of
the double-stranded nucleic aqid,

2. The process according to claim 1, wherein the pyrylium
compound is represented by the following formula [VIIL]:

+ -
X" "CH, [VI]

(CH3)2N v=

wherein X is Q.or § and Y‘_is an anion.

3. The process according te claim 1, wherein the pyrylium
compound is represented by the following formula:

ﬂ3ﬂdz

wherein X is O or § and Y is an anion.

4. The process according to claim 1, wherein the sample is a
double—-stranded nuqleic acid or double-stranded nucleic acid

fragment séparated by agarose gel electrophoresis or

polyacrylamide gel electrophoresis.
' is Sheet Has Been Replaced
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5. The process according to claim 1, wherein the sample
comprises a double-stranded hybrid in which a probe is
complementary bound to a target single-stranded nucleic acid.

6. The pProcess according to.cléim 1, wherein the sample is a
double-stranded nucleic acid amplified by a PCR reaction.

7. The process according to claim 1, wherein the light to excite
‘the trapped pyrylium compound includes a frequency at which the
trapped pyrylium compound exhibits maximum absorption.

8. The process according to claim 7, wherein the light is Xenon
lamp.

2. A process for detecting a target single-stranded nucleic acid
comprising the steps of: _

providing a probe comprising a nucleic acid having a base
sequence being complementary to a base sequence of a target
nucleic acid and a pyrylium compound represented by the
following formula {I] bound to the nucleic acid;

RJ
TN “~
2__ /[ N+ -
R -——q 3( Y [I]
RY -

wherein

is a pyrylium ring, and X is 0, S, Se or Te, hydrogen atoms
at 2, 4 and 6 positions of the pyrylium ring are substituted by
R', R? and RS,

each of R' and R? Ls independently a hydrogen atom, halogen
atom, sulfonate group, amino group, styryl group, nitro group,
hydroxyl group, carboxyl group,  cyano group, substituted or .
unsubstituted C, to C; alky] group, substituted or unsubstituted
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-

Gonpounds __30,.;31 and 32 were synth
erivatives of thelaboved@enti oned conpounds [iii] and [iV]
—p=di e acet ophenone in the sane manner as in

‘aryl group, substituted or unsubstituted aralkyl group

comprising C: to C¢ alkyl group, or substituted or unsubstituted
cycloalkyl group,

R* is A or L-A, _

L is a group represented by the formula [IX], [III], vy,
(V] or [VI]:

-CH=?—(CH=CH)n~ (11]
! |

(wherein Z is a hydrogen atom or a substituted or
unsubstituted lower alkylene group, and n is 0, 1 or 2),

~®— (CH=CH) - [1rrl

{(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) O
= CH (V]
a-
0 : 0
N\ Zs VI ] .
'-C;H3:£\\_4§A—"
0

A is a substituted or unsubstituted aryl group or -CH=R’-
(R* is a substituted or unsubstituted heterocyclic ring, a

subsCituted or unsubstituted cycloalkyl group, or a substituted
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¥" is an anion: _

providing a sample which may contain a single-~stranded
nucleic acid as the target;

mixing the probe and the sa:mple to bind the probe to the
target complementary to form a double-stranded hybrid which
traps the pyrylium compound as an intexcalatox;

. irradiating the mixture of the sample and the probe, which
may contain the double-stranded hybrid trapping the pyrylium
compound as an intercalator with light to excite the trapped
pPyrylium compound; and '

measuring fluorescent light emiéted from the trapped

pyrylium compound which is excited to detect the presence of the
hybrid.

10. The process according to claim 9, wherein the compound is
represented by the following formula [VII]:
N (CHj),

[VII}
(CHa ) 2 N

wherein X is O or S and Y is an anion.

11. The process according to claim 9, wherein the compound is
represented by thg following formula:

CHs

-~

\’l

J T

(CHs),N N(CHa)a

This Sheet Has

TN



Lerf]

26 JAN 1998

LT

REPLACEMENT SHEE ‘i e

S, o

wherein X is O or S and Y is an anion.
12. The process according to claim 9, wherein the light to
excite the trapped pyrylium compound includes a frequency at

which the trapped pyrylium compound exhibits maximum absorption;_

13. The process according to claim 12, wherein the light is
Xenon lamp.

14. A probe for detecting a target single-stranded nucleic aczd

in a sample comprising:

a single-stranded nacleic acid having z base sequence being
complementary to a base sequence of the target nucleic acid and
a pyrylium compound represented by the following formula [Il
bound to the single-stranded nucleic acid

1 .

R

. \,<_'~‘\
RE—L Xt y- (13
35

wherein -

is a pyrylium ring, and X is O, 5, Se or Te, hydrogen atoms
at 2,4 and 6 posltzons of che pyrylium ring are substltuted by
R', R? and R*,

each of R' and R? is independently a hydrogen atom, halogen
atom, sulfonate group, amino group, styryl group, nitrxo group,
hydroxyl group, carboxyl group, cyano group, substituted or
unsubstituted C; to C, alkyl group, substituted or unsubstituted
aryl group, substituted or unsubstituted aralkyl group

comprising C, to'C, alkyl group, or substilbuked or unsubstituted

cycloalkyl group,

R? is A or L-3, This Sheet Has Been Rep
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L is a group represented by the formula (II], (IXI], [Iv],
[V] or [VI]:

-—CH==(I'J- (CH=CH) ,— [I1]
Z
(wherein Z is a hydrogen atom or a substituted or
unsubstituted lower alkylene group, and n is 0, 1 or 2),

-0~ (CH=CH) _~  ([III]

(wherein n is 0, 1 or 2, and @ is a substituted or
unsubstituted: o-, m- or P-phenylene group)

~CH=CH-&-CH=CH—  (1V]

(wherein @ ;s 2 substituted or unsubstituted o~, m- or p-
phenylene group)

O
~cH ' (V]
{
0 0
Y— VI)
—CH :-J\O//l—'

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 umsubstltutﬂd aromatic ring), and Y~ is an anlon.

15. The probe according to claim 14, wherein the pyrylium
compound is represented by the following formula [VII]:

This Sheet Has Been Replace
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N (CHj),
+ -
X" CHy (VII]
(CHy) s N -

wherein X is Q or s and Y is an anion.

16. The probe according to claim 14, wherein- the pyrylium

compound is represented by the following formula
~ * CH;

-
e |
SOad
(Cl-lia)zN Y N(CHa)z

wherein X is O or S and Y is an anion.

17. A pyrylium compound represented by the following formula
VII]: N (CHq),

[vrij

(CH3 ) s N
wherein X is 0 or § and Y is an anion.

18. A pyrylium compound represented by the following formula:
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(C!H;)zN N(CHa)a

wherein X is v or §, and Y is an anion.

| 19. A stain for a bioclogical sample characterized by containing,

as an effective component, a compound represented by the
following formula [VII]:

N (CHy),

+ -
X CH, Lvry]

wherein X is 'o or S and Y is an anion.

20. A stain for a biological sample characterized by containing,

as an effective component, a compound represented by the
 following formula:

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

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

of if, and Fluorescent Staining-Method of Biological

(CH err])[err]

Sample REPLAGEMENT SHEET
. ’ 20 MAY 1999
BACKGROUND OF THE INVENTION
Eield of the Invention

The present invention relates to a novel pyrylihm~.
sait useful for the detection of a nucleic acid by the
use of an optical'méans. It also relates to a stain
containing a pyryliﬁm salt for use in the detection of
a nucleic acid by thé use of an optical meahs, and a

detection method of a nucleic acid by'the use of fhe

stain. furthermore, it relates to a stain for a

nucleic acid containing é,pyryiium salt useful forfthe
detection of arhybrid by a hybridization method using a
probe for thé detection of a variation at a nucleic |
acid level,'and a detection methmd;of a nucieic acid by
a hybridization méthod using the stain_for the nucleic

_ac;!gd.

The present 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 én animal
and a plant. In.addition, it relates to a detection
~method of a nucleic acid by an in-situ hybrid;zation

using a probe containing a pyrylium salt as a label for

N
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the detection and identification of a specific sequence

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-khown a case where
the substance gets into the base pair of a nucleic aéid
as an intercalater, a case where the substande is
buries in grooves of the double helix, and a case where
thé substance approaches éo as to snuggle to the double
helix. ' '

' ?he 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 diétaﬁce as the distance
between the base pairs of the nucleic acid in parallel
with the base pairs of the nucleic aéid. When
intercalated in DNA, the intercalater
characterisfically 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 interaction
with DNA of a free state or the like does not occur, is

used for the various detection operations of the

E REPLACEMENT SHEET [err]
S g&nthesized in the same manner as 36, except
s enpl oyed irftdad of the
.20 MAY 1999 -2 -
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nucleic acids such as agarose gel electrophoresis by
the utilization of its characteristics.

Examples of the well-known interéalater_include
acridine orange, bfoflavine, ethidium bromiae,
donomycin and actinomycin. In particula;, ethidium
bromide'and acridine orange are well known(

However, most of these dyestuffs have excitation
wavelength in an ultraviolet region, and hence an
inéensive 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 bperator from the ultraviolet rays, and
such equipments are on the ﬁarket. 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
agarosé gel is directly seen by'the naked eye, the
operator cannot be completely protected from the_
irradiation with the ultraviolet rays even by tgg
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 continuously given, so that
harmful ozone and the like are also generated. 1In a
certain cése, DNA 1ts¢1f'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 cells to detect tﬂe live ceils, but
in the case that the dyestuff which can bg'excited by
the ultraviolet rays is used as a label, the cells
themselves are daméged by the ultraviolet for the
detection on occasion.

On the other hand, in the fields of medicine,
biology and the like, biological specimens of

micrporganisms, human cells or animal cells are

observed by a microscope or another means for the

purpose of research, diagnosis and thenlike, but for
such an observation, staining 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 ére a
case where a target is stained with the dyestuff itself
and a case where a coloring component is deposifed on
the present position of a specific.component thfough

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

On the contrary,.thé 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
targgt specific éffinity.of_the dyestuff itself is
utilized (the'staiﬁing of an nucleic acid with ethidium
bromide), and a case where a substance having a target
specificity such'aS'aﬁ-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 targéts can be handled. In general, the
main purpose of the fluorescent staining method is

often to detect a specific component.
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In either method of the usual staining metﬁod and
the fluorescent stéining method, the specimen which is
the target to be stained such as cells is usually fixed
with an aldehyde or the like prior to the staining.
This has the effect of—imp;oving the permeability of
thé dyestuff for use in the staining or another reagent
into the specimen, and the effect of preventing the
specimen from breaking during various operations
neéessafy for the staihing. Furthermore, in addition
to the fixihg operation and the staining operation, a
washing operation is reduired to rémove the excessive
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 knowﬂ-that
the translocation of a chromosome and t@e deletion of
the chromosome are closely concerned with these
mechanisms. Thét 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 thé genes
are activated as the cancer genes by the mutation or
the abnormal ampiification of this gene, the
translocation of this gene to the neighborhood of the

gene being vigoroﬁsly transcribed, or the boﬁd?tg__
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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 gene deletion and the
translocation have been made apparent. As described
above, if the diagnosis by the detection of the
abnormal gene at a chromosome level is possible; the
grbwth of tumor can be inhibited by transfecting the
normal éhromosome into the abnormal chromosome, and the
possibility of the remedy of the cancer and the
hereditary disease by compensating the detection of the
gene can also be expanded. |

As a method for knowing the abnormal chromosome,
there is FISH (fluorescence in situ pybridization).
This method comprises observing a formation ability of
a hybrid of a probe correséonding to a gene to be'
inspected and a gené of the chromosome, 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 dblet;gn

It
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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 poésible 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
méfhod of fhe chrom?some;.a differential staining

method of the chromosome is utiiized. The distinction

of the chromosome by this differential staining method .

utilizes the fact that when the chromosome is dyed in a
banq 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'chargcteristics in each chromosome.
This technique is utilized for the distinction of the
chromosome or the detection of an abnormalitj.

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 chromosome
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

or
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chromosome is stained in a deep and light striped
pattern alon§ its vertical axis, and this can be
observed by a fluorescent microscope. This fluorescehf
pattern is inherent in eﬁch chromosome, and so the
distinction gr-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. 1In the R
band staining, chromomycin A, whiéh is a fluorescent
dyestuff is bonded to G-C pairs, and then treated with
distamycin A which is a non-fluorescent dyestuff
spec;fic to the A-T pairs. 1In this case, a portion
where G-C pairs. are rich ié only staineﬁ in the form of
an R band, and the staining is characteristically
éarried 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 bané staining of these differential
staining methods, the detection sensitivity of a signal
is higher as compared with the G band staining method
by a coloring mefhod, and they are also effective to
handle a more precise microécopic.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

as
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distinction or identification of the chromosome to
develop the'stain for permitting the differential
staining épecific 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
aré substituted by substituted or unsubstituted phenyl
groups have been suggested. Most of these salts are )
desirable as recording media, and for example, the
specification 6f U.S. Patent No. 4,341,894 describeé
that they are useful as sensitizers for electrical
photoconductive compositions. In a biologic;l 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 iﬁ which one of
the phenyl groups substituted én the pyrylium ring or
the thidpyrylium ring'df this compéund is replaced with -
a substituted styryl group is used as a stain for
staining cells in a biological specimen. Furthermore,
in Japanese Pétent Applicétipn Laid-open No.
1-153683, it is describea that a compound in which
at least two of these phenyl-substituted groups have
amino groups has a good efficacy for the remedy of a

cancer.

.5..
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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 problems,
it can be considered to use a dyestuff which can be
excited by visiblé light. ‘"'However, in most of the
visible light excitation type dyestuffs which have been
now utilized for the-staininé the nucleic acid, stokes
shift is as slight as 20-30 nm, and softhey have the
drawback that an S/N ratio is bad at the time of the
detection. |

In an agafose gél electrophoresis or the like,
when the degree'of fhe increase of fluorescent
intensity at the time of interaction with a nucleic
acid is larger as combared with a.case of no
interaction with the double stand nucleic acid, the S/N
ratio at the detection is‘gooa and it is possible to
enhance Qetection sensitivity. However, the visiﬁle
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 iarge 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 ﬁhe washing/removal of the excessive

dyestuff are essential to obtain reproducible and

stable results.

For example, the operation of the specimen
fixation is 1mportant to improve the permeahility of
reagents of the dyestuff and the like or to maintain
the morphology of the'obtained specimen. In addition,a
the dyestuff for the staining, another reagent and the -
like are usually 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 waéhing operatien
between the respective operations is important to
decrease the backgrounq at the time of observation or
measurement and to thereby obtain a more correct
judgement. For these reasons, the washing operation
has been elaborately carried out. However, these
operations are intricate and take much time, and hence
in the case that a large'ameunt 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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strongly desired.

Moreover, most of the fluorescent dyestuffs which
have been heretofore used give 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
period 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 deseribed 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 interfefe with the
prompt achievement of a treatment such as mass

screening of a large amount of the specimens.

SUMMARY QF THE INVENTION

Thus, an object of the present invention is to
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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 compated 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
fo 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 furthef object of the bresent invention is fo
provide a staining method or a differenfial staining
method which.permits reproducible and stable staining
and the promp# 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 knoﬁn stain. '

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

specimens in which stained portions neitherifadgmnor



manner by th@ﬁ“gﬁJ@k&ﬁNEaﬂkE t he sanpl e If,_so that the results shown by

a curve Bin ned. That s, the absorption peak of this
conpound was ghifted as much &s 20-30 nmto a l'onger wavel ength side by
“interaction witth DYAMAY THIS Wwag due t a tygi cal characteristics
of an intercgl gter. Thed fil uorescence spectrum of the sanple | was

measured in & ar—manner by tthe use of a part ofggMACEMENT SHEET
disappear.

These objects can be achieved by the present
invention.

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

R ___
\< \
Rz__: Xt v~ [1]
s .
AR’
R3

[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 hydrogeri atom,
halogen atom, sulfonaté-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, oOr
substituted or unsubstituted qycloalkyl group,

R} is -A or -L-A,

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

from the substituted or unsubstituted aryl group. a



sanple |, and &sREBMUACEMENT SHEER mas absent, a weak peak was detected

at about 650 n at nn1(refer to a curve Ain Fig. 2).

~Next, the flugr s Jniof the sampl e I'l was S|n1IarIy measur ed
by the use of Safple 11, ggd_as a result, & peak having.

fl uorescence i a s about 00 times asd“ﬁﬁ?EEMENm%HEE?e of

DNA bei ng absént was det ect ed ih the vicinity of 65 excitation at

t he sane_mayel turve B- in Fig. 2). The aboveé- nenti oned
results indicate that the conpound | was a strong intercal ater.

