METHOD AND REAGENT FOR PROTEI N ANALYSI S BACKGROUND OF
THE | NVENTION Field of the Invention The
present invention relates to a nethod for protein
anal ysis using a water soluble fluorescent conmpound
and the use of the conpound as a protein analysis
reagent. Background Art As a nethod for
protein analysis, an el ectrophoretic nmethods are

wi dely enpl oyed. The el ectrophoretic nethods are
advant ageous in that these allow proteins to be

resol ved based on their nol ecular weights so that the
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and the nethods can be carried out using a relatively

si npl e apparatus, for exanple. Exanpl es of a
techni que for protein analysis using el ectrophoresis

[ e [ at involves staining proteins
BACKW%%&T@WEQS@H ore el ectrophoresis or

Iﬁddofﬁkﬁﬁ&&k% staining proteins existing on
e ectropﬁoresis carriers such as gel and then
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i nvolves transferring proteins to an appropriate
fluorescerd chmamendf and ihehsect tleplvoreend acapmoicar snakysc refgent.
carrying out protein staining, antibody staining, or
the like (e.g., western blotting), and a techni que
th I nvol ves staining proteins existing on
Bng“%Pi%Frophoresis carriers, excising a band contai ning
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techniqus el irviolk@s BRingpDttils ddivingtihe sarple dtfoanelkbitrdphoresio @e directly
~ from1l ng to 10 ng, but it has drawbacks in that it
staining pepteint cpdingwardgotrapharesis pafriem quehy asek prakthen visually detecting the
. processing of a waste solution containing silver. A -
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~ _detected in sone cases. Moreover, because of
- subjectingdheyrasyledny toags speciiogeanynd, fi xati on shoul d be
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significant burden on operators. To solve the
convenicabdg\aad prpililye st it Hah pooblems thao gl depeetitio densitorityps ddwi (detection
o staining, the present inventors have searched for )
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(I'nternational Patent Publication No. W?2006/ 132030
Panphl et and JP Patent Publication (Kokai) No.
2007-114009 A). As a resull, fluorescent conpounds
have been obtai ned that form conplexes with proteins
vi a hydrophobi c bonds and exhibit a constant rate of
col or devel opnment regardl ess of protein type
(I'nternational Patent Publication No. W2006/ 132030




(1) An easily water-soluble fluorescent conpound of
formula | or a salt thereof: (1) [wherein Rl and
R2, which may be same or different, are an aryl or
het eroaryl group substituted with one or nore anionic
substituents]. (2) The conpound according to (1)
above wherein the conpound is represented by formul a
la: SOBNaSGBNa NCCN(1 a) (3) A nethod for analyzing
proteins, which conprises detecting proteins using

type. - Thhsihuorpbuing bt 3 mbiehly {cnyitse medodapi ol e fgiBgfion limit
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such as SBRYRub ﬁﬂo%&l th&@Bok) 8ayP 4RSIt Richer' cﬁﬁa@héfﬂ 8Ghsitivity than that
protel s by electrophoresis on a carrier; and

of the silveretsihing rhétRod| lestavep hdicasihe mathod 6y apphedntoa&DS{RfEGE, such
sol ution containini t he conpound according to (1) or
fluorescepipiiyeatsodseto be(lectpddynHph srmaisiwg o, thg caraewgo iy target protein

cannot b‘\t/\q?q[g%% {r%okr)rgag({?g%. i cgfgglé\g:lr g%céli]sg f Brd}u% %gcrk%ro%%d fixation
should b€ fzgr%%gi %%P g%tgfl s?%injngpro Eﬂﬁ Wi Q%ofe%ge% ﬁ&@gs h%llaagkégﬂﬁg and

erelrn ut1 on” contal nl ng

decoloraﬁ&‘?slfbﬁ[@%&?&ﬂ 6 NSutiBiehtlperid of ZineTRY Staibinth. & Accordmgly,

solution containing a detergent are used. (8)
the method® hirosroblesm kit nigeanaot(be) peaformed ragidly and leatietockesi gmﬁeant burden
is a nonionic surfactant. (9) The nethod accordi ng
Oﬂopﬁﬂmﬁi(7) above wherein the detergent is a fatty acid

%8] géoevrg:epr%gfebl t %81?56%‘[131&'4“ a%o({; for protein staining, the
present inventors have searched for novel compounds that can be used for protein staining
(International Patent Publication No. W(02006/132030 Pamphlet and JP Patent Publication
(Kokai) No. 2007-114009 A). As a result, fluorescent compounds have been obtained that
form complexes with proteins via hydrophobic bonds and exhibit a constant rate of color
development regardless of protein type (International Patent Publication No. W02006/132030
Pamphlet). Also, a method for protein detection for electrophoresis has been developed, by
which the fluorescent compounds are dissolved in electrophoretic buffers for SDS-PAGE, so
as to allow simultaneous performance of protein resolving and protein staining (JP Patent
Publication (Kokai) No. 2007-114009 A).

However, all 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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(10) A reagent for protein analysis containing the
conpound according to (1) or (2) above. The
present invention nakes it possible to conveniently
and rapidly performhighly sensitive qualitative or
quantitative protein analysis. BRI EF DESCRI PTI ON OF
THE DRAW NGS Fig. 1 shows fluorescent imges of
el ectrophoresis carriers. Concentration of
fluorescent conpound: 100 fig/ni,; left; conpound 1;
Hence, gasighhandieshragents Jor praivin MaiviAg wad coarRpiont amd Fapigh methads for
eyt filter: 550, nm Fig. 2 shows a graph
P“ﬁmﬂsF@BF%@@ﬁ?ﬁﬁﬁmFﬁ%'relationship bet ween t he
C |- . .
s L e S R s e s
staining,! B GRSehtNinbbAlorsl have discoveted: a 2ofipodRl tHadQaf HeeMed for protein
i mges of electrophoresis carriers, for which
staining sthdihak ighvasites asolutelityoutViti the| dsanefothsd yompdund, proteins can be
el ectrophoresis. Concentration of fluorescent )
detected suepseniilty: regardlasgiof proteindype. dorpemadc. 1s,1nc|eit@ehp@mpound is water

c Qun ; citation wavel ength: 525 nnm and cut
soluble, Py lagh E@é@?‘?ﬁﬁﬂw DESCRI PTI ON OF THE PREFERRED

