DESCRI PTI ON METHOD OF STABI LI ZI NG HEMP- PROTEI N ANT) STORAGE SOLUTI ON
THEREFOR TECHNI CAL: FI ELD 5 WOO | The tresent invention
relates to a nethod of stabilizing a hene protein, particularly Los
met hod of stabilizing a beme protein in d herde protein test of
feces, :nine, or a blood sanple. 10 BACKGROUND ART 100021 In
recent years, detections of fecal humSdCHETdgNobi n (fecal occult

bl ood) caused by bl eeding fromgastrointestinal tracts have been
broadly carded out as a screening nethod of a digestive system

di sordet, SUCTyATHOh L RRBITZnlReLH Eeﬁﬁ ¥enrehig & 1efR RERRIDLUTION
heanIobln i's an 1 nmunol ogi ca ﬁ @ ying a specific and body
agai nst human heanIob|n, whi ch t akes e place of a related-art

di pstick method based on a chem cal coloring reaction. fins method
does not require a dietary 20restriction, and therefore it becones
est abl i shed as a conveni ent testi nE@BNAOAL FIBDD31 Exanpl es of
an innugological detective nethod for human henogl obin include: a
single fmmnikii Elision test in agar plates enploying a

preci pi tatiopohjne between an anti-hunman heanIobln anti body and a
human heanIobln in a testing, sanple a |atex agglutination test
using a | atex parTth:PreSQnémeml«zretﬁlwﬁtth agnethpd Pfﬁ%ﬁhﬁmﬁérhemdﬁwﬁm

anti body; en noas i

anti human harOT BT ooty ab B A BRREE Rt PO st of e,
el enent ; andngglgrgpkbgggnpggregatlon colorlnetrlc nethod using a

gol d coI loid particle sensitized with an anti-human henogl obi n

ant i bodly, 30[ 0004; However, in a testing solution, human
henogl obin is gradual l'y denaturedB %ﬁgGkgﬁD@@QQQ?”iC oy is decr eased.
Also, in a testing solution, storage conditions such as storage
tenperature often accel erates denaturation of human henogl obin, or
bacteria ar}g &i'igesti ve enzynmes in feces often degrade human

henogl obi n 4 denaturation and degradati on destroy human

herogl obi n conf orjgatiHn ea[r@%é'téchaﬂs meé’g@%ﬁ@ﬁ BeRbg Bl @eddi 6¢dutt:blood)
Therefore, in an lrmunolyo i‘cal nethod for neasuring human henogl obin,

denat utat i orcaased hyeyeatiag from ga‘stroim@esméﬁﬁglmsthaﬁe perrotrgedlasairiee onf ect

di agnosis. [0 on a.fe I t

feces are ofsfﬁﬁmé’gIW%B?%%?%glggﬂbveesé’ PEM i r?é%l’ \S/lgcg1 gt&) lPlecl(gl?gerl 3\2‘% gotective
are provi dedndtRbd bhgirhihhénesiesieds Q@ﬁﬁ@uﬂ@lbglcbh/mduhsd eht\pld}glg | mcffe;c es
in a feces dissolving solution in the. container.

10human henwglibeshnagamst Bemsn hemeglosL ik Wed pltaﬁ%o %%tf“g At ipstick
several days,.Qf4 F%]S%g ed '(%lem‘ﬁilcah 91%rﬁ1 %ﬁ@ﬁ uﬁ"ﬁls\i‘%ﬂod’&éés'n%l ﬂﬁuﬁ'e a dietary

transportation me as a ost serV|ce even feces
are cojd ect eekttittion, ahd the@ﬁbrel iabexroartefsreytabhshed(as”etconﬁermeﬂte@tlh@ngdmd
until carrying out the fecal occult blood test because other tests
are al so pedf@¥ed. Under such circunstances, an accurate neasurement

| s disturbed by %&ﬂ{&é%ﬂamnﬂmo@@@éﬂ%ﬁew&b QEthR B heaDghedilbias

descri bed above
1nclude a single immunodiffusion test in agar plates employing a precipitation line

between an anti-human hemoglobin antibody and a human hemoglobin in a testing

25 sample; a latex agglutination test using a latex particle sensitized with an anti-human
hemoglobin antibody; enzyme immunoassay or radioimmunoassay, using an anti-
human hemoglobin antibody labeled with an enzyme or a radioactive element; and
gold colloid aggregation colorimetric method using a gold colloid particle sensitized
with an anti-human hemoglobin antibody.

30 [0004]

However, in a testing solution, human hemoglobin is gradually denatured, and
its antigenicity is decreased. Also, in a testing solution, storage conditions such as

storage temperature often accelerates denaturation of human hemoglobin, or bacteria