Next, sol uti gasseftlited o3 uhsubsticwtddl lower alkydeme graup ofoBx10[ err]
M and different DNA concentrations were prepared by the use of the

-CH=R‘~ (R' is a ring structure having an oxo group),

A is a substituteg 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 ﬁnsubstitufed
~aromatic ring),

-khe 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,
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, and

Y .is an anion]. |

The second aspect of the present invention is
diiected to a method fbr-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-strahd 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 ﬁhich is characterized by comprising a



previ ously prepared DNA solution, the conpound 1 and a 10 nmM phosphoric
acid buffer sdl g ﬂLd.uir" 10% of acetonitrile. Fluorescence
intensities of g f8dr ¢d sol utions were neasured in a usual nanner
to determnejchanges of the fllorescence intensities to the DNA :
concentrations. | TREC ¢htwaimped fesults are ;homn in Figs. 3 and 4. The
fluorescence | nfensity enhancks: with Thi?i

i ficr ease of g :
concentratior} and Tt Wwas—at! nost about 400 tines |£¢§ gcﬁﬁﬁﬂT§HgﬁrDNA was
absent. In t case,_as excitdtion light, there was :

nucleic ecid having a base sequence which was
complementary to a base sequence of the target nucleic
acid, and a comppund represeeted 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 aﬁove, 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 present in the sample solution
by a label bonded to the probe. |

The fifth aspect of the present invention is
directed to a salt pf"2-methy1-4,6-bis-(4-N,N?
dimethylaminophenyl )pyrylium or thiopyrylium which is

represented by the formula [VII]

N (CHa) 2

>+

CH,4 C[vI1]



used light froma Xe lanp light source fromwhi'ch ultraviolet portion was
renmoved by a low cut filter of 480 nm Conpar ative Exanple 1
- Changes of fluoreseence en ities to DNA concentrations were determ ned
i n accordan eREPltRGEMEm e it rocedure as in Exanple 3 by the use of

et hi di um bronrde (I:B) V\:hlj s known @§ -&n '”terCﬁE@LRCEMEm"FHEE’FSU' ts

are shown i |gg As is apparent from the .resu In Fig.
3, the fludyeg pce Intensifty of a conpound 1 is substantially

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

The sixth aspect of the present invention is.
directed to a method fér the fluo::"escence staining of a
biological sample which comp'rises. bringing the
biological sample into contact with a solution of a

fluorescence dyestuff, said method being characterized

in that the fluorescence dyestuff is a compound




zero in the abs in the case of EB, it is high even in the
absence of RﬂﬁmqwﬁﬂWﬁﬁﬁyEﬁ r exanple, at a DNA concentration of 4 pM
the fluoresqe eemef~ omgoynd 1 i ncreases about 17 tines, whereas the
fl uorescence aljout 4 tinmes. Therefore, it is apparent
that in the pyege N of the g¢9mpound 1 is nuch better than
that of EB. ound 1 is used as a cleic
acid, the hig -sensitive detect}on of the nucleic agﬁﬁ%ngﬁggg§gFgﬁon very
| ow backgr ounéy—anre—evem 1 n a | owconcentration region of DNA the

det ection Wi tapiladehitds ¥8NAHd \diove stqmmsiadl Er] . Moreover, as is
apparent fromthe results in Fig. 4, the compound 1 can obtain the
fluorescence intentheyseventh aspect of the present invention is

directéd to a method for preparing a storage specimen
of a biological éample which comprises the step of
sealing, in a vessel, a biological sample stained

by the above fluorescence staining method.

The eightﬁ 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, and A denotes an
absorption spectrum 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 speetra

obtained in Example 3, and A denotes the fluorescence




4 tines as,
light, and
REPLACEMENT

éﬁo g as visible light is used as excitation
ppoynd 1 is

used, tHe |nucleic acid can be detected with the high
z_ert'sr:l\[/ltyX?L%qla rnWe A DNA si'ze marker [err]/HlndIII

I gest-[err} Xy e I'll d}gest (rmade hyshoyobo Co. WRENTUSREE to
prepare so ous concentggtlons of fron1 5 T

spectrum in the absence of DNA and B denotes the
fluorescence spectrum in the presence of DNA (S50
pg/ml). |

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

Fig. 4 is a graph showing the change of
flccrescence intensity with respect to DNA

" concentration obtained in Example 3 and Comparative
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 £luorescence 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
pg/ml).

Fig. 7 is a gtaph showing the ehift 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
Hg/ml)..

Fig. 8 is a graph showing fluorescence Spectra



to 0.1 ng in all, and separation was then carried out by 0. 8% agar ose gel
el ectrophoresis. Next, an acetonitrile sol-ution of a conpound 1 was
di ssolved in St ter so that the final concentration of the

dyestuff m ght EB‘-WMNWSHEEM nd so tféj‘l;rthe concentration of
acetonitrilejmfg d{the gel

Whi ch had undergone the :
el ectrophoresi s wﬁ§$%§n§ sedjiph this acetonitrile solution for about 2
m nut es. ' JOne e! ajtyansillum nator-1like box was covered with a
band pass fij teref.from 480 tjio 590 nm and the stai n put
on the filt and another filfter for fluorescence déﬂggﬁggMEwigﬁgﬁ pass
to—-F0—-h)fwas further superposed

filter of from

obtained in_Example 9} and A denotes the fluorescence
spectrum in the absence of DNA and B denotes the
fluorescence spectrum in the presence of DNA (50 ug/ml).

Fig. 9 is a graph showing the shift of an absorption
peak in Example 10, and A denotes an absorption spectrum
in the absence of DNA and B denotes an absorption
spectrum in the presence of DNA (50 ug/ml).

Fig. 10 is a graph showing fluorescence spectra
obtained in Example 10. Here, A denotes the fluorescence
spectrum in the absence of DNA, B denotes the
fluorescence spectrum in the presence of DNA (10 um/ml),
and C denotes the fluorescence spectrum in the presence
of DNA (50 ym/ml). -

Fig. 11 1is a graph showing the change of
fluorescence intensity with respect to DNA concentration
obtained in Example 10.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A stain for a nucleic acid of the present invention
is characterized by containing a compound represented by
the formula (I) as an effective component.

Rl
R2 :>\ ™ +* -
\ PO 4 - [11]
RI-7S--7



upon the gell
as this tine
~ the naked ey

maem&‘ﬂ S 2 | was irradiated with a halogen | anp, and-
e=gcvel oped baftern of DNA could be directly confirned by -
&n q%gt 4998 néd band where 0.05 ng of DNA was considered to
cqnfirmed by the naked eye. In addition,.
canera ?e al so good. In this case,

s better “Chan-in tf“hEP%ﬁégMEﬁTsH@Erge'

phot ogr aphs t
sensitivity

In the above-mentioned £ormula {1],

represents a heterocyclic ring, and X is d, S, Se or
Te. Examples of the heterocyclic ring'include a five-
membered ring and a six-membered ;ing 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, styryﬁ
group, nitro group,'hydroxyl group, carboxyl group,
cyano group, substituted or unsubstituted lower élkyl
group, substituted or unsubstituted aryl group,
squtituted or unsubstituted lower aralkyl group, oOr
substituted or-unsubstituted cycloalkyl group.

R® is -A or -L-A. L is -L!-, -L*-L*- or -L*-L°-L‘-,
and each of L' to LS is'independently -(CH=CH)-, é
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 ponded 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



stai ned W
rays (a tr
"havi ng var

] .f acpetihi di um brom de was excited with ultraviolet
rﬂ%ﬂlﬂﬁﬁ*ﬁﬁ gi,M@ used). Exanpl e 5 DNA size nmarkers

§”Concentrat| were prepared by the same procedure as in

Exanpl e 4, n were separated in a-1% agarose gel (5x6 cm
by the usejo S | ectrophoreggs- device. Next, a conpound 1 was
di ssol ved |r1L4ke : as in Exanple 4, and t heRRRUAGKMERR '
undergone §{he electro was then-inmrersed in the solution of the
conpound 1. sfrward, the same band pass filter as in Exanple 4 was set

i nstead of a GhasS tARGIHE or Nthes Wdwine afalicyd igdompisca @O excitation
o represented by -L-A. Examplgs of the ring structure
ﬁaving the oxo group include a heterocyclic ring,
aromatic ring and aliphatic ring having at least the
~ OxXO group.
Preferable examples of the -L- include groups
represented by the formulae {xxl, rrrrl, [ivl], [V] and

[vI]:
. -CH=,C— (CH:CH) - [I11I]
7 .

(whereih Z is a hydrogen atom_or a substituted or

unsubstituted lower alkylene group, and n is 0, 1 or

2).. An example of a substifuent on the alky} group” .
" represented by Z is a group defined'hy the - above-

mentioned -L-A.

-¢- (CH=CH) ;- ~ [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- OT

p-phenylene group. )
0

—-CH : vl



The stained gel was put on the filter, and photographs were taken by a
Pol aroi d caner f© 2 and pass filter for fluorescence
- detection, the}ck Ebnhected to the strobe. Preferably, a shutter

speed was ‘1 segohd and an aperfure was about 1/16. Detection sensitivity
was the same ap | ) Exanpl-e26 - Sol uti ons havi ng

vari ous concen-r;tlons wer e pared using a DNA si rker

[err] X174/ Hae § I STt by Toyobo Co.,'Ltd.)a§§q2 Ewgyﬁé*ﬁfbcedure

as in Exanmpl g and separatl was then nmade by 8% pol yacryl ani de gel
el ectrophoresis. Next, a conpound 10 was dissolved in the sane manner as

I n Exanpl e 4, and the gel which had undergone the el ectrophoresis was
\\ Z
(vi]
—CH=_ /—
0

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

A in R® of the formula [I] 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). Examples of the
heterbcyclid ring represented by R® include groups

derived from

Q. Q{(—' @M Cw‘y-

o O OO0



then imrersed ip—the—sotutt+omofi1the conpound 10. Afterward, a
semi conduct or ||a8EPLACSHGNARgHEkRde by Hitachi, Ltd.) was used as an
excitation sourcd and*’ band @ass filter (a wavelength region of from 700

to" 800 nm wayg de gnﬁgy 1 photOnuitipI+er and fluorescence
intensity was tihgn % termn ylscanning ,gn the gel. The |nten5|té of
each band was ciree%+y~ i dnal to Y Iength of tREPLENﬂWENﬁéﬁﬁ 1

t he

(each of M and N is independently an oxygen atom,
sulfur atom or nitrogen atom, and ¥~ is an anion), and
an example of a substituent on the heterocyclic ring is
a substituted or unsubstituted aryl group.- The
substituted or unsubstituted cycloalkyl group may be
saturated or unsaturated, and:examples of the
substituted or unsubstituted cycloalkyl gréup-ihclude

groups derived from resonance systems such as

0O O

Furthermore, an example of the substituted 6r




si ze marker, and quantitative handl i ng was possible till the highest

concentratlon 4 Exanple 7 An ML3 n
18
;Iongr:are st)lr?gg WW?E:E@E : Tt ﬁ nodel of a target nuclei cngci d, and a
eoti de havin e follown [ ’
ol errent ey | g sequence whi ch was

t ehce of t-
synt hesi zed as 20 Mﬁﬁel‘;weq of thee t-ar get - nucl e| c acid was

probe I by efuse of a DNA synt heg] trade nane 38
Rgde by ABl Cq. Ve—ttd 5' GTTGTAAAACGA ENT SHEET 1A
reover, a 2@¢-nmer for_a contrall test consisting of T alone was simlarly

synt hesi zed as
Y . unsubgtfggtgé’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 not
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 grct_up, styryl group, nitro
group, hydroxyl group, carboxyl group, cyano group,
substituted or unsubstituted 1owér alkyl group,
substituted or unsupstituted aryl group, Or substituted.
or unsubstituted lower aralkyl group.

Yr'is an anion, and examples of the anion include
BF,", a perchlorate ion, HO,SCH,CO00", halogen ions such
as a chlorine ion, bromine ion, iodine ion and fluorine
ion, compounds havirng an anionic function such as
aliphatic hydrocarbons and aromaticlsulfonates, and
complex ions of transifion metals such as zZn, Ni, Cu,
Pt, Co and Pd.

A group which is further substituted on the abové-
mentioned various substituents may be a halogen atom,
and examples of the halogen atom include Cl, Br and I.
Moreover, fhe lower alkyl group may be straightfPhain
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



The probe |

=31 8 single-strand DNA were added to i '
of 1 nmM pifog (EAENT | ﬂ\qu er solution-(pH = 7.0), 145 nM of al\llaSCIJIOI ;;Idog
mM KGO so re-TTSpeqt ilve final concentrations the probe | and the
singl e-str pg/ M, and ;hey were reacted with each ot her
to obtain - 27 - ] -91- I n
addi tion, L8364+ s carried out using the nprobe Il in place of
the probe § to obtain a specdnen REPLACEMENT SHEET

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 slkyl group substituted by the above-mentioned
substituted or unsubstituted aryl group.

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

.-(i) 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-positisn is substituted by R3,

(2) a compound in which the 3-position AAd
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 R, | N

(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



1. Next , it BLe@ Jol ution of a conpound 1 was added to each
of the specine ?ﬁ?@ﬁ@&ﬁﬂTt§H atf the final concentration m ght be )

3x10[err] M and ffhe solution {wds irradiated with |ight froma tungsten
" lanp. As a resjulft, 2ithMile1988se df the specimen |, red |um nescence was
confirmed, but |in the case of tihd specinme@8it, a transparent state was
mai nt'ai ned. Theg results indicate} that the detection of REPUNIEMENTEHEERe
probe and the target nucleic aciid in thée solution systemcan be achieved
w thout B/ F separatlon Exanpl e 8 For a conpound 12, the sane
experiment as ggbsExdieka8 ByWm3.carried out. That is, a suitable anount

The introduction of the substituted or
unsuhsti%uted aryl groups into such positions is
preferable to'dbtain good characteristics as an
intercalater to the base pair of the nucleic acid. In
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 o?her.

Typical gxamples of the compound represented by
the formula [I] ihclude compounds shown in Table 1 -
givgn'beloé. Furthermore, particularly preferable

examples are compounds represented by the formula_[V;{]

N (CHg) ,

CH3. ~ {(vii]

(CHy) , N

Y

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

represented by the formula {VIII]



of the conmpound 12 was dissolved in a 100 M acetic acid buffer solution
contai ning 10% of acetonitrile and the solution was then regulated so

t hat the nost H@ el rnax”m m ght be about 0.4. As shown in Fig. 5,
when DNA was a)sBEﬁU" Q,_corrpa ng 12 had the absor ptlon maxi mum at 625 nm
A DNA sol utionlpfepared in Exal:rp e 3 was ? gded to the sol ution of the
conpound 12 so {t Ratg bhgif i‘negd g ¢oncentra ron mght be 50 pg/m, and at
this time, the} labsorption was shifted as nuch as SBEWAQEMWHMT

wavel engt h si dé -the‘corrpoundilZ had absorption

N (CHjy),

[VIII]

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

In this connection, the compounds represented by

(4-N,N- »
1-4,6- -

the formula '[VII], i.e., 2-methyl-4,6-bis-

_ dimethylaminophenyl)pyrylium salts and 2-methy
bis-(4-N, N-dimethylaminophenyl )thiopyrylium salts are




-92 maxi mum at { 6 MENTéHﬂffl n, its absorbance decreased, and a
hypochrom c effeft{was shown, C were typical characteristics of an

i ntercal ater. RO mAYS§RBC pectra were measured in the presence and
t hé absence of in the .sa ner as in Exanple 3, and in consequence,
the results sho fobtained. As shown_ in Fi 6, in the case
of no DNA, weals rescence was [ observ3® -at about BBRL nSHEci t ati on
was given by a xenon Ianp \ was added to the solution so that the
final concentrat ht be 50 pg/mM, and in this case, the wavel ength of

compo

That is, each of these pfrylium salts has a methyl
group at the 2-position, énd'therefore they are
different in strupturé?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 py:yliﬁm ring
or the thiopyrylium ring. Moreover, they are also
different in structure from compounds 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 pgrylium 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 invention functions as an
intercalater specific to the double strand nucleic acid
owing to the structure in which kinds of substituted
positions of the subsfituents of the pyrylium salt or
the tgiopyrylium salt are specified, i.e., the
structure in which the 4 and 6-positions of the



t he fluorescen WaS =73 diits fluorescence intensity increased
‘about 10'tinesT§§EWdKﬁN§§?ﬁﬁg% ase of no DNA. That is, it &as confirmed
that the-conpoyn T2 was an inftercalater. By the use of this conpound 12,
the detection-gf IDNAg 4AYEwe9pliey 4 and 7 could be carried out.

