10

15

20

25

30

1 DESCRI PTI ON METHOD OF STABI LI ZI NG HEME PROTEI N AND
STORAGE SOLUTI ON THEREFOR TECHNI CAL FIELD 5 [0001]
The present invention relates to a nmethod of
stabilizing a heme protein, particularly to a nethod
of stabilizing a henme protein in a henme protein test

of feces, urine, or a blpBSCRIPTPION 10 BACKGROUND ART
[0002] In recent years, detections of fecal human
henogl obi n (fecal occult blood) 15 caused by bl eeding

out METHOBRF STARE T 2%»3? '@@%@Eﬁr@ SEORAGHE SOLEfrToN

di sorder, such as col on cah detective nethod

of human henogl obin is an i mmunol ogi cal net hod

enpl oying a specific antibody agai nst human

henogl obi n, whi ch takesTEheNIC2deFHLIR rel ated-art

di pstick nethod based on a chem cal coloring

reaction. This method does not require a dietary 20
Eﬁ%@ ction, and therefore it becomes established as a

ient testing nethod. [0003] Exanples of an
I MunoTagipgkntdai@atioh telawe td @ thethod dﬁuﬁhﬂlzhg‘mbjérmdopmteln

|nclude a single i mmunodi ffusion test
eﬁﬁﬁléy ﬁ tea HF‘%QQ%? fistahilizing » Reme P oy a glﬁmgﬂp(qt Jﬁséqu feces,

S %gy and a human henoglobin in a
eHFIHQ ElgDSanrp?) e; a latex agglutination test using a

Iatex particle sensitized with an anti-human

henogl obi n anti body; y or
r adi oi nmunoassay, u3|ngﬁgﬁﬁﬁﬁﬂ$aﬂﬁhﬁg' henogl obi n

anti body | abeled with an enzyne or a radioactive
el enent; and gold colloid aggregation colorinmetric
medd38yl usi ng a gol d coIIoid particle sensitized wth

o 2 b LSRR B AR o

desatd b Bleedd from gastrointestinal tracts have been broadly carried out as a
screening method of a digestive system disorder, such as colon cancer. The detective
method of human hemoglobin is an immunological method employing a specific
antibody against human hemoglobin, which takes the place of a related-art dipstick
method based on a chemical coloring reaction. This method does not require a dietary
restriction, and therefore it becomes established as a convenient testing method.
[0003]

Examples of an immunological detective method for human hemoglobin
include: a single immunodiffusion test in agar plates employing a precipitation line
between an anti-human hemoglobin antibody and a human hemoglobin in a testing
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.

[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
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its antigenicity is decreased. Also, in a testing
sol ution, storage conditions such as storage
tenperature often accel erates denaturation of hunan
henogl obi n, or bacteria 2 and digestive enzynes in
feces often degrade human henogl obi n. Such

dgrdi péstlve eRzyrididn da@s aflal datadianiniayhdmogobihe fo d)maturatlon

confofmation, resulting in decrease of, anti.geni ci ¢

T:hmir@gmd@tlom Hestiyi mARIC cagiRioRin cRIARRALEy reuling i dggteese o
{118§e miﬂer%?c%rg in 3G B3l fbﬁl @.@gwqqgf ﬁg%‘hhﬁF hﬁﬂ‘naﬁ he

I'AVOl Ve "an i’ ncorr I agnosi s

l\@@ﬂdglbtbzﬁ, depanaatiacald dbgt’adhﬁorbbﬁhel hemsgl,obi‘nsoe@vammcorrect
often coll ected by subjects thensel ves at their

pd@@@§m and are provided for the test with a cl osed

ﬁﬁb 1ner by dissolving the feces in a feces

dt'ssol ving solution in the container. In such cases,

10 hunifeahwhidelonbi fecalroctdit blood testfeasn arcofisnrotiestad by gubjects

I f |
t 8};%7@1'% ggqﬁtg %@gﬁgéﬁs pp(? #Ipéo Ei?cf guﬁ grbedtﬁt 2 ﬂbgklgg %coa\talner by
‘ﬁ%ﬁ?‘éﬁhm%ﬁlﬂ a t%@é’s\ﬁlﬁﬁlvu@ SohuticdMi Rhobitaihec €6 s@dh&:ases