[ 0006] To prevent such denaturation and degradati on of hunman
her nogl obn in solution, a nethod of adding conmon anti bacteri al
agents such. as thinerosal and eltiorhexidine (see Patent Doeuill ent
|, for exanple); a method of adding saccPaarides 20(see Patent
Docunent 2, for exanple); addition of henoglobin of animals other

t han human (séeidead eninzPoesirefiteshftenhicgerdahphe) hemdglpbinoPush dgeateragen

i mal s other than htinm. Pat ent Do t 4, f le):
2001t 1 o of MABSERARIADN GFoire) haRy RET(LERn BT BT S5 (e Ean Opgpase of
exanpl e) ; a%ﬂ%i%éerf?‘fh}?fﬂﬁ?&oféﬁﬂ{ ﬁpﬁﬁrﬁuﬁd@bglgai%ﬂlf&t RAmePagFENim®, for

exanpl e) an I"ke have been devel oped. However, the

t echni ques fhemogtodbi, dezitngtihn mah dtgsadsgioo ol e dharinvhlvegdacorrect
publ i caﬁ,ti ons,.cannot fully suppress denaturation and degradati on of
human hermoglBBPASHn a testing sol ution containing feces. 19007]
Qlier thantp e descri bed above, a nethod of stabilizing henogl obin

usi ng ethylenediam netetraarietic acid (hereafter; gbbrégat d ag.
EDTA) have been ddeasivdplsdor 8 decapageafitbloqddetimsags are ofigh © Wﬁlleté')su Jects
However, as resul t of.replicati j 1t8d Red BSntainer, b

i nventors oftﬁl‘;tr’ﬂsé3 V&S &glﬁfr pﬁ%\?g’n | 3g€p®%}&gg§at}g§%gg§nfi rcrreg thai61 mgr. Y
sufficient sti@bivingzihegeeti ofecondieadaihgbolnton hetogbubinar.clrmioh ciyes,
expected with a. single use of ED i cant

A, . . . .Th .tht. |
of t he Wt esedumaghemoghimbsiepesdn Og%‘%/éqnéﬂbli“ﬁidn éh‘?é{l]'ﬁb%‘ ft8f s%‘%gall 487 aR"
aqueous tr ag%{c}[é%l] %a Eg‘;}lﬁsrgﬁ?{éﬂ{rg&h@@ LiG1zihS 2 MRh & oefali8 Hicwd dfOEh as a gmstal

stabilizati see Patent Docunent 8, for exanple).
Further, theeappl iAdantevhasihah feadyredeliettopad dimeql hdwratesy, tsapiclingi ng

henmogl obin wi th which ferrecyani d 0 d exi

Document. 9, i IGREATBRE) AT E AL TFIEaD] T2N Rg: ParaEt By f ol
whi ch an enzypBih & degdiadati SRR @aues, afhchigim dhabinmesexidisbésee
Patent: Docunent 10, for exanple); a nethod of st.aiihzing a Ileum

prot ei 15 wi t hiewdtinehon pan degripdatianetfdugas dexiogtobpsaedpai st 2B unent 11,
for exanpl e)b @ nmet hod, of stabilizing a berm protein with which an
organi c aci (i % (lh as mall acid coexists (see Patent Docunent 12, for
exanpl e); and a nethedeiust @atirztiongana degraapeodEhuma hdmagiolsh iaa
del i pi dated al bum n coexists (see Patent Docunent 13, fi 3 .exan%pL%)
[0008] Pat enplubeemeathod:of adianss@npaasibacagil i€ SR PO No.
JP- A- 63- 271%%1'}16?(2&}&%& ﬁ%&@bc&ﬁ%ﬂ??& Rah e HRRIEAY b@Ming saccharides

Publ i cati on I n Docunent “3: Japanese Pat ent
Appl i cat i on (RelfatmaDioonmblat 2, B deaph2964dbtiRac Smmadetineh enimalyepeiibye

Pat ent Application Publication P- A-4- 145366 Pat en "
Japanese ExaminiBEspdiaat /sasamee%'}giféhe Ig c%‘qug?]n s_er%g,f%ﬁ%gﬁ g)g}}leg%h an
Pat ent Docugqgﬂ% gs'ee‘b@fﬂ?é?’ﬁI eRRuRRheNtfoABRKI At hantifubf & badtétilytNoenzyme (see
JP- A- 5-2812 8 atent Docunent 7: Jaganese Pat ent Application

Publ i cat i on Phient PPevn&atgl 923 xRatpénit addiic i£OTBPrOtOPRAIY S ST AT
Appl i cation _Publication No. .1 P-A7-229902 PR nt 9: Japanese
Pat ent Appl i@&f‘m@ﬂtéﬁgﬁ:’?&?m%&‘ theﬁ%@ﬁgﬂﬁ&ﬁ%ﬁ% at ent Docunent 10:
Japanese Patent AppldeatthofcRuhisat sapilng HunRmMhenidsl @iB888riBad enthose
Docurment 11: Japanese Patent Application Publ iq(::;geti on .No.

JP- A- 2001- 249bl@tipas errnopbd ineipresdenpip asa gé%iﬂ‘tlﬂﬁ Of PE%ER on

Publ i cation,No, . lP-A-2003-0 : unment Japanese Pat ent

Appl i cat i onhE’EI‘BE%O%é{i PGhrige %@@tﬁ%@%ﬁ%%gﬁﬁu SC. SURE OP THE

| NVENTI ON Predgj7gm t o be Sol ved by the Invention [9009]

Other than those described above, a method of stabilizing hemoglobin using

30 ethylenediaminetetraacetic acid (hereafter, abbreviated as EDTA) have been

developed (see Patent Document 7, for example).

However, as a result of replication studies conducted by the inventors of the
present invention, it has been confirmed that a sufficient stabilizing action on fecal

human hemoglobin cannot be expected with a single use of EDTA.