Exanpl e 9 Hor ~a compound 16,1 the sae-experinent as in Example 3 was
carried out. Thiatlis—a~surtable janount of the conpdﬂﬁ&AﬁEVENTéﬂggglved in
a 10% aqueous fmcetonitrile dinetthyl sulfoxide solution; and the solution
was then regul atet~36 That the nost absorption maxi num nmight be about 0. 4.
As shown in pygylIumwiedéng or the thiopyrylium ring are substituted

by phenyl groups having a dimethylamino group at the
para poéition and the 2-position is substituted by a
methyl group,_so-that fluorescence intensity can be
increased. 'Mbreover, 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 inwéntion is from about 5§
times to about 10 times as much as that of the
fluorescence increase by a 4-(4-N,N-
dimethylaminophenyl)-2,6-d;phenylpyrylium salt or a
4-(4-N, N-dimethylaminophenyl)-2, 6-diphenylthiopyrylium
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 représented by the formula [I] can be
directly used, or dissolved or dispéised in a suitable
solvent or dispersant, thefeby 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 soluéion énd
an acefic acid buffer solution. In this case, the
content of the compound répresented by the formula [I]

can be suitably selected in compliance with {ts use and



DNA was abseft RERUASEMS ot 6l had the absorption maximum at 660 nm

m ght be 50
30 nmto a |
at 690 nm |
was shown,

pl e 3 was added to

C(

tl?b

a
mpound 6 so that the final concentration
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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-¢ fo 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 fluorescence
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, this compound has feature that when
bonded to the ﬁouble-stfand nucleic acid, the compound
is stable and the fade phenoienbn which is often_séen
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 can be

~ obtained by the use of a visible light source such as a

tungsten lamp. Thgrefore, the above-mentioned problems

in the case of using the ultraviolet rays can be

Xi mum
ef f ect
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Wer e measure
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observed at

presencg jand the absence of DNA in the same manner as
opgggqyerice, the results shown in Fig. 8 were

i ifn thé case of no DNA, weak fluorescence was
excitat+@3 was given BB

0

‘ ] . al ). Next,
DNA was added to the solutioniso that the final conceﬁgpgﬁggﬁs ht be 50

pg/ m, and i nthts—case,the wavel ength of the fl uorescence was 800 nm
and its quoggaga& ~intensity increased about 7 times as much as the case

of no DNA. That 1s, it was confirmed that the conpound 6 was an

i ntercal at er

. By FullfHémde | Ritte EPECHREh Merived 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 thereforef
the rise of the background does not occur,'sb that the
high-sensitive measurement is possible. This means
that'gven if the purification of'the nucleic ag;d ;s
insufficient, the high-sensitive measurement'CEh'be

achieved. 1In 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 formﬁ;a (1]
having the absorption in a near infrared region is
utilized, a small inexpensive semiconductor laser can
be advantageously-utilized as a light source for the
excitation. _

As described above, when the compound of the
formula [I] is intercalated in the doublé helix, the

fluorescence intensity is remarkably la:ger,_gs___



the detection REPOACEMENT BUEET Iles 4 and 7 could be carried out.

Exanpl e 10 A~ conpound 2 s dissolved in a 10 nmM phosphoric acid

buffer sol utijonl com pAy f@91Q%]jof acetonitrile, " and the solution was then
regul ated so [ hpt the

regu g s i nal E ncentration_ m ght be 5x10[err] M -As shown
52 kg. , he i t} the conpodthcd 2 hﬁ%bﬁﬂﬁ%ﬂﬂﬁ?ﬂéﬂtET”

compared with the case of a free state (i.e., & 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, sb that the detection sehsitivity of'DNA can
be relatively heightened. Furthérmore, since the
stokes shift is_ébout 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 scarceiy ohsefved. This feature can be
maintained even when the gel is dried, and thus the
long-term storage of tﬁe,gel is also possible.
| Moreover, in the case of ethidium bromide which is
the typical fluorescent infercalater, the fluorescencé
is observed even in the absence of DNA, but in the case
of the compound of the formula [I]; the fluorescence is
scarcely observed undet such.conditions. In addition,_
the increase of the fluorescence intensity whicﬁ
depends upon fhe concentration of DNA can be observed
until a certain high concentration of DNA, in contrast

to ethidium bromide.
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the range of fro A5 20—i-6—660 N jand its absorption maxi mumwas-at 580 nm
A DNA sol utionpriepared in!the sanme manner as in Exanple 3 was added to

t he sol ution of hézgdﬁﬁﬁd 2 o that the final concentration m ght be 50

pg/m, and at trls time, the absorption was shifted as nuch as 30- 40 nm
tota IorgtmaveLength'S|de, whi chiwas 1 gpical characteristics of an

i nt ercal at er i ra were simlarly measBERIACEAMENT
consequence, " the results shown in Fig. 10 were obtained. "As showénﬁﬁg Fig
10, in the case of no DNA, a peak was observed at about 700 nm when

excitation was gi thatbisy theoconpownd of thendrermulie (IInPEF@ 2 was
dissolved in a 10 nM

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 by-a hybriéization reaction of a solution system,
if the compound of the formula [I] is used for the
staining (labelirig) of a hybrid, the fluorescence
intensity of the compound is sufficiently ﬁiéh 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 single strand. Therefore, the hybrid of
a proﬁe and the target nucleic acid can be directly
dete&ted without separating the hybrid of the probe and
the target nucleic acid from the unreacted prbbea

Moreover, since havihg the function as the
intercalater, thé compound of the formula (I] is also
advantageous to stabilize the hybrid of the target
nucleic acid and the-probe, 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 desc:ibed above, if the compound of the-formula
(1] having the large stokes shift is selected, the |
fluoreécence and the excitation light can be completely
separated from each other. In consequence, the

operation of subtracting the influence of the
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' :AFMF'I‘LﬁHE%t ai ning 10% of acetonitrile, and the

ullated so tHhatj the final concentration m ght be
| x10[err] M DNA wWasj gﬁbﬂMHdubq tjo [t he solution at various concentrations
to- prepare solutifo havi ng diffgrgnt DNA concentrations. The

fluorescence intensities of the ug prepadbed sol uti : ST dina
usual manner to irepeet——changes of Jjthe fluorescence ﬁﬂ?@%@F@ng t0 the DNA

concentrations. Tﬁe'results are shown in Fig. 11. The fluorescence
intensities enhanced, w t ' e gﬁggc teQn, and it
enhanced_atlﬁﬁﬁigﬂf&ﬁn gb%ﬁﬁi%€§§agﬁ§u§%ggéggﬁe caseB%EE%gaDﬁ%. |t
was Conf'rneqn;&§§é§£§%§Po¥ﬁiaﬁniQOESHvéﬁféhﬁsfor the sake of the
automation of the detection and which leads to the

sol uti on was t hen

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'f;uorescence intensity is largex when the
'substituents ha&e the substituted or unsubstituted aryl
group, and it is further largef when the subsfituents
are substituted by two or more of the substituted or
unsubstituted aryl groﬁps so that these substituted
positions may not'be adjacent to each other. Moreover,
by partially changing the structﬁre 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 excitatioﬁ wavelength can be
obtained. 1In aﬁdition, when the heterocyclic ring or a

condensed ring is introduced as.the substituent, the



Tong I ntercal ater. Exanpl e 11
offpti on maxi num and the enhancenent of
conmpounds shown in Table 1 in the presence
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and 9. Typical ' | es of the}optainedqyresults are , Ln.Table 2. In
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characteristics of the introduced ring structure can be
utilized for a chemical reaction or a biochemical
reactibn 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 a@ino group, a-
dimetﬁylamino grbup or a sulfonate érbup may be
introduced into a suitable portion. If the compound is
used as the label of the nucleic acid probe and if thel
sufficient hydrophilic nature can be obtained when |
bonded to the nucleic acid, the compound cah be
Qirgctly utilized without introducing any hydrophilic
group. | |

The nucleic acid stain of the present invention
can be used as a staih for the nucleic acid, for
example, to detect the nucléic 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. Thét*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 sohrce include a
halogen lamp, a tungsten lamp, ar xenon lamp and a

semiconductor laser. If the visible light source

capable of generating a light amount from a slide

projector (100 V;'300 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. In addition, if the semiconductor
laser is used, a densitometer can be constituted in
combihation with a photomultiplier without using any
filter for the excitation light.

Moreover, as the excitation 1ight 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,oe;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 1ight‘filter is
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put thereon. The gel is mounxed.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 the gel can be
ohservea by the naked eye without using any protective
tool, and the.cutting of the bands from the gel is also
easy. Furtherpoie, also when the photogréphs are |
taken, a suitable exposure can be selected by the naked
eye,  in contrast to the case of efhidium bromide in
which the exposure .is selected by the transilluminator :
with trial énd 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 liéht
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 hybridizatiqﬁ
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 of the

present invention, and then optically detecting it. 1In



[err] Exaople 10 (Live cell staining of cultured
cells) L CMPLQCEQEN'CSHEEﬁe 929, ATCC No. CCL1, Sanford, K. K.,
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this case, the compound of the formula [I] contained in
the stain interacts with the double helix to increase
the fluoéescence intensity, and thus the detection is
possible without a B/F separation. 1In addition, this
interaction scarcely occurs on the double-strand
nucleic acid in which miss-matching tékés place, and so
the influence of the miss-matched double-strand nucleic
acid on measured values can be eliminated. The
séaining technique which uses the stain of: the present
invention can be applied to a method in which the probé
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 egample, the specimen is reécfed with
the probe, and the étain of the present inventidq is
then added to the reac;ibn 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 whether or not the nucleic acid is amplified,
without quantitatively analyzing one by one. At this

time, if the reaction of PCR is carried out_énta,
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was used as a btufture nedium | Cultivation was carried out in a
Cderr] incubajol &g ¥ erg9l G @and the culture nediumin which a cell
density becang gbout -1.2 x 10[eyr] cells/cnferr] was used for staining.

2- met hyl - 4, 6-pi£rfﬁrﬁr$¢—' et hyl am nophenyl ) pyryl i um i odi de [ conpound 1
wherein - (Y wag |)] was dissolved in ethanol (for fluorescence analysis)
so that the concentration of the compoynd 1 nmight be $Q@LAQEMENTSﬁEéT
resulting solution was passed through™a filter having a pore 'size of 0.22
pmto sterilize the sanme and to renove particles therefrom thereby
obtaining a stieatopidtd, amadyrspecimins tan B Wrispedifed het pms ent

i nvent i on.

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, thé compound can be applied to the object to-
be analyzed, i.e., the target nucleic acid having not
only the singlg strand.but also the double strand. 1In
addition, since the compound has the function as the
intercalater to the nucleic acid base pair, a steric
hin@rance of the label compound in the hybrid of the
target nucleic acid and the probe'can'be avoided, and
the hybrid can be effectively étabiliged by stacking.
In order to bond the compéund of the formula [I] to the
prbbe, various known methods can be utilized. .. |

As described hereinafter, the compound represented
by the formula [I] of the present inventién shows high
permeability to a biological specimen such as cells,
bacteria, a tissue and a chromosome, and therefore it
is easy to incorporate the probe labeled with thg'
compound int6 the cells or the organism. Hence, the
compound is suitable for the in situ hybridization
method. |

Moreover, as described hereinafter, since the

compound of the formula [I] can be sufficienﬁly-used at.



As the cells tmﬂ&CEﬂﬁﬂ&l‘EELnflxed live cellss were used. That is, the
above- nent i oheg—e was directly aseptically added to the
cul ture nedi b cells in accordance with a usual culture

?Egr?;LoP; I the culture nediumwas regul ated so that
I nal corcdn conmpopgnd 1 might be Mm et i nal
et hanol ' 42 - 98- conc%%tg'r ation :S 0.59%.

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, va?ious
kinds of nucleic acid detection kits can be provided
which contain the compound represented by.the formula
{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_contaét with the biological specimen to stain or
differentially stain it. |

Examples of'the biological specimen whigh 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 séline or a mixed solvent of water
and an alcohol such as ethanol, and then used for the

fluorescence staining of the biological specfménlh
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ylincubated for 5 mnutes in the CJerr]
grvation was then carried out. This
mpde in the culture nediumstill containin
the conpound 1, |ile20iMAG18%atp jshere the cells ARERERALSHEETt he ’
staining solutiénf In this- obkefvation, an inverrggﬁtype refractive
fl uorescence mjcroscope (trade npne | MI-243made by O ynpus Optical Co
Ltd.) was used. tAs.a-result.celldnuclei were sharply stained, and
fluorescence inmages enitting clear fluorescence were observed. In
addi tion, the fade phenonmenon of the fluorescence was nqt observed, and
the fl uor escMoreoviex,hsrherithenpindagical wresimensadre JdMg) GRS mas
scarcely observed.

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,'td form a staining solution.

The concentrafion of the compound of the present
'invention in the staining solution is suitaﬁly in the
range of from several tens ng to several pg/m;.

" 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 sﬁecimen and the washing of the excessive dyestuff
wﬁich'are essential in conventional methods can be
omitted, whereby the treatment operation can be
simplified and a 1arge.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 presént 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 portioh§“heither
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In'particular, the compound of the formula [I]
which can be used in the present invention is excellent
in permeability info 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
fiiation operation is omitted, fhe specimen can be
utilized in a non-fixed free stéte, i.e., in a natural
state or a state éimilar theréto. For éxample, it can -
be stained in a live state. Also in the differential
staipinglof'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 presgnt
invention scarcely geﬁerateé the fluorescence even by
the irradiation of excitation light, when the compound
is in a free state in the sélution,'i.e., when any
nuqleic acid is not present, but it emits the
fluorescence, when it interacts with the existent
double-strand nucleic acid. This means that bagkground

is extremely low, which permits highly precise

staining. In addition, owing to the above-mentioned

low background properties, it is possiblé to utilize
the compound of the present invention in an extremely

wide concentration range.
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to the very ] ] the inhibition of the excitation light by
much f1 uor ds AEMAGCENME | itke. Conpar at'i ve Exanple 2 [ Live

cel I staini cultured cdl lis by ‘et hidium bronide (EB lls to be
stai ned wer ;egqgﬂggbx@ghe same  procedure as iﬁEEkéGﬁ%éNl§HEEfb
A ' . .

For exaﬁple, in the case that 2-methyl-4,6-bis-(4-
N,N-dimethylaminophenyl )pyrylium iodide (compound 1) is
directly added fo'the culture mediuh 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 -
séaining solution without the background. 1In
consequence, the washing after tﬁe staining operation’
which has been heretofore necessary can be completely
omitted or simplified.
~ Even when the staining solution having a high

concghtration of several téns pg/ml or so is used in
order to stain the tissues or sections of an animal or _
a human, the Washing aftei the staining operation which
has been heretofore necessary can be completely 6mitted
or simplified. |

On the other hand, with regard to stained images,
the éompound of the present inveﬁfion sharply stains
the nucleus of each cell, .-and in the staining of the
live cells such as cultured cells, cultured baqtgria or
various tissues, the chromosome 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 1ntramolecul£r-dpub1e-
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sol uti on was] pps

d in the state of an aqueous sol ution, but
d in the state of an ethanol solution for
Exanpl e 12. The concentration of the
O pg/m, as in Exanple 12. The dyestuff
ilter having a porrepsACEMBRT GHEET pmto
sterilize th ve parfictés therefrom thereby obtaining a
stock soluti gn for a staining polution for conparison. - St ai ni ng was
al so carri ed%set—by—diTectlTy adding the stock dyestuff solution to the
culture medi ¢hratd portRoH L 2 single-siraiid it tacid pfot hehdyest uf f,
statical incubation was carried out for four different tines,

like), but the utilization of this feature permits the

D

count of éells'by.FC& (a flow sight meter) and the
classification of the cells in a division périod step.
In the case that the liQe specimen is stained, the

watér solubility of the stain 1s_veryuimportant; The
live specimen is often handled in an aqueous
.énvi:onment. On the contrary, the dyestﬁff is often
handléd 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
watef:soluhility of the compound of the éresent
invention can be heightened'by selecting a suitable
counter ion (e.g., iodinej. | '

| The compound qf the formula [I] in the preseht
invention has the low résidence'properties in the
cells, and so thé live cells are not badly affected by
the 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 B&_taking slight care of the
contamination with other microorganisms and the control
of temperature, and after the observation, they can be
cqntinuously cultured. That is, the fluorescence stain

observation with time of the same specimen islppsgible.
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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 the case 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
invention has permits._the preparation of the specimens
for long-term storage 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
inventidn is added to the storage solution, the renewal
of tbe dyestuff is carried out in the stored specimen,
even-though the fade phenomenon slightly occurs. Thus,
‘the change of the iﬁages to be observed can be
inhibited for a long period of time. _

The preparation of the storaée specimens by fhe
utilization of the staiﬁing method of the present
invention can'he 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 obtained by sealing the periphery of a cover
glass put on a siide glass with a sealing material such

as a resin is included in the category of this vessel.
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_ fhg¢ staining time was 1.5 hours or nore.
Exanpl e 13 Ir <20rMAY gt || png-ter ft_orage HERe AGEMENDISHEET ai ned
cells) Cel @sgwere preparedif
o]

. ndaneﬁ; l'y in the same manner as in
Exanpl e 12. Howeger: ar the ti cultivation, a sterilized .slide glass
(for fluorescenclea@bservation) was buried in a culture di'sh, and the

cells mefe propaga&ﬁg %%d&@%&sﬂiﬁia¥£%§i anaiikhgis 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_spedimen may be mixed with the staining
solution in the vessel, followed by sealiﬂg. Any
liquid medium can be used, so long As it can.ﬁe
utilizéd as a staining solvent. Moreover, if the
biological specimen is added to the liquid medium
containing the fluorescence dyestuff in the sealable i
vessel, the a stained state can be stably maintained
during the above-mentioned long-term storage.