In a clinical |aboratory, it sonetine kes
I burgan hemoglbbinan fgden i Qﬁﬁn remeinge nthe selution foy Q?B?fal £, Of

because [ tests ar e

cPpehBeE e oo g reRpRtion HoRba Stk s postl
1geréiel. akwoaév&ﬁwaaﬁfedwrad@mecwm iafa dmmmhlabemrgy,obsmnasne
descri bed above. [ 0006] To prev&lt such denat

ata@(esj@gqumtql eHTYAE QUHR fﬁ@}@qﬁug ¢pd tgstbecayse 0 eB sts‘,fre also
od U’j}%%f ﬁc]?ll&, @taﬁ Gt SineA9edhént 3¢ GBused by

he see Patent Docunent 1,
f Qénaﬁiiﬁﬂmi £)d degradatibo df hﬁm&tdl:lemgglehucah desogibed 200ves ee
Pat ent Docunent 2, for exanple); addition of

h@?@é]obl n of animals other than human (see Patent

Docurme %evehpgucﬁ ARUon 344 e E%r@d‘at% of @iﬁﬁlaﬁfheﬁhﬁgldiﬁxﬁm a
ot her t uman (see Patent Document 4, for

cralporx; maudd of aiiling cemibas pelibasioyiel egeatsek of Yismerosal and

T
g&‘ée Phnt Dlﬁ@mﬂéﬁf@ RAQRaMBME! dddRbn of heldogwar of dnfveals other than
téchni ques for stabilizing human hempgl obi n descri

| humhmwe Pptebt Doeuments, &uexampled addition gl se@o animals ot?ler than
nat u d d ivficieRz
BRI B cRGEN Bl  rn coe o
Patent Document 5, for example); addition of iron protoporphyrin (see Patent
Document 6, for example) and the like have been developed.

However, the techniques for stabilizing human hemoglobin described in those

publications cannot fully suppress denaturation and degradation of human
hemoglobin in a testing solution containing feces.

[0007]
Other than those described above, a method of stabilizing hemoglobin using

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.
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O her than those descri bed above, a nethod of

stabilizing henogl obin using 30

et hyl enedi am netetraacetic acid (hereafter,

abbrevi ated as EDTA) have beer3 devel oped (see Patent
Docunent 7, for exanple). However, as a result of

repl i cohéMhedppticas of encpieseadinvyntidiehdsibeemdorebopiig 4 method of
present invention, it has been confirnmed that. a S
sadding arpquestnisansitangeakeqraples whickds more giiggiive for stabilization

h M . . .
B PISPA BpEAORCalts IEKRARREE. 0 (hnible), Fatiel! B plicant s
halseade eveleped a)tlfmiefl@da)lf mabahizﬁlgtﬂe_nmwibig M‘glfvalng 8 ips‘]focyamde
transition netal co X Ich, 1.S nore ectl.l ve
S EQIBPYYNAOFHILS (FagcHPIEERCmER! 3 JahexBmplct: & BotoiasHgilizing
f ol - L
Rém %1%@@ vith wﬁﬁ:gtfli\g%zyﬁl% @pidatian brd%ﬁllﬁt %fﬂiehﬁ)%ﬂﬁ)m coexists

deve a met stabi ['1"zi ng henogl obin wi't o
Wiee Rarnf Bocwongm Ddfor Sxaoplioh anetbodef siehilizisg e hemeprptein with

Docunent 9, for exanple): od _of. stahillzing

hakish tpsitioginealiLP Stz%\éee’%i ocpmety é\g"l’a){.tellxonb[r%’?’oadrlﬂl gthod of
O | ORIE SR §ith wiislesh Fahsidtacidamunesinalif acitl @bexists (see
exanple); a nethod of stabilizing a hene protein wt

2. h .
whiteht Documsent il 3nforexample); east p snethiasef stabilizipe phemppratein with
11, .for,exanpl £),. a. metho { 1.1zl
POt AR B TR e Baloe Pl % F-Eimple)
cggygigﬁtz (?ee 18_ IF’_at_ent D0ﬁumant 12, for exanple); and
a nmethod of stabilizing a hene protein with - whic
dBatent Baguseens | blapness dasemt f\gpl(l%ag'@n ﬁ&k’g?ﬂtloﬂﬁk&%ﬁ%ggf’l 160
far, e ) s do 243756
P Rre DB 2t 1T FRREE Rpp AU Iblciioh 25 0Pag 6324575
Pei@nat DB Bt JapandsaPatas & pPlitation PapptitivatNeodP-A-2-296149
Publ i cati on No. JP-A-63-243756 15 .ent c ts
Y RefancBeeman i JoRgRFe CRHeb APBUBIICE ZBlIgR O, S 4- 5366
JB: A Q6449 5P Higdd pAlen B&sh Hallieaion No. JP-A-5-
AE%@P@%?. et s Piricee BAGHITRA P dienc JapAOARM Ilieiion No