It is a first object of the present invention to provide a novel

met hod of stabilizing a hcne protein, which is effective against
denaturation and degradation of a hone protein such as henpglobin. in
particular, th.e purpose of the inventi o i3 to provide.nique for
effectively stabilizing henogl obin which coexists with feces
conponent s havi ngTlsr tregpdbcat of Geiporseainidvaeign Adabsarieyelopipietd method of

It is a second.object of the present inyentjon.to provi

sol ution of & ERE HNSTY éﬂetg'rfﬁmf@?‘ \ghﬁg\llseninogeteggqcﬁ?%forgas,{a%l ,Zz%ﬁon
for a kerne @EOESITN only (see Hakert DoRuhbBht'd f@ki@ebh1epf Fligerpthespplicant has
invention to provide a specific conpound for use Ma. novel nethod of

st abi | i zi ng @rehdyrdeysiatediametvbdngsthitizigslhgmaglobinewth Btidm feowcy

present .invention incl udes f oW N af:

Bt a5 11 1 ng ditat Bretas ek ToieRlPRR e Dol sl bholet: DmnBEp P AdiBling
ar boxyl i ¢ achghddiotin saihtwhibe ke efizyintaticaR)iaghtidmpradsamphemogiobai cicrigts
the hone protein. (2) I'n the nethod of st% i ziﬂ a hente,
prot ei n accdsel Pjentd @pmenh &0, AEEH Do g I SEOHI70E 3 g‘ﬁ? ProtRBMa
is a conpou : e = z : =
b20a-0"1" 00 Fph it@%%g}eg%%??exéstt §es %392%?3@%15%5 gfﬁgi;]lg){%’ RS
an ammot num gslelifingh hamemxétainewith ehédfannapanic scidsidh BHRalic Ml coaists (see

10 Patént Document 12, for example); and a method of stabilizing a heme protein with

which a delipidated albumin coexists (see Patent Document 13, for example).
[0008]
Patent Document 1: Japanese Patent Application Publication No. JP-A-63-271160
Patent Document 2: Japanese Patent Application Publication No. JP-A-63-243756

15 Patent Document 3: Japanese Patent Application Publication No. JP-A-2-296149
Patent Document 4: Japanese Patent Application Publication No. JP-A-4-145366
Patent Document 5: Japanese Examined Patent Application Publication No. JP-A-5-
69466
Patent Document 6: Japanese Patent Application Publication No. JP-A-5-281227

20 Patent Document 7: Japanese Patent Application Publication No. JP-A-5-99923
Patent Document 8: Japanese Patent Application Publication No. JP-A-7-229902
Patent Document 9: Japanese Patent Application Publication No. JP-A-11-118806
Patent Document 10: Japanese Patent Application Publication No. JP-A-11-218533
Patent Document 11: Japanese Patent Application Publication No. JP-A-2001-249132

25 Patent Document 12: Japanese Patent Application Publication No. JP-A-2003-014768
Patent Document 13: Japanese Patent Application Publication No. JP-A-2003-194825

DISCLOSURE OF THE INVENTION

30 Problem to be Solved by the Invention

[0009]
It is a first object of the present invention to provide a novel method of

stabilizing a heme protein, which is effective against denaturation and degradation of

a heme protein such as hemoglobin. In particular, the purpose of the invention is to



H--ts - ....... - u0Onkd.n..... ea kii V-",", i\Xi?A cgs k.t./
(ay:here X is a hydrogen atom an alkali netal, or an amoni um
group), or a. salt thereof, (4) In the nethod of stabilizing a hens
protein acsording to any one of (I ) to (43), a concentration of the

i m noarboxylic acid or a salt thereof falls within a range of 0 }??elces

to o.mo am dprovids)a teghnidiee fapefiesdivel stabaling bmRpleb IR SEc st it
according to t 1 Cl LA i [ e i ohi n,

per oxi dase, 8&%%“5 :n{%gg#mg s-tliloﬁg 8%%%1?104 %’grl%g&ﬁgg&{o%usvﬁéégl izing a
hens protein accoltdi Agecoad object 6 thaprbant Gorh@imiongotide hetdragen®lution of a
protein is feces, urine, or blood, (7) @_storagef sgllgutiont for a
hems pr ot ei nh&BAPHIHE WiHeh PRPHYE aresxlytavdizRg et 108 205 H & e of
accordigg to any gne, inrd((;]t%i &Qf (k) present inb&hioMo bRIVRCAEREMI! doenRehd for
or a salt thereof Uséd in the metHo :SI stabilizing a hens protein
accor di ng t ousny aoneclafiethdd of stalfifiyingla ISnEffretetns of the i nvention
100111 In the nmethod of stabilizing a hone protein of the
present invention, the hens prKgelit can he i,...,,necteo froma

bi ogeni ¢ subgf.ance: RaiMGhe FrbQRg denaturation :and 30degradation
activities, (-wen under coexist:a-ice wth a feces conponent,

Accor di ngly, [@0he] net hod is esethi to stabilize henogl obin which is

contained Ma sanple for analysis of achj j stance, thbr

exanpl 40 fen dof ORbe sy ERh Beplosf fqﬁ@ﬂ?@@&i Vally.: the method
contributes {19 Amkbaion s@Biliz@gM Edrhy piotei@isheamcpriat@byinchhien tlhevihg ae
protein is supposed to he i munol ogictally analyzed md its antigen
structure i sinpiagearbalic acideor srati dhared]. to BpHiHdn 8 SHPBIG AN FERES ﬁ@rheﬁﬁe
met hod of thﬁroperir?sent i nvention, the storage solution, and the nethod
of stabilizing, a henms protein, henoglobin in sanples of feces is
stabilized ef)ectievedtiiod andalgitiementticor mbtem deabsieng to (1), the iminocarboxylic