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

Example 1

100 ml of acetic énhydride was mixed with 30 ml of
concentrated sulfuric acid with qooling, 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 rai;ed 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



glass with t

was taken out fromthe culture dish, and

the follow ng N ﬁﬁﬂﬁ'then aseptically carried out to stain the

cel I s.

Irf the TT1T3t pryey, the taken slide glass was imersed in a

4% aqueous fcrnalispn g@tutl n for 30 'mnutes to achieve fixation
gl

Afterward, tHh
wash it, andg
et hanol solut

e (sl wag passed through dIStI%féﬁ%f gl nply
e ung of a-sggaini ng sol uti pg/ a 0. 5%

ion, filter sterlﬂlzatlon) prepared by the use of a stock

solution of t

n present

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-methyl-4,6-bis-(4-N,N-dimethylaminophenyl)pyrylium
iodide (compound 1 in Table 1 wherein Y is I). o

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) &6 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, Jpy=Jyc=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 potassiuﬁ
iodide solution was replaced with an aqueous perghloric
acid solution, to obtain 2-methyl-4,6-bis-(4-N,N- |
dimethylaminophenyl )pyrylium perchlorate (compound.l in
Table 1 wherein Y is CIO,).

Example 2



101 REH
a cover glass f
and the excessi
gl ass was fi xed

Linvention was then dropped thereon. Next,
ce observation was put on the specinen,
bn was then renoved. Afterward, the cover
bsin to forma storage specinen o

Cbservati on was _ P same narggel_as  in Bxpppt S ﬁ%.as a
result, cell nugleil st ai ned and quorescence |na & tting
clear fluorescence were observed, as in Exanple 12. - The speC|nens

were stored at -20[err]C, 4[@errJT and room tenperature (each speci nen was

wr apped in al um num f oi
0 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 éarbanate,was
collected by filtrafion, and then washed with 25 ml of
ethanol. Afterward, the filtrate was mixed with the
washing liquid to obtain aboutilzs 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 Examplé
1 was dissolved in 20 ml of DMSO, and 5 ml of the
previously prepared water-ethanol solution of éodium'“'
hydrogén sulfide was then added to the resulting
solution, followed by stirring at room temperature for
5 minutes. After the stirring, 0.75 ml of hydoriodic
dcid was added thereto, and the solution was further
stirfed for 5 minutes. Subsequently, dichloromethane
extraction and silica gel column purification were
carried out in usual manners, followed by
recrystallication in an ethanol-etﬂér mixed solution (a
volume ratio = 1:4), to obtain the crystals of
2-methyl-4, 6-bis-(4-N,N- h
dimethylaminophenyl )thiopyrylium iodide (compound 2 in

Table 1 wherein Y is I1).



. Publishers Inc.,

to shut out lig DNt hs, the fluorescence observation was

made again. Sin eﬂunacgmnn1snﬂ§'mere seal ed up in the aqueous solvent, the

speci-mens ot her n\stored at -20[err]C were in a good

- storage state, tjhdqug . stored at -20[err]C gave rise to the
partial breakag Qg HSY h | ggy. +rbladditi on, ‘?ﬂg (gngmT\SHE Brage

the fluorescenge s.sufficien |y emtted, and a staining state was al so

good. (Li ve cell stainipg of blood cells) : Bl ood cells

obt ai ned by a bl ("Al'l of Staining", Ishiyaku

pAﬂ@T@Eical results of the obtained compound 1 (Y =

Meltihg pdint: 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, 4, J=9.28),
6.8959 (4H, t, J,;=J3.=9.28), 3.i756_(6H, é), 3.1157 (6H,
s), 2.8323 (3H, s)

FAB mass m/z 349

IR (KBr) V cm™?: 1600 (s), 1560 (s), 1460 (s), 143q
(s), 1370 (s), 1260 (s), 1160 (s) | |

Furthermore, the same procedure aé described above
was carried out except thaf hydoriodic acid was
replaced with an aquéous perchloric acid solution, to
obtain 2-methy1-4,67bis-(4-N,N-
dimethylaminophenyl)thiopyzrylium perchlorate (compound
2 in Table 1 wherein Y -is CIO,).

Reference Example 1 -

Compounds 3 to 55 shown in Table 1 were prepared.

. In Table 1, ® is a p-phenylene group

2as

or a phenyl group.



were stained in the state of the unfixed live cells. That is, 5 m

of a sanpl ed {P&ick +OEQad Was first placed in-a sterilized Spitz
~tube, and th ﬁm’ﬁl’” &qr .was uprightly allowed to stand, thereby

separating the i bl ood cells. INéxt, 0.5 m ggf_bovine serumand 0.1 m  of
PHAM (nmade by] G b2@ B&Y, 198%d.j) jwere added™to 5 nl of &HepehbEMENT GHEETEdi Um
(RPM" 11640, e by G bco .,§ Ltd.), and the resulting mxture was put
in aculture
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di sh. Next
i.e.,
and t e

L

‘Fich in

A stalnlng sol ution (concentratlon

pr eparle

t hat tlhefi na
t hat tthe final
cells. ™"

the conpound 1

fl uorescence m crogcopel (trade

cul t

1 PO0tMAY SBOE hanner as in
suspernsijon of the
-concentration of a conmpound 1 m ght be

ured cells,

about 0.5.n of the supernatant
| eukocyte was added to the culture dish,
ltured for 3 days in a CO2 incubator at 37[err]C
200 pg/ m
Exarfdl e 12 was added t art

and the solution va£HLHSEME §*§

liquid of

t he separated bl ood,

an ethanol solution) .
t he
d so

100 ng/n1 and so

congentration of efhapgl might be 0.5%to sfain the bl ood
For fll uorgscence obsdrvation, a qulture nmediu cont ai ni ng
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name | MI- 2,
cell nucl ei

- fluorescence

(Stai ning of

was used a JMil

—_—
ale m’ d
er e observed,

phenomenon of |t e $ huaAAEsE99Ce
duift ured- Escheri ¢

ed,

* Table 1 (continue)

a$ in Exanple 12.

‘tcal Co., Ltd.) was

used. As a result,

and fluorescence inmages emtting clear
I n addi ti on,
s scarcely observed.

o~
——
o
< | e ~
O “E o~ -~
N [ d [
= = o
3) 3 )
S S S
Z = Z
{ 1 i
< |e& < -]
= ™ H
= = =
o (] o
3 3 3
g E g
H ™ M
o 0o o
B & =
~{ [ i
8 o 5
0 O oOo: Q O &
% S0 =T
g 51 g
1r o ewn O EN o &N
) ) )
f : .
BN AT e |9 DeTd |6 ne s
TR I I O '
oot - -~ — W ot~ O O =
e | ee |Emmen |emmx
| - - -p
o, o, o,
> o — ST O -
R [ o %)
B
g 0 t~ ® -
00
0=

t he fade
Exanple 15.."

hila coli)_ga . As ES&EE‘%@@TCQHEET t here




strain whic lLlized as a host for genetic reconbination.
About 1% of agﬁmmi &Hﬁﬂd to an M9 culture nedium (pH - 7.0) having

the foll ow gg —and the agarose was then nelted and sterilized
in-an -auto¢l e{ solution was poured into a REPLACBMENE RHER
~forma plat¢. I pn of theM culture nedium (in one liter):
Na2HPO4. 7H[ ¢r H-0— B §<H[err]Pqerr] ...... 39
Nacdl ...... . NH4C1 ......... 1.9 .
o~ o~ o3
Commn ) L P
() [ d s
X x =
O O O
S’ o’ o’
A z z
( y {
< @ L= I S
o~
_
(4
o
o _
5 5 ~ =
g g g !
E g ¥ =
o 0 o O
B (<7 i
-t —~ o pa o
o o« 3
Y] : Y H .
@ = o @ ~ i g ~ o
gun S onu o I U1
- | U SN |o e N O enNY
T T T
L> o Bpe ot © B I - s oS B« o0 © R IS B o I i <
wunounun nwnunu Huwunuu
[—2 [—] [ —]
oomy W e~ 0O O e~ L - O O e Wt~ O ON
v |x= ja ol s o A o s N I = R« i 2 o o i « RS [ o A o o} ¢ Y o R o 4
g
ol ~ - ~
+ o o o
s fo—t o - O - o
o
~ > @) 0 o’
o |d
2 | o o ~
[} o 0 - —t
& O Z .




MSO4 . ... 1RWGEMENT SHEET gl ucose ...... 0. 2% . Cad2 .....

0. 0.1 mM bal ance .}.%.. water The bacteria fromthe
stock of the -JM 109 20MMh 9PTakaja Shuzo Co., Ltd.) were inoculated into
thi's M9 plate] gnd they were 3héen incubated overnight in an incubator at

37[err]C to profgadatre the bacteri g, thegghby obtaining coloni Jal '
¥ cked up from one of tﬂf@&é{g@@é%ﬁsggﬁﬁy a

plate. Next, thq bacteria. . uwewe-
sterilized platinumloop, and then inoculated into 100 nl of a 2xYT

cul ture medium having the following conpositi-on in a culture vessel.
Conposition of the 2xYT culture npdium (i n ong
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. 54¢g :
This cul ture nedi um

aker , RARCACEMENT SHEETUr e was
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out at 37[err]Cngp@\lggMgm’Lcs RHr b After conpletion of the culture, the

cul tured bacter

separation, and t e& resus
" .concentration o QHA
t he obtai ned suppknsion. mas di v

in conparative ftests using fixe

Fl uor escence st&FHFHg—9L~Lha=LLx

solution (pH= 7.0
JM 109 strain obt
the formal dehyde s

sufficiently stirrgd,

rom the culture nmedium by centrifuga

endpd} agai n i n physiol ogi cal saline so that-the

ght be about 10[err] bacteria/m. Next,
d int&8two portions gepOACEMENT BHEET used
| bacteria and unfixed‘tacterla (D
bacteria A 4% for mal dehyde

pi neq by the abo
on being eqyal to thaf_of the suSgerjsi on. After
he sol ution

$-N (CH, GHy) 5

re—por-t+en—of—the—suspengi on of the
qe ment i onec )peratlons‘N tihe amount of

¢-—N (CH,
®-~N (CHY)

¢~N (CHy ),

~®-N (CHy ),
S

(~CH
(-CH

General Formula [IV]

General Formula [V]
General Formula [V]

Ri

R7 =H
Ra =
Rg =H
Rlo-—-L"‘A

®
R1 =H
=L-A

Rjp=L-A

Rs =
R7 =H
Rs =
Rg =H
Rg

Ra =
Rg =H
Ryg

or

I

I

s[c10,

0]Cl10y
or

S|C10y4
or

18

Table 1 (contiﬁue)

Compd | X|Y
No.

19
20




e

was al |l owed to; S@md“f“f'ﬁgffv es at roomtenperature to fixed the
bacteri a. The hps—f-+xed brija were harvested by centrifugal
separati on, hen resuspe d i n physiol ogi cal saline again. At the
time of thIS MAY, 1999e |cdncentration of the bacteria was
Set inthe ra of from 10[erjr]} to 10t} bacterlalgtpLA@EmmEunable
for observatign by a fluorescénge m croscope.
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A staining solution was prepared by dissolving-a
et hanol so as to:-becorre—a-

SR Y R/

centration of 200 pg/m,

conmpound 1

- the sol ution fdrie®réiolli AERr di ns' t herefrom by the use of a

I e s

Thi's stai ni ng {sol uti on Was—4dded to the suspension

(Y =1) in

and .then sterilizing

filter.

of the previously

prepared fixed b ¢f Rlakdy that the f.i.pal- concentration of t he nd 1
m ght be O. ipg/ m andygg that the concentration of eﬁﬁEhACEM$%ﬁgHE€P
0.5% and tHe roft-was-then allowed to stand at roomtenperature for
10 m nutes, {thereby staining the bacteria. Afterward fluorescence
observation was d¢ne ijni this inLgc state wherg the fi-xed bacteria were
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suspension, i.e., wthout renoving the conpound 1 which was the dyestuff

fromthe suspepgs (2) Fluorescence staining of live
bacteria- (u1fn€ﬁ@e§@?t T { The same procedure as in the preceding -
paragraph (Jl)|{was carried olut! except that bacteria viere not fixed wth

f or mal dehydej | o 2dbA¥h19g99e syspensi on of the stained %{ngﬁgﬁ- Al'so
e

in this case} fluorescence observati®h-was done with& _
conpound 1 pmhi.ch was Tne~dyegtuff fromthe suspensi on so]vent... Each
of the baCteLH'-aJllQDPnSiOI’IS oftai ned in the
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gl ass, and
| i quid was
resin. The

carried out b
| MI-2, made b

that the

abav

al :
rejnolved t herefrom
f1 uor @4t &y e1B8sdr

y

hQpRedupmerations (1) and (2) was dropped on a
ass-was—t hen put thereon.

-and the gl asses were sealed with a sealing
dati on of t-he thus obtained speci nens
he use of a rlefiracti ve 62 wor escence

Esc

y Oynmpus Opti cal
erjichia. col.d.ahi-ch

stai ned. A difference of _staining
and the unfi xed

Table 1 (continue)

Co.

. Ltd.).

propertijies

As a resu
was procaryotic ni cr od

Afterward,

slide

t he excessi ve
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m croscope (trade name
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bacteri a was not observed and in both the cases
emtting very |
phenonenon of

- observati on,
wth a culture
the Esc

case

 observe the fl

observed

H
f he

fl uorescence i mages
ence were observed In addition, the fade
As not observed: After the

i pn of the unfi-xed bacteria was repl aced
tpvation ggs. then carried out. In thi

gl | y propagated, and fgmpLAmEMEﬂkﬁﬂE a

Ads fpossible to stain themagain and.to

t here could not be

0 escence Also in the this case,
a bad i nfluence—om+he Escherichia coli by heat generation or
the like which was attributed to the
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f1 uorescence qhservation for a long tine in one visual field.
Conparative B ar;pita 3@,_ : _ [Li ve bacteria staining of
Escherichi a col i—by LI d’* §Fr by om de (EB)] Escherichia coli which
was a target fo be stai ned whs| prepared in the sang manner as in Exanple
15. A dyestuff] (2H) MAY 629%al] y| used-i64 +he state of an '
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aqueous solution, but in this experinent, it was used in the state of an
et hanol solution for the sake of coordination with Exanple 15. The
concentration of the .dyestuff _solution was set to 200 pg/m, as in Exanple

15. The dyes NEEY assed through a filter having a pore size
of 0.22 pmto sREP “m% and to_renove particles therefrom

Escherichia cdli{ was stai ned §n|the sarm§5nhnner as in Exa&g&b@ﬁéé@/‘.the
use of this d uig UME) ®9Boliutli on. After the addi t i BRPBA d uf f
al incubatio s carried out for four different tines,

solution, st
[ our and 1.5 hours, and a staining state

i.e., 5 mnutep, “SO-mMNut es,
was then obseryed. The _aobt ai results were as foll ows:
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The obtained results were as foll ows: (1) When the observation was

made in the i

bacteria suspén
I's,” backgroun

st ai ning stat

fromthe liqui

Table 1 (continue)

e J4,Rcwh
kg

s very strong,
4 20HeApdeseria

ch the dyestuff solution was added to the
mediumemtted |ight very strongly. That
whi ch di sturbed the judgenent of the

- 6629 The bacteria were separated
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medi um washed, resuspended in a culture nmediumor physiological saline
again, and then observed. As a result, it was apparent that the fixed
‘bacteria-were stained in a standing (stal ning) time of about 30 m nutes,
and the unfixed bacteria.were stainéed in about one hour. However, the

stai ni ng Latne—ﬂfﬁ(\’ﬁﬁ unhxéd bact eri_agyas weaker than that of the fixed
bacteri a, a(ﬁd-—t‘t _Was unev‘en&) Exanpl e 16 (Preparation of

| ong-term st@rage speci nens pf stained bacteri a) The sane procedure
as in Exarr]bl ¢ Ibo(AP was ca;rl ed out except that sodi URERIZACEMBNISSHEETed as
an antlsemtuc so that thﬁ,,fl‘ nal concentration mght be
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about 0.05% to carry out the fluorescence staining of
Afterward, a stfal e

t hat the whol P mm 3
Many speci nens
sealing up the
Afterward, the

re stored at

the fixed bacteria.

tobserved, and as a result, it was apparent
ylemtted fluorescence, as in Exanple 15.
| acing the sanples in vessels and then
apped ggn-al um num foil to shut out |ight.