E : . Lavention relates to a

mﬁ@eé%%%tl% %agrt%-é;%élﬁt orr%%flfﬁ'd useful for protein

1) apaled$ilySwatr-JBIBIE Hubi@tceht n§ioind BAfoYHUR TWE Rt Hegof:
compound, and the use of the conmpound as a protein

analgsis reagent. In the present invention,
warfal ysi s" of proteins includes qualitative

detlectlj on of proteins, that is, confirmation of the
presgnce or the absence of proteins; neasurenent of
thg (%fcular ﬁﬁights of proteins; determ nation of
t N di' Y ribut f of proteins; quantitative

nmeasur enent of proteins; and the |ike. In this

specification, the term"water soluble" or "easily
[whereinWBj eindSRY, Ubhieh e dres sdnae ar plifigent yarofant frgl roellevaodryl group

substance such that: it is soluble in water at room
substituteceyyiile pag efrraotsranjapiesubsiitugnteler t ai n concentration such

as, 100 pg/ or higher: and it.is alnost never or
©  nlveroppreardtd o h i periFipnhd Sotpdtd s, Sprpspnied by
jphat a conmpound that can be used for protein staining
S hardly soluble in water causes deposition of
insoluble matter at sites at which no protein exists
when a protein on an el ectrophoresis carrier is
ganpl e. This causes the formati on of

Rz

formuta

pl ubl e, excessive conpounds that have not

partiket pated in reacti en (i nteraction) between the

protein and the conpound can be easily renoved after

reacti on by washing with water, a buffer, or the |ike

the fact that such-coqﬂgund i S water
a

I n other rds, .
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i ghl ys: t § fa.pr. ' ot
compoufl HEGUFENGT U abibe. hGCHBARARE PHAERL qualiatively or
quantitatf@lyubl €, when a reagent erroneously places on hands,
gl oves, clothing, and the like during the process for
¢ pThd enethat aicoording itd (6 amaboec, eakidhy corapmses drebylvings hiotgns by
W th water. Therefore, the fact that such conpound is
clectrophggasisr  sol ubl e is highly advantageous in terms al so of

safety and health during operation. In this
specification, the term"fluorescence" refers to the
property of generating light (fluorescence) with a

maxi mum wavel ength that is typically |onger than that
of irradiated |ight (exciting light) when the |ight
with a specific wavelength is irradi ated. The maxi num
fluorescence wavel ength of a fluorescent conpound to



NCCN(I') [wherein, Rl and R2 are sanme or different,
each of which is an aryl or heteroaryl group
substituted with one or nore anionic substituents]
In the present invention, exanples of "anionic
substituent” include a sulfonic acid group, a
car boxyl group, a phosphate group, or salts thereof
(e.g., alithiumsalt, a sodiumsalt, a potassium
salt, a rubidiumsalt, a cesiumsalt, an ammpni um
(5)  s&be method ageaydiag ée R rYowrbithpempsises thastepipla | i near
. or b[%ﬂgﬁ?d alﬁyl,group haying 1 to 10 carbon atons,
resolvingprotarns Ry cleriipahredy AL & CHHERANM preferably, an anionic

mers L 5542 L 5,5 Al g o

accordin8kY{1)9F @YRbbAC! ude C6 to C20 aromatic hydrocarbon
groups (é.g., a phenyl group, a tolyl group, a benzyl
(6) gThe! puetfod yéepkdigg aoii4) abavep hitheydin grloufer @ntagmngthd compound
group, a pyrenyl group, and a bi phenyl group), which
aCCOfdiﬂﬁﬁy(lhan)gg@‘éﬁtfﬁumﬂS@« hitise for elegtiophisecsibove ani oni c
substituents. . Exa S het er oar yl .ou ..
@ ¥ thod@scardingse aHe OB SEbS 119 gg)@g%% £t  sefulion, Fontaining
ridyl , j ' ur vl
the comYb Socor g AL B ) BN 6B, oSl o e ased
(8) amh@m%hxébc&aiﬁg Ro (BRBow, Gtbra thoWEteBeAUR h nohiofid siEctant.
have substituents other than the above anionic
(%) sThstimtthedt sccording to (7) dvwef wleras cthat detogpmiuisd aofatty acid
the present invention preferably has a structure of
polyoxyathdeesiorbjipnrigssbormiariant a:  SOBNaSBNa NCCN( | a )
Fyrthermore, the present inventjon also yelatgs to
(10) ol iBEETF o BrTiE: e SOrAniEe g SalpSih feedr e ¢h i or @
above formula |, and preferably the above fornmula |a.
A specific enbodi nent for protein detection using the
nmet hod of the present invention conprises the steps
of, for exanple: (i) resolving a sanple containin% ]
pTbe¢ piensntiyvention hraliphit pessilde 4mdortviemiantlyramd wipidly perform highly
.. electrophoresi s carrier such as gel in an aqueous
sensitive et sho BREURPHY IF ot 255y escent  conpound of t he
present invention, such that the fluorescent conpound
can react with the proteins on the carrier; and (ii)
BRIEF DENEEPTIONIOR TRIFCoRAQPRRE$si s carrier in water, an
appropriate buffer, or the |ike, thereby renoving
eKipe'$ shoves fllidredcentdfnpesiigheunplsortdiadarfiave not
interacted with the protein (decoloration and washi ng
Concentigtion of fBefasecnt compaend: A0t haimEalef: eomponid d haght: compound 2;

. .. fluorescent conpoynd, .the_carrier may be imrersed in
ex‘“""“"%"@b’?@?@ﬁi’é%% aélﬁ§ﬁgé]it€fri “¥hposition (e.g., an

oBl g4 B SRR AL 1 FATHERIA LA 1@ Shhihtuns or
proteins JAHE BUBpSGhd bl BIMACHE ALBcSEntd EniEdskOr 85 6BkvedOfBAUMSbrescent
of the present invention (hereinafter, may be sinply

images ii 8fgefilred to as "an aqueous sol ution of the conpound")
is typically a buffer, which is adjusted at ] .
pFigt Srshbwy flyprescant imagesnd clestrephnresieeashiety. I9F vighpstgning was
eous . so|, al so contain al cohol.

. . The a tion
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excitatiBy Va &l hBY: 28 @A YanB el Sker! §inhs general ly 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 buffer. Aliquid to be used
for renoving excessive fluprescent conpounds can be
wat er, an aqueous solution of a detergent, the
exanpl es of which are listed below, or a buffer of

t he above |isted buffers. The tine for
imersion in step (i) above ranges from for exanple,

above.