Dégdstent 5: Japanese Exam ned Pat ent Application

Publ i cat i . JP- A-B. 69466..P ;

Y BBisCDRe Pt Joapptse T APl T BB, 1Pin-s-281227

iga@nﬁt)géﬁﬁ&l 7: %af?@ge%tenm@gnmionmubnwmmm JPaA SH29923
p

I cation Publication No. JP-A-5-99923, Patent
DBammaBocv.sneulépéﬂcmeseFPat@ﬁApnbﬁqfioed%qb%}?@tmﬁ?-i‘gt*‘u\ﬂﬁ””oz

MBiehC S en Ry FOSHERE, Ap g ap oo
DpgiefEDbcukRént 18P ¢ Patenn A ppliition PubbcationtiVd. JBiA-dh-218533

No. JP-A-11-21853 Pat ent Do nt _11:. J
et Do o byt RosH g PR T yzo0n 20912

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

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



25 Patent Document 12: Japanese Patent Application

Publ i cati on No. JP-A-2003-014768 Patent Docunent 13:
Japanese Patent Application Publication No.

JP- A-2003- 194825 DI SCLOSURE GF THE | NVENTI ON 30
Problemto be Solved by the Invention [000911;7 is a

f pfosideabieelatiqwd for bEfeqiivehenibiliring hemoglobn ywhiok corxists with feces
novel method, of stabilizi ng a, heme, protein,. which is

efoBRENCRs hying rong drnatiabien apd degle SPatuNiEh of  a

hene praqt gig E E'chcﬁlﬂ%{/ $ oGP seR iventiBn Retplovedd AdfterafdiSolution of a
pur pose 0 e invention'is to 4 provide a technique

f hemepfeeeihj which eatpddyisld mxivebstalks ioige epént foud hemepreldint s

with feces onen havi ng stron denturt| n
5 degr adli ShiEEPRera et reveny anghAGEE R Hopieifptibbund for
PLSSHN nd\BY FiRioAT SALREAY Aiferie progiage sol ution of a
heme protein, which enploys a novel stabilizing agent
for a hene protein. 51t is a third object of the
en enti.o rovide a specific conpound for
@’ge %CH S%X‘(}Bgﬂ}?&rﬁglﬁﬁbf stabilizing a heme protein.
¢1for Sol ving the Problem [0010] 10 The present
i

i nvention includes follown %S (7).. (1) A nethod
10 of st afikprserf inventien ingledesitpl %lnslﬁh)rtaé?bru zed by
| udi ;
 PELATIAR S e ZERRGR OGNSR0 i dving

piraidtarboRjc doid dfesaiethtredf fofcostiatinla saimple contenipg the heme
protein according to (1), the im nocarboxylic 15 acid
oPr¥ciBg| t thereof is a conpound of Formula (1): CH2

boxyli
g ey ke oSt SRt
15  hycidexy sglt thepeofasal compeunal dfifdrmylar(12t om an al kal i

CHz—CH — NH — CH~-CH-R
! I

l i

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):
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nmetal, or an ammoni um group), or a m xture thereof.
(3) In the nmethod of stabilizing a hene protein
according to (1) or (2), the 20 imnocarboxylic acid
or a salt thereof is 3-hydroxy’2,2'-imnodisuccinic
acid of Formula (2): 504 | CHR - CH- NH- CH- CH
I 111 0=0C00=CC=O01 I 11 0000 XX X X
(where X is a hydrogen atom an al k@Hi netal, or an
ammoni um group), or a salt thereof| (4) In the nethod

of stabilizing a hene pr cor ng to any one of
(1) to (3), &S‘Cment | on &B I m nocar boxylic
acid or a salt therjeof falls W||th| nfa range of 0.001
to O. 200 t he od SQabilizing a

heme pr ot Gaccorgzlir?goto (q)aot heogerre protein is(2)

henogl obi n n'yogl 0 per oxi d’:\se r catalase. (6) In
the nethod o stabiQizing a heBe pretei n according to

(1), a sanpl g(cont?(nl ng 10 t}e he}e protein is
feces, urine, or 00 (7) A storage solution for a
heme protein contains the imnocarboxylic acid or a

s@lhliere Xieaegtiroges atom, g allalianytal neawimfnbhiuno gfodp), of 8)alt
An im nocarboxylic acid or a salt thereof used in the
K8& of stabilizi ng a hene protein according to any