-20[err]C, 4[err]C and room tenpe re.
After a passagg o nonths, the} fluorescence of the a@EkﬁGHMéﬁhééﬁé*
observed again.LAs a. result ..thd specimen which was stored at -20[err]C
gave rise to the partial breakage of the norphol ogy of the

These compounds were synthesized in the following

known methods. In this connection, the typical

reaction operations were done in accordance with usual

procedures.

compound [i]

(i)

A compound 7 was obtained by synthesizing the

in accordance with a process described in W. Foerst et

al., "New Methods of'Preparative Organic Chemistxy”,

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

[i] with

| HCO—@—N (CHg)

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

and then reacting the forméd compound with desired

anions. A compound 17 was obtained by reacting the

above-mentioned compound {i] with

HCO—@—CH=CH—©—N (Cy Hg )y

(p-diethylaminostyrylbenzaldehyde) to form a compound;

and then reacting the formed compound with desiied

-anions. Compounds 8 and'18 were synthesized by

reacting the above-mentioned compound [1i] withfsqg;um



bacteria by freezing, because the suspension nediumof the bacteria was
agueous. However gt lsrengeT St ored at other storage tenperatures were
kept in a good sﬂﬂﬁidgagﬁgtéﬂgfr addi tion, fluorescence was al so
sufficiently-enmi{ted, and a staihihg state was al so good. Exanpl e 17
(Staining of tis$u¢ Spgtymn)iss? .69 - _

{

REPLACEMENT SHEET
hydrogen sulfide to form a compound [ii]

and then treating this compound [ii] in the same manner
as in the compounds 7 and 17.
A compound S5 was obtained by synthesizing a

compound [iii]

CH,

from acetophenone and acetaldehyde in accordance with a
process described in R;:Wi;inger et al., Helv. Chim.

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

CHy CHO + 2CHjy co-@



| AEPLACEMENT 5USEL .
A sliced sectiop ef- a~ﬂeuse~++ver covered with paraffin on a slide glass
prepared by a usu?l manner stained with 2-methyl-4,6-bis-(4-N N
dlnethylan1nophényl) pyTylldﬁllod;de (a conpount 1) in accordance with the
f-ol I'ow ng procedute,  However.. Lpr! observation by fluorescence, there were

used the slide lgl ass, various sofvents aadiosel uti ons which were free from
the fl uorescenc.x.« bt =f st place, a suitab?ﬁ EN@HWENPSH?EmPthY'

4, 6-bi s-(4-N, N-di net hyl am nophenyl ) pyryliumi odi de conmpound 1) was

di ssol ved in ethanol and then diluted with physiological saline, and t he
solution was next regulated so that the final concentration of the
dyestuff m ghtrég@cting/ ghisngompoundn¢eni]akwien of

p-dimethylaminobenzaldehyde to form a compound; ard
then reacting the formed compound with desired anions.
A compound 15 waé obtained by the same procedure as in
the synthesis of the compound 5 eicept that
p-dimethylaminobenzaldehyde was replaced with
p-diethylaminoétyrylbenzaldehyﬁe. A compound 9 was
oyfained by the game procedure as in the synthesis éf

the'compound 5 except that p-dimethylaminobenzaldehyde




et hanol m gh EEPQMQWENTHRE{dy stuff solution was passed through a filter
. e 2z .

havi ng a pore S mito sterilize the same and to renove grains
t herefrom théreb p st ai ni ng solution. In order to

i ncrease t he |pdr éﬂﬁﬁf‘@ﬁ%f t he - 110- ‘aqueous staining
solution, thqd fgaraffin ved from 7he-sliced se®REPPACEIANST SHEET

therewith of {the specinen prifr.to its use. That is, the specinen was

was replaced with p-dimethylaminocinnamic aldehyde. A
compound 11 was obtained by the same procedure as in
the syntoesis of the compound 5 except that
p-dimethylaminobenzaldehyde was replaced with the

following compound:

(CH3) 5 N—@—CH=CH_—ﬁ—CH=CH—©—N (CHy)
5 -

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 compound 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]



imersed in a-H-6l—Foer—3-+0 5 mnutes to dissolve and renove the

paraffin. Aftekifhe:r&Nbval of |

fresh xylol, the specinen was
t her.efrom

-Afterward, t QE;%@IW '%safr%
washed with t } h¢

the paraffin was carried out again with a
imersed in pure ethanol to renove xyl ol

was used again te conpletely renove xylol.
rer sed inrﬂ 70% et hanol solution, and then
2 paraf fTi“rénoval operation to an end.
al solvent of the specimen was replaced

Si mul t aneouslly, the environment
W th an aquec IR
paraffin had been renoved was i

\Next, the slide glass specinmen from which the
mrersed in a sui tabhgp\_mm&NT%ﬁ he

staining solution for 5 mnutes to stain

CH,

[v]




tihin cover glass for fluorescence
iagn on the slide glass without washing the
" slide glass, a h | asses rfe seal ed along their peripheries with a
seal i ng agent . ;f;tﬁézgﬁgpﬁﬁﬁp ig held in the sealed glasses together with
the solution cqntlhining the “dyeqtuff w t/Bout renoving the sol éLPg E@%
aifiing state of §he specimen can be nmi REBLAMEMENT HEET o,

the sanme. After 'tch'VIEWT‘@HE

observation wasj p

washi ng, the
the fl uorescence=ubseryation.—anlinverted type refractive fluorescence
m croscope (t.rade name | M-2, made by O ynpus optical Co., Ltd.) was
used. A visual from p-methylbenzaldehyde and acetophenone in like

manner; reacting the compound [v] with

p-dimethylaminobenzaldehyde to form a compound; and

then reacting ﬁhe'fqrmed compoun¢ with desired anions.
- A combdund 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]
CHg

[vil

- 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 compound 1 or

2 and
Os___OH
07 “OH

and then reacting the resulting compound with desired
anions. Compounds 22, 23 and 24 were each obtained by

reacting the compound [i] or [11], or the compdund 1 or



field was set b“f’l.ﬁ{f

speci nen was §h

phase contrast inmage, and the tissue
i’?ﬂ@f&m excitation light. As a result, cell
~nucl ei were | garly stai ned, apd a stained.image enmitted bright .
fl uorescence. %Mﬁ}egg@se v tion, background was scarcely observed.
Thi s, fact nmeaps that the wash g/rermval of the excessive dyestg‘;ﬁﬁfter
the staining{is unnecessar dn it i s (7&ss needful tog pa_M!eSE t he

dyestuff concemtration_in the staining operation..In addltlon .no fade
phenonenon was )

2 and
-0 OH

0 OH
Y ]

and then reécting the resulting compound with desired
anions. Compounds 25 and 26 were each obtained by
reacting the compound "[i] _or [1i] with

Hg C CHO
CHjg

(CHz), N

and then reacting the resulting compound with des:l.red
anions. Compounds 27, 28 and 29 were each obtained by
i‘eacti;xg the compound [1].or [ii], or the compound 1 or
2 and triethoxymethane [HC(OC.H;);]; and then r’eac*t:::'l.ng _
the resulting compound ywith desired anions. Compounds
30, 31 and 32 were syntfxesized by reacting
dimethylamino derivatives of the above-mentioned
compounds [iii] and [iv] synthesized £rom
p-dimethylax.n.ji.no a_cétophenone 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:



present, and operations of the setting of the visual field, . the taking of
phot ographs an e carried out with | eeway vmthout st oppi ng

the irradiati rREﬂLﬁﬁEME‘Nﬂ' SMEET gtion light. In.this connection, at
the time of s ng after—the staining, sodium azide coul d be added as an
antiseptic so | tcd]ﬁét{ %h concentr at bgn_m ght be about 0.05% and in
t he thus seal fl uorescence-stai ned i nage di d not change
and could be | d even after the storage of 3 noREPSACEMEYT SHEET
Conmparative arrpl e 4 [ Stai ning of tissue section by ethidium
brom de (EB)]—A dyestuff (EB) is usually used in the state of an
33 N(CH;),
o]
]
0 + 2 CH,C -@—N(CH3)2
CHO

(X=5)

(CH3)2N



aqueous solution, but in this experinent, it was used In the state of an

et hanol sof i i foran e of coordi nation with Exanple 17. The

concentr at}i Erb] “t?‘ﬁ‘{e!\’Tt EﬁEﬁa . ) -112 - dyest uf f

- sol ut’i on _wfs such that thifi nal concentration was 1 pg/m, as in Exanple
[

17 (the f QO HAY 1989 an | of et hanql ygas 0.5% . The dyestuff solution
was passed hrough a filtlerl having a pore size of QpERAQEMENT SHEET

35 COOH o

N
+ 2 CH3C -@'N(CH3) 2

CHO

COOH

NaSH,  (x_s)

N(CH3)2'
36 N(CH3) , NaSH
- 34 + N(CHy), —> —_—>  (X=8)
(x=0) :
CHO

7
(CH3) 2N




sterilize th
stai ning sol
Exanpl e 17.

" was observed

hour s.
f ol | owi
was So
havi ng
al one.
with di

S an e‘g@ Eﬂgve particles therefrom thereby preparing a
it Ak A Sta H also carried out in the sanme nmanner as in’
ter the_addlt on of the staining solution, a staining state
a r%gmeﬁ:jwe f 5 mnutes, 15 mnutes, 1 hour and 1.5
The s& servation | device as-iyyp Exanple 17 was used. The :
ng restts—were—obral ngd: (1) In the Cagp ﬂ@gground
stron that the tissuejseened to be wholly stalLﬂgEﬂgﬁE% i mge
no contrast was observed. It was difficult. to observe cell nuclei
(2) I'n the speci nen which was stained forN 1535 hours, washed
stihhl ed wat gy, andh | ed a =
v) 9% anddhencigd d—4  w(cmy), (X=5)
(X=0) : i
CH CH
i i
CHO CH
i
- CH
@) |
0w
(CH3) 2N I N(CH3) 2
or
Cl0,
' HH %
38 (cn3)2u—@— c=c-@—cao + cn3c-@—n(cn3)2
—_ bll(cn3)2




was observed
of a chronoso

t

wer e weakly st ai ned. (St aining
aration of a chronbsone speci nen

m a nor nal adult human was first placed

in a sterilized{S itzZQMMJME‘)a di t he tube was uprightly allowed to stand

for 3 hour s
-cells. Next,

(0]
0.

erat ur &8 thereby separating the bl ood

ym and 0.5 REPLACEMENT SHEET
| | HH
(x=0) |
N(CH3)2

_— @ NaSH,  (x=s)
CH
no
cH B

| ca

' il
CH
@)

() e

or

(CH3)2N N(CH3)2
ClO4

This compound was synthesized in the same manner

as 36, except that COOH was employed intead of the

CHO

material N(CH3)2

CHO



m of PHAM (nade by G b
medi um of RPM
~was put in ac

| ayer of an uppe
and the cells
Next, colcenm d

concentration i
nmedi um was al |
and cells were

41

td.) were added to 5 M of a culture

ures gt ty, about 0.5 ni of a pl asma and | eukocyt e

portlon el Spitz tube was added to the lculture dish,
e ZOIMAY é‘g{bf o days 79 -a CJerr] incubator at 37[err]C.
s added elculture medi um so thﬁltpﬂptEQMENTEBHEET

This compound was synthesized in the same manner

' HH
as 37, except that HOOC%<}§£>rC=C-CHO was employed

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

This compound was synthesized in the same manner

as 38, except that HOOC'C—C-@-

was employed instead of the material

HH
(CH3) N c=c-@cao .

This compound was synthesized in the same manner

' | E H
as 39, except that nooc-@.-c=c@cno

was employed instead of the material

HE /- -
(CH,) 2N-@C=ccno ]

@WQQEQB&EKBbCO Co. Ltd.), and the resulting m xture

e in the range of from0.2 to O. pg/ M ,. and the
rved to.stand-f-or™2 to 3 hours. The cultlvatlon was st opped,
then harvested by centrifugation for 5 minutes at 1,000



rpm Afterward, 3 ml of 0.075 Mof a KO solution was added to the

harvest ed cel Y QIFBHEE‘F was mldly stirred, and then allowed to
‘stand for 7 I!’S”%ﬁ “Mﬁ e$e cells were. har vest ed by centrifugation,

and a super nat*an)t was then r efoved. Afterward a calnoa fixing solution.

(pure nethan Ir\ﬁrz& BAY0Ric acid = 3: 1) was added ‘%%&A%%Wmlé and the
: e

m xture was tHerj all owed to standfor 1 hao -to fix used fixing
- solution was Yepraced with a fresh fixing solution twice or thrice, and
finally the c rre suspended in a small anobunt _of the fixing solution.

Next, to this solution, there -added g Ri Ning solution in which an
et hanol scldtionl (X=0) + (CH3) ,N 6 CHO

_NaSH, (y-g)
c=c-@-u(cn3)2
45
NaSH, (x-s)




of 2-met hylg- ; BT DI S (-4~ NADET {di et hyl ami nophenyl ) t hi opyryliumiodi de (a
conpound 2)! I was regul ated so that the final concentration
of .the conpoiind 2 m h iEe 500 ng/m and so that the concentration of
et hanol mi gt} bey 3% re the staining solution was beforehand
passed through a filter a por§*5|ze of 0.22 pmto sterilize the
sane and tofir € particles therefro One or two

nr.PLACEMENT SHEET

46 (CH3) 2N«<:::>rcno + cn3c«<:::>rn(cn3)2
)
HEHy
(ca3)2N«<:::>»c=c-c1<:::>ru(cn3)2 (Ix]
H H
(1x] + ca3c C=C N(CH3)2

N(CH3)2
—_ _NaSH. (x=s)
or

N(CH,;), '
3 NaSHi (X=5)
O HH HH
o, c= C=C:- N(CH,),
(CH,) ,N I
or



drops of t e 1905 el | suspension solution and the staining

sol ution o pl.ed fluorescence-free slide through a Pasteur

pi pet, and i\n\air. (2) Qbservation of a chronobsone

- The Speci ptlai ned in the preceding (1) was sealed with a
S on a s@gractive fl uorescgnp@mgmgwpgpm

ected to_a fpigh-sensitive CCD canera (nade by Hanmanatsu

Phot oni cs o—anal yze a fluorescence pattern of a chronpbsone. As

aresult, it*was apparent that the chrormsorre was cl earl y d| fferentially

. st d d.it tt ff
stained angits pattgin ves dL1LSrhL LONAUN LU il 2ot oD

en r|ed

g8n lon tﬁﬂ‘.\gﬂq

(Ni kon® K. KY})

as 44, except that HOOC@CHO was employed instead

of the material (CH,) 2N-@-cno

49 This compound was synthesized in the same manner

as 45, except that HOOC@C—C—CHO was employed-

instead of the material (CH3) 2NA@-C-C--CHO .

S0 This compound was synthesized in the same manner

- HH
as 46, except that CH,C -@-C - _@_

employed :Lnstead of the material

0 HH .
CH,C Q c=C Q N(CH,), -

51 This compound was _synthesize’d in the same manner

. HH
as 47, except that HOOCC=CCHO' was

employed instead of the material

HH



this differential staining pattern, the chronmpsome could be classified.

Exanpl e 19 -1n —H1 pl ace, cells were cultured in the sane
manner as i qﬁﬂhﬁﬂlgﬁﬁg_d_they were then hervested by centrifugation.
Next, to tRhe d—TCelils, there was added a 0.075 M'KCl solution (3
m) to

-@15:-‘;,( Mich_Zgjﬁgthyl-4, 6- bi s- (4-N, N-
- REPLACEMENT SHEET

NaSHa (X=5)



d|nethylanlnophenyl)pyryllun1|od|de (a conpound 1) was added so that the
final concentr ‘.uu Ek ﬁ %ﬁ HJ ng/ m and the concentration of ethano

m ght be 1% or ﬁﬁ I 5 cage, the harvested cells were not subjected
to a fixation r atnent with ajchlnoa fixing solution. Afterward, a
chronosome was | dif faigagiay neggcEof dance wwggh- a vapor drying nmethod ("All of
Stai ning", |shifyaku Publishers;lpc., p. 366), and ' exces dr ops
were wi ped of f {w ' i at drying. Next, a Beb %NﬁQMQ% put on
the chromosone,| "and its periphety was then sealed up with a sealing

resin. The speC‘ﬁﬁ‘"Mas ‘observed in the same manner as in Exanple 18. As a

result, it was apparent that th
54 {(IX] + cn3c




chronosone was ¢ entially stained even wthout any fixation
operation, and g éﬁ?LAGﬁMENEngHEgra ults as in Exanple 18 were obtained.