A detergent that is used in the present invention is
not particularly limted and is preferably a nonionic
surfactant, nore preferably a fatty acid

pol yoxyet hyl ene sorbitan-based surfactant, and nost
preferably Tween80 (pol yoxyethyl ene sorbitan

nmonool eate) or Tween20 (poyoxyet hyl ene sorbitan

nonol aurate). The concentration of such detergent in
an aqueous solution is, for exanple, 0.1% (v/v), 0.5%
(viv), 1% (v/v), 2% (v/v), 3% (v/iv), 4% (v/v), or 5%
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e compound of the present Trnvention to a buff

compouxfdQ?rs aqiraeiﬂ@ab@isesag&m nstead of inmersing an
el ectrophoresis carrier in the fluorescent conpound
abudru presontutiiventiar.t e wrmactanabissr eefi proteins tingladesageglitative

detectiors Pl Feigwin il G GURERIIoH (HcllE aiHEwncs g APk Broteins:
measurelﬁgrﬁp ?Ie tt Ieo rr‘no?%c &/%1 RR h(?fr glsotg'm 3 &e%e&ﬂmn%m];r gfmt}} hglsglbuhon of

| e
et'ion of el ect Fophores Yo measir enent “ta
proteins; H%tft&%%eagﬁ‘eﬁlehﬁof‘]ﬂr&@ n¥; AfdMpdliRgeous as descri bed
ove not only in that it nmakes it possible to
r h:pﬂhﬂsl speoificaion, testehh s vayersbhiblemir@ailyewhtenmluteetirders to a
but also in that it provides nore precise analytica
property péﬂqurﬁlgvant substance puchithay: i fresoluble e waser, at EOMTSIORRSTAFIC AN lower

"el ectrophoresis ca r|er arrier’
at a certgin, ¢qucey 9 Frhiteld H%/“}Ior‘?ﬁ%é%hef hi Hrig a&@ﬂ%rwﬂym never
_mﬁmpﬂa%ﬁ%gpﬁgpgﬁkﬁﬁ§roDhores'S i ncl udi ng menbranes (e.g.

se acetate nenbrane, a nitrocellul ose
MERDFRNhat 2REmPoRR] Wt banl bederadof Ftdﬂﬁh dRintRVidMhrdly soluble in
menbrane) and gel (e.g., polyacrylam de gel and
water caungs demwitgel of . indelwfle malibryat saes:airwhmh nbprefein exrstk when a protein
particul arly SDS-pql yacryl am de ¢
on an elwtf@hﬂr&sasmrr_\}ﬂ is Heaipsh Hed csmplRe Eblésfémes ithe dermagian of false
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compourfdrkﬁﬁ‘t SR By LR BH L ALIRGHIRRPAE S3ked - soluble, excessive compounds that
Furthernore, the nethod of "the present i nvention an

have not3lagivifdtedaippleh@idnf @iteraciing ibstvadeal ths potdiRahd ds: e@ibpound can be
enpl oyi ng el ectrophoresis, such as an
casily remm‘ndrmr eraprtin kit Weshimgewith avataroa buifhst orftholikaye i other words, the
anot her aspect,

e present jnvention relates to,
fact that F‘F‘Fé‘ ‘i?gé’%}?d EnWalss ﬁqﬂyﬁwﬁeweaﬁﬁ geteptingy fstptein and is highly
0 la.l f. protein detection: NCCN
mhmnmggqg&ﬁere ﬁ% &ﬁ@‘@ﬁltéﬁm%h may be sane or different,
aARoalF ﬁfcﬂlcoﬁ{ olifid ¢ Qafet | sofibRL RyiRibS H’ée{geﬁteéirdﬂeBﬁl? Bices on
or nore anlonlc substituents]. The conpound
hands, gibeesndlothihg had the éikerdabihy tiee pﬁobmtﬁif Bro®din fsﬁﬁmig}lﬂ Q&\M Beeasily

formula I a: SO03Nal SG3Na NCCN( a) The
removed by rigashing with vatsr.f o’fhﬁmfarel, ﬂ@ffat:ﬂwféatpquels eompounden tata soluble is

can be s theS|ze b fo a net hod
highly adafs%%qog?ﬁgt and Waﬁﬁ%w BRI sol vent
al?l e S S %t ’r?%%u Oﬁlg an?{@l “ﬂ'ua)/r%srce rF%%s) 0 ﬁleﬁ)%(t)f)en of generating
light (ﬂuéreéc‘éh@é} %ﬂﬁf@fnﬁ%*rﬁﬂﬁ’ ha@el@n@h R t%pﬁ‘:'ih)p%hé&%ﬁat th& of irradiated
nol ar ratio of to or nore : I nthe presence of
light (exdting@Pghtd pihied tie: E@Ita}lnﬂﬁﬁ sfezifle wacelbiggieissivalliard. The maximum
pi peridi ne) under an argon atnosphere at 70C to 120C
for 1 to 24 hours (aldol condensation); and
recovering and then purifying the subsequently
obt ai ned products. Products can be purified by an
appropriate conbi nati on of techni ques such as
crystallization, H PLC, TLC, and silica ge



According to a specific enbodi nent, the present

i nvention further provides the use of the conpound of

the above formula | (preferably, fornmula la) as a

reagent for protein analysis. Preferably, protein

analysis is carried out by el ectrophoresis.

The present invention further relates to a reagent

for protein analysis containing the conmpound of the

present invention. The present invention also relates
fluorescenoe wakélengtlo pf p flupwiseens pethying to bapsed inrtlje present invention is not

. . conpanent a reagent containi t he conpound_of the
particulagly digued, pwhiangss m A58 it fo ﬁﬁgn@o xaples Eleggspese can be

onponent a huffer el for electr ' : .
measured SR YRy Jpatndhe o Eiuhte, oA 4R Ryl o v o
commerdifINE N iQBle! Bud?QlcBRle! ﬁﬁ%gﬂ?%s,%dlﬁ%g Goilgbleat&h Aet@idorporation,

wi th reference to the follow'ng exanpl es, although
TECAN GROBE OPP., ¢fE HEAITESARE BIOVSTIENTES, and die lkieyri t ed
thereto. Exanple 1 (Exanple 1) Synthesis of conpound
1In an aspect, the present invention relates to an easily water-soluble fluorescent
(2,2'-(1E,1'E)- 2, 2" 44- (di cyanonet hyl ene) - 414- pyr ane- 2
compoundef dorpn{a] eratalidhereot: 1. di y1) bi s(sodi um
benzenesul fonate) sal t) Sodi um 2-sul fo
benzal dehyde (2.42 g (11.6 nmol)) was added to a
50-nL three-neck flask and then suspended in 30 nL of
et hanol nmethanol =1 : 1 (v/v).
hyl ene) - 2, 6-di net hy1-41-1-pyrane (1.0 ¢
[)) and piperidine (495 ng (5.81 mmol)) were
add and then the resultant was refluxed under an
arg at nosphere for 12 hours. The precipitate was
c8Flec®™d by ffitration. The thus obtained yell ow
powder was washed with water and then subjected to
dryi ng under reduced pressure, so that 1.43 g of a
[whereind®$i BT RG o @arie oediffelehqlicaetd of withltdis ddt abfor heteroaryl group
ESI-MS(+): [MtNa-H = 574.6 11-1-NVR (400 Mz,
substitutdiBEh o) oram@re @RiopRHubstjtpets]20 (2H, d, J = 16Hz),

