METHOD AND REAGENT FOR PROTEIN ANALYSIS BACKGROUND
OF THE INVENTION Field of the Invention The present invention relates
to a method for protein analysis using a water soluble fluorescent
compound and the use of the compound as a protein analysis reagent.
Background Art As a method for protein analysis, an electrophoretic
methods are widely employed. The electrophoretic methods are
advantageous in that these allow proteins to be resolved based on their
molecular weights so that the molecular weights can be estimated, these

enable sermi ARt MRBseeRl aRAUEIROL dgicins and the

methods can arried out using a relatively simple apparatus, for
example. Examples of a technique for protein analysis using
electrophoresis include a technique that involves staining proteins
existing in a sample before electrophoresis or directly staining proteins
B AEKISh{y ol e{elc FOhD8SdTaiers such as gel and then visually detecting
. the_prateins, a technique that involves transferring proteins to an
Fleigf?rgt%ﬁr{fé‘f%nﬂ?é’mbrane from electrophoresis carriers and then carrying
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and a technique that involves staining proteins existing on electrophoresis
fluggsefaisomrgsmgradshndeontdinrraciadirsd protehaantsurrsesiiently
subjecting the resultant to mass spectroscopy. Examples of a method for
protein staining include a CBB (Coomassie brilliant blue) staining method,
Badgitved staining method, and a Sypro Ruby staining method. Among these
conventional techniques, the CBB method can be carrieg out
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significantly depending on protein |
on their molecular weights so that the molecular weights can be estimated, these enable
semi-quantitative measurement of amounts of proteins, and the methods can be carried out
using a relatively simple apparatus, for example.

Examples of a technique for protein analysis using electrophoresis include a
technigue that involves staining proteins existing in a sample before electrophoresis or directly
staining proteins existing on electrophoresis carriers such as gel and then visually detecting the
proteins, a technique that involves transferring proteins to an appropriate membrane from
electrophoresis carriers and then carrying out protein staining, antibody staining, or the like
(e.g., western bllotting), and a techmique that involves staining proteins existing on
electrophoresis carriers, excising a band containing a desired protein and subsequently
subjecting the resultant to mass spectroscopy.

Examples of a method for protein staining include a CBB (Coomassie brilliant blue)
staining method, a silver staining method, and a Sypro Ruby staining method.

Among these conventional techmiques, the CBB method can be carried out

conveniently and rapidly, but it has problems that its detection sensitivity 1s low (detection

hmit: 50 ng to 100 ng) and its detection sensitivity varies significantly depending on protein



type. The silver staining method is a highly sensitive method such that the
detection limit ranges from 1 ng to 10 ng, but it has drawbacks in that it
cannot be quantitative and requires special processing of a waste
solution containing silver. A method using a fluorescent dye such as
Sypro Ruby (Invitrogen Corporation) may exhibit higher detection
sensitivity than that of the silver staining method; however, when the

typemeThodiiscapplitiad arzMSdRA G highlicRedlive aehbdy@drntls thddetection limit
affected by SDS remaini_rég on the carriers, so that a target protein cannot
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fluorescent dye as well as washing and™ decoloration should be carried
suchoast Sppra Bulficibvvipegiod oipiersiaffensyainingit higbordietghyiotisensitiiydhan that
of S RrePlems Inat i cannot be perfoumed rapidly and eads,to asianficant o,
urden on operators. To solve the above problems with converitiona
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novel compounds that can be used for protein staining (International .
cannyherflesgSHCRTON R 625990 20080y oo Be g uin gk Istagly pigaksskeround, fixation
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compounds have been obtained that form complexes with proteins via
decdiycitaphdipid dbbom deaebloex Hilnit awdonstareraié of toloride velioprpenticcordingly,

regardless of protein type (International Patent.Publication No. . .
e S B R o A CERIP B et e igpifcant burden
- on dpl@etbephoresis has been developed, by which the fluorescent

compounds are dissolved in electrophoretic buffers for SDS-PAGE, so as
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of the fluorescent compounds specifically described in the Examples of
(Intthevadoy & docuhihtsiace RardNy SGRISE 1A0Hat@rnsohtbiatids BluBlematteérication
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forrBRRiSEpReaw BIgEhe detesiiansieH . \wich may eistbid thenstant rate of color
development regardless of protein type (International Patent Publication No. WG2006/132030
Pamphlet). Also, a method for protein detection for electrophoresis has been developed, by
which the fluorescent compounds are dissolved in electrophoretic buifers for SDS-PAGE, so
as to allow simultaneous performance of protein resolving and protein staining (JP Patent
Publication (Kokai) No. 2007-114009 A).

However, ali of the fluorescent compounds specifically described in the Examples of
the above documents are hardly soluble in water, so that insoluble matter is frequently formed
during staining and storage. Therefore, insoluble matter is deposited on electrophoresis

carriers and then false positive spots appear during the detection step, which may disturb the

detection.

SUMMARY OF THE INVENTION

Conventional methods for protein staining each have problems as described above.
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detection. SUMMARY OF THE INVENTION Conventional methods for

protein staining each have problems as described above. 2 Hence, easily

handled reagents for protein staining and convenient and rapid methods

for protein staining are still required. As a result of intensive experiments

to solve the above problems concerning protein staining, the present

inventors have discovered a compound that can be used for protein
Henstaieasity dincidiad rugdenvatienr qehibilitytaWitty thedusenodiies couhpatiddnethods for

proteins can be, detected successfully regardless of protein type.

protein SRENRGHFE SHEEFHE Compound is water soluble, it has high
handigability,i beipresratdpyantiondassiiefallowing i6abies: [ddBRing protein

easily water-soluble fluorescent compound of formula 1 or a salt thereof:
staifRye OUR 7oReSE N0 kfe Raive Riisged a2l wisiempaugdbéigiapae be diffstdat, protem
. are an aryl or.heteroaryl gr sulstituted with .0r more anionic, .
sl e, RS I YT TR R i Geims can b
detccaih pastaskisl e prgadiedddyriornuada: SRENANDSER 3NacaNR: CHrhan(Bis water
A method for analyzing proteins, which comprises detecting proteins using
solupie, %Bﬁﬁiﬁk‘rﬁ%)é@ﬂﬁ% to (1) or (2) above, thereby analyzing the

prOtei@ﬁe‘#é@é&‘&thﬂ%ﬁ%n%H@ﬁ@%k‘i’&hiné%&iﬁf‘e@ethOd according to (3)

_ above, which comprises resolving proteins by
(D An easily water-soluble fluorescent compound of formula I or a salt thereof:

[wherein R; and R, which may be same or different, are an aryl or heteroaryl group
substituted with one or more anionic substituents].
(2) The compound according o (1) above wherein the compound s represented by

formula Ia:

(Ia)

(3) A method for analyzing proteins, which comprises detecting proteins using the
compound according to (1) or (2) above, thereby analyzing the proteins qualitatively or
quantitatively.