- After that step, {t e was scarcely faded. After one nonth,
t hi's specinmen was OQ%Qr Eﬂég%? ,fand at .this .tine, about the sane
fluorescence asjaf t the mangyf acture coul d be obtai ned r:aEg*al n.
Exanpl e 20 Lih situ hybridizati onjePLACEMENT SH

2- (4- carboxystyfyl -4, 6-bis- (4 N,_

di met hyl am nophenyl ) pyrylium i odide [a
conpound 48 (X W

s synt hesi zed from car boxybenzal dehyde
and a conpound 1 (

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
séectrophotsmete:, 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 of the
sample I, and the solution was then regulated so that
the final concentration of DNA'might be 50 ug/ml and so
that the final concentration of the compound 1 might be
1x10™* M, to obtain a sample IX. The absorption
spectruﬁ of tﬁe 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 absofption 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 tyﬁiba}



- 116~ REPLATROE rctrhé _ :
di ssolved in EFRMENG Ddccrhe thus synthesized conpound 48 was

rT“Tﬂ“f#jr{HMF wapd 50 pl of dry pyridine and 128

i ed = of D

édliucc;n1zyl CCr ﬁ% wer ¢ added thereto, followed by stirringgin a >

e?Ler p acedg no é@%&u e for 20 hours. Afterward, 150 ml of diethyl
was added ko the m xture,. and the resultlng precipitate was

her vest ed, ma.hed Mﬁth dlethyl et her, -éﬁd'then d
ried. - The thu
active ester et=i-A=a-keaection wWith a nucleic REPLACE ﬁEﬁbé}%E'@d

characteristics of an intercalater.

The fluorescence spectrum of the sample I was
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 e curve A in Fig. 2). Next, the
fluorescence spectrum of the sample II was similerly
measuréd by the use of a part of the sample II, and as
a Tesult, 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 ccmpounc 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 ccntaining 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 concentretions. The obtained results afg'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. In this case, as excitation light, thereﬁwas



aci d. = ' epti de having an amno linker at its 5
term nal andm CEMEN SHEBT | g base sequence which was cbrrpl enentary to
a part of the}j bpse sequence f{ the mRNA of an i mmunoglobulin x chainin a

nouse was Sy t’leQiGWb hel use of a DNA synthesizer 381A nade by ABI
Co., Ltd.: % AGGTATAGCTGT TAFGTCGTTCATA3 The c?/ea\'/i ng

froma CPG sypportT—deproteedi gn, and purification by -a hi O EMENTESHEE T
liquid chrongtography (HPLC) re carried out in usual naﬁﬁ%rs.

Next, 200 pg of the above- foned
used light from a Xe lamp light source from which

ultraviolet portion was removed by a low cut filter of -
480 nm.

Comparative Example 1l

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 intercalater. ' The
results are shown in Figs. 3 and 4.

i As 1s apparent £rom the results in Fig. 3, the
fluorescence intensity of ﬁ;compound 1 ié substantially-
zero in the absence of DNA, but in the case of EB, it
is h;gh even in the absence of DNA. Furthermore, for
example, at a DNA concentration of 4 pM, the
fluorescence of the compound 1 increases about 17
times, whereas the fluorescence of EB increases apout 4
times. Therefore, it_is apparent that in the preégnce
of DNA, S/N of.the comﬁound i is_much better than.that
of EB. }Hence, when the compound 1 is used as a sfain _
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 sgnsitivity is possible;;

Moreover, as is apparent from the results in Fig.
_4, the compound'l 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;t is

v,



ol i gonucl eot i dgy¢pl 90, pF Ok “M:sodi um sul fate buffer solution and 500

of water were ﬁﬁﬁagvé jﬁéﬁ?ﬁiwed, and -2 ng of the above-nentioned acthe
ester beforehand dissolvedvgn§400 pl of .DMF was slowy added thereto wth
'stirring. Regctli oB OnddYcwoei 6d out at 40[err]C for 24 -117-
REPLACEMENT 3HRET hours, and tthe reacti @ sol ution was then crudely
purified thrqugh a ger fiTtT&f ¢ol um NAP-50 nade by Farnmacia C . and
then further Yourified by HPLC to obtain about 150 pg.BbeA$%Mﬁ€U§thgNA

robe | abel ed with nd ' i an-
P usvt\ﬁ.ci[, 'érpee ncu% eoiucndacojfd tchaep %ees@fergec':tnevtf nv;iﬁp'the high
sensitivity.

Example 4
A DNA size marker A/Hind III digest-¥X174/Hae III

digest (made by Toyﬁbo Co., Ltd.) was used to prepare
solutibns'having vafious concentrations of from 100 ng
to 0.1 ng in all, and geparation 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 concentratiox;T
of acetonitrile might be 10%, and the gel ﬁhich had
undergone the electrophoresis was immersed in this
acetonitrile solution for about 2 minutes.

One side of a transi;luminator-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 and'
another filter for fluorescence.detection (a band pass
filter of from 620 to 710 nm).wés 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 thét?tng_gel
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* K- e as "f ey M(;?QA‘T n situ hybridi
e ; ybridi zati on P3 X 63 Ag8U.| of
nyel oma cel | § of~a~nnuse was’ suspended in a DVEM cul ture nedlunlgand the -

suspensi on Majs spread on a*dlsh so as to'be 2.5 x 10[err] cells/nl. Aft
er
cul tivation jat! %*EFF]C-fQFJ36 hours, the DMEM cul ture ‘medi um was repl aced

with anot her BNENIcuIture dedlun1conta| i ng the probe ' :
above- nenq oned step (1) at :a concenfrég:ron of 10 nNLﬁgﬁgRé§ﬂ§@r§QF$%n
was further -+ pued . £ or. 1.h@ur Next, the operation of replacing the .

used culture mediumwith a culture nediun1containin
. _ g no probe and then
culturing thpagRbdSwieh gonveniienalaethddéamctiromide, wasdexcited

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
(5x6 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 undexrgone
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 srained gel was put on the filter, and photographs
were taken by a Polaroid camera equipped with a band
pass filter for fluorescenoe detection, the camera
being connected to the strobe. Preferably, a shutter
speed was 1 secood 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 1IX digest
(made by’Toyobo Co., Ltd.) oy 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 electropﬁoreais was



-118- obge nlmade by the use of a fluorescence nicroscope.
In this flju rw&gﬁ?ﬁkﬁlope observation, filters suitable for the '
absorptiop }jwavel ength angl fl uorescence wavel ength of the probe were used,

and detecti ¢n masMAY)m”)y the use of a super-high-sensitive CCD canera. As

‘a result, ! fll uorescence sjobserved or 9%he cell s. - oy
hand, a pjobe conpa |sof was : ‘ REPLAE%MEM%éﬁéE?

then imﬁersed 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 wavelengfh 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, aﬁd a 20-mer
oligsnucleotide having theffollowing.sequence which was
complementary to the base sequence of the target
nucleic acid was syﬁthesized as a probe I by the gse of
a DNA synthesizer (trade name 38l1A, made by ABI 60.,
Ltd.): ' |

5 GTTGTAAAACGAC.GGCCAGTS !

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

The probe I and the M13 mp 18 single-strand 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.



synt hesi zed fr

|ower than in &

observati on wa
Exanpl e 21
carried out, u

TE : - I ng a base sequence in which honolo was
MEWEISHEER the above-mentioned cel |, and sinila?y

4

s then nmade. "ASj a-result, any .fluorescence was no
_ . : , any f t observed.
i L %%Jgtfptgq,@n o:‘_ gNE\CRf anplified product) PCR was
i e 5 i bosonpl : of.M1 - coli as_a,: el i
anplified prodpct—was deteeted by the use of a CO%@H&@WWT SHE IT?} t he

first place, the whole DNA of anf E. coli JM 109 strain was prepared as

follows. 2 m of the bacterrar sus ' ' [
m _ pensi on had been_cul tured overni ght in
a 2xYT cultarsadeeion) shuilaz peactiern vas Faryiedcgy “sg Y
separation, and then suspended in 0.5 m _of Be By Egnﬁﬁﬁfugal
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 soO 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 adéed 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 long

wavelength side and the compound 12 had absorption
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ao0.1 NIsodiunﬁﬁﬁGS@@ax~wbquer'squt|on (pH = 8.0). Next, 0.05 ml of a
10% SDS sol utiio ded-to.t his - suspensi on, and after sufficient

'm xing, the nixturf \\as hel d at 70[err]C for 1 hour. This suspension was
mxed - with a vorfexi X8%t¢ conpletely |lyse the bacteria.

-119- Aftermardv-phenollchloroforn1masgadded to this |ysed solution, the
amount of the; phenol/chlorofornlbelng equal to that of the |ysed solutlon
and m xi ng and“‘~w~ e Rﬂqﬁ@EMENTSHEEF

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 cohsequence, the results shown in Fig. 6 were
obtained. As shown in Fig. 6, in the case of no DNA,
weak fluorescence was cbserved 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 as the case
of no DNA. That is, it was confirmed that the compound
12 was an intercalater. By the use of this compouﬁd
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



centrifugal sefaﬂgﬂwgﬁmw@?dﬂﬁmﬁn done. The resulting upper |ayer was

taken out, and efhanol Nas _ thereto, the anobunt of ethanol being
twice as much fs 1Hﬁv poer | ayer, so that DNA was hervested in
the formof a arFC|p|t |s DNA was dissolved in_ 100 pl of a TE buffer
sol ution (pH g 8 —tferpl at e Diy4 of PCR  REPLACBMENTOSHERF ng -t wo
primers were ed in PCR Primer 1. 5' AGAGTTTGATCCTGGECTCAGS'

Primer 2. 5' AACC TEACaASACS' These prinmers were synt hesized by

th f DNA h
Lochn, ques nEBRCsRLyELER PRc cbinERadRtRaL b AR SHRy phidsuflsasents and

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

Fluorescence- spectra were meaéured in the presence
and the absence of DNA in the same mahner 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
addeé'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 increaéed ahdut 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 detection of DNAslin Examples 4 and 7 could be
carried out. |

Example 10

A compound 2 was dissolved in a 10 mM phosp?oric
acid buffer solutiqn contéining'IO% of acetonitrile,
and the solution was then reguléted so that the final
concentration might be 5x10° M. As shown in Fig. 9,

when DNA was absent, the compound 2 had absorpb;on in-



prot ocol of § HEFAS” "@0 ”i_ Reaction conditions of PCR were as
fol | ows: ”CShp05|t|on af a reaction solution (volune 30 pl)

| Oxbuf f er 20 BAY g@tgpl' _ dNTPs < . | pl
Primer 1 jol es Primer 2 . 10
pnol es i—mqiater’al’xi;ﬁrpﬂﬂ"y‘m::rase 09§ uni t REPLACENVENT SHEETDNA
100 pg, 10 p§, 1 pg, - : .100 fg and 10 fg

A sterilized™Water was added to the reaction

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 pg/ml, and
at this time, the absorptidn 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-whenlexcitation was given bj a xenon
lamp.

ﬁext, the compound 2 was dissolved in a 10 mM
phosphoric acid buffer solution containing 10% of
acetonitrile, and the solufion was then regulated so
that the final concéentration might be 1x10 M. DNA was
then added to the solution at various concentrations to
prepare solutions 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. The results are shown in Fig. 115 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. |

1t was confirmed from the above-mentioned-results



-120- sol utifo b Tibtal volume to 30 pl . The Tag DNA
pol ynerase e _ een manufactured by Takara Shuzo Co., Ltd.
I n addition, s used ‘here was the sane that had been

t

attaching to reaction cycle was as foll ows:
Prei ncubati o m nutes . gg - 3RERWAOEMENTISHEETer 1] C- 45
sec,' 60[err] G 72[err] C-90 sec Finally,

at 92[err] C Tor
d.....

i ncubati on at 72[err]C for 5 m nutes. Here, as a PCR device, there

was used node
that the compound 2 was the strong intercalater.

Example 11

With.iegard 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 p:océﬁure as in
Examples 3, 8 and 9. Typical examples of the obtained
results are shown in Table 2. 1In this éonnection, each
degree of the enhancement is a value at the time of the

final concentration of DNA being 50 pm/ml.



PTC 100- 96 made by M) Research, Inc., and as a reaction -vessel, there was

used a 96-well mcrotiter.plat (Falcon Assay Plate 3911 (U botton) made
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above- nenti onje - 4 the anplified prOEBBEAUEM%M#%

. The detectio s folrds- 1 pl of a 5pg '@gﬁgound (an
dded to each well in which the reaction was
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-121- sol

was al so carr

Conmparative
of

an

i of the anplified product was inspected by
enge. Furthernore, 10 pl of the reaction

in jas sanpl ed, and agarose gel el ectrophoresi
-cmog&maqwesﬂ. s are shown iin Table 3. g '

[__DEt ecti on_og7 a PCR ambli\ﬁﬁ\ﬂgﬁf 8ﬂEEC]t’ by use

ut

st

(Live cell staining of cultured cells)

L cells (NCTC clone 929, ATCC No. CCL1l, 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., ﬁtd.) + 10% FCS
was used as a cuiture médidm.

. cultivation was cﬁrried out in a CO, incubator at
37'0, 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 I)] was dissolved in ethanol (for fluorescence
ahalysis) so that the concentration of the compouﬁd 1
mighf be 200 pg/ml.. The resulting solution 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 sfock solution for a staining
solution of the present invention.

As the cells to be stained, unfixed live cells
were used. That is, the above-mentioned stock solution
was directly asepticallf added to the culture medium of
the culture cells in accordance with a usual culfure
operation. 1In this experiment, the culture medium was
regulated so that the final concentration of the

compound 1 might be 100 ng/ml (the final ethdnol



EB]
target,
~tenpl ate

n

reactionls

tenpl ate
det ect ed
foll ows:
been .over,

neﬁﬁﬂ§m¢ﬁ¥'§§?$¥é% out, using 16S ribosomal RNA of E. col

~amplrifie roduct was detected by the use of EB

to stand at ¢concentrptianure0.5%).

The culture medium was statically incubated for 5
minutes in the CO, incubator, and fluorescence
observation was then carried out. This fluorescence
observation was made in the culture medium still
containing tﬁe compound 1, i.e., in a state where the
cells were present in the staining solﬁt;on. In this”
observation, an inverted type refgactive fluorescence
mi&roscope (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 sca:cely obseived.

Moreover, after 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 subcultures, it was
possible to Stain them again aﬂd to observe the
fluorescence.

In.fhe case of the compound 1 which was the
dyestuff which was used in this example, the excitation
light and the fluorescence were in a re;atively long
wavelength region, and hence, in the fluorescence
observation for a long time in ohe visual field, a bad

influence such as heat generation on the celld could be

as a

I ng§r1 Exanple 21 was wutilized. Furthernore, a priner,
ﬁgﬁ&¥cpnpo‘1§ion, a reaction cycle and the amount of the
wer e . akH—the sane as in Exggple 21, and a conmpound to be
The “de

e ' | _
g/m EB was added to égghl32|¥qﬁ%ﬁ@ﬁﬁgﬁﬂ1§§@ﬁf§n had

p
and they were sufficiently m xed by pipetting and then all owed

A
a.



transillum 14, made by UVP, Inc.), and presence/ absence of
the anplifi i jspect ed by presencel/ absence of fluorescence.
Furthernore} - egction solution in the well was sanpl ed, and

agar ose gel s bas al so cargged out. The resmts;§vgﬂﬂghbmn

in Table 4.} - -122- iJ\\'—_P\J\GEME

for 5 m nutﬁﬂ!ﬂﬁ“ﬂﬂssﬂigat ed sanple with a plate was put on a
e

presumed. However, any particular influence was'not'
preseht owing to the very low concentration, the
inhibition of the excitation light by much
fluorescence, and the like.

Comparative Example 2

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

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

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

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

After the addition of the dyestuff, statical
incubation was carried out for four different times,
"i.e., 5 minutes, 15 minutés, 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:



Table 3  Amou e SHEED bg 10 pg 1 pg 100 fg 10 fg
Fl uorescence — - 0 -0 O Electrophoresis 0

o - 0 0 : | The PCR anpliified product was detect ed.

X: The PCR anpl ilf iled2or B&¥cB9%ad not detect ed. . Amount of DNA 100
pg 10 pg Fl uarescence  REPLAGEMENT SHEET 0

X X -3 - o - X X

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

(2) After the staining solution was replaced with
the culfure medium or a physiological saline, the

. observation 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 1ong-term storage specimens of
stained cells) |

Cells were prepared fundamentally in the same
mannef as in Example 12. waever, at the time of
cultivation,_a sterilized slide glass (fof 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 fqr 30
minutes to achieve fixation. Afterward, the slide
glass was passed through distilled water to simply wash
it, and a suitable amount 6f a staining solution (1
pg/ml, a 0.5% ethanol sdlution, filter sterilization)

prepared by the use of a stock solution of the “present
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product wasin
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two orders aof ﬁrra‘@r"ﬁ tide’ by

~detected.

,,.,,..,.._»--: .

(hfirediprdduct| was det ect ed. X:  The PCR anplified

As shown in Tables 3
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over t hat using EB, .t convent i ' ]
will. be nadektg“fhe effects th;onghdlngercalaterﬂE
t he conpoundngLtheﬂfﬁrnula [1] which \

'stain of the present

of the PCR anplified product '
_ _ | was
siing the conpound 1 of the present invention
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is an effective conponent of a

i nvention have, an excitati
more on a | dpgentdenengsh thefe AraRPed, Thersii e, ,%E‘gya\éelmﬁ of 550 nm or

glass

for the fluorescence observation was put on the

specimen, and the excessive staining solution was then

removed.

sealing resin to form a storage specimen.