7.3(-7.46 (4H, , 1.77-7.88 (44 m,, .8.62 .(2H, d, =
by Pretaut lnmtljgre OIS gl)é)ﬁﬁ'éle%é.téﬁzm%% sfortc acid

group. 2 o}t e fphaphet eqlof it AR Gry iR o gysom st

a potasstad] isBES b SruBfdi&R "RRUNRA cekium Zealt2 an4amhofiud QAL Ahd @NGuaternary
-6-neth |-ne-2- 1 vin sodi benzenesul f onat une

ammoniube dilthandng bllihearb@rizaddhet wikg! g2wd laving. 6b Hhedrpon sams, which
added to a 200-nL three-neck flask and then suspended

may hav¢ g subityent)of Peaferablyl an apreris spbgtituent is a gulfopjiagcid group or a salt
4- (di cyanonet hyl ene) - 2, 6-di net hyl- 4H pyrane (5.0 g

thereof (¢-&92 fp Fgﬁ'and pi peridine (818 nmy (9.61 nml)) were

SPUEDL AL L1 ML Ot OSSR g . o

phenyl gfoBB04 1684 g?%é)f hberAl Eﬂﬁpf"ﬂ ﬁyﬁhﬁﬂuﬁ,@nﬁﬁﬂﬂﬁérohb,%;h%mb?lsgroup,

concentrate The "t hus obtained precipitate wa
a pyrenylvgsdupd and tibigechyl gmop}), atleciandhyt leen substituentubthemthamals: above
__ dried under reduced pressure, so that 1.49 g of a
anionic spleséiteats.- conpound was obt ai ned (yield: 42.8%.

)La}n'\/pﬁ s+2)f; a E’Ly:txlﬂ})laaiyﬁu g4r_0u:p gl%ldﬁdg, Cs to Cyp heterocyclic compounds (e.g., a

R

(5.

pyridyl group, a bipyridy! group, a furyl group, a carbazolyl group, a thienyl group, a pyrrolyl
group, an oxazolyl group, and a quinolinyl group) which may have substituents other than the

above anionic substituents.



1H NMR (400 MHz, DVMSO-d6) a 2.45 (3H, s), 6.72 (1H,
dd, J =0.91, 2.3 Hz), 6.94 (1H, d, J = 2.3 Hz), 7.23
(1H, d, J = 16 Hz), 7.34-7.42 (2H, m), 7.79-7.84 (2H,
m, 8.63 (1H, d, J = 16Hz). 13C- NWR (100.53 Mz,
DVSO-d6) a 19.5, 55.8, 106.0, 107.3, 115.4, 119.3,
126.4, 127.1, 129.0, 129.1, 132.1, 137.3, 147.0,
156.8, 160.2, 164.1. (Conparative exanple 2)
Synt hesi s of conpound 3
( Ty flBereRetUedmyphuos ol dphprhsene myertiopDuefevab)y Basreesthigfirel of the
. Hpyrane-4-ylidene) malononitrile)
following fgsfpleday - 1- napht hal dehyde (0.70 g (5.81 mmol)),
4- (di cyanonet hyl ene) - 2, 6-di met hyl-4H pyrane (1.0 g
(5.81 mmol )), piperidine (0.50 g (5.81 mmol )), and
et hanol (50 nL) were added to a 50-ni three-neck
flask. The reg ant was heated and refl uxed under an
at NRsp for 6 hours and then the sol vent was
pdl‘no-r rleduced pressure, followed by
hcat i on byd®B uim chr omat ogr aphy (5i 02, CHC13 :
110 : 1 (v/v)). Thus a desired conmpound was
obt acriettN yi el d: 48.(3%)) ESI-MS(+): [M:Na] = 349.1
1H NWVR (400 MHz, CDCI3, r.t., T™M5, 8 /ppm 1.71 (s,
3H), 5.27 (s, 1H), 5.51 (s, 1H), 6.65 (d, 1H), 6.85
(d, 1H), 6.59 (d, 1H), 7.21 (d, 1H), 7.35 (t, 1H), . .
7Fathepmore; iy pregepignyention alse yelates lngymethod fopraigineinalypis using

of I qum abso i 0 vel.engt h and maxi.mum

a compopd 5L Bk BN} anpierens B gl s g
o] - . p e

O RTHRMER GoliRCRERS PR S3A0h (Bhe DebHicolP e present
inventior p@Bprisas de Qcpvodfe fengamplea () ire@1Vih® & sARP1NeBntaniBO Gratéins by

and the fluorescence spectra at a wavel ength rangi ng
electrophorasin B0 them imon@Sdgr dinmelgetrephorestsucaster Fipd ahgelr it Awraqueous

. Sspectra were neasured usin 310 (Hitachi

solution gogiaining: rtho | Hgresser, F%P%q%og? fPTESFBY fiNYREiR.c e that the

ﬂuoresceﬁgr%%%lptglﬁﬁﬁ%% p%%? %ﬁjdm%ts 1%%1@:6 SLQ(Q C %;g%riz@@e %i) immersing the

e res are snown 1 n
electrophbfsQatrier GPWRRY, sC4ppRIipraR! hifffth Y Bled SherStlyl 1efhoVng excessive
conmpounds Maxi mum absor pti on ‘wavel engt h Maxi nmum
fluoresceht vanpamdsn cleat \lave Inenh gitdractodipathnthe Jprat@ih (ietoloration and washing

step). Before contacting the carrier with the fluorescent compound, the carrier may be
immersed in a solution with a specific composition (e.g., an aqueous solution containing 1%
Tween80) for a certain period of time (e.g., 10 t6 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™) 1s typically
a buffer, which is 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 preferably C, to C4 alcohol and more preferably C; to Cs
alcohol. A buffer 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 buffer.