Oﬁﬁ fhgthe(n][% 5&) of ?Lblll%@gl fl{eﬁfet ofdin éclaﬁrdhﬁg/e%&%e oFquléb) a

ptmemtatlon\cef nhe mmno¢dnbmdly;:mr;cldmmtse]t therent flblgs ‘;nkmn@daw of
aﬁ-ﬁm a 858 ?nrym:m subst ance having strong denaturation

(5) In the method of stabilizing a heme protein according to (1), the heme protein is
hemoglobin, myoglobin, peroxidase, or catalase.

(6) In the method of stabilizing a heme protein according to (1), a sample containing
the heme protein is feces, urine, or blood.

(7) A storage solution for a heme protein contains the iminocarboxylic acid or a salt
thereof according to any one of (1) to (3).

(8) An iminocarboxylic acid or a salt thereof used in the method of stabilizing a heme

protein according to any one of (1) to (6).

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
degradation activities, even under coexistence with a feces component. Accordingly,
the method is useful to stabilize hemogiobin 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
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



20 degradation activities, even under coexistence wth
a feces conponent. Accordingly, the nmethod is useful
to stabilize henogl obin which is contained in a sanple
for analysis of a biogenic substance, for exanple,
for detection of fecal occult blood. Especially, the
MRédatide esanlt chinetl &y denatimtioh ahd degradayieniod hemogloba daarbe
protein, when the henme protein is supposed to be
i HgRBHogi cal |y anal yzed and its antigen structure 25
is required to be protected. By the conpound used for
the nmethod of the present invention, the storage
sol uti on, BESTIMODEAES FOB CARBYANG QUIMIHE INYENTION
protein, henoglobin in sanples of feces is stabilized
5 effectively, and prevention of a false 6 negative
rgﬁnb? caused by denaturation and degradation of
henog! obi n can be expected. BEST MODES FOR CARRYI NG
OUT THEhe MwEdATIiONNtiSN [0l b2 [lestnided belowrin mere datailon wi | |

be descrjbed bel.ow in re detail . ln t . .
i nvent flb’rlil,@ Hre,asgn{ lﬁlvﬂg{pgrnﬁlgi%u?ogar&gr%hcga;m&; 81'8 g Fatqtc‘t?lﬁntee% gfcoemsted
| svith el @oteinvnt disatngle MEhPindin 6 aibdAy 1id asidndgah de app@priately
i m nocar boxylic acid can be appropriately 10 sel ecte
10 f pedenteshmemanes weHdwawnrn theeart howeyginespesiall p dissompopyd of

the ¢ un Eo hSy :
RT3 L Ry 25 B0 O ot .
aa Sa?llt Elelfdﬁﬁ isﬁtﬁBTd }ﬁ“?ﬁmbflﬁc. pABf),edfxlabipdi:s ofllas a}jkaﬁxmtpi: cEfég gf Formula
an alkali nmetal .of X of. For a 1) .an or.nmul a )
 foianA Formu Glninclits Ih{or SPSE: BHESSGB; P cevium.
cesi umy 1 A : i bht U At 1
o esanfuf%; Bothe Hhildirtot ROGR Mk ke Ak HARHON iigample,
15  bynes synthhsidedisy ametisplarsiigaspaitid acidcind posyysucanigiagidaasiraw

as raw terials (Japanese ent i catd .
poBierials G Wﬁﬁ?ﬂa@&J@i@@?@’t‘%?még@nf&r&df?&a? Theion g&pmple);
US i{dehdiBlsfiCmatel Chodd sh PARRID A 58 $aw AviteTRIL(UHeA Stdded Paeht No.
St ates Pat ent No US 639863, for exa ; a nmethod

. l e )
ubSF986hdot ¢xxampde ) a armdhodausing-aspartig agis! anginalgigragid; agiraw

(Japanese Patent Appl i eati h) i | ofp_ NQs .