15 acid or a salt thereof is a compound of Formula (1):

CH2—CH — NH — CH-CH—-R
[ l ! I

0=C = = =
ot b

0 0 0 0
X X X X

(where R is a hydrogen atom or a hydroxy group, and X is a hydrogen atom, an alkali
metal, or an ammonium group), or a mixture thereof.
(3) In the method of stabilizing a heme protein according to (1) or (2), the

20 iminocarboxylic acid or a salt thereof is 3-hydroxy-2,2'-iminodisuccinic acid of

Formula (2):



U negative result caused by denaturation and degradati on ot

henogl obi n can be expected, BEST ' MODES FOR CARRYI NG OQUT THE

| NVENTI ON 15 100121 The present invention will be described below In
nore detail. In the present i nventi on, the im nocar boxylic
acid or a salt thereof is coexisted with a borne protein in a sanple:
The i m nocarboxylie acid can be appropriately selected fromones well
known in the art; however, especially the conﬂﬂmd of Formula (1) is
preferabl e, and 3-bydroxy-2, 2s-i m n0di sa3cinid acid of Fornmula (2) or
a salt thereof k nore prgferahle. 0, np of an al kali rnetal
of X of Formula (1) andéa?r rruaeg ( ANﬁl ncme :chFhi um sodi um

pot assi um rubi di um and Ce,Sitall, Al so,! as tlhe inthnear boxylic acid
used in the present mv@ntion( *£& ex@mplG, 1€FLd synt hesi zeg y a
met hod usi ng aspani c acid andjei nxysticeippie gcid as raw mate ? I's
(Japanese Patent Applicati one$7ubl i cation , - A-9- 183773, far
exanpl e); a nethod using Mal e¥C acid and ammoiyl a as raw material s
(United States Patent | . 78 639863, f exX‘rpI e), a nethod using
aspakic acid and maitie acid as raw nmateri als (Japanese Patent
Application Publication No. JP-A-5-320109, for exanmple); 20 a nethod
usi ng nal ei dWhefedX fnd bydreganeptompg kel giad. Qi SHRRIRTE AUR)ay 2 salt
material s (Jgpanese Patent Application Publication No, JP-A-8-12631,
for exanple) can be used, 00131 A concentration of the

i m nmear boxy#) n the ingkttord & sedllizihde heat piaeia asamphe td 25cor &i(h) g3a a

herne protein is 0.001 to. 0,200 noll:, .nore prefer ./, .0,050 t
0°150 Ml | CONAREAIPHE! B8 HBHIRCRLPRH %ﬁggh@ﬁwﬁﬁraeg%awﬁ%a%ga %r a
salt thereofyds thessothan 0, 001 annoilL, an effect of stabilizing a
hone protein beconmes insufficient” On the other hand, when the
concentr at i ¢f) lofthe hetliodiafethilboxyt henapideivacerdiap to { hethe dEmiepretgiaris
0200, i nnol / L, ecrease nd i mrunareaction is al so

so]fz)bi it [ a %P
i nhi bi ted, aMNGLYTy MYOBIOOM, PRFPAEHEH i 48 “not essential in the

tresent inveafinQRe nRyhodddisRGilaikNOWemPbajeh AcRi@hetd ant a &snlequhtathg
an effect to stabilize the Imbp protein can be further enhanced.

Exanplés of theuletmeapiptean &ifacgss ptiesoahtoodnel ude an inactive protein

such as al bg’{?ﬁ? I,s]f’bg%egs%i 1toi{1rf0r a 9}9}%1? kgﬂtein contaﬁ@Xh@%nQHHid?b&x”yl"ic lagid! Jrﬁasga/ﬂ't

however, al I've roma serumor an egg IS’ especia
preferabl e. tigpadidtadexaophesnt be(igosd (3)ncl ude al bumi n der: Ved from

Femt es t ho(Hos imtnocaroof gt b1 ot BeAb I Bb Ao HO3 £l Hed P # heime
a1 burm n-of PTG R PO, i { nduced from such al bur
can allso be included. [00 61
Effects of the Invention
[0011]
In the method of stabilizing a heme protein of the present invention, the heme
protein can be protected from a biogenic substance having strong denaturation and
20 degradation activities, even under coexistence with a feces component. Accordingly,
the method is useful to stabilize hemoglobin which is contained in a sample for
analysis of a biogenic substance, for example, for detection of fecal occult blood.
Especially, the method contributes to maintain antigenicity of a heme protein, when
the heme protein is supposed to be immunologically analyzed and its antigen structure
25 is required to be protected. By the compound used for the method of the present

invention, the storage solution, and the method of stabilizing a heme protein,

hemoglobin in samples of feces is stabilized effectively, and prevention of a false