A liquid to be used for removing excessive fluorescent compounds can be water, an aqueous



380 nm 516 nm (excitation: 444 nn) Conpound 2 388 nm
511 nm (excitation: 440nm Exanple 3 Protein
detection (1) Preparation of sanples Two (2)
m. of a stock buffer (a mxture of purified water
(4.2 m), 0.5 MTris-hydrochloric acid buffer (pH
8.6) (1.0 m.), glycerol (0.8 nm.), 100 g/L sodium
dodecyl sulfate (1.6 niL), and 2-nercaptoethanol (0.4
m.)) was added to 2 ng of a commercially avail abl e
solution bk detatgant, Wei axampherdf evhigtPire tisied bSoan daa dufEnafuheabove listed
Merck & Co., Inc.). The mxture was heated in boiling
buffers. yater for 2 ninutes and then cool ed Thi rty (30) piL

h.of . h | di
6 R SRR S O PadisORe E%rc?w- 5,60 minutes,

is preferéﬁf% 3ﬁ§5 ot lsésssgﬁ@é sﬁiﬂnq_ljre:ﬂgﬁﬁﬁg&aagm‘dgrﬁét@ fo *e%' e time
for remo(/iﬁ eQedivé fubrebdent céthysi@doin s(t%) &) abdve réﬂébsgfdm Sodafiple, 10
odecyl sulfate (1 6 nit), 5 g/ L bronophenol bl ue

to 100 m(rﬁltds prefyablp20 aoelboinutest el mivapeeerablyedub 0 mieilght
marker, so that a dilution series with praotein
cOWPERng i&t?nﬁfeﬁ%lﬁglinﬁémpﬁsoﬁ*ﬁ‘fe d;swgﬁneé Lthﬁfoﬂ@o@mﬁ grreﬁ@ssary for

In.ter

decoloralite {EER T ehove s i LR SEFIeRSP BY it Br b in an

Bfid

aqueous ?Al Irjlfza%ﬁn% ﬁ?@%geﬁply?{nkany og Orglﬁ%r?e(é}@?éf tﬁleDggr’ne% 1r111 C?n aqueous

solution ﬁﬁaiﬁahg Q{&:oﬁlpbihﬂd 4f thbpreseftdnveition.ei n resol ving and
detection by el ectrophoresis Conditions for

e'[hmﬁomphi@r espetera smbpdinais theEmsthadophdhespresent invention

arat u RAPLDASM ni - Sl ab el ect.rqphoresi s chanber
comprlse;g\ ABEPS i @gpg@pgllchﬁy IS CRENIST| L BT AGULP SO ution containing

the ﬁuor%iﬁ@%lﬂ ggr#'lgddng{ngg Lgr%]or eé ]tf?fé/\’silgyg% ::% %ugo%) soluﬁ(gn c))n‘tauung a
detergent( hygihexysetoh ﬁkéceﬁf@@@ RERARRer l@&opNrediy 1l 188, pRoteins td¥blved

Sodi um dodecyl sulfate (pH 8.3) Fluorescence i nmaging
by electrapladrysde arel difflnsedc avithinr thel darr{eATWhicEorapaadatisely) affect the detection

results.  Accordingly, it is highly advantageous thai 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 (polyoxyethylene sorbitan monooleate) or Tween20
{poyoxyethylene sorbitan monolaurate). The concentration of such detergent in an aqueous
solution is, for example, 0.1% (v/v}, 0.5% (v/v), 1% (v/v), 2% (v/v), 3% (v/v), 4% (v/¥), ot 5%
(v/v) and preferably 1% (v/v).

Alternatively, the method of the present invention can also be carried 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
to 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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Li ght source: green LED (center wavel ength: 525 nm
Cut filter: R 60 (550 nm. Each sanpl e of the
dilution series prepared in (1) above was applied to
a gel at 5 gL/well (lane 1. 167 ng of protein/band;
| ane 2: 83.3 ng/band; lane 3: 41.7 ng/band; | ane
4:20.8 ng/band; lane 5: 10.4 ng/band; |lane 6: 5.2
ng/ band; |ane 7: 2.6 ng/band; |ane 8: 1.3 ng/band;
| ane 9: 0.7 ng/band; and |ane 10: 0.4 ng/band) and
removing leaeessiubjioteseent ®oe1pe@mdsopm dhe shrzieniit rcqwﬁétaﬁm completion of
current of 3Q mA for 45 mn
electrophereeut ﬁ@?eegP@ ﬂteheorgelpﬂ%g%eiﬁeg%&rem 19 REFYEHN,can be

shortenecg ol 1 Ut | ?11%4 %g)(va?l r| f I e gg e‘%{‘}%“ ]ag?) ?}%{agu&gy R makes it
possible &Y ?a‘i’)?&l? BRI b gh&{eniﬂg”ﬁe (17288 Héé&lé& e{ﬁxt Qls038 tha.t 1t provides

m nutes). Subsequently, the gel was transferred
morepreal@@ﬁﬂwﬁloﬁbﬂ&hﬂtsner and then a buf fer (purified
wat er/ 25 nM phosphate buffer (pH 2.5)/nethanol =
485/ this/ specifivition) examples efharCingsaionborgsig ¢ode g:/rrﬁ_‘jcarrm are not
een dissol yed was_added After being |eft to_ stand
particulafly Iiugedy fieg, h&cyetre WBCTln Sy s eleGrTopgEE including

membran%g Er ;aglf |n: geﬁ‘lﬂ?se Q e[f%t/é ﬁﬁ{éﬁ: ;% &2%{50% 1\?‘8% Ehegﬂbrgne a,lfg/ a poly-
Vlnyhden-g&ﬁﬁlﬂﬁm@e ﬁiﬂ”ﬁp}lﬁleﬁﬂdﬂeb QRd gbofe. A EFN REALMIRIR. ool Bfd 85ALR gel).

he gel was observed with tine using a
Preferabljz,l amﬁeraegﬂend isggirthglalyel Y2-eolyacdlatidngdlhe tine
needed to detect the bands each of which contains 5
t Hltarpatinglyo fthe rraethedh /ob athel I(ressmt duYsoHeN 7gn tabsot ke carried out by

detectjan lim case Iver stainin f .
contacting Gy g 1 g aB bl it Hiveogspoad of s e TPy it Ben camying
g, no precipitation of Conpound 1 was observed
0utdeﬂﬁﬂ¥%h%hysolutlons The results of the tines
negdrRemékhthet héod o8hd Presetnil@ltioftaffalso be applied for protein
electrophore3|s to the conpl etion of decol oration)
analysis raettiodied e etipbryirgesisitiophioteyis,umde as anamnowspoeipiiatioromsthod and a
are shown in Table 2. Table 2: Conditions for
dot-blot me¢thad-nent wi th anal ysi s reagent s and results

ipleERbed: B3 HivieBh iy it ool T g misty Tarsoluble
fluorescer@RUnd YRR I for protein detection:

(I}
[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

Ia:



wat er water Ti mefor treatnent 30 m nutes 20

m nutes 30 mnutes 20 m nutes 20 m nutes Sol ution
(I'l1) Purified water Purified water Tween80 Tween80
Tween20

SOsNa

NC™ “CN (1a)

The compound of the formula I of the present invention can be synthesized by, for
example, a method comprising the steps of: in an appropriate solvent (e.g., ethanol/methanol =
1 : 1 (v/v), reacting aldehyde having an R, and/or R, group with
4-(dicyanomethylene)-2,6-dimethyl-4H-pyrane at a molar ratio of 1 to 2 or more : 1 in the
presence of an appropriate catalyst (e.g., a base such as piperidine) under an argon atmosphere
at 70°C to 120°C for 1 to 24 hours (aldol 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 compound can be identified by an appropriate combination of measuring
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 1 (preferably, formula Ta) as a reagent for protein
analysis. Preferably, protein analysis is carricd 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, although 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-(dicyanomethylene)-4H-pyrane-2.6-diyl)bis(ethene-2, 1 -diy])bis{sodium

10



Timefor treatnent 60 m nutes 30 m nutes 30 m nutes 30
m nutes 40 nminutes Totaltine needed 100 ni nutes 60
mnutes 70 mnutes 60 m nutes 70 m nutes Detection
sensitivity 5 ng 5 ng 5 ng 5 ng

benzenesulfonate)salt)

Sodium 2-sulfo benzaldehyde (2.42 g (11.6 mmol)) was added to a 50-ml. three-neck
flask and then suspended in 30 mi of ethanol : methanol = 1 : 1 (/).
4-(dicyanomethylene)-2,6-dimethyl-4H-pyrane (1.0 g (5.81 mmol)) and piperidine (495 mg
(5.81 mmol)) were added and then the resultant was refluxed under an argon atmosphere for 12
hours. The precipitate was collected by filtration. The thus obtained yellow powder was
washed with water and then subjected to drying under reduced pressure, so that 1.43 g of a
desired compound was obtained (yield: 44.5%).

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

"H-NMR (400 MIlz, DMSO-d6) 6 6.92 (2IL, s), 7.20 (2, d, T = 16Hz), 7.37-7.46 (4H, m),
7.77-7.88 (4H,m), 8.62 (2H, d, ] = 16Hz).

BC-NMR (100.53 MHz, DMSO-d6) ¢ 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

((E)-2-(2-(4-(dicvanomethylene)-6-methvl-4H-pyrane-2-vl)vinyl)sodium benzenesulfonate

Sodium 2-sulfo benzaldehyde (2.0 g (9.61 mmol)) was added to a 200-mL three-neck
flask and then suspended in 120 ml of ethanol : methanol = 1 : 1 (v/v).

11



10 ng When treatnent before staining and
decol oration were carried out wwth purified water,
the total tine needed was 100 m nutes. However, the
time needed could be drastically shortened by the
addition of the detergent to the solution (I) or

(I'l). Exanple 4 Evaluation of protein detection using
Compound 1 and Conpound 2 Protein detection
was cayried out using Conpound 1 _and Co

-(dicyagmeResPOHE AHn RSBV BB a0, & ARy mols GRA Ripesidine (818 me
d i b i | 3. LAf | i h
061 mfgHF el R e AR oyt s SR ST a8 St dtinmpgre for 3

; > . .

. 19 AR BN PR E5ch DtAE! g ot

The thué UBkhitked pieipith@ Wanuwhsied b sBglsdtdty and HRngRd resaBant was dried
transferred to and i mersed in a contai ner containing

under reduckdopTassand0 thajueBus okodasired corhprungd Gvasiobtsined (yidlds 62.8%h).
this case, nq precipitation of Conpound 1 was

ESI-MStysYverHIn=084-8s ol ut i ons during staining. The total

1 ' for tr t i,nut _

g (49BN s Bl P30 PR e gty B 7380 oo 4 -

2.3 Hz), 7e8Yh 1154 a1 €16 N9y 3407 1 gm,hf;‘ﬁ%?ﬁ@ @B mg}’!‘ﬁi‘ 11, d, J = 16Hz).
Conpound 1 was used, bands containi ng ng or nore

BC-NMRf (100,68 e¥bls, DOMSO0-doe cdetT G5e8]. 106a 8T sy 106 8N 119® 1264, 127.1,
result, the detection limt was 20 ng in the case of

129.0, 12hpddd 1373, THAK), 588, ROA16410f protein detection

Lane 1 2.3.4 56 7 9 10
( Compaxa.%ve example 2) Svnthesis of compound 3

((E)-2-(2-(4-hydroxynaphthalene-1-yl)viny)-6-methvl-4H-pyrane-4-ylidene) malononitrile)

4-hydroxy-1-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 an
argon atmosphere for 6 hours and then the solvent was removed under reduced pressure,
followed by purification by column chromatography (Si0,, CHCl; : MeOH = 10 : 1 (v/v)).
Thus a desired compound was obtained (yield: 48.2%).
ESI-MS(+): [M+Na]" = 349.1
'H-NMR (400 MHz, CDCls, r.t., TMS, § /ppm) 1.71 (s, 3H), 5.27 (s, 1H), 5.51 (s, 1H), 6.65 (d,
1H), 6.85 (d, 1H), 6.59 (d, 1H), 7.21 (d, 1H), 7.35 (1, 1H), 7.38 (t, 1H), 8.08 (d, 1H).

Example 2

12



Protein (ng/band) 167 83.3 41.7 20.8 10.4 5.2 2.6 1.3
0.7 0.4 Detection Conmpound 1 + + + + + +

Measurement of maximum absorption wavelength and maximum fluorescence wavelensth

Compound 1 and Compound 2 were separately dissolved in purified water at a
concentration of 25 ug/mL. The absorption spectra at a wavelength ranging from 200 nm to
800 nm and 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.

13



+- - - Conmpound 2 + + + - - -  +: Al bands
could be detected. -: At |east one band could not be
det ect ed.