SPRFOR S Yo ARG P AR GRS 220109, o rample
20  ag bt dsigSheleic 46id Rilf edrt thalidladdand adnaia @waw materials

materials (Japanese Patent l'icati ongi’]g |ication

NG aparesepPaentyspplication Pg&l@ﬁqﬁp@ oe 1 Anl-12 or ¢ ) can be
used.
[0013]

A concentration of the iminocarboxylic acid or a salt thereof in a sample
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 mmoVl/L, solubility decreases, and an immunoreaction is also inhibited.
[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,
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A concentration of the imnocarboxylic acid or a salt
thereof in a sanple 25 containing a hene protein is
0.00 1 to 0.200 nol/L, nore preferably, 0.050 to 0.150
mol /L. When the concentration’?of the imnocarboxylic
acid or a salt thereof is less than 0.001 mol /L, an
efdoesy of stabilizing a hene protein becones
insufficient. hhe of

h whep th .
concen ﬁP&ﬁiW‘BFa‘i‘ g upsth EB%SY%Q&?‘I“P@(E%&VSS frpmanina} serum or an

t | | SiPderived fr
€ pd S S g ot o

Ablobd vf battle, Hossenpgoatss skaepi piks, irnbhltsearpﬂr abs m fth& ﬂteifQﬂf

by addin kno ot ei nt as

of t ot I snisipr e Bloingn fesBbft FrapRe. ailrpaiid fladilon

Eﬁﬁﬁ@ﬁﬁcreoﬁ% AR eI wal Mﬁurﬁmﬂ)"m@pf@s@ﬁ in%ﬁtiémta protein induced
clude an inactive protein such as al bum n and

gﬁbatsunh albunfi0 0drb3lsang inglusiedi n can be used; however,
@ggﬁn derived fromanimal serumor an egg is
ally preferable. Specific exanples thereof

i ncl udg, Addaien @ tle aboedbrbfetimroticnat additioaiof bariousdmses, protein
goats, sheep, pigs, rabbits,_ and cubs or, fet

U
t hestessive c@npﬁnmfm pdemeProtRin. a9 asieR aatééwfffi?i ge§Hy, to prevent

BB, SORTE | SO R BRSO AR o

Dpﬂ:%@ivmglthdhaﬁdprdtémm slsahffedtbmm n can aI so be
i ncl uded. [OOlg In. additf] on to I%‘H Alin
pr ot ecﬁéﬁ@? €88 F"i‘?‘%‘i‘i’a&fe“\? HGBE’ém S\MGB OH pefh:l !

El{iﬁtg dsVfn m%&eﬁe Iyne eRBRe, REA Bé&oa&uﬁéhlﬁﬁlrﬁlﬂungizone
ant 1 bact ér | a

agent to prevent’. unnecessary grow h of
asmmasmwigmdsucphanyicla Alsof #ris rawmthapproteasoinhitiers gich as

Eiesh s AP ereprapt i B el EEbe foms roin

gjmp gnicillin antibiotics, in additionto
cteriolytic enzyne, ethyl benzoate, penicil

in,
Fungi zdéngtl of gglwprsgqn wegdivins adivsted é{pﬁ Enge ,whlc};e@lgya‘{s g heme

nown, t hat, prot irnhd s
: H)fﬂl%%ptt%lpe VAP ER 1@%@[{3}!@85{%%@5@6@ H&Pg:gﬁ Sa% g{]ﬂ thedsl,tmns
t B@bineaRor6the heme pldibih Hhay'beplbsipindatheiefre meioal pibidipueferable.
is adjusted to aﬁ;fggge which al |l ows heme protein to

b&onetsisly thapiis . Rﬁ@&blw&ﬁé‘i g aci dic or
al kal i ng, CRHatRFrer 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,
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,
and the like can also be employed.

[0018]

The method of stalbilizing 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.
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20 stabilization of the henme protein may be | ost, and
therefore neutral pHis preferable. Concretely, the
pHis 5 to 10, preferably about 6 to 8. An appropriate
buffer can be enployed to naidain the pH For

exanpl e, the Good' s buffer such as

hpdadpee theydofiimtudeziensogloten, haywsielih qrerexidase cor catalase.
(hereafter, abbreviated as HEPES‘)é( z%ng?ﬁ%perazi g& bits heme
( Bspestalaint sonyiBRics (e pryain paligeRfqyof ajsmeniptein: xhen e
PLPES) i &l b i §¥equired to be
BiSTRb is Hint SR AEiadly dafl AP AL PRR s ufiTS teauined 1o
pprteisd. Moreover, the Good's buffer is also utilized
as_a reaction buffer solution to detect the hene
pEQﬁlgin by an inmune reaction, and it can be |listed
as an Is@ntli i ideuf fi@hge sdlusitiok heroglabin
phosphg?gﬁgéagété%&i%?%ﬁgﬁ% a Tri sgbuf.f er sol uti %n, -
gbymainingouf ifrdnocadioxnylioagid ar batsithergef] whish eetés) as gjstabiliggtion
ﬁ&cand the like can al so be enployed. [0018] The