In addition to the above protein protetant, :addition of -carious
known protein 10protective conponents for a hone protein, such as an
anti bacterial agent to prevent inmcessary grorndi of a

m croorganism and a buffer QA ;3.,..; pHftworiti)le thr preserving
the: herne protein is also effective. Exanpl.es of an

ant i bact er i ahegagjentesiiieusdé by deeatiagonpnddrmaehpe P spedaRn5rBLE ¢ s,
in addition E%Q@Eneri olytte eitzyne, ethyl benzoate, penicillin,
litingizene, Strept onwci n, cephan)ycin, Also, it is known that

prot hase Inhibitors such as trypsin inhibitor and al pha-2
alaCrQgl ahl fin also stabilizes the home protei A pH
of a dispersion nedi uREP S %QP%F&R @?Qﬁéé%ﬁ Q\Y\}BMI(&NaWD
proteingto be stably maintained. Under extrenely acidic or alkaline
conditions, 20stabilization of the heitie protein my be |ost and
therefore neldial pll ia preferable: C lorairetely, the pHis 5 to
10, nreferabl abo 6 to 8. . i a opri.ate buffer .can be

enpl oyed to nai ntifiﬁpﬁeﬁ@t@\{en&% W&kﬁ%ﬂ?@gg?cﬂ%el%éﬁgloﬁ%%%l‘ such as
hydr oxyet hyl pi perﬁ?ﬂqgﬁre%elﬁtifi'@éﬁﬁbh;[thé ithfHoSarB6klic acliesreadali@hsreof is coexisted
abbrevi ated as BERES) anti pipeneine-bis (2- ethanesuifonic acid)
(hereafter, wabbréeiatreetcasinpisRESje. Glaissngrrtoxyds o4d tu1he Aryopeitihe

t i at to stabijli t f ' '
Vor coutd. trisreeo Srfe P Lhafufh b DA b gl B bR
sol ution to Eehees (1Y heplkesiitge Phatehiiryy-an'-annbdkhdetic edd bl oofmaad2) dr

can be listed as an especi al | referable buffer. In additi.on,
pl ai i st _t hat®sabuheisef senere ipmfgragle'- IAlpe eamples ok #t wkplbmetal of R0 Fpumula

buffer solutj Cj fi4 S Wo] : ; ()
al so be enp|<%§§"‘a‘? P%%ﬁ%(ﬁ’ in@lﬁ%*&@ﬁ%%&fo@hb&tgﬁsa‘ |’Ir}?glitdkr}gn’gn'ﬁ§r6r§a&'
protein of the pragenistht ivebcZbotylzanidesediptieyeesenvindettany, farlkgample,
her ne Prot ein Ma feces, uri n@é or, bl ood ,sarrﬁl e, -lle hone kircni-n
can bel el merdHF PErihesieddy Lrrdgd trgm P RBEREC 401 AR REFIIGEOFRE Y
egla- -, n' nk'matgﬁélgg{agﬁnésg%ﬁeﬂ{ Agpﬁéét'i@ﬁ rhe MRl g .JPIV.0g] BITH, for example);
per oxi dase, or eat se. Especially, it contributes to maintain

anti geni ci i ya mfthad emme nprleit e, aniiermertie ahsvempteoialsi (R/niitgd States Patent No.

i munol ogi cal | yzed and.its antigen structure i.S r I be
pr ot ect ed, [a%%%%%a} or exa’f‘l‘?ge)par 5@&%‘ "\gﬁ’\g@ﬁ{’?‘rﬁﬁ aglg%n%?%a\%ggg&g%gtr ovrgage
sol ution thrmfenBgl PBhfkse Phicat AbPGcaaidniPEbNOARNDCX YPIA-58830d 00) fos atdnsple);

t hereof which aring) as a stabilization factor of a hone protein,
in addi® i on,a mpidod ppingagenleic agid hafrestst: MAEIGRCEL I ATROBIE S &pterials

oot oci ant QR HF AL TR nO K S RO IR Rl
listed in thge@bove. [00201 The present invention can provide an
i nntl unol ogi cal neasurenent nethod for
[0013]
A concentration of the iminocarboxylic acid or a salt thereof in a sample
25 containing a heme protein is 0.001 to 0.200 mol/L, more preferably, 0.050 to 0.150
mmol/L. When the concentration of the iminocarboxylic acid or a salt thereof is less
than 0.001 mmol/L, an effect of stabilizing a heme protein becomes insufficient. On
the other hand, when the concentration of the iminocarboxylic acid or a salt thereof is
over 0.200 mmol/L, solubility decreases, and an immunoreaction is also inhibited.
30 [0014]
Although it is not essential in the present invention, by adding a known protein
protectant as required, an effect to stabilize the heme protein can be further enhanced.

Examples of such a protein protectant include an inactive protein such as albumin and

gelatin.



a hone protein as an apniication of the stabilizing technique of a
heme protein. 15Exanples of the inmunol ogi cal neasurenent nethod
include a | atex agglutination reaction nmethod, a gold colloid
aggregati on reaction nmethod, i munochrondt ography, and ELI SA. in any
measur enent net hods, antigen activity during storage i s maintained by
coexi stence [@01&h i m ncrearboxylic acid or salts thereof and a horse
protein in a sanple, and.decrease . of neas | S

20prevent ed, ince®h iaﬂ’umm can %%seﬂgl?%%ea/ 6{5% Eb@@ﬁ?#?‘%%o%%ﬂg?% protein
of the presegs ik ByR0Ll19Préfsrabiielspdcitio esiaples ireesod ifvbute apinotieideriasd &nm
anal ytical Nee: which exists in a biogenic sanple.