Table 1: Comparison of optical characteristics of compounds

Maximum absorption Maximum fluorescence -
wavelength wavelength
Compound 1 293 nm 516 nm (excitation: 444 nm)
380 nm
Compound 2 388 nm 511 nm (excitation: 440nm)

Example 3

Protein detection

(1) Preparation of samples
Two (2) mL of a stock buffer (a mixture of purified water (42 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 2-mercaptocthanol (0.4 mL)) was added fo 2 mg of a commercially
available molecular weight marker (Protein Standard Mixture TV; Merck & Co., Inc.). The
mixture was heated in boiling water for 2 minutes and then cooled. Thirty (30) pL each of the
resultant was dispensed in a 0.5-mL microtube and then cryopreserved at -80°C until the use
thereof. A sample diluent (a mixture of purified water (3.8 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 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: Multigel T mini 10/20 (13W) (COSMO BIO Co., 1.td.)
Buffer for electrophoresis: 27.2 mM Tris (hydroxymethyl) aminomethane, 192 mM glycine, 3.5
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Regar di ng anal ysi s using Conpound 1, a graph show ng
the rel ationship between the protein concentration of
each band and fl uorescence intensity is shown in Fig.
2. In the cases of all proteins conposing bands,
fluorescence intensity was observed to increase as
the protein concentrations were increased. Therefore,
in the case of this plot, no differences due to

in type were observed. Accordingly, it
mM Sod; dﬂ‘éﬁ%’h%%lfa@t(ﬁﬂa%t Conpound 1 enabl es successf ul

FluorescogR iRAEing Arghe<5t Diebl FIRGE BLeT O CePHG EBmound 3 11
aL?%‘TB&g g'gi’é:éni eﬁter Wa%l@ﬁg@h %%5 Q)i on using

was exa |n sanpl es were

prRpARradRas) (58 hews: Sanple buf f er (0.0625 M Tris- HCl
(pH 6.8), 5% 2- nercaptoethanol 2% SDS, 20% gl ycer ol

alkdci0 saﬁﬂlﬂ%oBFﬂEﬁ dihatonastdies! pthna&d(ln rﬁy) altoveomseermliadi ftyy a gel at 5
avai | abl e BSA (PIERCE) to dilute
nL/well dape brk6r axgiod meotein/band lasr?: 836, ngi‘@ndalan@3 Aeln’ljnﬂbezld lane 4: 20.8

ne/oand{ ol 516 F 3R oo 2 AR e . 2% By B e 4.4 peroenc

e - % SR 100 60 A PARALES) I P LBk s i

constant lelifent oPab yaC for g mhidgtegel : XV PANTERA Gel (DRC Co.
Ltd.) Buffer for electrophoresis: electrophore5|s

b dffiee eleatrophoiest, the 30V VRANTERAlIZBEY immayed Soensdution (1) (purified
d anal yzer; LS400 (1 hCAN GROUP LI D) Excitation
water, 1@%@@%@@&%@&3@%&?&@ eﬂ%ﬁ%@%@@ﬂ@@%ﬂﬂ%@cfmhwredeteﬂmned

I e R T
contameP %@ NG 2 RIRE GhinYRldY Ivatehok | IHNP Ahbsphsk Qﬁfﬂ‘ein F(P{/Ir £§)/Bethanol =

After el ectrophoresis, the gel was | medi at

45/45/100 (WD) $eavhich dbsipblvhdd @A0 qlg/hD) ha® bbén Asavalvas added. After
Subsequently, the gel was transferred to another
being le@ofiet %tarrdeifora mihules.athet gal nvargtrewsfarradote gnfithsri ¢angagner and then

sl s e e S SEBRA S Tveeno
aqueous rgoﬂlﬁ 12)? £t décm&:"f{tﬁ)'non %:hrégaﬁg & ﬂﬂ@?elt %Q%fb%r(z&ﬂ wifh time using a

contal ner an

ﬂuoresce‘h@é lﬂhh@ﬁ Enal2dr dHat ihef Fhe fim@0ncedddtd Wét¥dt)thé Bands each of which
decol oration. ‘The gel was observed using a

contains 5] todrlesg ef\petdmbgid(romesiopding. to Theedetetiohtlania i tiehase of silver
in Table 4. Table 4: Results of protein detection
staining) F‘Pfo]la@¢qr1( 1 'tuﬁ:gﬁ k@ﬁd}mq @@ ovqgoygeq_sg(pd During staiming, no 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 5

Solution (T) Purified Tween80 Purified Tween80 Tween20
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60 30 15 1 Detection + + + + + - - +: Band coul d be
detected. -: No band coul d be detected.

Accordingly, it was denonstrated that the protein
detection sensitivity of Conpound 3 was 30 ng.
Therefore, conpound 3 had sensitivity 10 or nore
times |lower than that of the conmpound of the present

i nvention. Al 'so, Conpound 3 was hardly sol uble
rmwater;, so that—Tt—was preci pitated T the staning
solui“@ﬁﬂduring t he protei|nWa®hi ni ng jas descri bed

i ab Hence, i S consider ed that the decreas .
Time £ A0 PiRYiSh of 2 Tnd B0 WIS st Rgtes ol utezﬁaﬁnutes
treatmenE esulted in inspufficient protein st a| ni ng. Moreover,

It was difficull to conpletely renove excessive

Soluuon‘iﬂjfp’PEﬁﬁech thep i N9 StRReARbEr SIRIRLEY: SO TWEk20

i'nsol e mattef adhering to the gel |appeared as
fal sewaasi tive speafes. | n concl usion, |Conpound 3|was

|l o ArinAd A ronf Ay Ay B oA 4 N A g ~f 4 N

al oU fUUIIU tU U rrimrc<rTul CU TT1IT L;UIIPUUIIU Ul U1

Time pries A0 mimwent i B0 mmmtteyr ns| Hf myetesct i |G minoes acy 40 minutes
‘ Exanpl e 5 Enbodj ment of the present ijnvention wherein

treatmenkt gj hing is carfied out during el ectrlophoresis

Total  time | 100 minutes | 60 minutes 70 minutes 60 minutes 70 minutes
needed

Detection | Sng S5ng 5ng Sng 10 ng
sensitivity

When treatment before staining and decoloration 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 (II).