BT BMCRE MOl i ng a hene protein of the present
i nvent iPRidiash, e stefRk Sylaton of tepasenttihventioneapcattainn protein
in a feces, urine, or blood sanmple. The h&gn% ggrot e[{?n
c arvténtand op p bpffepasarepdeds | ha rratetn BRISSHESt 85 HS OMHES ¢ Wem
as_t hei.r. .como f include
h@%ﬁ?%%?lﬁ,ser?ﬁ%glq%%? H?é 0615%( g)%lg Jégztg?agé‘%gat al ase.
Eggreojal |y, it contributes to naintain antigenicity of

a hene protein, when the he rotein i.s
i muno |ng PESSPILINYGI4ION £217 PERYES a(ngm%qqogqﬁlcag measyrement rgethod for

r g%g}n% .%gotgl% Jg%n a@éﬂ%ﬁﬁh%@ the%t&@ﬁlﬂig% te-EHﬁqﬁé 8§B£héme protein.
i nvéntiron can provide a storage sofution for L
hExegbRbof thedomuaion gicp! areasurementandgtbad Inicludg @i latey pgglutination
salts thereof whjch, .act(s) as a stabilization factor
ofcagtipp mgthodot g?]r‘ﬁ.coiuﬂf Fetgiaﬁ?]r,l relaﬁtéorg?lgﬁlgg@ sol uti on

ot iR o SRSk pRY S FINSAA Nn GAY hitlaBurdmpritahethods, dftigen activity
protectant or "a"bUffer as needed. The protein

pdotieg stardge @y maintaibed heeoexistenee of @(pgﬁ}@ggqrgq)gqhy acid or salts

| d.f h || :
S 5% IR BB T B U B PRI

asdpeaent nmethod for a hene protein as an
application of the stabilizing technique of a hene
pi@2din. 15 Exanpl es of the inmunol ogi cal measurenent

met hod ’Ilhg %ekflgoed & sltefbtiﬁi(inggg&fﬁ'é ippdffl&iin% 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
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.
[0022]

When applying the stabilization method of the present invention to

hemoglobin in a sample of feces, it is reccommended 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
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reacti on nethod, a gold colloid aggregati on reaction

met hod, i mmunochr omat ogr aphy, and ELI SA. I n any

measur enent met hods, antigen activity during storage

IS mai ntained by coexistence o9 an im nocarboxylic

acid or salts thereof and a hene protein in a sanple,
assluties; raad asanplafoaan irmnensloyihlmalysisAdllireereparatby filtration as
[0021] The nmethod of stabilizing a hene protein of

t Aged§fesent invention is useful to stabilize a hene

prot el feady r?tﬂ@b@sb&%vﬁ?ﬂoﬁ%ill%'d@&ri%ﬂ fifore In\dekail referring to
bi ogeni ¢ sanpl e. specially in a henme protein
mEasmplessvitichnskolluonat e lcbastrugd as limitmgthE scppealf tikSpresent
ptrocedure with a henme protein recognition antibody,
alt*BEPcity of a heme protein as an anal ytical

object is highly stabilized. Feces, urine, and bl ood

are known as biogenic sanples to detect a hene

pEsamples Especially, henoglobin in feces will be an

|E®2§ tor of bleeding in a gastrointestinal system

a nmogl obin in urine will be an indicator of
bEe@dpRIHeMoglobin AabiMzdtioaGiffecSST TG diltbRAt epietttatidns

the stabilization nmethod of the present invention to,
henpgl dbiterage selutiemprepispated by adding 0t Oremekhdh iRdpsedjum 3-
a . rihax - -

< PRy 2 AR D FyariGR Sl ABRER shdbfin Table 110
Us wallutiyn (pHD 7100 €ontdiziigc0.09 mod. HEPBS) @#arsotinnt eldesde, ahé pure

feces are suspended_in an appropriate stor 9

s BRIFE AHFPMaRFr Tgakﬁpé R R %Pw @m%%gwa%s#@- was
W,ldq4. be prepared by filtration as needed.