(4) The method according to (3) above, which comprises resolving proteins by

electrophoresis.



electrophoresis. 3 (5) The method according to (4) above, which
comprises the steps of: resolving proteins by electrophoresis on a carrier;
and immersing the electrophoresis carrier in an aqueous solution
containing the compound according to (1) or (2) above. (6) The method
according to (4) above, wherein a buffer containing the compound
according to (1) or (2) above is used as a buffer for electrophoresis. (7)

(5) The methaeaccardingdoany)enevef (hia (Bphevenwhergisra solution
containing the compound according to (1) or (2) above and a solution

YSSO%P@WF@HQ @e@@@iﬁﬁ?@{&ﬁtﬁ ’G_S?*Fﬁeﬂmethod according to (7) above,
imm% gjf; %h%lggr%%é%%%s@ 2A80/0RIC U r%%%gg. s(g%g%e Q&%E%%ﬁ?n

%C&x%rdclglgxpound
ove, wherein the detergent IS a fafty acid polyoxyethylene

accasOnipitanbaggd)sibdactant. (10) A reagent for protein analysis containing
the campound according to (1) or (2) above. The Hesent invention makes

(6) it posMieMGRANERTEGTS AndHhpRAVEpSHEHRI Y Y S AENRIBIRE dfitafigpound
accREAYARH 2%@9%9 analysis BREFDESGRIPEHIQN OF THE

DRAWIN ig. 1 shows fluorescent images of electrophoresis carriers.
(7) Concéherashodiahgordisednob mpoond) 1060 ghars. lefictumpotinton; containing

right: compound 2: excitati avelength:, 525 nm:.and. cut filter: 550 nm.
e R R Lo T A RO e

(8) conceTheationsdicpiairin oeackboom posiethatbakctast: ko restenceuractant.
intensity, as observed from fluorescent images in Fig. 1. Fig. 3 shows

©) fluore$BENTIFRSe SHOERRE B b STEVkrriatASHIF WhitHIEHERRY Wag fatty acid

polyoxyethviene sorbitan-based surfactant.

(10 A reagent for protein analysis containing the compound according to (1) or (2)

above.

The present invention makes it possible to conveniently and rapidly perform highly

sensitive qualitative or quantitative protein analysis.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows fluorescent images of electrophoresis carriers.

Concentration of fluorescent compound: 100 pg/mL; left: compound 1; right: compound 2;
excitation wavelength: 525 nm; and cut filter: 550 nm.

Fig. 2 shows a graph representing the relationship between the concentrations of
proteins each composing a band and fluorescence intensity, as observed from fluorescent
images in Fig. 1.

Fig. 3 shows fluorescent images of electrophoresis carriers, for which staining was

carried out simultaneously with electrophoresis.
Concentration of fluorescent compound: 15 pg/mi; left: compound 1; right: compound 2;

excitation wavelength: 525 nm; and cut filter: 550 nm.



carried out simultaneously with electrophoresis. Concentration of
fluorescent compound: 15 pg/mL; left: compound 1; right: compound 2;
excitation wavelength: 525 nm; and cut filter: 550 nm. 4 DESCRIPTION
OF THE PREFERRED EMBODIMENTS The present invention relates to
a water soluble fluorescent compound useful for protein analysis, a
method for protein analysis using the compound, and the use of the
compound as a protein analysis reagent. In the present invention, the term
"analysis” of proteins includes qualitative  detection of proteins, that is,
DESCRAHANER } :

F%W&W H*M%(B?éﬁ@]ﬁ%roteins; measurement of
the mgleulaLweighis:of REIRING delerninali:ofithr distr QHH%’%QICE useful for

proteins; quantitative measurement of proteins; and the like. In
protgipeifitystiors tethormivyvateresplabibystr teilyhwatempoubleinéfths toeaof the

roggg%/ of the relevant substz%\nce such that: it is soluble in water at room
COMPOoLL

TOIRIH anaivsis reagent. . .
emperaﬁﬁe or lower at a €ertain concentration such as 100 tg/mL or

highel; ahel ibissadmasisaguer dideves Peaaipiateddyringepenatidns Tlitative
fact that a compound that can be used for protein staining is hardly .
detegiipin Rl iR WRer ists depHRMIAbRhBRINEHAtePaiiediihich Aptems:

meaBERIGILEYBIEWHEN R PEPIGIR AR &t GlRGUPRNAIRSIS CAHIGT bt SIAINGfRtion of

example. This causes the formation of false positive spots and thus
proteixgawelyitadversaiy affentsofie eletyracy Bfafisadetection results. If a

comppund that can be used for protein staining is water soluble, -

excedb e MBI il ROCDARIERBICE i PR TAAREaRer o 2
profeefneihgcprateibaaskthagompolnd Larbhaneasty samaveshifieture or lower

reaction by washing with water, a buffer, or the like. In other words, the

at afSEFRiACOnerNESHIBoHG idswikte ritbie highes précisdsdeimetionesfaor never
predRIRIA Anchisdpighiradvantageous for the purpose of protein staining.

The fact that a compound that can be used for protein staining is hardly soluble in
water causes deposition of insoluble matter at sites at which no profein exists when a protein
on an electrophoresis carrier is stained, for example. This causes the formation of false
positive spots and thus extremely adversely affects the accuracy of the detection results. Ifa
compound that can be used for protein staining is water soluble, excessive compounds that
have not participated in reaction (interaction) between the protein and the compound can be
easily removed after reaction by washing with water, a buffer, or the like. In other words, the
fact that such compound is water soluble enables precise detection of a protein and is highly
advantageous for the purpose of protein staining.

Also, if such compound is water soluble, when a reagent erroneousty places on
hands, gloves, clothing, and the like during the process for protein staining, it can be easily
removed by washing with water. Therefore, the fact that such compound is water soluble is
highly advantageous in terms also of safety and health during operation.

In this specification, the term “fluorescence” refers to the property of generating
light (fluorescence} with 2 maximum wavelength that is typically longer than that of irradiated

light (exciting light) when the light with a specific wavelength is irradiated. The maximum
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Also, if such compound is water soluble, when a reagent erroneously

places on hands, gloves, clothing, and the like during the process for

protein staining, it can be easily removed by washing with water.

Therefore, the fact that such compound is water soluble is highly

advantageous in terms also of safety and health during operation. In this

specification, the term "fluorescence" refers to the property of generating
fluorbiglentduosesieagite) i thuarsseeamismppané rnpthitbainstiy pieabytl angetion is not

than that of |rrad|ated |I%ﬁ) (excmng light) when the light with_a specific

PartiGashi diBiiGs SRR PR naRh i 3 fierdecaxriansaydibingtRrgrcy can be
meadiHQIGREENLENP AR IR RE used &gﬂ%ﬁf%@éﬁﬁ%}ﬁ%@&'%@&med out using a

particularly limited, but ranges from 450 nm to 550 nm, for example
comiphcdiscarsibanfberamenst st gioin gwalsiots meilane MenFT ERafplration,
TEC aéﬁ@mﬁﬂfﬁa%ﬁ%ﬁ%{ ?ﬁ@%&fiﬂ%@s&ﬁﬁﬁ%ﬁ!@ fygiable

uorescence imaging analyzer (avalla le from orporation,

TECAN&@ RO, kD prdsdniHEATitiCARERS1 8l ArSGHEN Glakr-asidiiaefluorescent

like). In an aspect, the Present invention relates to an easily water-soluble
comppsib et &L Bﬁﬁlﬁ"a $r35Hhula | or a salt thereof: R2 /6 R1 NC CN (1)

[wherein, R1 and R2 are same or different, each of which is an aryl or

heteroaryl group substituted with one or more anionic substituents] In the

present invention, examples of "anionic substituent” include a sulfonic acid
a garbaxyl group, a phosphate group, or salts thereof (e.g., a
lithTum Balt, sodium salt, a potassium salt, a rubidium salt, a cesium
salt, an onium salt, and a quaternary ammonium salt having a linear
or branchked alkyl group having 1 to 10 carbon atoms, which may have a
substitfentf*Preferably; an anionic substituent is a sulfonic acid group or
a salt thereof (e.g., a sodium salt).

[wherein, R; and R; are same or different, each of which is an aryl or heteroaryl group
substituted with one or more anionic substituents}

In the present invention, examples of “anionic substituent” include a sulfonic acid
group, a carboxyl group, a phosphate group, or salts thereof (e.g., a lithium salt, a sodium salt,
a potassium salt, a rubidium salt, a cesium salt, an ammonium salt, and a quaternary
ammonium salt having a linear or branched alkyl group having 1 to 10 carbon atoms, which
may have a substituent). Preferably, an anionic substituent is a sulfonic acid group or a salt
thereof (e.g., a sodium salt).

Examples of an aryl group include Cq4 to Cyg aromatic hydrocarbon groups (e.g., a
phenyl group, a tolyl group, a benzyl group, a xylyl group, a naphthyl group, an anthryl group,
a pyrenyl group, and a biphenyl group), which may have substituents other than the above
anionic substituents.

Examples of a heteroaryl group include, Cs to Ty heterocyclic compounds (e.g., a
pyridyl group, a bipyridyl group, a furyl group, a carbazolyl group, a thienyi group, a pyrrolyl
group, an oxazelyl group, and a quimolinyl group) which may have substituents other than the

above antonic substituents.



Examples of an aryl group include C6 to C20 aromatic hydrocarbon
groups (e.g., a phenyl group, a tolyl group, a benzyl group, a xylyl group,
a naphthyl group, an anthryl group, a pyrenyl group, and a biphenyl
group), which may have substituents other than the above anionic
substituents. Examples of a heteroaryl group include, C5 to C20
heterocyclic compounds (e.g., a pyridyl group, a bipyridyl group, a furyl
groufiha ttewbazelylcgnaumpnd tidryhgseupinagtioolptetnably, lsas exanotyte of the
grou lﬁfh quinolinyl group) which may have substituents other than the
follo H??v%) a[@ ‘substituents. 6 The fluorescent compound of the present
invention preferably has a structure of the following formula la: PSO3Na |
1 SOSNa NCCN((ia) Furthermore the present invention also relates to a
2hySiS using a compound of the above formula I. and

eIectrophorsrs and then immersing an electrophoresis carrier such as gel
in an. ad@ousNsolution containing the fluorescent compound of the
present invention, such that the fluorescent compound can react with the
proteins on the carrier; and (ii) immersing the electrophoresis carrier in

water; ahapRIRPHAIg R E e QLG ke, theraby, remaNiaG @ 5easlYenalysis using
fluorescent compounds that have not interacted with the protein

Mﬁm@ndmmrﬁgf srelyreBeibis bernbetmipmmaledarier with the

oSSR, 8 ST U (L e S AL e
invefaloa eeﬁems@eﬂeokebgrme f&. gxadlo 30 resolien).a sample containing proteins by
electrophoresis and then immersing an electrophoresis carrier such as gel in an aqueous
solution containing the fluorescent compound of the present invention, such that the
fluorescent compound can react with the proteins on the carrier; and (ii) immersing the
electrophoresis carrier in water, an appropriate buffer, or the like, thereby removing excessive
fluorescent compounds that have not interacted with the protemn {decoloration and washing
step). Before contacting the carrier with the fluorescent compound, the carrier may be
immersed in a soiution with a specific composition (e.g., an aqueous solution containing 1%
Tween80) for a certain period of time (e.g., 10 to 30 minutes).

An aqueous solution containing the fluorescent compound of the present invention
(hereinafter, may be simply referred to as “an aqueous solution of the compound”™) is typically
a buffer, which 1s adjusted at preferably pH 1 to 4, and more preferably pH 2 to 3. The
aqueous solution may also contain alcohol. Alcohol is not limited, as long as it is highly
soluble in water or a buffer, and is preferabiy C; to C4 alcohol and more preferabiy C, to C;
alcohol. A bufier may be any buffer that is generally used in the art, such as a phosphate
buffer, a citrate buffer, a glycine buffer, a Tris-glycine buffer, a Tris buffer, and a MOPS bufier.

A Tiquid to be used for removing excessive fluorescent compounds can be water, an agueous



An aqueous solution containing the fluorescent compound of the present
invention (hereinafter, may be simply referred to as "an agueous solution
of the compound") is typically a buffer, which is adjusted at preferably pH
1 to 4, and more preferably pH 2 to 1 The aqueous solution may also
contain alcohol. Alcohol is not limited, as long as it is highly soluble in
water or a buffer, and is preferably C1 to C4 alcohol and more preferably

solutfsi 66 Ctalgahoihdhufieiemalitcanydiitied tabdis genbudlly vsed iddhelisted
art, such as a phosphate buffer, a citrate buffer, a glycine buffer, a

buffef‘h’s-glycine buffer, a Tris buffer, and a MOPS buffer. A liquid to be used
for refpoving f1GaRaME I SR AUMPLK §§&%,%r%§£%{?1@953t9%%%§mm3,

7 solution of a detergent, the examples of which are listed below, or a
is prijaffblyol thpiabioy eristsdaistifaroreprs bkl forripnonarsiely itlstepu@sabdbe time

ranges from, for example, 5 to 60 ngilyijtes, I%iﬂ ferablgﬁ?%g%]mu S or

o T Y St Prerer Sl 2BRT Okt PL ARG SRS s G Xampie. 10

to 10Emiaviag pxcassivelluemseenteoanaaubdsprstapi(idakoneKangss from,
for example, 10 to 100 minutes, preferably 20 to 60 minutes, and more

prefetASHtEts 4bmitFies. SURSAS rigftys tHESregent e tordthrpgcessary for
decovd%ﬂ)\aef§qtgg1§]fbm DEORSIARALAN IS RMLAHAN, IR, IRRG) 3PQVELAN iy an

be drastically shortened by immersing of a carrier in an aqueous solution
aquegpntaining actistavgeat detdrgendrdoaftard mive isiorewidhefaherierrier aman aqueous

ueous sol%ion containing the compound of the present invention.

a
Somﬁl%e?%rfoaﬁjeu,l}% aep?gfg?f‘)él& ecﬁg SHhTETE, Y& H8thod of the present invention

COMTIsesithe Sieps QhciRiaersinboaRIectrophaiesiSICaNiehdNMikent invention
aqueous solution containing the fluorescent compound; and immersing -
comppises AT iePH A a GUBGTRIEAN G ENARTI A6 t8r g ATUROMS flioRopontaining

the RIBFEISIGALAEURE AR HGHHORROIESIS.ISIONTLProteing LesVed Bhtaining a

electrophoresis are diffused within'the carrier, which can adversely affect
detetpendetHdortimesiohracesmd nghyricisafilgHicsdvintags os scthapthetimesolved

by J@E&SB?B}@%Q gf(ectefgi%}/s\eed within the carrier, which can adversely affect the detection
results.  Accordingly, it is highly advantageous that the time for removing excessive
fluorescent compounds can be shortened not only as it makes it possible to obtain the results
rapidly by shortening the time needed, but also as it provides more precise analytical results.

A detergent that is used in the present invention is not particularly limited and is
preferably a nonionic surfactant, more preferably a fatty acid polyoxyethylene sorbitan-based
surfactant, and most preferably Tween80 (polvoxyethylene sorbitan monooleate) or Tween20
(poyoxyethylene sorbitan monolaurate). The concentration of such detergent in an aqueous
solution is, for exémple, 0.1% (v/v), 0.5% (vIv), 1% (v/v), 2% (vIv), 3% (v/v), 4% (v/v), or 5%
(v/v) and preferably 1% (v/v).

Alternatively, the method of the present invention can also be camied out by
achieving interaction between the compound of the present invention and a protein
simultaneously with electrophoresis through addition of the compound of the present invention
1o a buffer for electrophoresis instead of immersing an electrophoresis carrier in the fluorescent

compound aqueous solution after electrophoresis. In this case, since only the step of
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fluorescent compounds can be shortened not only as it makes it possible
to obtain the results rapidly by shortening the time needed, but also as it
provides more precise analytical results. A detergent that is used in the
present invention is not particularly limited and is preferably a nonionic
surfactant, more preferably a fatty acid polyoxyethylene sorbitan-based
surfactant, and most preferably Tween80 (polyoxyethylene sorbitan
remomon eetests} divbwsen?Ocdpoyongethylérecsoriitan moueddurfite)cdhgletion of
concentration of such detergent in an aqueous solution is, for example,

. &“(W\v)%.é%e( - ‘}’15%‘)5(@?}5? %OR//O# %%‘&*6? OTRSAS (W O RASKERBER /63 b
shori@ Pratahn v/ AIBIEALY B o AEBRINAS OF 9 ISR IBHCRBkcs i
can also be carried out by achieving interaction between the compound of
possifiie toraxpdiyinbiaieoasaliel by ploraming nfifl treonestgarithus ldleer dp eveBiprovides

throu&h aaqgglt(i:gprgsf tlrgse compound of the present invention to a buffer for

more prec . . . . .
éfecfro&ﬁoress instead of immersing an electrophoresis carrier in the

fluorésagnspecifipniond aguedtsaaltierafahelesiy epfonesis. a Mditser” are not
case, since only the step of 8 removing excessive fluorescent compounds

partigiale SRS i95elfififedartBrcaipRIRTHAYY cletdrdphoTksiorhe itie including

mem%%gh&.ggrﬁpk%ﬂ%@ QIREHONRGEARISLI0 MeRASWENRRE CABGane, and a poly-
shortened. This is highly advantageous as described above not only in

vinykidanddianed itPYdaBibReobtrapidiydiaaii sgsuhs! poimridaisg el thgasose gel).
needed, but also jn that it provides re precise analytical results. In this
Prefesrg@gif?cda |o?1r, ® gimaﬁ es ?%r? gf? C%@rg%orp %@ﬁ}?}%ﬁ%ﬁ a "carrier" are not
particutarhdiveitedhasdeigéasothey afe-ganesalbntised far glecophanesisut by
including membranes (e.g., a cellulose acetate membrane, a )
contagiinEaRRAIEE MarRake Vahdis BIRROVRY fd dRe BRAtRFide gpias epd then carrying
out éj@@@gg%ggg)sand gel (e.g., polyacrylamide gel and agarose gel).
Preferably, a carrier is gel and is particularly SDS-polyacrylamide gel.
Alterfativetyotse thretholdast telpraseseninventivarcesn ko be eppiied atprotein

anal}kf)é(s methods not employing electrophoresis, such as an immunoprecipitation method and a

dot-blot method.

elec

In another aspect, the present invention relates to the use of an easily water-soluble

fluorescent compound of formula I for protein detection:

(1)
[wherein R; and R;, which may be same or different, are an aryl or heteroaryl group
substituted with one or more anionic substituents],

The compound of the formula I has preferably a structure of the following formula

fa:



contacting a protein in a sample with the compound of the present
invention and then carrying out electrophoresis. Furthermore, the method
of the present invention can also be applied for protein analysis methods
not employing electrophoresis, such. as an immunoprecipitation method
and a dot-blot method. In another aspect, the present invention relates to
the use of an easily water-soluble fluorescent compound of formula | for
N RS NO (I) [wherein R1 and R2, which may be

@thacture-githe followdfighbormula la: 9 SO3Na | | SO3Na NC CN (I a)
The compound of the formula | of the present invention can be
synthesi¥€d byNfor example,{d method comprising the steps of. in an
appropriate solvent (e.g., ethanol/methanol = 1 1 (v/v)), reacting aldehyde
having an R1 and/or R2 group with

4-(dicjirncomptyiéené X Gegimbinyl4hlepyeang alvammolasate oflthesel by, for
more : 1 in the presence of an appropriate catalyst (e.g., a base such as

example AR IS LI BRBR ERToAp RS WPTIREIAE 190entsr E 16theppldupthanc! =
1 (aldgl cgnglﬁnsqgm%ganddfgé;%rin%gﬁgthe&pu@yingﬁ%r su@gqul%ggy with
obtained products. Products can be purified by an appropriate

4-(dgoansmatioteo) -tetidmeieyd SdtirasrerpstalfireitoratdRI{C, BLET pambsilica in the
pros T TR IOl SR < (At SOTBONRLTARRE S R sphere
at 70°C to 120°C for 1 to 24 hours (aldo!l condensation); and recovering and then purifying the
subsequently obtained products. Products can be purified by an appropriate combination of
techniques such as crystallization, HPLC, TLC, and silica gel chromatography, for example.

A target compqund can be identified by an appropriate combination of measuring
methéds such as NMR, IR, UV, mass spectroscopy, and elementary analysis.

According to a specific embodiment, the present invention further provides the use
of the compound of the above formula I (preferably, formula Ia) as a reagent for protein
analysis. Preferably, protein analysis is carried out by electrophoresis.

The present invention further relates to a reagent for protein analysis containing the
compound of the present invention. The present invention also relates to a kit for protein
analysis comprising as a component a reagent containing the compound of the present
invention. The kit may comprise as a further component a buffer, a gel for electrophoresis for
resolving proteins and the like.

The present invention is hereafter described in greater detail with reference to the

following examples, aithough the scope of the present invention is not limited thereto.

Example 1

{Example 1) Synthesis of compound 1

(2.2°-(1E.1’E}-2.2°{4-(digyanomethvlene)-4H-pyrane-2,6-divlbis(ethene-2 .1 -divbis(sodizm
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methods such as NMR, IR, UV, mass spectroscopy, and elementary
analysis. According to a specific embodiment, the present invention
further provides the use of the compound of the above formula |
(preferably, formula la) as a reagent for protein analysis. Preferably,
protein analysis is carried out by electrophoresis. The present invention
further relates to a reagent for protein analysis containing the compound
benz@hdfi@ prassptifnvention. The present invention also relates to a kit for
protein analysis comprising as a component a reagent containing the
compound of the present invention. The kit may comprise as a further
omponent a buffer, a.gel for electrophoresis for resolving proteins and

ention is hereafter described in greater detail with
rfhg examples, although the scope of the present
dh@reto. Example 1 (Example 1) Synthesis of

compounc
(2.2'-(IRd'E)~2n2'-(4-(dicvanomethvlene)-4H-pvrane-2.6-divl)bis(ethene-2
1-divl)bis(sodium 10 benzenesulfonate)salt) o SO3Na SO3Na NC CN

hreo ECKT 38K A GL D oiod 30 TR DY EHHGRGH i hBl L e nec
flasid (W) detdicyapamethyiene)y2,Gidimsathifiiopyrangdibddd (5-81immob) (i),

and piperidine (495 mg (5.81 mmol)) were added and then the resultant
4-(digenestrikBgnaddr dmetigort dtmsaphdidier (28 haurinhapradipigre (495 mg

68%%%%@1%%?98%{@%&' %h-m§ 1{0 rﬁ?@@%gf}{%l: i Wﬂ?&wﬁ a@ﬁ%%%ﬁté}e for 12

er and then subjecte ying under reduced pressure, So t
howt.43Thoheecipitate was collected by filtration. The thus obtained yvellow powder was
washed with water and then subjected to dryving under reduced pressure, so that 1.43 g of a
desired compound was obtained (yield: 44.5%).

ESI-MS(+): [M+Na-H] = 574.6

TH-NMR (400 MHz, DMSO0-d6) 0 6.92 (2H, s), 7.20 (2H, 4, J = 16Hz), 7.37-7.46 (4H, m),
7.77-7.88 (4H,m), 8.62 (2H, d, ] = 16Hz).

PCNMR (100.53 MHz, DMSO-d6) o 56.6, 106.5, 115.5, 120.3, 127.2, 127.4, 129.0, 129.3,
132.5,138.1, 146.4, 156.1, 159.7.

{Comparative example 1) Svnthesis of compound 2

((E)-2-({2-(4-{dicyanomethviene -6-methvi-4H-pyvrane-2-vvinvlisodium benzenesulfonaie

Sodium 2-sulfo benzaldehyde (2.0 g (9.61 mmol)) was added to a 200-mL three-neck

flask and then suspended in 120 mlL of ethano! : methanol = 1 : 1 ({v/v)

11



desired compound was obtained (yield: 44.5%). ESI-MS(+): [M+Na-H]'- =
574.6 'H-NMR (400 MHz, DMSO-d6) a 6.92 (21-1, s), 7.20 (2H, d, J =
16Hz), 7.37-7.46 (4H, m), 7.77-7.88 (4H,m), 8.62 (2H, d, J = 16Hz).
13C-NMR (100.53 MHz, DMSO-d6) a 56.6, 106.5, 115.5, 120.3, 127.2,
127.4,129.0, 129.3, 132.5, 138.1, 146.4, 156.1, 159.7. (Comparative
example 1) Synthesis of compound 2

4-(didimhen(d(drdaisvanamethylane-methyl-4H pymnely)) vivhseditne (818 mg
benzenesulfonate o0 SO3Na Y. CN Sodium 2-sulfo benzaldehyde (2.0 g

(9.6 grarohinitsty addecharfctrts BotsuiantvasIABEKCHI4aReAA fhagp atmosphere for 3
hoursYS ﬁ%@%@&fﬁé&%@!ﬂ@@ﬂ? L maNAR Thdn Mt tiguor was concentrated.

4-(dicyanomethylene)-2,6-diméthyl-4H-pyrane (5.0 g (29.0 %%mol)) and
The phweriditaen¢8 18anpit(®. Ghammsidweth atidbda@mdethed dive résultaritavasas dried

refluxed under an argon, atmosphere. for 3 hours. The precipitate was_ .
e B RS A Tk e GRS TSP e A AR 0
ESitisz-obfaned preciitate was washed with ethyl acetate and then the

resultant was dried under reduced pressure, so that 1.49 g of a desired

'H-NMRIG0M N HasIOYRimee) @ et @hleve)- BSIMIEH: Tl\‘h—?N?%ﬁlﬁZﬂs 684 6H d 1=
23 }F%)j% L{f?lﬁiﬂod',\’}'iz1é%%§9ﬁ@ﬁﬁg‘% @éﬁ 7598 §2 Kﬂ#:rgf §67 {21%1@5]-% 16Hz).

. d,J= 23'Hz), 7.23 1R, d, J’=16 Hz), 7.34-7.42(2H, m),
PCCRIFR 7880 (ZH M, B3 SH s 3 % 516H2), IRONMRY (1033 MBI2, 126.4, 127.1,

1295%%?@%%?}é?i@%@%?%@%@%@b%45112;1_111_9'3’ 126.4,127.1, 129.0,

{Comparative example 2) Synthesis of compound 3

((E)-2-(2-(4-hvdroxynaphthalene-1-y1)vinyl)-6-methyl-4H-pyrane-4-viidene) malononitrile)

4-hydroxy-1-naphthaldehyde (0.70 ¢ (5.81 mmol)), 4-(dicyanomethylene)-
2,6-dimethyl-4H-pyrane (1.0 g (5.81 mmol)), piperidine (0.50 g (5.81 mmol)), and ethanol (50
mL) were added to a 50-mL three-neck fiask. The resuitant was heated and refluxed under an
argon atmosphere for 6 hours and then the solvent was removed under reduced pressure,
followed by purification by column chromatography (Si0;, CHClL : MeOH = 10 : 1 (viv)).
"Thus a desired compound was obtained (yield: 48.2%).
ESI-MS(+): [M+Na]” = 349.1
'H-NMR (400 MHz, CDCly, rt., TMS, & /ppm) 1.71 (s, 3H), 5.27 (s, 1H), 3.51 (s, 1H), 6.65 (d.
1H), 6.85 (d, 1H), 6.59(d, 1H), 7.21 (d, 1H), 7.35 (t, 1H), 7.38 (t, 1H), 8.08 (¢, 1H).

Example 2
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(Comparative example 2) Synthesis of compound 3
((E)-2-(2-(4-hvdroxynaphthalene-I-vl)vinyl)-6-methvi_-4H-pyrane-4-vlidene
) malononitrile) OH o NC N 4-hydroxy-l-naphthaldehyde (0.70 g (5.81
mmol)), 4-(dicyanomethylene)- 2,6-dimethyl-4H-pyrane (1.0 g (5.81
mmol)), piperidine (0.50 g (5.81 mmol)), and ethanol (50 mL) were added
to a 50-mL three-neck flask. The resultant was heated and refluxed under

MeaSit-AIGRBAHNARRRE B JH B RS AR D ERTRE SAMBDWRSEEROVE  clength
under reduced pressure, followed by purification by column

chrorhatopraphyl (SI0 X, @HOIBd Me®F scparateiy/diysolPhd s paghet water at a

compoun S obtain ield: 48.2%). ESI-MS(): [M+Na]+=349.
condEF RS Plon NP LTS PTG B 1 7 (Y BB 200 mm o
800 b lafg, dhblfl@ahdsheel ki85t (6 whivdicnd tendin, ffodl 460 hht) i 88 (hm were

1H), 7.38 (t, 1H), 8.08 (d, 1H). Example 2 12 Measurement of maximum _
meagietrptidhs WaRERG PSRRI ASHIRS S5ih &6 WA idiaghk High-Technologies
CorfeRRRRHNA nd GampauRd 2yyere, separately dissaveddn RUFfeHoV A Emadz:

at a concentration of 25 g/mL. The absorption spectra at a wavelength
Corparagivn . frobh<20@6uiinete sBO@mIabld the fluorescence spectra at a

wavelength ranging from 450 nm to 600 nm were measured. The

absorption spectra were measured using U3310 (Hitachi

High-Technologies Corporation) and. the fluorescence spectra were

measured using RF-1500 (Shimadzu Corporation). The results are shown

in Table 1. I3 Table 1: Comparison of optical characteristics of compounds




Maximum absorption Maximum fluorescence wavelength wavelength
Compound 1 293 rim 516 run (excitation: 444 nm) 380 nm Compound 2
388 rim 511 nm (excitation: 440nm) Example 3 Protein detection (1)
Preparation of samples Two (2) mL of a stock buffer (a mixture of purified
water (4.2 mL), 0.5 M Tris-hydrochloric acid buffer (pH 8.6) (1.0 mL),
glycerol (0.8 mL), 100 g/L sodium dodecyl sulfate (1.6 mL), and
TabR-MEIGARASIANALRA tRkdonasRddedda R maof a commercial

aiotht-m \Ma Q
----- O

Cl ] Ci Ci e

Co., Inc.). The mixture was héateduin boitngiwater for 2 Minintesdhoteance
cooled. Thirty (30) L each of the resuitan was dispensed in a 0.5-{nL ;
microtuhe and then cry preserveg%vte- until the use_theredf- X %%ﬁ%le i
diluendtmdnidure of purified water (@84nL), 0.5 M TrisshydrachletiaRgididd nm) j
buffer (pH 8.6) (1.0 mE), glycerol (0.8 mL), 100 g/L sodium dodecyl sulfate
(1.6 mL), and 5 g/L bromophenol Bi# #®8 mL)) was added to the thawed
moles o‘ﬁ’r?c:i%ht marker, so that a ,dijution series with 9{?5%{1”,; itation: 440nm)
concentrations ranging-from 0.4 ng/l.to 200.ng/l was prepare XLf'lhp .

marker contained, in terms of mass, equal amounts of ovotransferrin (78
kDa),. albumin (66.3 kDa), ovalbumin (42.7 kDa), carboanhydrase (30
Exaﬁrtﬁéﬁﬁmyoglobin (16.9 kDa), and cytochrome C (12.4 kDa). (2) Protein
Prof@sMing @nd detection by electrophoresis Conditions for electrophoresis
are as follows: Electrophoresis apparatus: RAPIDAS-Mini-Slab
(1) Breparsphorésiratrember AE6450 (ATTO Corporation)

Two (2) mL of a stock buffer (a mixture of purified water (4.2 mL), 0.5 M

Tris-hydrochloric acid buffer (pH 8.6} (1.0 mL), glycerol (0.8 mL), 100 g/ sodium dodecyl

sulfate (1.6 mL), and 2-mercaptoethanol (0.4 mL)) was added to 2 mg of a commercially

available molecular weight marker (Protein Standard Mixture IV, Merck & Co., Inc.). The

mixture was heated in boiling water for 2 minutes and then cooled.  Thirty (30) uL each of the

resultant was dispensed 1n a 0.5-mL microtube and then crvopreserved at -80°C until the use

thereof. A sample diluent (a mixture of purified water (3.8 mL), 0.5 M Tris-hydrochioric acid

buffer (pH 8.6) (1.0 mL), giveerol (0.8 mL), 100 g/L. sodium dodecy! sulfate (1.6 mL), and 5

g/L. bromophenol blue (0.8 mL)) was added to the thawed molecular weight marker, so that a

dilution series with protein concentrations ranging from 0.4 ng/ul to 200 ng/ul. was prepared.
The marker contained, in terms of mass, equal amounts of ovotransferrin (78 kDa),

albumin (66.3 kDa), ovalbumin (42.7 kDa), carboanhydrase (30 kDa), myoglobin (16.9 kDa),

and cytochrome C (12.4 kDa).

(2) Protein resolving and detection by electrophoresis

Conditions for electrophoresis are as follows:

Electrophoresis apparatus:- RAPIDAS-Mini-Slab electrophoresis chamber AE6450 (ATTO

Corporation)

Polyacrylamide gel: Multige] IT mini 10/20 (13W) (COSMO BIO Co., Ltd.)

Buffer for electrophoresis: 27.2 mM Tris (hydroxymethyl) aminomethane, 192 mM glycine, 3.5
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Polyacrylamide gel: Multigel 1l mini 10/20 (13W) (COSMO BIO Co., Ltd.)
Buffer for electrophoresis: 27.2 mM Tris (hydroxymethyl) aminomethane,
192 mM glycine, 3.5 14 mM Sodium dodecyl sulfate (pH 8.3)
Fluorescence imaging analyzer: Light capture Il (ATTO Corporation) Light
source: green LED (center wavelength: 525 nm) Cut filter: R-60 (550 nm).
Each sample of the dilution series prepared in (1) above was applied to a

mM GRlalR dbvell dang:Yp&i&r3ng of protein/band; lane 2: 83.3 ng/band; lane
3: 41.7 ng/band; lane 4: 20.8 ng/band; lane 5: 10.4 ng/band; lane 6: 5.2

Fluosepesapelimaging avely ty/bagh; dertare I 4Tgasirondiead: 0.7 ng/band;
and lane 10: 0.4 ng/b nd the lecte lectrophoresis with
cons{ialr%%t%aor‘flg%f 5?4 §8a ?ng%) ?grgﬁ%rn‘%?ﬁ%sg%%?geﬁe% rophoresis, the gel
was ifumBteat@yeinifsérsad in a solution (1) (purified water, 1% Tween80
aguequs solution, H%]r 1% Tween20 aqueous solution) for a predetermined

period 45T RRSCP IR BT 6CHITA GRS B ERRIRY, 1S gEPYGA0 @ el at S

uL-Fangigred 97aRaihercRNtAINRE ARG IRen A DUSIRT. (Ruitied waleHaR "MMe 4: 20,8
phosphate buffer (pH 2.5)/methanol = 45/45/10 (v/v)) in which Compound

ng/vand:0ng/iL)Orha e disvo et vegtade tinafle 2 baiaddot: testdnd fong/band;
10 minutes, the gel was transferred.to another.container. and then .
e ot i e o ol 8 Bonrusphgsss i
consrit Yufave eN 20naqteadsisalugion) for decoloration. The state of the gel
was observed with time using a fluorescence imaging analyzer and then

the tifE e PEURTSCIRA & HaB’ BHRAH IR iEATEDH iR SR ofpurified
warboteinaaBckicasesponsling o the detertiandimjh b 8osassn P kil Sredetermined

staining) of lanes (lane 5 and lane 6) was measured. During staining, no

peripfeeipitati ¢A0onIDB Fo LAYONLRVEES bbSerkasduanthe Bl gibrssTHavssgidopnother
con erﬁ%etrimagé %%dg db&@g. t-trppu%iggc[n v&g{‘?’er(f:fgn %lf/fi%ﬂoos%gg?g tg%%lggr@% i%)/methanol =
45/45/10 (v/v)) in which Compound 1 (100 pg/mL) had been dissolved was added. After
being left to stand for 10 minutes, the gel was transferred to another container and then
immersed in a solution (II) (purified water, 1% Tween80 aqueous solution, or 1% Tween20
aqueous solotion) for decoloration. The state of the gel was observed with time using a
fluorescence imaging analyzer and then the time needed to detect the bands each of which
contains 5 to 16 ng of protein/band (corresponding to the detection limit in the case of silver
staining) of lanes (lane 5 and lane 6) was measured, During staining, ne precipitation of
Compound 1 was observed in the solutions.

The results of the times needed (the time from the completion of electrophoresis to

the completion of decoloration) and detection sensitivity under various conditions are shown

in Table 2.

Table 2: Conditions for treatment with analysis reagents and results

‘ ' Conditions 1 | Conditions 2 | Conditions 3 | Conditions 4 | Conditions 35

1 Solution (1) Purified Tween80 Purified Tween80 | Tween20




the completion of decoloration) and detection sensitivity under various
conditions are shown in Table 2. Table 2: Conditions for treatment with
analysis reagents and results Conditions 1 Conditions 2 Conditions 3
Conditions 4 Conditions 5 Solution (I) | Purified Tween80 Purified
Tween80 Tween20 15 water water | Time for 30 minutes 20 minutes 30
minutes 20 minutes 20 minutes treatment Solution (I1) Purified Purified
Tween80 1 Jiween80 Tween20 water water Time fdr 60 minutes 30

minutes-30-minutes-30 minutes-40-minutes—treatment Total time-100
Timeninutésr 63 tnirimtes 70 Midutesied mindtesiAOtminutedimieeeed | 20 minutes
Detection 5ng 5 ng 5 ng 5 ng 1 10 ng| sensitivity When treatment before
reatieihing and decoloration were carried out with purified water, _the total
Soldimeneededyvag 100 minytgs.gHoweverythadime needed gauld be Tween20
drastically shortened by the addition of the detergent to the solution (1) or

(I). ExampiéigrEvaluatioW8protein detection using [Compound. 1:and

a4%dminuatc-::s

Comp? 35 Prot 2N _de ggtlon was Cclf%l&d out using %Qﬁoy@d 1
E:ompour syn‘% esize xample URaer ar analysis conditions
treagi@sgribed in Example 3} After electrop horesis, the gel was first immersed
i 196-Tween80-aqueous sotutionfor 20 minutes ang thenm immersed- ima
Total  time | 100 minutes | 60 minutes 70 minutes 60 minutes 70 minutes
g i |
needed ! }
Detection i S5ng Sng S5ng Sng 10 ng
sensitivity |

When freatment before staining and decoioration were carried out with purified water,
the total time needed was 100 minutes. However, the time needed could be drastically

shortened by the addition of the detergent to the solution (I} or (If}.

Example 4

Evaluation of protein detection using Compound 1 and Comnound 2

Protein detection was carried out using Compound ! and Compound 2 synthesized in
Example 1 under analysis conditions described in Example 3. After electrophoresis, the gel
was first immersed in 1% Tween80 aqueous solution for 20 minutes and then immersed in a
buffer containing Compound ! (60 pg/mb) or Compound 2 (60 pg/mb) for 10 minutes.
Subsequentiy, the gel was transferred to and immersed in a container containing a 1% Tween80
aqueous solution for 30 minutes. Also in this case, no precipitation of Compound ! was
observed in the solutions during staining. The fotal time needed for treatment was 60 minutes.
The gel was analyzed using a fluorescence imaging analyzer. The results are shown i Fig. 1
and Table 3. When Compound ! was used, bands containing 2.6 ng or more of proteins could

be detected. Compared with the result, the detection limit was 20 ng in the case of Compound

2.
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“buffer containing Compound 1 (60 glmL) or Compound 2 (60 tglmL) for
1.0 minutes. Subsequently, the gel was transferred to and immersed in a
container containing a 1.% Tween80 aqueous solution for 30 minutes.
Also in this case, no precipitation of Compound 1 was observed in the
solutions during staining. The total time needed for treatment was 60
minutes. The gel was analyzed using a fluorescence imaging analyzer.
The results are shown in Fig. | and Table 3. When Compound | was used,
bands containing 2.6 ng or more of proteins could be detected.

Tablednitsavtisl alitrotie fstgiiothe detection limit was 20 ng in the case of

Compound /7 16 Table 3: Kesul yprot In defecfign 172 b 71
Lan% 9 1 10 Protein (nglhand)’167 83.3 4 %2 8 é ézesegl §7§

Protaﬁ@gm@ompoumiz Feu B+ 4147+ zagca@mmom 2% 1 1 b 1 All hands

topnta

cottd-be-detectedAtteast-one-band-coulg-notbe-tdetected: r\cgaldmg
Det%fﬁét}m@%%ﬂ@@@dmpéund 1, g graph showirg there|ationship, \between!
the p %eln con&antrgrtiofn of each band and flugrescence mtehsny IS

|
-
j

shown i By 2 [ the cases _bf all prateins composing bands,
+: Aﬂummmuat&ﬁ@twvas observed to increase as the protein
concentrations were increased. Therefore, in the case of this plot, no
— AdisaYerseser e pretdmdeisédere observed. Accordingly, it was
demonstrated that Compound 1 enables successful protein detection
regardless of protein type. Evaluation of protein detection using compound
3 In aFoemipamtvalyeicnsiple Coroteimd dtectioplusing Bomhpodatoavasetween the

prot%éuagg)géggfratjon of each band and fiuorescence intensity is shown in Fig. 2. In the cases
of all proteins composing bands, fluorescence intensity was observed to increase as the protein
concentrations were increased.  Therefore, in the case of this plot, no differences due to protein
type were observed.

Accordingly, it was demonstrated that Compound 1 enables successful protein
detection regardless of protein type,

Evaluation of protein detection using compound 3

In a comparative example, protein detection using Compound 3 was examined.

Protein samples were prepared as follows: Sample buffer (0.0625 M Tris-HCl (pH
6.8), 5% 2-mercapioethanol, 2% SDS, 20% glvcerol, and 0.005% BPB) was added to 2.0
mg/ml. commercially available BSA (PIERCE). to dilute it to concentrations of 200, 60, 30, 12,

6, 3, and 0.2 ng/pl, respectively. These protein samples were heated at 80°C for 5 minutes

and then left to stand to cool.
Conditions for electrophoresis are as follows:
Electrophoresis apparatus: ERICA XVE-001C (DRC Co., Ltd.)
Polyacrylamide gel: XV PANTERA Gel (DRC Co., Ltd))
Buffer for electrophoresis: electrophoresis buffer attached to XV PANTERA Gel
Fluorescence imaging analyzer: 1.5400 (TECAN GROUP LTD)

Excitation wavelength: 543 nm; detection wavelength: 590 nm.
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Protein samples were prepared as follows: Sample buffer (0.0625 M
Tris-HCI (pH 6.8), 5% 2-mercaptoethanol, 2% SDS, 20% glycerol, and
0.005% BPB) was added to 2.0 mg/mL commercially available BSA
(PIERCE). to dilute it to concentrations of 200, 60, 30, 12, 6, 3, and 0.2
ng/L, respectively. These protein samples were heated at 80C for 5
minutes and then left to stand to cool. Conditions for electrophoresis are
as follows o FEle GHeRNEISsIR ARRAFLIS & RIGANYE QRIG (BRGICAsddt, 150,
Polyacrylamide gel: XV PANTERA Gel (DRC Co., Ltd.) Buffer for
60. e efrodrasibandecapshivrbsisiolgrse bbb eiseHSSPANTERA Gel
Fluor %%e‘%’%?&{{gﬁ%%‘g%b%gf WS B é&%&ﬁN&%@Q&%ﬁéxﬁ%&%&’%r 20 to
wavelength: 543'nm; detectl n wavelength: 530 nm. 17 Each of the
30 aboves prépasechsatinptes wasvappliadioradgel ahdhomnwelh(@000a306)ehSH staining
60, 30, 15, and 1 ng/band, respectivelﬁh followed by electrophoresis. After
SOl g HOTE Bt G EIARAS Irhm At A ER SedtRoaifed Wattérhor 2g¢ been
disstv@D WMiDuiRR ¢ SURSRAUSN ARG a8 WasHansieRed 40 QROTheLAIRIRINL tnother
and then a staining solution (distilled water : methanol =1 : 1 (v/v)) in
coni@itich A riso Um0/ MYy Fhdspledwndisedived meiBaadded SAftet BAV/V)) for
inutes of.immersion..the gel was transferred to another. container and
e et S5 T WS <o (ALt ratARar L BEA0 () for
decoldtatiesuikhe-gabwasohgérvied using a fluorescence imaging
analyzer. The results are shown in Table 4. Table 4: Results of protein
detection Protein (ng/band) 1000 300 150 60 30 15 1 Detection + [ + +:

TabRandkcaud pedeteciedetion

[ 1 i
Protein (ng/band) | 1000 | 300 | 150 | 60| 30| 15 | 1

Detection : + o+ P R T R

+: Band could be detacted.

—: No band could be detected.

Accordingly, it was demonstrated that the protein detection sensitivity of Compound
3 was 30 ng. Therefore, compound 3 had sensitivity 10 or more times lower than that of the
compound of the present invention.

Also, Compound 3 was hardly solubie in water, so that it was precipitated in the
staining solution during the protein staining as described above. Hence, it was considered that
the decreased concentration of Compound 3 in the staiming solution resulted in insufficient
protein staining. Moreover, 1t was difficult to compietely remove excessive compounds by the
washing step after staining, so that insoluble matter adhering to the gel appeared as false
positive spots.  In conclusion, Compound 3 was also found o be inferior to the compound of

the present invention in terms of detection accuracy.

Exampie 5

Embodiment of the present invention wherein staining is carried out during electrophoresis
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No band could be detected. Accordingly, it was demonstrated that the
protein detection sensitivity of Compound 3 was 30 ng. Therefore,
compound 3 had sensitivity 10 or more times lower than that of the
compound of the present invention. Also, Compound 3 was hardly soluble
in water, so that it was precipitated in the staining solution during the
protein staining as described above. Hence, it was considered that the

decreasagoeanqesi@iop ehCompeunsSadhe Stafitn s eletiespressec7.2 mM
in insufficient protein stainin (%Moreover it was difficult to completely

Tris (BpsveBRd HUEreBIRbeNhdS By He NEEs: ﬁ@ds{eﬁpnéfﬁeﬁﬂétamu%d%itﬁ&fa‘w (rH
8.3) %%%I%% &g E?(;na(gy"f'én ﬁ%}he\gﬁ%%ﬂ@?%éegf ?ﬁef%%%e Qﬁ&:‘y qh%p%ér Ilgdmons
conclusion, ompound was also found to be inferior to the compound
identhvel pregmst mmaenhexh1mEaampleﬁdefmetmnpm:ﬂraww’fy(mmh:&mphoresm. After
mbodl ent of resent | vention where stalnl Is carried out dulri
comg TR P Eom b AR TSN 2 HEFE SHCCORB A e e
aqueédiifabfofsleekapRORRBIe 47 Aimivks Taisi(Thar xmethyhANUNARINERS imaging
192 mM glycine, and 3.5 mM sodium dodecyl sulfate (pH 8.3)) ata
analyeicerithgtienibs 215 EgivaLn Wihtsadidabt fhe Asvelisosriand otepsed, bands
onditi e | ple~3, wer -
con e S T URAE bl ther
thantrgnsfersed © @ddnistibe deootalnintdd 4:¢ whEnBPoaglizous solutlon, left
to stand for 40 minutes, and then analyzed using a fluorescence imaging
analyzer. The results are shown in Fig. 3 and Table 5. When Compound 1
Tabwgsmglg%gﬁmg%@éﬂ@g 5.2 ng or more of a proteln could be

daotactad -On-tha r\vlf]ﬁ nad - thaor - than A\ Ahrome ||
aetectea~on LIIC UL IcT1 1T, FIULCII}D Ul.II I l.I art byLJbIII\lJIIIC UUl

Lanpe detected in the cade of @ompéunld Z. Tabfe 5: Results oﬁprot%m

e-rot
10

ProaeiesipaiAne 1. 2349 0,890 Lo g | 10415212613 0.7 04

Detection | Compound 1 | + + + + + L+ - =

Compound 2 | ~ - - - R A

+: All bands could be detected.

—: At least one band could not be detected.

Based on the results, it was demonstrated that Compound 1 enables successful protein

detection even when electrophoresis and staining are carried out simultaneously.

Industrial Applicability
The present invention makes it possible to carry out convenient, rapid, and highly
sensitive protein detection regardless of protein type. Therefore, the present invention is

useful in fields relating fo medicine such as biochemistry and analytical chemistry, as well as in

fields relating to foods.
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Protein (ng/band) 167 83.3 41.7 20.8 10.4 5.2 2.6t11.3 0.7 0.4 Detection
Compound I ++++++-1-1-Compound 2 - - - - +: All bands could be
detected. At least one band could not be detected. Based on the results, it
was demonstrated that Compound 1 enables successful protein detection
even when electrophoresis and staining are carried out simultaneously.
Industrial Applicability The present invention makes it possible to carry out

WhatMemeatsrapid, and highly sensitive protein detection regardless of
protein type. Therefore, the present invention is useful. in fields relating to
medicine such as biochemistry and analytical chemistry, as well as in
fields relati h lai Il ten )

3 fluore‘é%egntq(?o‘rﬁ%%un ub gfg{:/ronﬁ%ggln%r as %u%?e%r?;frﬁl %% YR(\{{%N? {St%&l Ié?'
[wherein Rt and R2, which may be same or different, are an aryl or

bstituted with one or more anionic substituents]. 2.

gateins, which comprises detecting proteins using the
compound according to claim 1 or 2, thereby analyzing the proteins
qualitatively or

[wherein R; and R, which may be same or different, are an aryl or heteroaryl group

substituted with one or more anionic substituents}].

2. The compound according to claim 1, wherein the compound is represented by

formula la:

3. A method for amaiyzing proteins, which comprises detecting proteins using the
compound according to claim 1 or 2, thereby analyzing the proteins qualitatively or

quantitatively.

4, The method according to claim 3, which comprises resolving proteins by

electrophoresis.

5. The method according to claim 4, which comprises the steps oft

resolving proteins on a carrier by electrophoresis; and
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quantitatively. 4. The method according to claim 3, which comprises
resolving proteins by electrophoresis. 5. The method according to claim
4, which comprises the steps of: resolving proteins on a carrier by
electrophoresis; and 20 immersing the electrophoresis carrier in an
agueous solution containing the compound according to claim | or 2. 6.
The method according to claim 4, wherein a buffer containing the

immeapothed RGN0 elatior 1ior 2 isaksashassaibitferciiaining the compound
electrophoresis. 7. The method according to any one of claims 3 to 6,
%éﬁ?@@bh%@l containing the compound according to claim | or 2 and
a solution containing a detergent are used. 8. The method according to
claim 7, wherein the detergent is a nonionic surfactant. 9. The method

6. accorbiagmetbtaimdondiverein thférxﬂe%ergfémteimaafamffaciebntaining the compound

polyox ene orbltan base ctant. 10. A reagent for protein
s S AR DL LG B et or 2. 21

7. The method according to any one of claims 3 to 6, wherein 2 solution containing the

compound according to claim 1 or 2 and a solution containing a detergent are used.
8. The method according to claim 7, wherein the detergent 1s a nonionic surfactant.

9. The method according to claim 7, wherein the detergent is a fatty acid

polyoxyethylene sorbitan-based surfactant.

10. A reagent for protein analysis containing the compound according to claim 1 or 2.
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