Example 4

Evaluation of protein detection using Compound 1 and Compound 2

Protein detection was carried out using Compound 1 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 1 (60 pg/mL) or Compound 2 (60 pg/ml) for 10 minutes.
Subsequently, the gel was transferred to and immersed in a contamer 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 anal&zer. The results are shown in Fig. 1
and Table 3. 'When Compound 1 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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Compound 1 or Conpound 2 were dissolved in a buffer
for electrophoresis (27.2 MM Tri s

(hydr oxymet hyeam nomet hane, 192 mM gl yci ne, and 3.5
nmM sodi um dodecyl sulfate (pH 8.3)) at a
concentration of 15 j.tg/nL Wth the use of the above
buffer, the other conditions identical to those
described in Exanple 3 were enployed to carry out

el ectrophoresis. After conpletion of electrophoresis,
t he gel was transferred to a container containing 1%

us solution, left to stand for 40
Table 3: #1 ﬂﬁ@é)gpf ?}H tFf‘é‘i‘r Mnal yzed using a fl uorescence

i magi ng analjyzer!. ,The fesul;t s e (o i n EJ; . and
Lane Table 5. \Wh % rrpzou : wgs ugér;d 5(2 Wg c% gi ni:glr{r)g
Protein (ﬁg/%aﬁtg or rl%7Cf83<?B p4p7 E‘QU 8001@4JI Be |deg egtedy 7 Oa 4 he
hand,{protieins han-cyt-oghrolre—-G-couyl-d
Detectroﬁot(jobq)odﬁdiect ed|int he+case af {:orpround 2.—Tabl ¢ 5:
Resttts—of i'Ot'ri"lchClrun taner+—2-3—#516—789
1()(]érrq:toemh2( nd/ bard)| 167(83.3 44.7 20.8 | — | = | -

+: All bands could be detected.

—: At least one band could not be detected.

Regarding analysis using Compound 1, a graph showing the relationship between the
protein concentration of each band and fluorescence intensity is shown in Fig. 2. In the cases
of all proteins composing bands, fluorescence intensify 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-HCI (pH
6.8), 5% 2-mercaptoethancl, 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/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: 1.8400 (TECAN GROUP LTD)

Excitation wavelength: 543 nm; detection wavelength: 590 nm.
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10.4 5.2 2.6 1.3 0.7 0.4 Detection Conmpound 1 + + +
+

Each of the above prepared samples was applied to a gel af 5 uL/well (1000, 300, 150,
60, 30, 15, and 1 ng/band, respectively), followed by electrophoresis.

After electrophoresis, the gel was immediately immersed in distilled water for 20 to
30 minutes. Subsequently, the gel was transferred fo another container and then a staining
solution (distilled water : methanol = 1 : 1 (v/v)) in which Compound 3 (100 ug/mL) had been
dissolved was added. After 30 minutes of immersion, the gel was transferred to another
container and then immersed in a wash solution (water : methanol = 90 : 10 (v/v)) for
decoloration. The gel was observed 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 + + + |+ + ] ==

+: Band could be detected.
—: 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 decreased concentration of Compound 3 in the staining solution resulted in insufficient
protein staining. Moreover, it was difficult to completely 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 to be inferior to the compound of

the present invention in terms of detection accuracy.

Example 5

Embodiment of the present invention wherein staining is carried out during electrophoresis

i8



Compound 2 - - - - - - - - - 4. Al bands could be
detected. -: At |east one band coul d not be detected.
Based on the results, it was denonstrated that
Compound 1 enabl es successful protein detection even
when el ectrophoresis and staining are carried out
simul taneously. Industrial Applicability The
present invention nakes it possible to carry out
conveni ent, rapid, and Qﬁghl sensitive protein

d&peppiehl P@@Qﬁiﬁ@@ﬁsz wErephgobied in § pelfer foregleqippboresin e27.2 mM .

Tris (hy A esngn nvent igﬂ%ﬁﬂé L na%aﬂaggll\g}?slp t | n(ﬂ)decyl sulfate (pH
8.3)) at %\ﬁgr%ceﬁﬁe[ty 0‘}\31 S\éﬁé/lnLas Wﬁhfﬂﬂeelhsgs f rtffel %dvg%utﬁgr 008 $er conditions

identical to those descnbed in Example 3 were employed to carry out electrophoresis. After
completion of electrophoresis, the gel was transferred to a container containing 1% Tween80
aqueous solution, 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 was used, bands
containing 5.2 ng or more of a protein could be detected. On the other band, proteins other

than cytochrome C could not be detected in the case of Compound 2.

Table 5: Results of protein detection

Lane 1l 23| 456|718 ]9]10

Protein (ng/band) 167 1833|417 (208104 (52|26(1.3|0.7(04

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

Compound 2 | — - - — - | == =1 =1-=

+: All bands could be detected.

—: At least one band could not be detected.

Based on the results, it was demonstrated that Compound 1 enables successtul 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 to medicine such as biochemistry and analytical chemistry, as well as in

fields relating to foods.

19



| . An easily water-soluble fluorescent conpound of
formula | or a salt thereof: NCCN( | ) wherein Rl
and R2, which may be sane or different, are an aryl
‘or heteroaryl group substituted with one or nore
sul fonic acid groups or salts thereof 2. The conpound
according to claiml1l, wherein the conpound is
represented by fornula la: SO3Nal SGBNa NCON( | a)
vwknﬁuﬂﬁhﬁgkhod for analyzing proteins, which conprises
detecting proteins using the conpound according to
claiml or 2, thereby analyzing the proteins
qualitatively or quantitatively 4. The et hod
1. accoHn distly waerephibla @uormwwom@ﬁmd ofdernpda bpy/d sadt thereof:
proteins by el ectrophoresis. 5. The nethod according
r,L 0 Clahm Wi ch conprises the steps of: resolving
I~a carrier by el ectrophoresis; and
g the el ectrophoresis carrier in an aqueous
sol utipn contai ning the conpound according to claim1
or Re The ngthod according to claim4, wherein a
buf fer containing the conpound according to claiml1
or 2 is used as a buffer for electrophoresis. 7. The

met hod acc ing to any o of clainms 3
Whereal Rigndiioe %e:grw%ﬁ b st q{égf%%ﬁ%%rﬁan AL 6F é?tﬁrg’a%y gtqua.SHbSUtﬂted

with ofie gamoreas%&m%c %(%ldugtrtl)l?pg of gﬂ{s%&e&g a detergent are

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

formula Ia:

3. A method for analyzing 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, Wthh comprises resolving - proteins by . . B

electropho:resw

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

resolving proteins on a carrier by electrophoresis; and
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8. The nmethod according to claim 7, wherein the
detergent is a nonionic surfactant. 9. The nethod
according to claim7, wherein the detergent is a
fatty acid pol yoxyet hyl ene sorbitan-based surfactant.
10. A reagent for protein analysis containing the
conpound according to claim1l or 2.

immersing the electrophoresis carrier in an aqueous solution containing the compound

according to claim 1 or 2.

6. The method according to claim 4, wherein a buffer containing the compound

according to claim 1 or 2 is used as a buffer for electrophoresis.

7. The method according to any one of claims 3 to 6, wherein a 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 is a nonionic surfactant.

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

polyoxyethylene sorbitan-based surfactant.

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