S Especi a&llry '%n a
hene  pr ot ei nblaeds{ieasieMOrseatdnss. TP e GoRHS i AMhTHBY OgEdsFs thereol,
25procedure with rQf el C jiof j i AGH: of
a hone %r otein asﬁlagrﬁggoéﬁqﬁﬁ ec%gpu%lﬁk(geg’gglgsédﬁﬁgﬁ%é’ Elt?gl%zlyln?dg%éﬁ g%ggﬂé&sly
urine, and bpoacctaieckiONBa kaswhi dgeitivenis afifilegsedeot detwion, aphvae induced
protein. Especially, henoglobin in Lﬁc s wll be an indicator of
1-i | eedi ng i ¥iom syelselbuimin edalsmbe Wy @ﬁ] and henogl obin in urine wll
be an i ndi ca[tO@?%gf bleeding in a urinary tract. :80[0022] When
applying the's ilization nethod of the present invention to )
henogl obi n in a shmpldgioftofilecamyveiptotiis:proteciontraddiéen elovag@ds kpown protein

i m nocagboxylic acid or salts thereof i.n a sto S iL..on_j i
thees. 0o swepGRRGcompatnintpy s RERE ptifieReler BR g fathfledtl Wi Efen
feces, the fgellsa%e syaRandatddigansAPRIHePsIRE givshopadevoralsielfeit i on,
and a sanple for an nantnol ogi cai analysis will be prepared by

filtrati on asesmeddedhe Menepmsfin sralsa ¢fécprvesent invention will be
described nore in_.detail refeninit .1.0 : hcBhisheyl d not
be construed as | ’ﬁ?@@ﬁﬁoﬁzﬁlemst%%%%n%fag? ptdacly Eé;%g%}&egl%rf\\gg}rll irc1>1n..

Exanpl es 19023ibictiex anpleitide n®ghakidlysds abiyhiez athiy bienebddtegtenafillilMBurgfizone,
different concentrations A stor a_(t;e sot ; Ihoon was .Rfl.%?ar ed bX
addi ngl D to WeptogpIcin, ,anépeml@myarso/alsem 3 known that protease ihhi tors such as

hydroxy- 2, 2Li nft1 & adi ' > (W‘ inVAEd icanN6eRthabiais, shown
in Table | b(lgyrygids%jﬁgi[@g%&% %ﬁlhgz co lgg'ijhnni %f‘;d %%ﬂ%légt uoi I | . PES, 0.9%

sodi um chl orfiode7] and pure water as remai nder, The RI DS manufactured
by N ppon Slink: Mai or a

i ni xture of hent o‘f\)Pﬂecgf %@I%%F@é\?%dgﬁgqﬁacg%%iggga%ggwm&? agllgg'gé 0t he
R A A i Ao
subst i 2@t i enttdbylizative of énoiginobpmoten iragrberagti ol therefqre ne@gal pElois prefegble.
stored at 37&(%1cfrgtgly,28wq)%{s% t\gal%, preferably about 6 to 8.
An appropriate buffer can be employed to maintain the pH. For example, the
Good's buffer such as hydroxyethylpiperazine-2-ethanesulfonic acid (hereafter,
abbreviated as HEPES) and piperazine-bis (2- ethanesulfonic acid) (hereafter,

25 abbreviated as PIPES), gives pH 6 to 8 which may be the most appropriate pH to
stabilize a structure of the heme protein. Moreover, the Good's buffer is also utilized
as a reaction buffer solution to detect the heme protein by an immune reaction, and it
can be listed as an especially preferable buffer. In addition, a phosphate buffer
solution, a Tris buffer solution, a glycine buffer solution, a boric acid buffer solution,

30 and the like can also be employed.

[0018]

The method of stabilizing a heme protein of the present invention can be
employed to detect the heme protein in a feces, urine, or blood sample. The heme

protein can be appropriately selected from proteins having hem as their components.



divided by the concentration imediately after addition, and residual
ratio of 20henpgl obin was cal cul at ed. A. cone nitration of
henpgl obi n was neasured by CC-SENSOR NEO anal yzer (manufactured by

Li ken chenmical co., Ltd.) using DC Auto Bl (manufactured by Ei ken
Chemi cal Co.; Lid.), which is an inmmunol ogi cal measurenent reagent
for henpgl obExamPAEAbeshbimhida hFabflebin, miyaglohi, perekidasl, gt $3#a$Hh whi ch

RI DS i dded l.y h [ : i1 zi I.Skt:
by add t on BPeRERS FOSRDB6nEaRPG SHeract obAnHBnr i B e FhYE"

in the test salutoplhowyiGyhesmalobidnsandsdearsnat & eoexdsbed, the
stabilizing @?t ects ?ls ot())ggrlveg b?/[?addi ti c?n o? 1 M5 v\,hose‘Plﬁ ’

concentrati oprotested, 005 moUk or nore. Especially, when a
concentpati o[:b‘g§ : 30added is. 0,050 nolds or nore., the effect to
stabilize he 8 bbin was remarkable. 10 Table 1Henogl obi n Anti gen
Concentration of Rifesdrbiveh@at érprefitieattonfgetbbEoh i yia!diin
|.1.esidual ratio ['"A 77,7 noglobirrtfeces sai rrﬂ, i\Cl UttQLL.%Y. )
0. 001 82.8 2x®igdnipg @g@ng@pgbggylg; acid or salts thereof w 1&1 act(cs:) as a stabilization

factor of a heme protein.

In addition, the storage solution of the present invention can contain a protein
10 protectant or a buffer as needed. The protein protectant or the buffer can be
appropriately selected from the ones listed in the above.

[0020]
The present invention can provide an immunological measurement method for

a heme protein as an application of the stabilizing technique of a heme protein.