Herei nafter, the present invention will be described

nmor e i Henelye hembglobim gr b mixExaofHeawmyded diemsigtmbimansot feces

SRAIE ok Addo i erast Glslom. S0 an 54 aaRRGie reesured fora

shéhblbBiichRberRiali6f (cberditaion dhniifate?y 8Mér addition). Subsequently,
concentrations 10 A storage sol ution was prepared b

thdihegioglabin CrEentsttion afthe testebiivnutarad at 37°C for 20 hours was

hyd . ' =i i nadi ' " ' .
B B0 concPRBRTHAR AR 414 GRS, bR o of
Théhoglebihaiddicatufed mol /L HEPES, 0. 9% sodi um

chloride, and pure )
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.

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

added is 0.050 moV/L or more, the effect to stabilize hemoglobin was remarkable.
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wat er as remmi nder. The H DS manufactured by N ppon
Shokubai Co., LTD. was wused. 15 Henol yzed henogl obi n,
or a mxture of henolyzed henogl obin and a feces

sanpl e was added to the storad® sol ution, and each
test solution was nmeasured for a henogl obin

CTRsIeNt r at i PlRenfoglubie pthbilization dffececi MIRS y af t er

addition) Qlthpmmn | y t thj_e_'r_'mnl obi-h—conceptrat

:Jf the t@ﬁtgeéol uti on| st or eHemoglgb f or onﬁ&gg@bb{ﬁ§eC%S sample

ra¥1 ?I‘Hﬁ centT dll on I Illl[:‘(]l al EI y aT_ter )
:9 %IH 3?% residupl 1 abéiuddratkOoe Mgl 0bi Resi@sal ratio [%]
,al culaaaaﬂ[md},/[qoncen rati1on of henbgl obijn was nmeasure

Dy QC- QFI\lQm NEQ ana yzer (na_n_u_f_a ctured hu Eiken

Cheri cal Ce. , Ltd ) bsi ng OCWu?o 11 (nanuf act urlded by
Ei ken m@rq . _td %: |s an ijmunol ogi
measur e reagent [ or hem)g obi 25 As shown i n
Tabl e 1, gighst he test|sol uti ong3.; vvh| ch HDS is addsy
to only henoglobin,|a stabilizing effectf was obsegrved
by addi t i0H00f HI DS phose coHfeentration|is 0.008%-2

ol /L or e. Also,|in the tgsf solutiop in whicg
henogl obih ™ and fecef are coexisted, the| stabilizing
pf fect |1 9.0018served by additi o86.Df HI DS whose 539
concentration is 0.0P5 nol/L nore. Especially,

a concentr on of H DS 30 ao@[e%l is 0.050 nol/L Oslj
more, the gff ect to stabilizeggrenogl obi nf was 57.8
remar kabl'e. 10 Tabl g 1 Henogl obin stabi|lization

bf f ect 0f0.200DS Anti gen Henpgl&b2 n Henogl pbi n+f ece$.3

S 10O aof HI-BS gnlnlnnl [l i1 Poact Aol
i ) T T

aoOCT O TTTU UL ] T\C ol Uuual

ratio [9%4 Residual ratio[%9 - 77.7 27.5 0.001 82.8
2@024] 0.005 83.9 32.3 0.010 84.2 39.2 0.050 84.1

. 0.075 85.2 53.9 0.100 87.8 55.9 0.150 88.2
5Comparative Example

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
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
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.



0.200 86.2 46.3 [0024] Conparative Exanple 5 An
effect to stabilize henogl obin was exam ned by a
nmethod simlar to the nethod of Exanple, except for
addi ng et hyl enedi am ne-N, N, N ,1I¥ -4 acetic acid

(EDTA), im nodiacetic acid (1DA) or N-(2-hydroxyethyl)
| Mapedi acet i ganbgokinlstap)lizatibmeffendf oaridustchealating agants

-hydroxy-2_2' - i m nodi succinate (H DS) - of Exanple

Ac
hown | MAmigshe 2, whpn EDTRemoibiny H DhHRmoElRbdy faces sample

g—chetatt g nv; agent Sgl Ukiteblgi.llél r?ﬁ(ﬁg};%kl 4 ﬂg 8§E§\&/ﬁalwﬁ) [%]

bbserved in the test fon o gl opi n_on

[ ¢Rélatig'8Jent 2edr [ HI DA was7uged as a thel ati ng27.5
agent, any certain stahilizing effect was not

bb €envendration OhEDI&st [ sol uti on i n whi ch henogl obi n and
eces ane, rcq i sted] When EDTA was used| a slightly
i ghera 3?4 BE? stabilize henpgl obin whs observed

concentration of 15 H DS added was 0.010| noUL or ﬁ#e’
he ef f ed:0kb stabilize hemogfdBin was nuch snal

han t he ct of the storag ol ution pf Exanplerqll
Table 2 @%‘& obi n sfabilizat |§20f§i ef fect of various_

(
f
f
éven undegygmoexi sten¢e of fecegss however| when ar34.3
(
1
1

chelghédreagaest ANt | gen Henogl obi n Henogl obi n+f eces
sanple Residual ratio [%4 Residual ratip [9% No

¢hel atadded kmelfk] added 77.7 27.5 Concentfation of EDTA

9 534. s&tli. 010 7978 35.8 U4p0

82. 4 37. 1'%%ncentrafion of IDA added [npl /L] 0.001
82.1 28. Q)_Qﬂ) 010 80.9 27.3 08@80 81.0 26.3 27.3
Concentraot'(l)soon of HI DA 81.0 26.3
Concentration of HIDA
added [mol/L]
0.001 80.3 26.1
0.010 79.3 26.4
0.050 81.6 273

INDUSTRIAL APPLICABILITY

[0025]

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

a fecal occult blood test can be performed more accurately.
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added [nol /L] 0.001 80.3 26.1 0.010 79.3 26.4 0.050
81.6 27.3 | NDUSTRI AL APPLI CABI LI TY 5 [0025] According
to the present invention, when an i m nocarboxylic acid
or a salt thereof is coexistd® with a hene protein in
a sanple, the hene protein can be naintained stably,
and therefore, a false negaCLwdMSaused by denaturation
and degradation of henogl obin can be prevented on a
fecal occult blood test. As a result, 10 a feca

ogcul : : ;
o e bGP chiRing Bhel pFcirAHARE ?ﬁﬁéﬁaﬁ‘ﬁ‘?‘é‘?ﬂ%‘ﬁé Hlowidg an
¢ hainacirbox y chchy/orcosabir theeoftoalok:disi ing sample containing the heme
i m nocarboxylic acid or a salt thereof to coexist in a
sBIRY!B- contai ning the heme 5 protein. 2. The nethod of
stabilizing a henme protein according to claiml1,

wherein the imnocarboxylic acid or a salt thereof is
a2cHipmethod of s@bilizirga fen)e protein according paflainClh whezein th

1 X X X

SRR o e aseeoud SF ety n *and
X is a hydrogen atom an alkali nmetal, or an ammni um
group), or a m'xture thereof 3. The net hod of
stabilizi ng oLel (ql_gl_ngc o plaiml or 2,
wherein the % boxy c ac salt thereof is
3- hydroxy 2, 21 i m nodi succ:| ni c 'ac:| d é¢f 15 Formul a
(2): oH €E=C cH CNHO C=0 (1)

| { ]

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

Formula (2):

OH
i

CHz—-CH — NH — GH — CH
| | l 1

0 0 0 0
X X X X

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

thereof.
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I I 1 0=CC=00=CC0(2) 1110000 XXXX

(where X is a hydrogen atom an alkali netal, or an

amoni um group), or a salt thereof. 13 4. The nethod

of stabilizing a henme proteinldccording to any one of

claims 1 to 3, wherein a concentration of the

i 1 TiecakEihod Wi sabidelng iienge mrotein hdverding tof alylmewif thims &to 3,

range_of 0.001 to 0,200 nol/L. 5 5. The ngethod fotf ey s

s WaBRein 7 Forgenirpigreoishe rainqcarbepigianiyl o @ saltdhsteof falls within a
[ tein is henogl obin, nyogl obin,

‘S%?ggiogg?(@?@?-ﬁgg{ﬁ@ge_ 6. The nethod of stabilizing

a heme protein according to claim1l, wherein a sanple

containing . the hene protein is feces, urine,. or, bl.ood.

78" e ey ol gDl e Bietein AERETS B SRR MR gheme
tgfbtéimim QB Ih%%g'lﬁbﬂ, PlroRidas! br cdtdigdecof according

to any one ot clal 1to 3. 8 An imnocarboxylic

acid or a salt thereof used in the nethod of

i%g‘tj}‘:ﬁsﬁlé’t‘hgg og _stlggllfllaiinglasheonqeo;t)r%i(eri]n aagc%roc{i% P(chgi%l ?,Whe?&% aosfample

containing the heme protein is feces, urine, or blood.

7. A storage solution for a heme protein comprising the iminocarboxylic acid or a salt

thereof according to any one of claims 1 to 3.

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

protein according to any one of claims | to 6.