Afterward, the cover glass was fixed with a

Observation was carried out in the same manner as

in_Example 12, and as a result,

sharply sta

céll nuclei were-

ined and 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 wrapped in al

+o shut out light), and after 3 months, the

>

uminum foil -

fluorescence observation was made again. Since the

specimens were sealed up in the aqueous solvent, the

spédimens other than the specimen stored at

in a good storage state,

-20°C were

though thé specimen stored at

-20°C gave rise to the partial breakage of cell

morphology. In addition; even after the storage, the

fluorescenc

state was also good.

Example 14

(

Blood c©

" ("All

That is,

first

Live cell staining of blood cells)

e was sufficiently emitted, and a staining

ells obtained by a blood culture method

of Staining", Ishiyaku Publishers Inc., p. 366)

were stained in the state of the unfixed live cells.

5 ml of a sampled peripheral blood was

placed in a sterilized Spitz tube, and fhe_gube .
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was uprightly allowed to stand, thereby separating the
blood cells. Next, 0.5 ml of bovine serum and 0.1l 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 (concentration = 200 pg/ml, an

ethanol solutidn) 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. 1In addition, the fade
phenomehén of the fluorescence was scarcely observed.

Example 15

(Staining of cultured Escherichia coli)r

As Escherichia coli, there was used a JM-IOQN,

rays can be avoi ded. Furthernore,

t he

SO

rogmﬂumw 49 detlection of a sanple-derl%gg from an organi sm
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‘sanptredertved” flromthe organismis oftén contan1nated mnth



quorescence.'ng [iT dviol et rays are used as the excitation
light, it is ni:a ?&Qé&‘é“?‘.g?” hT(ra sanple is purified to sonme extent. On the
contrary, if ,thstain of th resent invention is used, the em ssion of

the fluorescencel f gayiMsiyciP9ubstlances ean be .inhibited, and so the high
purification OI ihe sanpl e ileFt requi-regg any nore. For exanple, the

atruade extract clan .be directly utili zgg’p]_mﬁiﬂ%%ect i on

sanpl e such as

with high sens|tivity is__possibie. Mor eover, a conpo i ng
absorption icﬁ?l::r?ain NARLch Nfas’ €Sua EDY OltLPz8@ as! achestafidrugenetds: as
t he conpound of the formula [I], which permts the

recombination.
| About 1% of agarose was added to an M-9 culture
medium (pH = 7.0) having the following composition, and
the agarose wés then melted and sterilized in an
autoclave. Next, the solﬁtion was poured into a
culture dish to form a plate.
'Composition'of the M-9 culture medium (in one

liter):

Na,HPO,*7H,0 ... 12.8 g

KH,PO, cccccecccse 3 g

NaCl .cceecccccan 0.5 ¢g

NHCl ccececoccce lg

MJSO, «ecsecesees 1 mM

glucose ........ 0.2%

CaCl;, «ceaceesss 0.1 mM

balance ........ water

The bacteria from ihe stock of the JM-109 strain

(Takéra 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 2xYT culture medium (in:qgg
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possible in.a

liter):
bacto-trypton ......... 16 g
bacto-yeast extract ... 10 g-
NACl ccccssccssccecs seee 5 G
DalanCe c.cceccecscscsss. Water
(pH = 7)

This culture medium was set to a thermostatic
water ‘bath with a shaker, and shake culture was oarried
out at 37°C for about 10 hours. After completion of

T the culture, the cultured bacteria were harvested ffom
the culture mediuﬁ 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 s
into two portions, and they were used in oomparative
tests using fixed bacteria and unfixed bacteria.

(1) Fluorescence staining of the fixed baoteria

A 4% formaldehyde.solution (pH = 7.0) was added to
one portion of the suspension of ohe JM-109 strain
obtained by the above-mentioned operations, the amount
of the formaldehyde solution being equal to that of.the
suspension. After sufficiehfly stirred, the solution
was allowed to stand for 30 minufes 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 bacgg:ia
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for the auto .ﬁgbggtnhéiﬂﬁasurenent In addition, the detection
of a nuclelc{act Uckeic acid fragment in a gel separated by

electrophoreéls can b |d|ently carried out by a |ight source such as
t he tungsten’ quplfhﬁgytﬁ%s tthe detection of DNA can be achieved with a
good sensiti Ly mnt ing in the u@#{aV|olet rays which are

harnful to hu ns. At this time; the defl I on sensiRgp nmes or
nore higher t w__,...L_Q'«Phe’t'é's”e'"af ethldlun1bron1de the gﬁ%ﬁwatlégFéfgood,

and t he enhancenent of fluorescence |ntenS| y . Wh 080 on the
concent r at i oWagf setia itpthe: TANGe RN £Hom a“fX/i %f ger mts t he

detection in a w de
which was suitable for observation hy 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
filter. . .

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 concentrat;on 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 intact state where the fixed bacteria were .
suspension, i.e., without removing the compound i which
was the dyestuff from fhe suspensioh 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 bacteria. 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 obtaihéd&ig the
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'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 obeervafion of the thus obtained specimens
was carried out by the use of a refractive flﬁorescence
microscope (trade name iMT-Z, made by’blympus Optical
Co., Ltd.). As a result, it was observed that the
Escherichia coli which was procaryotic microorganisms
was wholly stained. A difference of staining
properties between the fixed bacteria and the unfixed
bacteria was not observed, and in both the eases,
fluo;escence images emitting very light red
fluorescence were observed. In addition, the fade
phenomenon of the fluorescence was not observed.

After the observation, the staining solution of
the unfixed bacteria was replaced'with a culture
medium, and cultivation was then 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','
generation or the like which was attributed to the
fluorescence observation for a long time in one visual

field.
Comparative Example 3
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Hence, the dét?b;lon of the hybrid can be achieved without B/ F separation,
and so the detéctdgngaofsgn pnplified product of PCR can be very sinply
achi eved. Intagdition, the hybfid can be stabilized, and so a stable

anal ysis i s posst+bite: he conpoqo@ of the for :
present invention can be_us as a dyestuff for staiﬁ?ﬁéﬁéﬁMﬁNﬁﬁééﬁhxﬂ
sanpl e, whereby there can be provided a fluorescence staining nethod

suitable for many_  biol ogical sanples . in which fi . _ _
y[Live bgcteria ggaining ofIEsc ééiéhgg ggfiahyashlng

ethidium bromide (EB)]

Escherichia coli which was a.target to be stained
was prepared in the séme manner as in Example 15. A
dyestuff (EB) is usually used in the state of an
agqueous solution, but in this experiment, it was used
in the state of an ethanol solutidn-for the sake of
coordination with Example 15. The concentration of the
dyéstuff solution was set to 200 pg/ml, as in Example
15. The dyestuff solution was passed through a fiiter-;
having a pore size of 0.22 pm to sterilize the same and:
to remove 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 stainiﬂg 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 solutiorn was addéd to the
bacteria suspension; the liqﬁid medium emitted iight
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



operati on aﬂEM%MEWeWEHﬂrermr kably sinplified in contrast to

conventi ongl 0ds. 1n afidition, in the present invention, the fixing

operation ¢f it ) I cdl . sanples can be omtted, and so f '
observatio |sh%ggggﬁleg9n a*llve state or in a -natur b tLug;gsgﬁgce
- fluorescenge time in_the Cu|tlvatI§E 5@6 HﬁE@ S

al so possifjl e. Moreover, a fong- ternﬂggdrage speci nen by the fl uorescence
staining c S0 be prepared. For the sake of the differential staining

of a chronDso t her e b dif
using a fIdB E%ncgaﬂﬁﬁgfug?s§%$%hsg§ gnf%e%g%t ?g%$giagggsgn?Fggg?
dyestuff in & dL{5$6§0Eh3! sB34hE Bgain, and then cbserved. 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 éxcept that sodium azide was added as an
antiseptic so that the f£inal 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 émitted fluorescence, as in
Example 15.

Many speciméns 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 stored at -20°C, 4°C and rqpm
temperatﬁre. After a passage of 3 months, the
fluorescence of the specimens was_observed again. As a
result, the specimeh which was stored at -20°C gave

rise to the partial breakage of the morphology 'of the



A stain for ajn bEA hﬁﬂndsqhﬁfacterlzed by containing, as an effective

conmponent, a pyr salt.-..eqnpound having Y as a negative portion and a
pyrylium ring |IUH} ifilar ring, wherein the ring is conprised
of - X sel ected ana ¥99arid |Te as a hetero aton1%Bd has substituents
Rlerr], R[err] d Rlerr], rdin - 109 - R LACEMENTSHEET.

"bacteria by freezing, because the suspension medium of
fhe bacteria was agqueous. However, the specimens
stored at other storage temperatgres were kept in a
good storage stgte. 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
péraffin on a slide glass prepared by a usual manner
was stained with 2-méthy1-4,6-bis-(4-N,N-
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 flucrescence. _

In the first place, a suitable amount of 2-methyl-
4,6-bis-(4-N,N-dimethylaminophenyl) pyrylium iodide (a
compound 1) was dissolved 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 ﬁés
passed through a filter having a pore size of 0.22 pm
to sterilize the same and to remove grains therefrom,
thereby preparing a staining solution.

In order to increase the permeability oft‘the.. .
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specimen prior to its use. That is, the specimen was
{mmersed in a xylol for 3 to 5 minutes to dissolve and
remove the paiaffin.' After the removal of the paraffin
was carried 6ut again with a fresh xylol, the specimen
w#s immersed in pure ethanbl_to remove xylol the;efrom;
and a fresh ethanol wﬁs 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 environﬁental solvent of the
spec;men was replaced with an aqueous system.

Next, the slide glass specimen from which the
‘paraffin héd been removed was immersed in a suitable
amount of the staining solution for 5 minutes to sta;n
the same. After the étaining, a thin cover glas§ for
fluorescence observatién.was put on the section on the
slide glass withoﬁt washing the slide glass, and the
glasses were sealed along fheir peripheries with a
sealing agent. I1f the specimen is held in the sealed
glasses together with the 'solution containing the
dyestuff withou;'removing the solution by washing,.the
staining state of the specimen can be maintained.

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

made by Olympus Optical Cd., Ltd.) was used. i A visual
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fieid 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 concentration in the staining
operation. In addition, no fade phenomenon was
present, and operations of the setting of the visual
f£ield, the taking of photographs and the like could be
carried out with leeway without stopping the
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%, énd in the thus sealed speciﬁen, 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)] | B

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 concentrafioq_qf the
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dyestuff solution was such that the final concentration

r

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

(1) In the ease 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 observe cell nuclei alone.

(2) In the specimen which was stained for 1 5
hours, washed Vith 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 anyal
adult human was first placed in a sterilized Spitz

tube, and the tube was uprightly allowed to stand for 3

- hours or more at room temperature, thereby separating

the blood cells. Next, 0.5 ml of bovine serﬁm-agd 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 the culture dish, and the cells wefe culturea for 3
days in a CO, incubator 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 KC1 ‘solution was
addéd'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 fiiihg solution (pure _ |
methanol: glacial 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 th;ice,
and finally the cells were sﬁspended in a small fmount
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,N-

dimethylaminophenyl)thiopy:ylium iodide (a compound 2)
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was regulated 80 fhat 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 um to sterilize the
same and to remove parficles 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) ObserGation of a chromosome
The specimen on the slide obtained in the
preceding (1) was sealed with a sealing resin, and it
was but on a refractive fluorescence microscope (Nikon
K.K.) connected to a high-sensitive CCD camera (made by
Hamamatsu Photonics Co., Ltd.) to analyze a
fluorescehce-pattern of a chromosome. As a result, it
was apparent that the chromosome was'clearly
differentially stained énd its pattern was different
from a differential staininé pattern by quinacrine. By
this differgntial staining pattern, the chromosome
could be élassified.
Example 19
In tﬁe first place, cells were cultured in the
same manner as in Example 18, and they were then '
hervested by éentrifugation. Next, to the hervested

cells, there was added a 0.075 M KCl solution (3 ml) to
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ng formula [VII]:

which 2-methyl-4,

6-bis-(4-N,N-

dimethylaminophenyl)pyrylium iodide (a compound l) 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 é-vapcr drying method ("All of

Staining", Ishiyaku Publishers Inc., p. 366), and

excessive waté;'drops were wiped off without particular

drying. Next, a

cover glass was put on the chromosone, .

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 fluorescencé'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.

(Detection by in situ hybridization)

2-(4-carboxystyryl-4,6-bis-(4-N,N-

dimethylaminophenyl )pyrylium jodide [a compound 48 (X =

O and Y = I)] was synthesized from carboxybenzaldehyde

and a compound 1

(Y = I).
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Next, 170 mg Qf the thus synthesized compound 48
was dissolved in 5 ml of dry DMF, and SO pl of dry
pyridine and 128 mg of DSC (disuccimizyl carbonate)
were added thereto, followed by stirring in a dark
place at room temperature fo; 20 hours. Afterward,-lso
ml of diethyl ether was added to the reaction mixture,
and the resulting precipitate was hervested, washed
with diethyl ethér, and then dried. The thus obtained -
active estér'was used in a reaction with a nucleic -
acid. |

A 30-mer oligonucleotide having an amino linker at.
its 5; 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 381A made
by ABI Co., Ltd.: |

5 ' CTCACAGGTATAGCTGTTATGTCGTTCATA3'

The cleaving from a CPG support, deprotection, and
purification by a high-performance-liquid
chromatography (HPLC) were carried out in usual
manners.

Next, 200 ng of the above-mentioned
oligonucleotide, 100 pl of 1 M sodium sulfate buffer
solution and 500 pl of water were mixed and dlssolved,

.- 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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conprises a do d in which a probe is conplenmentary bound
to a target si dd SHEE! di ¢ aci d. 6. The process according to
claim1l1, wherei he sanpl e 1s {aidoubl e-stranded nucleic acid anplified by
a PCR reaction. 72(in¢yp@g9esssaccordi to claiml, wherein the light to
excite the trapped pyryllun1coanUnd i nCludes a frequency at which the

trapped pyryli conpound—exti-i t's maxi mum absor pt i BEPLACEMENTh&HHrTocess
according to cligim7, wherein the light is Xenon |anp.

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:

N(CHa):

-CONH

DNA

(2) In situ hybridization
P3 X 63 AgBU 1 of myeloma cells of a mouse was
suspended in a DMEM culture medium, and the suqunsion
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 thelprobe prepared in the aboye-
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‘p:obe and then culturing

the cells for 30 minutes was repeated twice,iapi‘
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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,
£luorescence was observed on the cells. Co

- on 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 fiuorescence was not observed.

Example 21

.'(Detection of a PCR smplified 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 plaee} the whoie DNA of an E. coli JM
109 strain was prepared as follows. 2 ml of fhe
pbacterial 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.
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o} unsubstituted aral kyl group conprisi
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Afterward, phenol/chloroform was added tc this lysed
solution,-the amount of the phenol/chloroform being
equal to that of the lysed solution, and mixing and
‘centrifugal separgtién 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 bNA was hervested in
the form of a precipitate. This DNA was dissolved in
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 1l: 5 ' AGAGTTTGATCCTGGCTCAG3'

primer 2: 5'AACCCAACATCTCACGACAC3'

" These primers were synthesized by the use of a DNA
synthesizer 381A made by ABI Co., 1.td. Reagents and
techniques necessary for the synthesis depend upon the
protocol of the ABI Co., Ltd.

Reaction conditions of PCR were as follows:

Composition of a reaction solution (volume 30 ri)

10xbuffer _ - 3 nl

dNTPs | 1 pl

Primer 1 : 10 pmoles

Primer 2 B 10 pmoles

Taq DNA-polymerase 0.5 unit

Template DNA 100 pg, 10 pg, 1 Pg.

100 fg and 10 £fg

A sterilized water was added to the reaction
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solution to bring the total volume to 30 pl.

manufactured by Takara Shuzo Co., Ltd.

The Taq DNA polymerase employed here had been

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

Einally, 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

(Faleén Assay Plate 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:

1l

of a 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_treeted 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

err] is
Ais a
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conpound as antintercalator with light to excite the trapped pyrylium
conpound; and asdsi-itg fl uorescent Iight emtted fromthe trapped

D TRt i R i R L
by the followgﬂ%ég¥6 Jsfé]Was also carried out. The results are
shown in Table 3.

Comparative Example S

[Detection of a PCR amplified product by use of
EB] .

o 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 Examp}e 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
comédund to be detected was only changed. |

The detection was carried out as follows: 1 pl
of 5 pg/ml EB was added to each well in which reaction
had been over, and they were sufficiently mixed by
pipetting and then allowed +o stand at room temperature
for 5 minutes. The thus treated sample with a plate
was put on a transilluminator (Model Tﬁ—io, made by
UVP, Inc.), and presence/absence of the amplified
product wds inspected by presence/absence of
fluorescence. Furthermore, 10 pl of the readFiqp
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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Table 3
Amount of DNA 100 pg 10pg 1pg 100 £g 10 fg
Fluorescence o O o o « O e
Electrophoresis O o O O O

O: The PCR amplified product was detected.
- X2 The PCR amplified product was not detected.