15 Examples of the immunological measurement method include a latex agglutination
reaction method, a gold colloid aggregation reaction method,
immunochromatography, and ELISA. In any measurement methods, antigen activity
during storage is maintained by coexistence of an iminocarboxylic acid or salts

thereof and a heme protein in a sample, and decrease of measurement value is

20 prevented.
[0021]

The method of stabilizing a heme protein of the present invention is useful to
stabilize a heme protein as an analytical object which exists in a biogenic sample.
Especially in a heme protein measurement method utilizing an immunological

25 procedure with a heme protein recognition antibody, antigenicity of a heme protein as
an analytical object is highly stabilized. Feces, urine, and blood are known as
biogenic samples to detect a heme protein. Especially, hemoglobin in feces will be an
indicator of bleeding in a gastrointestinal system, and hemoglobin in urine will be an
indicator of bleeding in a urinary tract.

30 [0022]
When applying the stabilization method of the present invention to

hemoglobin in a sample of feces, it is recommended to add an iminocarboxylic acid or
salts thereof in a storage solution in which feces are suspended. Usually, in the

detection of hemoglobin in feces, the feces are suspended in an appropriate storage



0,010 84.2 39.2 0.030 84, 1. 50,8 0.075 85.2 53,9 0. 00 87.8 55.9

0,150 88,2 57.8 0.200 86.2 46.3 [00241 Conparative Exanple An effect

to stabilize henopgl obin was exam ned by a nmethod simlar to the

met hod of Exanple., except for adding etl?ylenedi am ne-N, Ndb, N --4

acetic acid (I5DIA), imntidiacetic acid (I DA, or N (21hydroxyethyl)

i m not hacet i golatpa anElaDANpld fios bie dmofiolpgicalaseldisis arill be prepared by filtration as

3- hydr 0x5-2, 2' - 91 nodi stvictriate (ITIDS) of 19, xtuitiple. As shown

in Table 2" WRENEttrA IDA or hiliDA was used as a el :elati ng
Hereinafter, the present invention will be described more in detail referring to

Examples which should not be construed as limiting the scope of the present

5 invention.

Examples
[0023]

Example Hemoglobin stabilization effect of HIDS of different concentrations

10 A storage solution was prepared by adding 0 to 0.2 mol/L of tetrasodium 3-
hydroxy-2,2'-iminodisuccinate (HIDS) of various concentrations shown in Table 1 to
a solution (pH 7.0) containing 0.05 mol/L. HEPES, 0.9% sodium chloride, and pure
water as remainder. The HIDS manufactured by Nippon Shokubai Co., LTD. was
used.

15 Hemolyzed hemoglobin, or a mixture of hemolyzed hemoglobin and a feces
sample was added to the storage solution, and each test solution was measured for a
hemoglobin concentration (concentration immediately after addition). Subsequently,
the hemoglobin concentration of the test solution stored at 37°C for 20 hours was
divided by the concentration immediately after addition, and residual ratio of

20 hemoglobin was calculated.

A concentration of hemoglobin was measured by OC-SENSOR NEO analyzer
(manufactured by Eiken Chemical Co., Ltd.) using OC Auto III (manufactured by
Eiken Chemical Co., Ltd.), which is an immunological measurement reagent for
hemoglobin.

25 As shown in Table 1, in the test solution in which HIDS is added to only
hemoglobin, a stabilizing effect was observed by addition of HIDS whose
concentration is 0.001 mol/L or more. Also, in the test solution in which hemoglobin
and feces are coexisted, the stabilizing effect is observed by addition of HIDS whose
concentration is 0.005 mol/L or more. Especially, when a concentration of HIDS

30 added is 0.050 mol/L or more, the effect to stabilize hemoglobin was remarkable.



tQagent., a slight. stabilizing effect was observed in the test.

sol ution of henoglobin only. However" when IDA or Il11DA was Used as a
chel ating agent, any certain stabilizing et[ifect was not observed in
the test solution in which henogl obin and0f eces are coexi sted, Wen
EDI A was used, a slightly higher effect to stabilize henogl obin was
observed evefiabinder coHeiwsigtbo‘:ﬁmstabilifzﬁ@s:ffehm@&H)S when an

concentrati gn—of PS—added—was—0-010

e TFPB F{I ek Oﬁi +an €, 1
the effect to stabi?i% henogl obin was“HigR Shal | er AEREIORE &S ggmple
of the stor g%o%%ﬁ’&dtf&ﬂ o‘?’HI]?SamJ' €. Tabl'e 2Henoglopin s"on erfeet of
vanotut or:elating agents heri NoRrésiehatithgoegent| addrekidual ratio [%0]
Concentrati )n of aBBIA madded [ nop] Henogl obi n Residufal ratio [JA]
-1000bn: 4- f eces—sarm-Resi-dual—+-atio—Ni ”7. 5-0.-001 .9,5%74@—01&*———"
79.8 15,8 0/050 82.4 3' 7.1 Concentration//of | DA 3

0.001 82.8 28.8
0.005 83.9 323
0.010 84.2 39.2
0.050 84.1 50.8
0.075 85.2 53.9
0.100 87.8 55.9
0.150 88.2 57.8
0.200 86.2 46.3

[0024]
Comparative Example
5 An effect to stabilize hemoglobin was examined by a method similar to the
method of Example, except for adding ethylenediamine-N,N,N',N'-4 acetic acid
(EDTA), iminodiacetic acid (IDA) or N-(2-hydroxyethyl) iminodiacetic acid (HIDA),
instead of tetrasodium 3-hydroxy-2,2'-iminodisuccinate (HIDS) of Example.
As shown in Table 2, when EDTA, IDA, or HIDA was used as a chelating
10 agent, a slight stabilizing effect was observed in the test solution of hemoglobin only.
However, when IDA or HIDA was used as a chelating agent, any certain stabilizing
effect was not observed in the test solution in which hemoglobin and feces are
coexisted. When EDTA was used, a slightly higher effect to stabilize hemoglobin
was observed even under coexistence of feces, however, when an concentration of
15 HIDS added was 0.010 mol/L or more, the effect to stabilize hemoglobin was much

smaller than the effect of the storage solution of Example.



added [rnoil] 0.001 82,1 28,0 0.010 80.9 27;3" 0.050 81.0 26.3

Concentrati on of
0.050 81.6 27,3

10

Table 2

|| 1DA added [non] 0.001 80.3 261 0.010 79.3 26.4

| NDUS RBI LI TY 00251

11

Hemoglobin stabilization effect of various chelating agents

Antigen

Hemoglobin

Hemoglobin+feces sample

Residual ratio [%0]

Residual ratio [%]

No chelating agent added Wl W 275
Concentration of EDTA
added [mol/L]
0.001 79.5 343
0.010 79.8 35.8
0.050 82.4 37.1
Concentration of IDA
added [mol/L]
0.001 82.1 28.0
0.010 80.9 273
0.050 81.0 26.3
Concentration of HIDA
added [mol/L]
0.001 80.3 26.1
0.010 79.3 26.4
0.050 81.6 27.3

[0025]

INDUSTRIAL APPLICABILITY

According to the present invention, when an iminocarboxylic acid or a salt

a fecal occult blood test can be performed more accurately.

thereof is coexisted with a heme protein in a sample, the heme protein can be
maintained stably, and therefore, a false negative caused by denaturation and

degradation of hemoglobin can be prevented on a fecal occult blood test. Asa result,




ter.-iaesen:anti-n, when an unir carbon thereof is coexisted with a
herne protein ins sanple, therrotein can be maintai ned
starAy.'eft)03.:tettiVe tttEtU Xtd be; ?enaturati on and be prevented
on a fecal oectril blood test, As a pré dt, fertrA occult blood test
can be perfornmed nore accurately. CLAINMS A et hod of
stabilizing, a honme protein charactelized by conprising allow ng an

i m nocarboxylic acid or a salt theregfAtigScoexi st in a sanple
containing the henme protein, wherein the imnocarboxylic acid or a
salt thereof is a compound of Forrnuia CH - NH OHCFVR 0=0 0 X 0=0 O

X 0=C 0 X £=0 0aXn{dd of stabilizing a heme protein characterized by comprising allowing
an iminocarboxylic acid or a salt thereof to coexist in a sample containing the heme

9  protein, wherein the iminocarboxylic acid or a salt thereof is a compound of Formula

(1):

CHz=CH — NH — CH - CH—R
l | ! I
0=C €=0 0=C C=0
I I I (I: M
0 0 0 o
X X X X

10  (where R is a hydrogen atom or a hydroxy group, and X is a hydrogen atom, an alkali

metal, or an ammonium group), or a mixture thereof.

2 The method of stabilizing a heme protein according to claim 1, wherein the
iminocarboxylic acid or a salt thereof is 3-hydroxy-2,2’-iminodisuccinic acid of

15  Formula (2):

OH
|
CHz—CH — NH — CH — CH
| | | |
0=0C c=0 0=C C€=0 (2)

| l oo
0 0 0 0
X X X X

(where X is a hydrogen atom, an alkali metal, or an ammonium group), or a salt
20  thereof.



10(where R is a hydrogen atomor a hydrox; group, anti X is a
nydrogenatoin, an alkali netal, or an ammoni um group), or a mxture
t her eof The net hod of stabilizHgg a hene protein according to
claim1l1, wherein the oearnoxyirc acid or a salt thereof is

3t hydr oxy-2, 2' -i m nodi suecinic acid of 15Formula (2): OH CH2 - CHNH
--041 -fl 0 X a.).The nethod of stabillzingprotein according to
claiml on. 2, qoseeahédsl Dbibiing Athehi® proear hoxrdig RGISnOt oa2s@htrein a
thereof falls within a range of 0.001 to 0200,noll, 4. The method of
st abi | i zi A§NETHBIGE Oh st BNROSE BYREICHRFIS OAfySEnBelP! dfld B8N whspes Af
the hene proptelp dop fgAPal obi n, nyogl obi n, peroxidase, or catal ase,
met hod of stabilizing a heine protein according to any one of clains
1 to 4, wherew a sanple containing the beimprotein is feces. urine,

or blood. U A stora ol uti.an. tbr, a hene.protei.n conprisin he

T nocar by no I Braet b ebfRine RS LD pefory e 5 A BB GRUIEH s
| to 3. An {RERALthAHBRXYkdtEinds hemBFloBinSAlybglobRY B&bxiegd ot Bathhaes od of
stabilizing a e protein according to any one of clainms | to 5.

S The method of stabilizing a heme protein according to any one of claims 1 to
4, wherein a sample containing the heme protein is feces, urine, or blood.

10
6. A storage solution for a heme protein comprising the iminocarboxylic acid or

a salt thereof according to any one of claims 1 to 3.

7. An iminocarboxylic acid or a salt thereof used in the method of stabilizing a

15  heme protein according to any one of claims 1 to 5.