Table 4
Amount of DNA 100 pg 10pg 1pg 100 fg 10 %9
Fluorescence O o O X X
Elei:ﬁrophoresis O o o .- X X

The PCR amblified product was detected.
The PCR amplified product was not detected.

xQ

As shown in Tables 3 and'4, the sensitivity of
the detection of the Péﬁ-amplified product was
increased two orders of magnitude by using the coﬁpound
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



_ pyryllun1oonpound exhi bits maxi num
igﬁgapf;on.- 13 gﬁgrocess according to claim 12, wherein the light is
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| _ gl e-stranded nucleic acid ha

base sequence bﬁlng conpl enenta yito a base sequence of ‘the target thﬁe?c

acid and a pyryls~senpaund _repré¢sented b
th
to the single-stranded nucl ei ¢ aci d Y e followng formuila [1] bound
excitation can be achieved 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'dstection of a sample derived from
an organism can be inhibited, whereby a high-sensitive
analysis is possible. For example, the sample derived
from the organism' is often contaminated with substances
wﬁich are excited by ultraviolet rays to emit
- fluorescence. Thus, if the ulsraviolet'rays are used
as the excitation light, it is necessary that the
saﬁéle 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, t@e
sample such as a crude_extract can be directly
utilized, and the detecfion 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 tI], which permits the
utilization of a small-sized inexpensive semiconductor
laser as a 1ight source for the exsitation, 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 éxoited
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i.ndependent |y a Hydrogen

ﬁff‘f}@@h'la eaCh of R[err] and Rlerr] is
d en at
styryl group, ni g om sul fonate group, am no group,

| xyl grogpg carbox ano grou
substituted or nsubstltuted C[eri] to (err] aUWéHA%EUE&T tlguteg,or
unsubstituted - aryl group;—stst==tlit ed or unsubstituted aral kyl group

conprising CJerr] to Clerr] alkyl group, or substituted or unsubstituted
cycl oal kyl Or 34Prht can Hd dplistelyosdpakated from the fluorescence

light. Thué, 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 aetection of a nucleic acid
and a hucleic 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 éthidium 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.

Iﬁ a hybridizafion 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 (I]
functions as an intercalater for the base pairlof the
nucleic.acid. Thus, the compound intercalates ;p the
double-strand nucleic acid, so that 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. In addition, the hybrid 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 stéining a
biological sample, whereby there can be provided a
flﬁorescence staining method suitable for many
biological samples in which fixation and a washing
operation can be omitted or remarkably simplified in
contrast to conventional methods. In addition, in the
present invention, the fixing operatioﬁ of the
biolbgical 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 possible. Moreover,
a long-term storage spécimen 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.



[err] A is a substituted or unsubstituted aryl

group or
-CH=Rlerr]-(Rerr] is a suhstitdted or unsubstituted heterocyclic ring, a
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.to claim 14, \Mhe e|n ‘the p
formula [VII]: LD A B

.

A stain for a nucleic acid characterized by
containing, as an effective domponent, a pyrylium salt
compound having ¥ as 2 negative porticn and a pyrylium
ring or a pyrylium-similar ring, wherein the ring is
comprised of X selected from of S, Se and Te as a
hetexo atoﬁ and has substituents R', R? and R®, wherein
each of R* and R? is independently a hydrogen atom,
sulfonate group, amino gioup, substituted OT
unsubstituted asryl group, etc.,

R® is -A or -L-A, L is -L'-, -13-1*>- or -L*-L*-L°-, and
each of L' to L® is independently -{CH=CH)-, a divalent
group derived from the substituted or unsubstituted _

' aryl group, etc., A ls 3 substituted or unsubstituted
aryl group, etc., and Y~ is an anion. A method for
detecting a nucleic acid which comprises the steps of
reacting 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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Claims :

1. A process for detecting 2 double-stranded nucleic acid,
- comprising the steps of: ’ .
'~ providing a biological sample which may cont;am double~
stranded nucleic acid; - .
providing a pyrylium compound represented by the following
formula [_I_] s
.Rl - .
r N -
Rz._.L ‘x+ Y {1
' P

Rr3

wherein

c—r?
is a pyrylium .ring, anlX is O, S, Se'olr Te, hydrogen atoms at:1
'2,4 and 6 positions of the pyrylium ring are substituted by R .
R® and R* , : | _ | _

each of R and R? is independently a hydrogen atom, halogen
atom, sulfonate gronip, amino group, styryl group, nitro group,

. hydroxyl group, carboxyl group, cyano group, substituted o-r
‘unsubstituted C; to C, alkyl group, substituted of unsubstituted
aryl qroulﬁ, substituted or unsubstituted aralkyl group
comprising C; to C, alkyl group, oF substituted or .un'substituted
cycloalkyl group,
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L is a group represented by the formula (II), [III], (IV],
[v] or [VI].

—CH= CII- (CH-—CH) [I1]
Z

(wherein Z is 2 hydrogen atom or
unsubstituted lower alkylene group. and nis 0, 1 or 2) ’

a substituted or

"—@~ (CH=CH) - [111]

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

unsubstituted o-, m— Or p-phenylene group)

._.C,H—CH-Q—-CH =CH- . fivl
(wherein @ is a .substi.tut'ed or unsubstituted o=, m- Or P~
’ _phenylene group) o
—CH vl
o~
0] o)

| j:j’ (VIi]
-CH
O }

A is a substituted or unsubstituted aryl group or -CH=RS-
(R® is a substituted or unsubstituted heterocyclic ring, 2
substituted ox unsubsti.tuned cycloalkyl group,
or unsubstituted aromatic zing). and

Y~ is an anion;

or a substituted

THIS SHEET HAS BEEN -
REPLAGED ' heet Has Been Rept

o

a
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mnixing the pyrylium compound with the bioloqical sanple to
intercalate the pyrylium compound into the double-stranded
nucleic acid:

irradiating the double—stranded nucleic ac:.d in which the
pyrylium compound is trapped as an intercalator with light to
excite the trapped pyrylium compound; and

measuring fluorescent light emitted from the trapped
pyrylium compound which is excited to detect the existence of
the double-stranded mucieic acid.

2. The process according to claim 1, wherein the pyrylium
compound is represented by the following formula [VII]:

N (CHy)

+ -

X" "CHy [VII]
c .

( H3)2N Y—:

wherein X is O or S and ¥ is an anj_.'on.

3. The process according teo claim 1, wherein the pyrylium

compound is represented by the following formula:
CH;

{CHa)oN N(GHa)z

wherein X 1s O or § a.nd.'Y_‘ is an anion.

4. The 'p.rocess according to claim 1, wherein the sample is a
double-stranded nucleic acid or double-stranded nucleic acid
fragment séparated by agarose gel electrophoresis or
polyacrylamide gel electrophoresis.
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5. The process according to claim 1, wherein the sample
comprises a double-stranded hybrid in which a probe is
mplementary bound to a target single-stranded pucleic acid.

REPLACEMENT SHEET

- 130 -

6. The procese according to claim 1, wherein.the sanple is a
dou ble-stranded nucleic acid amplified by 2 PCR reaction.

7. The process according to claim 1, wherein the light to excite
‘the trapped pyrylium.compound includes 2 frequency at which the
trapped pyrylium compound exhibits maximum absorption.

8. The process according to claim 7, wherein the light 1is Xenon
lamp. '

9. A process for detecting a target single-stranded nucleic acid
comprising the steps of: )

providing a probe comprlszng a nucleic acid having a base
sequence being complementary to a base sequence of a target
aucleic acid and a pvrylxum compound represented by the
following formula (I] bound to the nucleic acid;

R:—L :x“‘; Y (1]

wherein

e g "

is a pyrylium ring, and X is O, S, Se or Te, hydrogen atoms

at 2, 4 and 6 positions of the pyrylium ring are substituted by .

R*, R? and R3, ]

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 C, to C4 alkyl group, substituted or unsybstituted

a

conponent ,
err wherein x

a
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aryl group. substituted or
comprising C to C¢ alkyl group.
cyc:loa].kyl_ group, .

R* is A or L-A,

L is a group represented by

unsubstituted aralkyl group
or substituted or unsubstituted

the formula [XI]. (riry, [(Ivl,

vl or [VI]:
~CH=C~ (CH=CH) p=  [I1]

Z

Z is a hydrogen atom or a substituted or

(wherein
niso, 1 or 2),

unsubstituted lower alkylene group, and

—d— (CH=CH) - (111l

(wheréin nis 0, 1 or 2, and o is a substituted or

unsubstituted o—-, ™~ OT p-phenylene group)

_cu=cH-e-ca=ca—-  [IV]

(wherein @
phenylene igzoup'}

is a substituted or unsubstituted o-, m— or p=

vl

fvi] -
—CH =

d aryl group or -CH=R’-

A is a substituted ox unsubstitute
ubstituted or unsubstituted heterocyclic ring, &

(R* is a s
substiruted or unsubstituted cycloalkyl group, Or a substituted
or unsubstituted aromatic ringl, THIS SHEET HAS BEEN
e
REPLACED

Sheet Has Been Replaced
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v" is an anion; )

providing a sample which may contain a single-stranded
nucleic acid as the target;

-mixing the probe and the sample to bind the probe to the
target complementary to form a double-stranded hybrid which
traps the pyrylium compound as an intercalato=;

jrradiating the mixture of the sample and the probe, which
may contain the double-stranded hybrid trapping the pyrylium
_ compound as an jntercalator with light to excite the trapped
pyrylium compound; and

measuring fluorescent light emitted from the trapped
pyrylium.compound which 1s excited to detect the presence of the
hybrid. |

10. The process acco;ding to claim g9, wherein the compound 1is
represented by the following formula [VII]:

N (CHy) 2

CH,q [(VII]
(CHz) 4 N v

wherein X is O or S and ¥ is an anion.

.11. The process according to claim S, wherein the compound is
represented by the following formula:

CH;

“

\Ol

SOAS
Y N{CHala

(CH3)2N
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L—-—- T T wd
= anohas

wherein X is O or S and Y is an anion.

12. The process according to claim 9, wherein the light to
excite the trapped pyrylium compound includes a frequency at
which the trapped pyrylium compound exhibits maximum absorption.

13. The process according to claim 12, wherein the light is
Xenon lamp.

14. A probe for detecting a target single-stranded nucleic acid
in a sample comprising:

a single-stranded nucleic acid having 2 base sequence being
complementary to a base sequence of the target nucleic acid and
a pyrylium compound represented by the following formulg [r1
bound to the aingle-stranded nucleic acid

Rz—-{’- %t v~ (13

wherein LN

is a pyrylium ring, and X is O, S, Se or Te, hydrogen atoms
.at 2,4 and 6 positions of the pyrylium ring are substituted by
R', R? and R3, _ _ '

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
unsubskituted € to C. alkyl group, substituted or unsubstituted
aryl group, substituted or unsubstituted aralkyl group |
comprising C, to'C, alkyl group, or substiltuted or uasubstituted
cycloalkyl group,

R? is A-or L-A,
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1 is a group represented by the formula [II], -[III], i,
{v] or [VI]:
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e

_—CH=?-(CH=CH)n— [11]
Z
(wherein 2 15 a hydrogen atom oxr 2 substituted or
unsubstituted lower alkylene group, and n is 0, 1 or 2),

—&— (CH=CH) - [(rr1l

(wherein n is 0, 1 or 2, and ® is a su.bstituted oxr
unsubstituted o-, m—- or p-phenylene group)

_CH=CH-@-CH=CH-— (1V]

(wherein @ is a substituted or unsubstituted o-, m- or p-
phenylene group)

o)
~CH (V]
0 0 | -
\\.‘_f’ (vil

]
-CH 2\0/—'
A is a.substitited 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 ur;substitt.tad aromatic ring), and Y is an anion.

15. The probe according te claim 14, wherein the pyrylium
compound is represented by the following formula [VII]:

e

T
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wherein X is O or S and Y is an anion.

16. The probe according to claim 14, wherein- the pyrylium
compound is represented by the following formula
- CH;

~

~

X

[

Y

&
()

(cH;azN N(CHa)a

wherein X is O or S and Y~ is an anien.

17. A pyrylium compound represented by the following formula
[(VII]: N (CH,),

%@

, | CH; C[vrIIj
CHqy), N :
wherein X is O or S and ¥ is an anion.

18. A pyrylium compound represented by the following formula:



[T
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wherein X is v or §, aad ¥ is an anion.

19. A stain for a biological sample characterized by containing,
as an effective component, a conpound represented by the
following formula [VII]: '

N (CHg) g

+ - .
X" - CHq (viIj
(CHg) 4 N~ -

wherein X is O or § and Y is an anion.

20. A stain fér a biological‘ sample characterized by containing,
as an effective component, a compound represented by the
following formula: '

(CH ‘)zul N(CHa)a

wherein X is O or S, and Y  is an anion. '
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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
ABSTRACT OF THE DISCLOSURE

A stain for a nucleic acid characterized by

containing, as an effectivé component, a pyrylium éalt
compound having Y as a negative portiqn 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 group, substituted or
unsubstituted aryl group, etc., o

R is -A or -L-A, L is -Li-, -L*-L- or -L‘-L*-L°-, and
each of L} to L® is independently -(CH=CH)-, a divalent
group derived from the substituted or unsubstituted
ary.'_L .group, etc., A is a substituted or unsubstituted
‘aryl group, etc., and Y is an anion. A method for
‘detecting -a nuclt?ic acid which comprises the steps of
reacting 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.

FIGURE 1
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R? is A or L-A,

1 is a group represented by the formula [II), (III], (xvi,

vl or [VI]:

—CH:?—(CH=CH)n— [T1]
z

ein Z is 2 hydrogen atom or 2 substituted or

{wher
nis 0, 1 or 2),

unsubstituted lower alkylena gIroup: and

'—@— (CH=CH) - (ri:j]

(w'herein n is 0; 10r 2, and @ '4s a substituted or

uynsubstituted o=, _— OF p-phenylene gxoup)

_cp=cHi-e&—-CH=CH—_ Ul Vi

(wherein @ is a substituted or unsubstituted o=, o~ Or p—

’ _phenylene group) 0

—CH (vl

-

e]
o 0

rj - (VIil.
—-CH '

Alis a substitutéd or unsubstituted aryl group or -CH=R®
(R® is a substituted or unsubstituted heterocyclic ring, 2
substituted or unsubstituted cycloalkyl group, ox a substituted

or unsubstituted aromatic ring), and

y" is an anion: ) REPLACEMENT SHEET

30 DES 1999
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d or unsubstituted aralkyl group

aryl group, substitute
or substituted or unsubstituted

comprising G to Ce alkyl group.
cycloalkyl group.

R3 is A or L-A,

L is a group represented
vl or [VIl:

—-cn=cl:— (CH=CH) ,— [I1I]

by the formula [II], (ITII, [TV,

Z

(wherein Z is a hydrogen atom or a substituted or

unsubstituted lower alkylene group, and n is 0, 1 or 2),

—o— (CH=CH) ,— (111l

(vrheréin n is 0, 1 or 2, and @ is a substituted or .

unsubstituted o-, m— O p-vhenylene group)

_cn=cH—@—CH=CH—  [IV]

(whezein @ is a substituted or unsubstituted o=, T~ OF p-

phenylene group} 0
(vl
o—
0] 0
) VIl
—CH =
Q

A is a substituted ox unsubstituted aryl group of - H=R®
4 heterocyclic xing, &

(R® ig a substituted or unsubstitute
or a substltuted

substituted or ufsubstituted cycloalkyl group,
or unsubstituted aromatic ringl,
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L is a group répgresented by the formula [II], (IXI], i,
{v] or [VI]:

-—CH=?— (CH=CH) ,— [IT]
z

(wherein Z is a hydrogen atom or a substituted or
unsubstituted lower alkylene group, and n is 0, 1 ’or'Z),

-¢— (CH=CH) - [III]

(Wherein n is 0, 1 or 2, and ® is a sub_stituted or
unsubstituted o-, m- or p-phenylene group)

—CH=CH-&-CH=CH-_  [1V]

(wherein @ is a substituted or unsubstituted o~, m- or p-

phenylene group)

O R
~CH=X I
0~
0 0
.\"_—‘. | [V1I)
—CH-':\O/—' '

A is a.substituted or unsubstituted aryl group or
-CH=R® - (R® is a substituted cr unsubstituted heterocyclic ring,
a substituted or unsubstituted cycloalkyl group, or a
substituted or upsubstituted aromatic ring), and Y~ is an anion.

15. The probe according tc claim 14, wherein the pyryliu:u.
compound is represented by the following formula {VII]:



