;e3e4 J6T4 1 DESCRI PTI ON SULFENYL COVPOUND, LABELI NG REAGENT, AND METHOD OF
ANALYZI NG PEPTIDE 5 TECHNI CAL FI ELD The present invention relates to
exhaustive analysis of proteins expressed in living cells and tissues. Mre
specifically, the present invention relates 10 to conpounds suitable for
the anal ysis of expressed proteins, |abeling reagents using such conpounds,
and quantitative analysis of expressed proteins using |abeling agents. 15
BACKGROUND ART Sul fenyl conpounds are known to react with the indole ring
of tryptophan residues and have been used as sel ective | abeling reagents
for tryptophan residues. Two-di nensional gel electrophoresis (2D-PAGE) is a
common 20 techni que used in the anglrgsrgpaftgaroteins. In this technique,
firstly proteins extracted from bi ol ogi cal sanpl es are separated/ purified
on 2D PACGE and spots of interest are excised fromthe resulting

t wo-.di nensi onal gel inmage. The proteins in the spots are subsequently 25
subj ected to reduct iISULERNSI atOMPQUNDZ YIARBECIKG gREAGENT, ARDand ot her
processes and are then identified in a mass spectronetry (e. g., PMF). This
techni que al so al |l ows diffHERHODaLFdANPILAY TG PEPAIDEE abundance of
proteins in two biological sanples. 5 This techni que, however, has a
drawback in that regulatory proteins and other proteins that are present in
trace anounts can hardly be detected in the analysis of the |ysates of
whol e cel | sTE@HNReAbaEéELRat t he abundance of constitutively expressed

pr ot ei ns

The present invention relates to exhaustive
analysis of proteins expressed in living cells and
tissues. More specifically, the present invention relates

10 to compounds suitable for the analysis of expressed
proteins, labeling reagents using such compounds, and

gquantitative analysis of expressed proteins using

labeling agents.

15 BACKGROUND ART
Sulfenyl compounds are known to react with the

indole ring of tryptophan residues and have been used as
selective labeling reagents for tryptophan residues.
Two-dimensional gel electrophoresis (2D-PAGE) 1s a common

20 technique used in the analysis of proteins. In this
technique, firstly proteins extracted from biological
samples are separated/purified on 2D-PAGE and spots of
interest are excised from the resulting two-dimensional
gel image. The proteins in the spots are subsequently

25 subjected to reductive alkylation, enzymatic digestion,



10 (housekeeping proteins) exists. The techni que al so has ot her drawbacks,
including inability of differential display to accurately quantify
proteins, nonreproducibility due to non-uniformgel plates, and difficulty
in separating high nolecular weight proteins. 15 Wth the arrival of
post-genom c era, techniques have been devel oped to enable the nass
spectronetry anal ysis of peptides. Anmong such techni ques are techni ques for
ef ficient digestion of proteins, techniques for separation of conplex

pol ypeptide m xtures 20 resulting fromdi gestion of proteins, and

i oni zation techni ques used in mass spectronetry analysis of amno acid
sequences oinPobypept pdeseshiew that atrbesdeheGRIRNGUES < 6 rAVinldd e, vari ous
anal ytical methods for peptides are proposed based on the principle of nass
25 spectronspeytandetag aechesyl PMFa.neenibase8hhsgief also 31newsl useful

| abel i ng reagents. One of the reagents devel oped to neet such a need is the
i sot ope- codedf féfentiylt ddsplLERTYE Fhe at-dckniatpuedasidrg dihipyr gteaigentin s one
of the techniques for quantifying variation in the 5 protein |evels which
was devel opedo byi®toghebér selnglat.t he University of Washi ngton ( See,
Non-patent article: R Aebersold et al., Nature Biotech., 1999, 17,

994- 9995 and Pat €Rtig\rtecheigi®, 0BL1&268) . hhs thelrb@ABRaketimodhati t h ai m ng
at cysteine residues of a protein, a specially 10 designed al kyl ati ng
reagent incoepetatdnyg brotennssandedther| pbelt eSHsgrthwss agfe grstssnie
residues of a protein. This techni que enabl es quantification of expressed
bi ol ogi cal Proteaps anehnssgaifi bandly bef letesteabumdddee aaed yssheen used
in conjunction with tandem nass 15 spectronetry, allows identification of
protei ns whdSetekptesaten pévehelearkéds Howsher case ithadxpésted that the
above techni que can result in conplex nmass spectra due to the cysteine

resi dues prdlepdangeppbt ePAstifuravgdvabardasced pyoL@iaddi ti on, the | CAT
met hod_i_.nvol ves drawbacks that the use of a special_ avidin colum to

separ at@ t hEhPapRkeaPpaGt PAEtEiBFeRKISES -neBliedtapbniAge RASOr BREL | vel y

| ar ge nol ecul ar ight of the reaction reagent (approx. 600) limts its
reactivity.O%ﬁﬁrmgr%W?EEESUREHEﬁuﬁﬂEgINVEH?PENYeSF & ffisa sriedt i on
Accordingly,.it_is an objective of the present invention to provide a

sul fenyl cd %Yt*ﬁatagéwageig guantify proteins, non-

reproducibility due to non-uniform gel plates, and
difficulty in separating high molecular weight proteins.
15 With the arrival of post-genomic era, techniques
have been developed to enable the mass spectrometry
analysis of peptides. Among such techniques are
techniques for efficient digestion of proteins,
techniques for separation of complex polypeptide mixtures
20 resulting from digestion of proteins, and ionization
techniques used in mass spectrometry analysis of amino
acid sequences of polypeptides. Now that these
techniques are available, various analytical methods for
peptides are proposed based on the principle of mass

25 spectrometry and, as a result, a need has arisen for



5 labeling reagent with superior reactivity and selectivity, can readily be
anal yzed by nmass spectronetry, is highly quantitative, and does not require
special columms. It is also an objective of the present invention to
provi de a | abeling reagent using the sulfenyl conmpound, as well 10 as an
anal ytical nmethod for proteins and peptides using such a |abeling reagent.
Summary of the Invention Over the courseg of our studies, the present 15

i nventors have found that these objectives can be achieved by using a

sul fenyl compound having at | east one constituent elenment | abeled with an

i sotope. The finding ultimately led the present inventors to conplete the

present investddnus@BulheapEesaRt reBYEAtisQN O0REPEESERel @EhgwhRg i Nventi ons.
(1) A sulfenyl conpound represented by the general formula: 25 R-S-X (1)

5 (wherein &&vepspsents mBer gaBhCagheep havichg alsdteast-cadedonstituent
el ement | abeled with an isotope, and X represents a | eaving group). (2) The
sul fenyl cospbimitactagdiDgATd. ( 1The Stedbilentynet beingganie geadpnR denpri ses
C, H and N, and optionally O and/or P as the constituent elenent, and the
i sotope i s enstabl ehesotohaigekected tuamtthleigoowa rdatdicst iing wife 2H, 13C
15N 170, and 180. (3) The sul fenyl conpound according to (1) or (2), 10
wher ei n5a npreceliar leeeyht whichheasubkerybpedmpguiid .i fiebersold at
the University of Washington (See, Non-patent article: R.
Rebersold et al., Nature Blotech., 1999, 17, 9294-999; and
Patent Article: WO 00/11208). In the ICAT method, with
aiming at cysteine residues of a protein, a specially
10 designed alkylating reagent incorporating biotin is used
to label SH groups of cysteine residues of a protein.
This technique enables quantification of expressed
biclogical proteins with significantly different
abundance and, when used in conjunction with tandem mass
15 spectrometry, allows identification of proteins whose
expression levels varied.
However, it is expected that the above technique
can result in complex mass spectra due to the cysteine
residues present in proteins in large abundance. In
20 addition,.the ICAT method invelves drawbacks that the use
of a special avidin column to separate the labeled
peptide fragments is needed and that the relatively large
molecular weight of the reaction reagent (approx. 600)

limits its reactivity.

25



| arger than the nol ecul ar wei ght of a conpound, which has the sane
structure as the conpound and does not | abeled with the isotope, by 3 to
12, preferably by 6 to 10. (4) The sulfenyl conpound according to any of
(1) 15 to (3), wherein the nunber of the constituent elenment |abeled with
the isotope is 3 or nore, for exanple 3 to 12, preferably 6 to 10. (5) The
sul fenyl conpound according to any of (4) to (4), wherein the organic
functional group Ris an 20 al kyl group which may be substituted or an aryl
group which may be substituted. (6) The sul fenyl compound according to (5),
wherein a substituent of the al kyl group which nmay be substituted is
sel ect ed frpms¢chesgrpUPFCOASi stiizagTebyNO2, 25 COOH, SO03H, OH, al koxyl,
aryl, and aryl oxy. 6 (7) The sul fenyl conpound according to (5), wherein
a substituenhjotttbe anygl rgiredpivhi ch may be substituted is selected from
t he group consisting of NO2, COOH SO3H, OH al kyl, al koxyl, aryl, and
aryloxy. 5 (8) ThmcsutﬁﬁnglypombomadaacODﬁdbﬂgvb00€5kh@rp&ébenwhereln t he
organic group Ris a phenyl group which may be substituted. (9) The
sul f enyl conpeoemdiaccoedpngvideanysaf fehy 1t aofmPoundheheitn sererdseaad g gr oup
X is a hal ogen at om

5 labeling reagent with superior reactivity and selectivity,

can readily be analyzed by mass spectrometry, is highly
guantitative, and does not require special columns. It
is also an objective of the present invention to provide
a labeling reagent using the sulfenyl compound, as well
10 as an analytical method for proteins and peptides using

such a labeling reagent.

Summary of the Invention

Over the course of our studies, the present
15 inventors have found that these objectives can be
achieved by using a sulfenyl compound having at least one
constituent element labeled with an isotope. The finding
ultimately led the present inventors to complete the
present invention.
20
The present invention comprises following
inventions.
(1) A sulfenyl compound represented by the
general formula:

25 R-5-X (I}



10 (10) The sul fenyl conpound according to any of (1) to (5) and (7) to
(9), selected fromthe group consisting of 2-nitro[l 3Cs] benzenesul f enyl
chloride, 4-nitro[l 3Cs] benzenesul fenyl chloride, 2, 4-dinitro[l 3Csl
benzenesul fenyl chloride, and 2-nitro-4-carboxy[l3Cs] 15 benzenesul f enyl
chloride. (11) A labeling reagent conprising a sulfenyl conpound
represented by the general fornula: R S5X (1) 20 (wherein R represents an
organi c group having at |east one constituent elenment | abeled with an

i sotope, and X represents a |leaving group). (12) The | abeling reagent
according to (11), wherein the organic group R conprises C, H and N, and

25 optional (whérand/ Rr rEpassthescansbirguait eret@nthavahd e lealkd sotope is
a stable isotope selected fromthe group consisting of 2H, 13C, 15N, 170,
and 180. (1&%)e Thenkabeléng etagent aapendungitd Ghl)isetopk?) athefein a

nol ecul ar wei ght of the sulfenyl conpound 5 is larger than the nol ecul ar
wei ght of arcpmpeants ahiehvbhag yheupane structure as the conpound and does
not | abeled with the isotope, by 3 to 12, preferably by 6 to 10. (14) The
| abel i ng reagent &ZrordiTe toubignpt ¢dppdindoa¢ddyrdinbetei nlthe nunber of
the constituent elenent |abeled with the isotope is 3 or nore, for exanple
3to 5> wherein the organic group R comprises C, H, and N, and
optionally O and/or P as the constituent element, and the
isotope is a stable isotope selected from the group
consisting of %H, 3¢, '™N, Y0, and '%0.
(3) The sulfenyl compound according to (1) or (2},
10 wherein a molecular weight of the sulfenyl compound is
larger than the molecular weight of a compound, which has
the same structure as the compound and does not labeled
with the isotope, by 3 to 12, preferably by 6 to 10.
(4) The sulfenyl compound according to any of (1)
15 to {3), wherein the number of the constituent element
labeled with the isotope is 3 or more, for example 3 to
12, preferably 6 to 10.
(5) The sulfenyl compound according to any of (1)
to (4), wherein the organic functional group R is an
20 alkyl group which may be substituted or an aryl group
which may be substituted.
(6) The sulfenyl compound according to (5),
wherein a substituent of the alkyl group which may be

substituted is selected from the group censisting of NOg,

25 COOH, SOs3H, OH, alkeoxyl, aryl, and aryloxy.



12, preferably 6 to 10. (15) The | abeling reagent according to any of (11)
to (14), wherein the organic functional group Ris an 15 al kyl group which
may be substituted or an aryl group which nay be substituted. (16) The
| abel i ng reagent according to (15), wherein a substituent of the alkyl
group which may be substituted is selected fromthe group consisting of
NOz, 20 COOH, SO03H, OH, al koxyl, aryl, and aryloxy. (17) The | abeling
reagent according to (15), wherein a substituent of the aryl group which
may be substituted is selected fromthe group consisting of NO2, COCH,
SO3H, OH, al kyl, al koxyl, aryl, and aryl oxy. 25 (18) The | abeling reagent
according to (15)(0r Bnd 15\1faher etdmbpbenar gabbed9hgupoR (53 ,a phenyl
group which nay be substituted. (19) The | abeling reagent according to any
of (11) to ¥H8yeimhereiubsthbeubravofigtheodpyX gFoaphahagenmatyome 5 (20) The
| abel i ng reagent according to any of (11) to (15) and (17) to (19), wherein
t he sul f enydulzenpounedi s seébettddf foomt heegneoppc apsisdtsitiggofof NO3,
2-nitro[l 3Cs] benzenesul fenyl chloride, 4-nitro[ 13C6] benzenesul f enyl
chl ori de, 2Z;00H di $P4H,0[CEH3CE]1 baelhz emidsark ¥ Enydreh) oandearghd=x¢0
2-nitro-4-carboxy[ 13C6] benzenesul fenyl chloride. (21) The | abeling reagent
accordi Rg to any o) (1Ohe taulPe)yli composedf accpeginde tandlSysics. (7),
wherein the organic group R is a phenyl group which may
be substituted.
(%) The sulfenyl compound according to any of (1)
to (8}, wherein the leaving group X is a halogen atom.
10 (10) The sulfenyl compound according to any of (1)
to (5) and (7) to (9), selected from the group consisting
of 2-nitro('3Cs] benzenesulfenyl chloride, 4-nitro[*3Ce]
benzenesulfenyl chloride, 2, 4-dinitro['®Cs]
benzenesulfenyl chloride, and 2-nitro-4-carboxy[*Cel

15 benzenesulfenyl chloride.

(11) A labeling reagent comprising a sulfenyl
compound represented by the general formula:
R-5-X (1)

20 (wherein R represents an organic group having at least
one constituent element labeled with an isotope, and X
represents a leaving group).

(12} The labeling reagent according to (11),
wherein the organic group R comprises C, H, and N, and

25  optionally O and/or P as the constituent element, and the




Hereinafter, peptide is neant to enconpass proteins in the present
specification. 15 (22) The | abeling reagent according to any of (11) to
(21), separately including each of: one conpound (hereinafter, nmentioned as
"heavy reagent") selected fromthe sulfenyl conpounds, and a conpound
(hereinafter, nentioned as "light 20 reagent") which has the sanme structure
as the heavy reagent and does not | abeldd with the isotope. The | abeling
reagent of the present invention is preferably designed so that the

di fference in nol ecul ar wei ght between the heavy reagent and the |ight
reagent is 25 3 to 12, and nore preferably 6 to 10. 9 (23) A nethod of
anal yzi ng pepticee uUsi agshababelEntgopeageidtctenprfirsimngha sudchgnyl conpound
represented by the general formula: 5 R-S-X (1) (wherein R represents an
organi ¢ gr octpdasthggact| Fhst>Gne'Bondtot uend Foenent | abeled with an

i sotope, and X represents a | eaving group). (24) The nethod of anal yzing
peptide accordi ng(1d) 10Tke3)abehenei neatiendr ganpcdgngupoR (ddnpoirses C, H,
and N, and optionally 0 and/or P as the constituent element, and the

i sotope is bf%kabwléer%noaem@ée@@ﬂéd veoahthefgtbgp sulfenyl compound

5 is larger than the molecular weight of a compound, which
has the same structure as the compound and does not
labeled with the isotope, by 3 to 12, preferably by 6 to
10.

(14) The labeling reagent according to any of (1)

10 to (13}, wherein the number of the constituent element
labeled with the isotope is 3 or more, for example 3 to
12, preferably 6 to 10.

(15} The labeling reagent according to any of (11)

to (14), wherein the organic functional group R is an
15 alkyl group which may be substituted or an aryl group
which may be substituted.

(16) The labeling reagent according to (15),
wherein a substituent of the alkyl group which may be
substituted is selected from the group consisting of NOj,

20 COOH, S803;H, OH, alkoxyl, arvyl, and aryloxy.

{17) The labeling reagent according to (15),
wherein a substituent of the aryl group which may be
substituted is selected from the group consisting of NOg,
COOH, SOsH, OH, alkyl, alkoxyl, aryl, and aryloxy.

25 (18) The labeling reagent according to (15) or




consisting of 2H, 13C, 15N, 170 and 180. (25) The nethod of anal yzing
peptide according to 15 (23) or (24), wherein a nol ecul ar wei ght of the

sul fenyl compound is |arger than the nol ecul ar wei ght of a conpound, which
has the same structure as the conmpound and does not | abeled with the

i sotope, by 3 to 12, preferably by 6 to 10. 20 (26) The nethod of anal yzi ng
peptide according to any or (23) to (258, wherein the nunber of the
constituent elenment |abeled with the isotope is 3 or nore, for exanple 3 to
12, preferably 6 to 10. (27) The nethod of anal yzing peptide according to
25 (23) to (26), wherein the organic functional group Ris 10 an al kyl
group whi ch(my, beheubshi theedrganas akpupdROUR \éh%)gll?én@ﬂy dreugihatidit ed.

(28) The nethod of anal yzing peptide according to , Wherein a
substi t uentmaf bdesabkylitgtedp which may 5 be substituted is selected from
the group consisting of NO2, COCH, SO03H, OH, al koxyl, aryl, and aryl oxy.
(29) The net hod ofl&anhal Jize nbalpepingderaagenti agctod(ag) towhereiof a11)
substituent of the aryl group which nay be substituted is selected fromthe
group consiftsti hg8bf @heNO2n COEH1e8O3Hg GHeoual Kylis al haxylgeraratiom.and
aryl oxy. (30) The method of anal yzing peptide according to (27) or (29),
wher ei n3t he or gani<0yr diipe Rl alse hinmhengaggnoupcehicdhngayobengulst i(tlided.
(31) The nethod of anal yzing peptide according to
to (15) and (17) to (19), wherein the sulfenyl compound
is selected from the group consisting of 2-nitro[}®Cg]
benzenesulfenyl chloride, 4—nitro[305] benzenesulfenyl
chloride, 2, 4—dinitro[nce] benzenesulfenyl chloride, and
10 2—nitro—4—carboxy[ncs] benzenesulfenyl chloride.
(21) The labeling reagent according to any of (11}
to (20), in a use for peptide analysis.
Hereinafter, peptide is meant to encompass proteins
in the present specification.
15 (22) The labeling reagent according to any of {(11)
to (21), separately including each of:
one compound {hereinafter, mentioned as “heavy
reagent”) selected from the sulfenyl compounds, and
a compound (hereinafter, mentioned as “light
20 reagent”) which has the same structure as the heavy
reagent and does not labeled with the isotope.
The labeling reagent of the present invention is
preferably designed so that the difference in molecular

weight between the heavy reagent and the light reagent is

25 3 to 12, and more preferably & to 10.



15 any of (23) to (30), wherein the leaving group X is a halogen atom (32)
The nmet hod of anal yzi ng peptide according to any of (23) to (27) and (29)
to (31), wherein the isotope-Ilabeled sulfenyl conpound of the formula (1)
is 20 selected fromthe group consisting of 2-nitro[13C6] benzenesul f enyl
chloride, 4-nitro[13C6] benzenesul fenyl chloride, 2, 4-dinitro[13C6]
benzenesul fenyl chloride, and 2-nitro-4%9carboxy[ 13C6] benzenesul f enyl
chloride. (33) The nethod of anal yzing peptide according to 25 any of (23)
to (32), wherein the | abeling reagent 11 separately including each of:
one conpound sel ected fromthe sul fenyl compounds, and a conpound (I|i ght
reagent) which has the sane structure as the sel ected one conpound (heavy
reagent) 5 and does not | abeled with the isotope. In the analysis of
pepti de of the pré&zdgnt A menhodnoft hrahgaiuygr papehte, supiebermabl y desi gned
so that the difference in nol ecul ar wei ght between the heavy reagent and
the |ight rkagehingsr8agent2¢coapdisdng pr efidrfeblyy €ot@aumdl0. (34) The
nmet hod of anal yzi ng peptide according to any of (23) to (33), conprising
| abel i ng anrepieaoeateéd bEstbeegeneaapeprirdelef interest by using the
Iabelin%
R-5-X {I)
(wherein R represents an organic group having at least
one constituent element labeled with an isotope, and X

represents a leaving group}.
(24) The method of analyzing peptide according to

10 (23), wherein the organic group R comprises C, H, and N,
and coptionally O and/or P as the constituent element, and
the isotope is a stable isotope selected from the group
consisting of %H, c, N, !0, and 'fO.

(25) The method of analyzing peptide according to

15 (23) or (24), wherein a molecular weight of the sulfenyl
compound is larger than the molecular weight of a
compound, which has the same structure as the compound
and does not labeled with the isotope, by 3 to 12,
preferably by 6 to 10.

20 (26) The method of analyzing peptide according to
any or {23) to (25), wherein the number of the
constituent element labeled with the isotope is 3 or more,
for example 3 to 12, preferably 6 to 10.

(27) The method of analyzing peptide according to

25 (23) to (26), wherein the organic functional group R is



reagent, and subj
spectronetry neasurenent. (35) The nethod of anal yzi ng peptide according to

(34),

conpri si ng:

ecting the resulting | abel ed peptide to 15 nass

(i) labeling the peptide of interest with either one of

t he heavy reagent and the |ight reagent, to 20 thereby obtain the |abel ed

pepti de of

interest; (i1) separately labeling a control peptide with the

ot her of the heavy reagent and the lightgreagent to thereby obtain the

| abel ed contr ol

peptide; (iii) mxing the |abeled peptide of interest 25

obtained in (i) with the | abeled controlled peptide 12 obtained in (ii);
and (iv) subjecting the m xed | abel ed peptides to mass spectronetry

measur ementan (36kyThgreBbhad ek ﬁua?! Y&l RALREALHIR ACHOM N 10 Prdigd) or
|

(35),

optionally conprising enzyma

c digestion and/or a chém cal treatnent

conpri si ng wedysthep BBdsabkykaukea. (37) The nmethod of anal yzing peptide
according to (36), wherein the enzymatic digestion is carried out 10 before
or after the |abel2py. t88)mdbRoaebhodnal yanakypepdigepkicde rageqy dicg to
wherein the chemcal treatnent is carried out

(36),

5

10

(27), wherein a substituent of the alkyl group which may
be substituted is selected from the group consisting of
NO,, CCOH, SO0O3;H, OH, alkoxyl, aryl, and aryloxy.

(29) The method of analyzing peptide according to
(27), wherein a substituent of the aryl group which may
be substituted is selected from the group consisting of

NO;, COOCH, SO0szH, OH, alkyl, alkoxyl, aryl, and aryloxy.

(30) The method of analyzing peptide according to

(27) or (29}, wherein the orxrganic group R is a phenyl

group which may be substituted.

(31) The method of analyzing peptide according to

15 any of (23) to (30), wherein the leaving group X is a

halogen atom,

(32) The method of analyzing peptide according to

any of (23) to (27) and (29) to (31), wherein the

isotope-labeled sulfenyl compound of the formula (I) is

20 selected from the group consisting of 2-nitro['’Cel

benzenesulfenyl chloride, 4-nitro[*3Ce] benzenesulfenyl

chloride, 2, 4-dinitro[*®C¢] benzenesulfenyl chloride, and

2-nitro-4-carboxy[*C¢] benzenesulfenyl chloride.

25 any of

(33) The method of analyzing peptide according to

(23) to (32), wherein the labeling reagent



before or after the labeling. (39) The nethod of anal yzi ng peptide
according to 15 (36), wherein the chem cal treatnent, the enzymatic
and the labeling are carried out in this order. (40) The nethod

di gesti on,

of anal yzing peptide according to (36), wherein the chem cal treatnent,
| abel ing, and the enzymatic digestion are carried out in this order.
(41) The nmethod of anal yzi ng peptide acktbrding to (36), wherein the
| abel ing, the chemical treatnment, and the enzynatic digestion are carried

out in this order.

conpri si ng,

rever sed- phase col um.

20

t he

(42) The nethod of anal yzing peptide according to (34),

after the |l abeling, optionally 25 purifying the |abel ed peptide
i ncl udi ng segrapdtehybyngetliding3ebicht n@ti on and separation on a

(43) The nethod of anal yzing peptide according to

(34), wherein theorsan qunaeindl sededuedi Srem yWiteophdfengdi doepotngsld)anit novel

conpound conprising a peptide detected by nmethod of anal yzi ng pepti de

according to (23)a ¢aByowndohpbauntd asagevandiwdatd hes &hgotsems a

phar maceut i

cal product conprising a peptide detected by the nethod of

anal yzi ng peprigeusecesdihg sel¢28d ¢0eBROEFODESCRIREVEN reR gRHE )DRAW NGS

5

10

15

20

25

and does not labeled with the isotope.
In the analysis of peptide of the present invention,

the heavy reagent is preferably designed so that the

difference in molecular weight between the heavy reagent

and the light reagent is 3 to 12, and more preferably 6
to 10.

(34) The method of analyzing peptide according to
any of (23) to (33), comprising labeling an amino acid
residue of a peptide of interest by using the labeling
reagent, and subjecting the resulting labeled peptide to
mass spectrometry measurement.

(35) The method of analyzing peptide according to
(34), comprising:

(i) labeling the peptide of interest with either
one of the heavy reagent and the light reagent, to
thereby obtain the labeled peptide of interest;

(ii) separately labkeling a control peptide with the
other of the heavy reagent and the light reagent to
thereby obtain the labeled control peptide;

(iii) mixing the labeled peptide of interest

obtained in (i) with the labeled controlled peptide



Fig. 1 is an LC chart of Exanple 3. Fig. 2 is a graph show ng the nunber of
the pair peaks of |abel ed peptide fragnents in separation on a 15 colum in
Exanple 4. Fig. 3 is a mass spectrumchart of Exanple 5. Fig. 4 is a nmass
spectrum chart of Exanple 6. Fig. 5is a continuation of Fig. 9. Fig. 6 is
a mass spectrumchart of Exanple 8. 20 MODES FOR CARRYI NG QUT THE | NVENTI ON
The present invention provides a sul fenyt conpound represented by the
following formula: RS- X (I) 25 where Ris an organic functional group
cont ai ni ng at 14 5 | east one constituent elenent |abeled with an isotope,
and X is a leaving group. This sulfenyl conmpound may be used as a | abeling
reagent to ¢iabeinadconapound;tanhe identified. The conmpound is particularly
useful as a | abeling reagent for peptide analysis. A |labeling reagent in
whi ch two indivi duit) reag¢stsingOthaembgedglobhe lkeayeptaagentccanthdde ot her
the Iight reagent, are conbined can facilitate mass spectronetry based
pepti de anatystcsrohatrhemtasnukeaenk) above, the organic functional 15 group
R is a substituent group conprising C, H and N, and optionally 0 and/or P
as a constituent eBénenThe Pnetleodbby, ahhéyrsogopepicsida stcablrelirgottape, such
as 2H, 13C 15N 170 and 180 Wien the | abeling reagent in which the heavy 20
5 (34) or (35), optionally comprising enzymatic digestion
and/or a chemical treatment comprising reduction and
alkylation.
(37) The method of analyzing peptide accerding to
{36), wherein the enzymatic digestion is carried out
10 before or after the labeling.
{38) The method of analyzing peptide according to
{36), wherein the chemical treatment is carried out
before or after the labeling.
(39) The method of analyzing peptide according to
15 (36), wherein the chemical treatment, the enzymatic
digestion, and the labeling are carried cut in this order.
{40) The method of analyzing peptide according to
(36), wherein the chemical treatment, the labeling, and
the enzymatic digestion are carried out in this order.
20 {41) The method of analyzing peptide according to
(36}, wherein the labeling, the chemical treatment, and
the enzymatic digestion are carried out in this order.
(42} The method of analyzing peptide according to
. (34), comprising, after the labeling, optionally

25 purifying the labeled peptide including separation by gel



25 reagent and the light reagent are conbined is used, a peptide sanple

| abel ed with the heavy reagent is mxed with a peptide sanple | abeled with
the light reagent and the m xture is subjected to nass spectronetry
measurenent. In this case, the presence of the isotope causes a difference
in the mass nunber between the respective | abel ed peptides. This difference
corresponds to the difference in nolecular wei ght between the heavy reagent
and the |ight reagent. 15 In this respect, the difference in mass nunber
is preferably 3 to 12 daltons, and nore preferably 6 to 10 daltons. The
mass nunber difference that is 3 daltons or greater makes the tendency for
the peak offinerhabshedna pephirdeibRdich @d reivich slhe dheaey deagant and the
peak of the | abel ed peptide nodified with the Iight reagent not to overl ap,
resulting in sinpke3zpnathsimetidodt bEsagaldyzihg pebetdeakcwirgihgftd he

sul fenyl conpound of the present invention is preferably larger 10 than the
mol ecul ar wegght whetbenceApodmdnbavicig trde isare ist rusiptopam t he sul fenyl
conmpound but unlabeled with the isotope by 3 to 12, and nore preferably by
6 to 10. Thossishen t he sul fenyl conpound of the present invention contains
only an isotope, such as 2H, 16N or 1'0, that has 15 a greater mass nunber
by 1, te nunber 6441 heAcoosteltoempoehdnenmpriabebed weblh iideot opes is
preferably 3 or nore, for exanple, 3 to 12, and nore preferably 6 to 10. On
t he ot her hdatecthénbyhmeshbiienyl acadpadind gerthelepraesemdinyent i 6h3) .
contains an isotope, such as 180, 20 that has a grater mass nunber greater
by 2, 3 or nore i $6bbped compchndvesaanassdndaber foif Bepeteatdfal3 or | arger
may not be needed. For exanple, in the case of the sulfenyl conpound

cont ai ni ng Phéymageuticaherkrsdiope compyisinghe eepdtideuaintesitarkhys | abel ed
wi th 180 cause a 25 difference of 4 daltons, resulting in giving a
preferred the metbodi pfepBadFziMGenerlié deabeiceingg ndedgentZ3dn whi ch the
sulfenﬁl conmpound of the present invention serves as the heavy reagent and
used a3 abeling reagent conbined with the 5 light reagent, the nolecul ar
wei ght of the heavgﬁrea ent is designed so that the difference in nol ecul ar

wei ght bet veRREF hBERERVYTLEH oAt THRI PRAYINGSht reagent is preferably 3 to

12, and nore preferably 6 to 10. Preferably, the organic functional group R
in the Fig. is an LC chart of Example 3.

Fig. 2 is a graph showing the number of the pair
peaks of labeled peptide fragments in separation on a
15 ©column in Example 4.
Fig. 3 is a mass spectrum chart of Example 5.
Fig. 4 is a mass spectrum chart of Example 6.
Fig. 5 is a continuation of Fig. 4.
Fig. & is a mass spectrum chart of Example 8.
20
MODES FOR CARRYING QOUT THE INVENTION
The present invention provides a sulfenyl compound
represented by the following formula:
R-5-X (I)

25 where R is an organic functional group containing at



10 formula (1) is an al kyl group which may be substituted or an aryl group
whi ch may be substituted. Exanples of the substituents of the al kyl group
whi ch nmay be substituted include, but are not limted to, NOz, COOH, SO3H,
OH, al koxyl, aryl, and aryl oxy. 15 Exanples of the substituents of the aryl
group which may be substituted include, but are not limted to, NOZ COOH,
503H, OH, al kyl, al koxyl, aryl, and aryléxy. These substituents nay be
selected to adjust the reactivity, solubility, and the like, of the present
20 reagent. Preferably, the organic functional group Ris a phenyl group
whi ch may be substituted. By having the properly designed organic
functional bessp Bnei nohbeitasatoklesenas lthe laabeliivlg dreageitopd he 25

| abel ed peptides can readily be separated on an ordinary 17 colum such
as a reversaddplase eoleeninBxgmplues ofhikeslhidfiehnply gooppuXd mathéeef or mul a
(1) include, but are not |limted to, hal ogen atons such as F, Cl, Br, and
|. 5 The noheedl ag aelghelohgt heagentenyl ledtmiowndorfpdurel preedsnt i nvention
is preferably approximately 190 in terns of the reactivity with the
peptides toi@entabdetdd. Faetiéempanhg psepartédutempygundsiidr ashe sul f enyl
compound of the present invention are 2-nitro[l3Csl 10 benzenesul f enyl
chloride, 4labetdnu3cepgbahnzénespebtiyie enladnisds,. 2, 4-dinitro[l 3Cs]

benzenesul fenyl chloride, and 2-nitro-4-carboxy[l 3Cs] benzenesul f enyl
chl ori de. A labeling reagent in which two individual reagents,

one being the heavy reagent and the other the light
reagent, are combined can facilitate mass spectrometry-
based peptide analysis.
10
In the formula (I) above, the organic functional
group R is a substituent group comprising C, H, and N,
and optionally O and/or P as a constituent element.
Preferably, the isotope is a stable isotope, such as H,
15 ¢, N, Yo, and *Po.
When the labeling reagent in which the heavy
reagent and the light reagent are combined is used, a
peptide sample labeled with the heavy reagent is mixed
with a peptide sample labeled with the light reagent and
20 the mixture is subjected to mass spectrometry measurement.
In this case, the presence of the isotope causes a
difference in the mass number between the respective
labeled peptides. This difference corresponds to the
difference in molecular weight between the heavy reagent

25 and the light reagent.



The sul fenyl conpounds of the present invention may be synthesized from
correspondi ng disulfides, thiols, or 15 sulfides by hal ogenation or other
techni ques. For exanple, a manner for synthesizing a sul fenyl conpound that
has a phenyl group | abeled with six 13C atons as the organic functional
group Rfrom for exanple, a sulfide, is exenplified in the follow ng
manner. 20 First, the precursor sulfidelts obtained as [|3Csl phenyl benzyl
sul fide by reacting [|I 3Cs] benzene derivative such as
nitro[l 3Cs] chl orobenzene with benzyl nercaptan. Subsequently, the resulting
[1 3Cs] phenyl benzyl 25 sulfide is reacted with a hal ogenating agent to

obtain 18 the desi tRssukkpayk, cenpodidfedenicen)in &llsey irdénbdy ong ne or
the like may preferably be used as the hal ogenating agent. Tetrachl oro

car bon, ethypteferablor 3decon2t Ballticke , maypheier aldefdmblsed asothe 5
solvent. The reaction is carried out for exanple at 10C to 45C for 5 mn.
to 1 hour. dhdsenskilTks massheuabérndyfpeoparkytidateis Bedbiesms or
conditions. The sul fenyl conpound thus obtained may be 10 15 identified by
conpari ng thecabss mpé&ebr timeotenhkienalyt diored heuldfeariy lofc ortpouaban ¢dh t hat of
t he conpound having the sane structure as the sul fenyl conpound but

unl abel & wpehtide medifped Whehi déwet iMeiacat iremgwt arsb thee geerdloraied by
conparing 13C and 1H NMR spectra of the both conpounds. To enploy the

sul f enyl cohpeuhdbelethpeptesentnozd fiiwdemtiitdn tdwn lightodiesgarnte nabel ed
substituent (R-S group) into a conpound to be identified resulting in the
capability BP @¥eraspra kgselitagar éagedmple analysis.

To this end, the molecular weight of the sulfenyl
compound of the present invention is preferably larger

10 than the molecular weight of the compound having the same
structure as the sulfenyl compound but unlabeled with the
isotope by 3 to 12, and more preferably by 6 to 10. Thus,
when the sulfenyl compound of the present invention
contains only an isotope, such as %H, N or '’0, that has

15 a greater mass number by 1, the number of the constituent
elements labeled with isotopes is preferably 3 or more,
for example, 3 to 12, and more preferably 6 to 10.

On the other hand, when the sulfenyl compound of
the present invention contains an isotope, such as 180,

20 that has a grater mass number greater by 2, 3 or more
isotopes to achieve a mass number difference of 3 or
larger may not be needed. For example, in the case of
the sulfenyl compound containing only 20 as the isotope,
two of the constituent elements labeled with %0 cause a

25 difference of 4 daltons, resulting in giving a preferred



It is known that sulfenyl conpounds can selectively 25 react with the

i ndol e rings of tryptophan residues of a peptide. Therefore, the

i sot ope-1| abel ed sul fenyl conpounds of the present invention are
particularly useful as |abeling reagents in the peptide anal ysis. 19
Tryptophan is an amno acid that plays a 5 significant role in the aspects
of the function and activity in proteinmse Anong tryptophan-contai ning

pepti des are adrenocorticotropic hornone (ACTH), Gal anin, parathyroid

hor mone (PTH), a-chynotrypsin, gramcidin A and |ysozyne. Tryptophan

bel ongs to one of the | east abundant 10 am no acids in proteins and, thus,
a peptide subgecdefifépehbe.l abeling reaction and enzynmatic digestion would
give a sinple nass spectrum This facilitates analysis and offers a

signi ficant advaritzgre tloethebpleironecagshysia. whikhenyle sorFewsds (the

i sot ope-1| abel ed conpounds 15 20 of the present invention and the

convent i onatompoadded Edtbenpoanda}y hnndengdoel eetrveghialsi ¢ haubgtavtywti on with
the indole rings of the tryptophan residues, thereby |abeling the

trypt ophan rexjeimesandhisedeast Lebhelsngxpeatedtt combniachi ghiemh rdectivity as
conpared to the nucl eophilic substitution that takes place between the | CAT
r eagent Sandt tylst ereegerti dulks mnalehelha€AFenghhodf The halaslyed dargepttophan
resi due-including peptide which is generated by |abeling by sulfenyl
conmpound i sisrodeshyredphobtbathbhet défdrnrabekednt mppeopianr megightei ncl udi ng
pepti de and can thus be separated/purified wi thout requiring a special

col um usedstiede tioaThegvyerhadenthasd pbpt ldebtcaragensepsr at ed/ purifi ed
zo sufficiently on a gel filtration or reversed-phase col um. The net hod
for anal yziRW%f bh%s3o¥°th%rp@@@eﬁ@rﬁnvéﬁﬁﬁéﬁbﬁﬁvélﬁ@slpabeling a peptide
of interest at 5 am no acid residues and subjecting the resulting | abel ed
peptide to mass speRteoRtYy Feastrespht. fynetpepeilderepp R in the

10 formula (I) is an alkyl group which may be substituted or
an aryl group which may be substituted. Examples of the
substituents of the alkyl group which may be substituted
include, but are not limited to, NO,, COOH, SOszH, OH,
alkoxyl, aryl, and aryloxy.

15 Examples of the substituents of the aryl group
which may be substituted include, but are not limited to,
NO;, COCH, SOsH, OH, alkyl, alkoxyl, aryl, and aryloxy.

These substituents may be selected to adjust the
reactivity, solubility, and the like, of the present

20 reagent.

Preferably, the organic functional group R is a
phenyl group which may be substituted.

By having the properly designed organic functional
group R, in the case of use as the labeling reagent, the

25 labeled peptides can readily be separated on an ordinary



interest may be a mixture of two or nore peptides. The present invention
conprises the steps of the |labeling reaction and the nass spectronetry
measurenent. When a 10 | abeling reagent in which the heavy reagent and the
| i ght reagent are conbined is used, the present invention conprises the
steps of the labeling reaction, mxing the | abel ed peptides if necessary,
and the nmass spectronetry neasurenent. 1% If necessary, the present

i nvention conprises the steps of fragnmenting the peptide preferably by
enzymatic treating (enzymatic digestion), and/or chemcally treating by
reduction and al kylation. If necessary, the present invention further 20
conpri ses tb@lﬁmﬁigh@gtggnaskggegg@gLﬁﬁb@@ sRPafm@t.i on on a gel filtration
colum and separation on a reversed phase colum. The process of the
present inventiongxampWekcHrt BRer €8ROEhGVErsuEPX ah kakelfidignuienzymatic

di gestion, and 25 chem cal treatnent anong the above process is conbi ned,
21 conpri sesncladeprboesaref near LyAgedutt centuTviget Gitgesd e add omed by
| abel i ng; (b) process of carrying out |abeling foll owed by enzymatic

di gestion; ¢t) Prpcesd of carrying out chem cal treatnent foll owed by

| abeling; 5 (d) process of carrying out |abeling followed by chem cal
treatnemt; (e) prOoesmcbdécuaarywadgbtt c€heecah ltfeegtlmentmpoemzy i i C
digestion and | abeling in this order; (f) process of carrying out chem cal
treatment, tladepragenndiemeybabvnc idi gestfieaabilly talposcoriderteland {@Q)improcess
of 10 carrying out |abeling, chem cal treatnent and enzymatic digestion in
this order.témasphgthherkabélivagyr sagént hien peipitdlletshe chéweyyl atemlgeht  and
the light reagent are conbined, a control peptide sanple is prepared in
addition to the p%@rtd@ulsréarrpr@f@rredt epaprundse f otrh& hyge stui ldergdnpl e of
interest is a mxture of two or nore peptides, the control peptlde sanpl e
may al so beC%mﬁﬁﬂﬂ@r@foth@opré§96ﬁdﬂﬁqepﬁéo@ra#@r@*@éﬁﬁﬁdéscs|n one exanpl e
of the sanple, peptide sanple of interest is proteins derived from diseased
cell's afd 2*991{1?1%1'1%6\%%f@PYﬂjeﬁblléél§‘§ﬁrpl4€n|l§rﬁr % Gl ndegeengst iedri hor mal
cells correspondlng to the diseased, cells. In such a case, these

cor r espondi HyLSBHBE esZar A-BiPLEFeRt Ged oREBZERSSHERIYE saPidrdede, and

conposition As the epti de le of interest and the control peptide
Saggle -nitro- gagboxy §%£? benzenesulfenyl chloride. Pep

The sulfenyl compounds of the present invention may
be synthesized from corresponding disulfides, thiols, or

15 sulfides by halogenation or other techniques. For
example, a manner for synthesizing a sulfenyl compound
that has a phenyl group labeled with six C atoms as the
organic functional group R from, for example, a sulfide,
is exemplified in the following manner.

20 First, the precursor sulfide is obtained as [*C¢]
phenyl benzyl sulfide by reacting [BCG] benzene
derivative such as nitro['3C¢]lchlorobenzene with benzyl
mercaptan.

Subsequently, the resulting [¥3ce] phenyl benzyl

25 sulfide is reacted with a halogenating agent to obtain



25 respective sanples may be used one kinds, and one sanple 22 and/ or
anot her sanple may be used in conbination wwth two or nore kinds. The

| abeling reaction is carried out by using an ordinary nmethod. \Wen the

| abel i ng reagent in which the 5 heavy reagent and the |ight reagent are
conbined is used, the peptide of interest is |abeled with using either one
of the heavy reagent or the light reageng, and the other hand, the control
peptide is | abeled with using the other of the heavy reagent or the |ight
reagent. Specifically, 10 the peptide of interest may be | abeled with using
t he heavy reagent and the control peptide may be | abeled with using the

| i ght reagethe asditbe peptedelotompbendst sayrheylabahediweth using the

| i ght reagent and the control peptide may be | abeled with using the heavy
reagent. 15ofombnéndkviHeallikabebiyngreifegabaty easisddvaivids of | abel ed
peptides. In the present invention, in addition to the | abeling, peptides
may be subjlksiedehatopyi agaht20 Teagaehlatbonarbbe, f eagyeehati on i s
preferably carried out by enzymatic digestion (hereinafter, the present

i nventi on whlobeddeser thedlaksumiagg prriede ribd vf bagmeridatasorties carri ed out
by enzymatic digestion). The enzymatic digestion may be carried out either
prior 25 tosoivéntl oviing tdwctaboveislesgrtrbed babekopgepanpegsat 123CThus,
the present invention conprises (a) process of carrying out enzymatic

di gestion fobl 6wil fiyr | abein ngto ot Koyrprocess of carrying out |abeling
foll owed by enzymatic digestion. 5 Preferred enzynmes for the enzymatic

di gestion includeThegpsthillgdylinehbopepti dayeprowesityi e tsirasimen,

kal | i krein, and urokinase, each of which is an endopeptidase with high
substrate speefdi ePRYitTARBugh the enzymatic digestion, peptides are
fragmented into 10 peptide fragnents. In the present invention, in addition
to the |abeling, BReopeibpaylcRemPerndt Féaﬁrr@gfcawedea@m en and

al kyl ati on. For the reasons described below, the 15 chem cal treatnent and
the | abdl i nyAPRy biePePy of RBRALANENG 6 HEES SpeGtREaafy thene

i nvention congriseﬁ éc% Broce5$ of carryin% out chem cal treatnent followed
by | abel i ngSUhhERYd) CpNBRERE BftRafFPftngfodt el £9BPONGS HAVIREH W cheni cal
treatment. Exanples of the 20 ggk tion_forminclu not limted

yl e, but ar
to, Scarban?YBRefhiratiof afdtaecar 3§9¥%tﬁVW§PP8ﬁ;%Wﬁ §EH§&E§§%§, a
pepti de of intergﬁé contai ns cysteijne regidues or disu&fid bonds. The
hi ghly reac¥t g?Bﬁ%QPSf_dig?e+%%nF% fﬁ%@%oPeﬂﬂth P8r fif25 di sul fide
bonds amjé%gEfgg%gétgg EngEEth Q%P%BiilhnNMRzipectra of the both

15 compounds.

To employ the sulfenyl compound of the present
invention can introduce the labeled substituent (R-S-
group) into a compound to be identified resulting in the

20 capability of use as a labeling reagent.

It is known that sulfenyl compounds can selectively
react with the indole rings of tryptophan residues of a
peptide. Therefore, the isotope-labeled sulfenyl
compounds of the present invention are particularly

25 useful as labeling reagents in the peptide analysis.



sone cases resulting in an unexpected peptide configuration. In a high pH
environment, disulfide bonds tend to scranble wth other disulfide bonds
and, thus, the enzymatic digestion, normally carried out in a high 5 pH
environnment, can give rise to conformational changes of peptides and nakes
anal ysis of the peptides difficult. This problemcan be prevented by
performng the chem cal treatnent. Specidically, in the chem cal treatnent,
dithi o groups which are susceptible to enzymatic 10 di gestion are
reductively converted by the abovedescri bed reduction, and converted to

al kyl thi o groups by the al kyl ation. Accordingly, when the enzymatic

di gestion and there{grbgRhnt L 8ahACAMiAbCaCAH! it@E OB akyd GONMbi nation (i. e,
15 when | abeling, enzymatic digestion, and enzymatic digestion are used in
conbi nati onsiginibecphesedlel MMeRhieOBkpeict sl & fPefeerfiedtiital dfte chem ca
treatment precedes the enzymatic digestion. As described, the enzymatic

di gestion naytbei® carpredeott.eidhienrqptipptbphon-Eohtawhaggt he | abeling.
Thus, when the enzymatic digestion (which follows the chem cal treatnent)
precedes theepabetsngret hdrphesent icpeenplien heamphes gRATE) ,prexlessi rof
carrying out chemcal treatnment, enzymatic digestion and labeling in this
order. 35 Quathehptbed hapflonkn (pa@sgs whehgmhe y@aayalgrami Aidi gestion
(which follows the chem cal treatnment) is carried out subsequent to the

| abel i ng, tédmedehyyomyme.di gestion will be carried out in the last of the
three steps. In this case, since the chemcal treatment and 5 the |abeling
precedes the enzyheyptodhgesbebangaytbeovear pifedheutl eiastampumcdert, t he
present invention conprises (f) process of carrying out chemcal treatnent,
| abel i ng ammengyaaids dhgpsetemnisnanbistbouder 2 peptdreprsodassstafd dar ryi ng
out |abeling, chem cal treatnent and enzymatic 10 digestion in this order.
The reason §ratlahelénanreartipeaenenengymatic Kilgesitigmeap el cuirvd ed out
in any _order is as follows: Wen a peptide of interest contains cysteine 15
resi dudd, cystErpeereapaueBechiube |Bbbseflachtitahesr ppadphan 2asi dues, by
the | abeling of the present invention. Thus, in order to avoid this side
reaction, orfpPESentsitBiéjspetnadvastages thr sfcoOLRgaoselddd® 1%Hes cheni ca
treatment nay be perforned prior to the |abeling. 20 The chem cal treatnent
may, however, be g%}??%ﬂloﬁ?mP6PF6ﬁjﬁéh?héSP&BB?T%@PGA§ddégﬁﬂqMﬂﬁﬁabove,
when a peptiﬁe of interest, contains cysteine residues, these cystaine

resi dues br? gt%%oﬂfe§ﬁ8tsFH§ePEéEPiSﬁddﬁpﬁngopﬁgnF&E@PﬁngPQQQEQﬁ%gtine,
cysteine residues react with 25 the | abeli,ng reagent to form.disulfide
bonds. The COBROENGE L RRAaEIBoRMECEEPREA Y SHESRAG IO t1GH i t hen be
subj ected to the above-descrjbed chem cal treatnment for reductive cl eavage
2nd al Byl at T AI0 TRCEONEP NGy EREnETERENPOSR EFEaHENY Moy H5eY

subsequent to the | abeling_in,accordapnce with fhe present invention. Thus,
in the present Fﬁ%%ﬁ?P%ﬂntﬁsséﬁBEFCaﬁpﬁ s "tedct 18nPIEERpectid o

have higher reactivity as compared to the nucleophilic
substitution that takes place between the ICAT reagent
and cysteine residues in the ICAT method.

20 The labeled tryptophan residue-including peptide
which is generated by labeling by sulfenyl compound is
more hydrophobic than the unlabeled tryptophan residue-
including peptide and can thus be separated/purified
without requiring a special column used in the ICAT

25 method: These peptides can be separated/purified



15 20 25 treatnment and the | abeling may be carried out in any order. In the
manner descri bed above, | abel ed peptides or |abel ed peptide fragnents are
obtained froma peptide of interest (labeled peptides and | abel ed peptide
fragnents are collectively referred to as "l abel ed peptide nol ecul es, "

herei nafter. Further, peptides and peptide fragnents which are unreacted

| abel ing reaction are collectively refezpsed to as "unl abel ed pepti de

nol ecul es,” hereinafter). The | abel ed peptide nolecul es are preferably
purified. The | abel ed peptide nol ecul es, which are | abel ed at tryptophan
resi dues, have hi gher hydrophobicity than the unl abel ed pepti de nol ecul es,
so that theyugapchbentegdbhyasepar atied rhrqaont ke urlaheled dend deoRecul es
on an ordi nary reversed-phase colunmm using ODS or a simlar material. Thus,
a significant advantage of the present invention is that it does not
require the use of special colums such as those used in 27 the | CAT

met hod. Further, Theisethoe poefenaegztihat pebeigels bifl that ipedentcarri ed
out prior to purification on a reversed-phase colum. Exanples of the gel
filtration bneantiensinmolude depbhadey, abipegelideand dgarerssstgelt with
sephadex particularly preferred. The nost preferred sephadex is LH20. The
gel fil trataminal foind sepadatsoandf subljeattied ahehyersallyzedy |ladied Iat)
reagent and hel ps increase the purity of the |abel ed peptide nol ecules. 10
The optionapeénytpdei toetdakabebedtpopeidy mekbeculesendr.e $hbj pepéddeo ofass
spectronmetry neasurenent. Wien the | abeling reagent in which the heavy
reagent andinherésghnayebgeat marsucenbifnédoi srusede teptiasts .deToanpl e of
15 interest and the control peptide sanple may be m xed with each other
prior to neRES8pREt tBWRLE}Cheasupsress. the shepsmadndhe tUsddldad ed pepti de
nol ecul es present in the respective sanples are m xed with each other. The
respecti ve Tadereen pepti eenBrEEUPPSCREPIBE 'Y REG SWFSMEPT -t h¥pear

subj ected to mass spectronetry neasurenent, and the m xing may be preforned
ei t her 18pont ¥peHadi Eeangrst iBnwhérlntasl hepaat meroens: amg ithe ath it
provided that the mxing is performed followi ng the |abeling and prior to
the mass speti?enet 2yeneaBhiefents wAEdni X668 PEESEHE dAVEEHtide nol ecul es
are nmeasured on pBSS 28 spectranetry. Exanpl es of ionizatiagn techni ques
used i n maseCERELEFINEREYSFRPENEI pFBSehEPrhEAt FERStHONUdS B3N SIS FAB,
MALDI, ESI,. and t%e ot her, netgods. ExanBIes of mass 5 spectroneters for use
in the prestMetRYeREPbhIPACEGdBCAEEEREYY 0BHSH AEmEES Ss PR HAS SRS
qguadrupol e mass spectroneters, Time-O-Flight (TOF) nmass spectroneters,
Fouri er trdﬂ%?%?ﬁ%T?% ‘nmass spectrometers, ion cyclotron nass

ot esentor nvent | ont T URECTERTTY S BRenBeEoRbet FERRE Py e By e KBTI ned
with the resulls OF FANSSONIRRS SRECLLQTELLY L(NBLIBL, (0%, pPept) de @nal ysis.
treating (enzymatic digestion), and/or chemically
treating by reduction and alkylation.
If necessary, the present invention further
20 comprises the purification step comprising separation on
a gel filtration column and separation on a reversed-
phase column.
The process of the present invention, in which the
respective steps of labeling, enzymatic digestion, and

25 chemical treatment among the above process is combined,



When the | abeling reagent in which the heavy reagent and the |ight reagent
are conbined is used, the 15 resulting mass spectrum (MsS) will show pair
peaks of fragment ions having a mass nunber difference that corresponds to
the difference in nolecul ar wei ght between the heavy reagent and the |ight
reagent. Their integration ratio corresponds to the nolar ratio of the 20

| abel ed peptides present in the respect2ye sanples and, thus, to the nol ar
ratio of the corresponding peptide of interest to the control peptide. In
addi tion, the sequence information obtained fromtandem nass spectronetry
(Ms/ M5) and dat abase search allows 25 identification of the respective
peptide of tohprestsanda) g8obBesCeRt talrrRaply ¢t &iv@sRanding to the
respective | abel ed peptide nol ecul es. Sonme peptides present in either one
of the peptddge5tsanpkel0bwet pyeshben ihge qent palodeept idke &anp)mgmay not
be present in the other sanple as their correspondi ng peptides. In other
wor ds, a pephttdeapspiagsedlibwedebyl chizgmaaip &S gatirel; b )exprassesd in
the other. In such a case, in the nass spectra, one signal will be found
but 10 the of hearegpingspandchgmsicglak realtinenat g lfotsad byl Huthe ey si gnal
for this peptide is difficult to find in the spectrumof the m xture of the
sanpl es5 Thédefprecesn sfichaargang, oule labkilrie g dwldeweld tthe arednhiork I or
pepti de anal ysis of the present invention, which conprises 15 | abeling,
enzymati ¢ digestment; cliein pabckseabife ot r ryuimiof iceet icdremiared nassatment,
spectronmetry neasurenment, may be perfornmed individually for each sanple. By
conpari ng bothyspettrdigbsainadasd flhaeltihg bhat thdpectncedraviE )t he sane
scale on their horizontal axes (i.e:, nmass/charge 20 (mz)), and finding
the signal Mheseseebit cecrabuodantechamicails tred tmemd ,adabesliingrmnde
performed. As described above, the present invention can provide a |abeling
reagent thagnpgResiasdigesaiparincthas 23deulif amgl (@nmpoapaesnd R her eby

all ows t he | abeling 30 reaction in peptide analysis to be carried out at
hi gher 1Peacta¥Fyinanauselebelingy. chihaigsd sreatdiensd Ringhlopzwmtive,

hi ghly selective | abeling reagent in the peptide analysis enables nore
accurate aﬁﬁl%%§FéPn51HegEFﬁiﬁé@?én of the types of peptides as well as the
difference in the_expression | evels of peptides which respectively exists
in the sanple of fht'efeR¥y BRE {ABSLHAEr 5P2g8RHI dn Thd Clis&héf NEFHYY | abel i ng
reagent al so enabl es nore accurate and easier determ nation what. 10
abundance ofS239%3FtfRAI BRepepPiiere8ALRINS RN CORPERT & COAFHYd to the

ot her peptide in_ the sanmple. Thus, e .present .invention enables the

the,
exhaust i ve RFRFJIF sSTFPLRpl 8sBLEPRFGLeilRs 2RgE 1gRatOl £hS Pe %ror e

ef fici qut Je gt hpd; of Le.Pr <3St LAY DLl 00 Enahes ! 8 gk LT

is a mixture of two or more peptides, the control peptide
sample may alsc be a mixture of corresponding two or more
peptides. In one example ¢of the sample, peptide sample
of interest 1s proteins derived from diseased cells and

20 the control peptide sample is proteins derived from
normal cells corresponding to the diseased cells. In
such a case, these corresponding samples are different
from each other in peptide compositions. As the peptide
sample c¢f interest and the control peptide sample,

25 respective samples may be used one kinds, and one sample



15 the difference in the peptide conposition between normal cells and

di seased cells at the | evel of expressed proteins and, thus, provide a way
to unveil underlying nechanisns that control activation of disease cells.
Nanely, in case that a peptide proven by the nethod of 20 the present
invention is involved in the onset of a particul ar di sease, by

t heoretically designing conpound which 23 targeted to the peptide and
specifically act on the peptide to effectively control its function on
conputer, a candidate for a potential pharmaceutical 25 product can be
created. Also, information on the gene 31 encoding this peptide is
obt ai ned, amwldAcsubstahee samppecinhivclel ysedntimolcoatpirestsicon vafth hevagene
can be created as a candidate for a potential pharmaceutical product. The
present inventioheekabtles to create of such 5 candi date conpounds nore
effectively. EXAMPLES The present invention will now be described in
further detail w Therétkeeéhne reaskanpl és, catrirékeddoutotoyl Msiing tart he scope
of the present invention. [Exanple 1: Synthesis of sulfenyl conpound] In
this exanplerdznaryrvptBod} Uérerntkel iehglival seadenthéavyhiehgshe) was
synthesi zed froma 15 corresponding sul fide. (Synthesis of sulfide) Ig

(6. 1x10°3n0§a%¥Y PeageRbchndr he3ddphtereageniaard sogbided nislisedt hanol .
To this, 0.8g (6.6x10-3nm1) benzyl nercaptan and 0.8nl (0.01lnol) pyridine
wer e added 2I0° aR@PEEERURENngNRES BT f6r ABgeled Y6 thowss nghididhfeat®®e By
cooling to roomtenperature, 2-nitro£13C6]ghenyl benzyl sulfide was
crystallizeet The PeRWEJITERGEREI ORashEoliabtedempent t @9 dharREFRS washed
wi th et hanol , and dr ing with air. This_gave 1.38g (90g) of 2 25

ni t ro[ 1306] Bty | “BEnZYNTEalf PRBTASSa LfelRbR IO & USIRy the other

of the heavy reagent or the light reagent. Specifically,
10 the peptide of interest may be labeled with using the
heavy reagent and the control peptide may be labeled with
using the light reagent; and the peptide of interest may
be labeled with using the light reagent and the control
peptide may be labeled with using the heavy reagent.
15 Such individual labeling gives at least two kinds

of labeled peptides.

In the present invention, in addition to the
labeling, peptides may be subjected to optional
20 fragmentation. The fragmentation i1s preferably carried
out by enzymatic digestion (hereinafter, the present
invention will be described assuming that the
fragmentation is carried out by enzymatic digestion).
The enzymatic digestion may be carried out either prior

25 to or following the above-described labeling process.




(Synthesis of heavy reagent) To 1.38g (5.5x10-3npl) of 2-nitro[ 13C6] phenyl
benzyl sulfide obtai ned above, 10mL et hyl ene chloride and then 5 940ng
(7.9x10-3np1) sul furyl chloride were added, and stirring was perfornmed at
roomtenperature. The reaction m xture was concentrated under reduced
pressure while maintained at 50 to 60C in a heat bath. A petrol eum ether
was added to the resultant oily product2zzand the 10 resulting crystal was
collected by filtration. The crystal was washed with a petrol eum et her and
was air dried to give 938g (87g) of 2-nitro[13C6] benzenesul fenyl chloride.
15 (ldentification) The resulting heavy reagent and the correspondi ng |ight
reagent (2-Thtsp[iRE6prbearentaukhenyph cbhbhprides wane peactessukjfected to
mass spectronetry neasurenment. The structural formula of the heavy reagent
and the |i gtar29ingagent eacgmshdwendigeshe oholflodviong de vgmlede fiorgwlar 1. 25
33 Chemcal formula 1 * ~s NOz *I / * * SCI heavy reagent /NOQ2 ~~\ SCI
| i ght reagefit) wheeeessi ndi caregiagcanbodaielleqg €dldipalestd bpi th 13C. 5 heavy
r eagent

enzymatic digestion.

3 Preferred enzymes for the enzymatic digestion

include trypsin, lysyl endopeptidase, thrombin, plasmin,

kallikrein, and urokinase, each of which is an

endopeptidase with high substrate specificity. Through

the enzymatic digestion, peptides are fragmented into

10 peptide fragments.

In the present invention, in addition to the
labeling, an optional chemical treatment by reduction and
alkylation. For the reasons described below, the

15 chemical treatment and the labeling may be performed in
any order. Specifically, the present invention comprises
{(c} process of carrying out chemical treatment followed
by labeling, and (d) process of carrying out labeling
followed by chemical treatment. Examples of the

20 alkylation form include, but are not limited to, S-
carbamidomethylation and S-carboxymethylation.

In some cases, a peptide of interest contains
cysteine residues or disulfide bonds. The highly
reactive SH groups of cysteine residues tend to form

25 disulfide bonds and are converted to dithio groups, in



(mz) 195.10(M, 34.1), 160.10(15.2), 144.10(4.7), 131.10(25.0),
114.10(15.6), 99.20(100.0), 83.10(10.6), 71.20(32.3), 54.20(12.3) light
reagent 10 (mfz) 189.00(M, 35.3), 154.10(15.8), 138.10(4.9), 125.10(26.3),
108.10(17.6), 93.10(100.0), 78.10(14.1), 66.10(32.2), 50.20(15.3)

Conmpari son of the mass spectra of the heavy reagent 15 and the |ight
reagent revealed a difference of 6 daltdas for all of the nol ecul ar ions
and the fragnent ions having a benzene ring. Each of the fragnment peaks was
substantially the sane intensity. 20 [Exanple 2: Separation experinment]
Usi ng ACTH, Gal anin, and PTH as nodel peptides and 34 2-nitro[ 12C6]

benzenesul femyt chbosi des(itghy naaganuheapelted akeldirg reagent, an
experiment was conducted to see if the | abel ed peptides can be separated
fromtheir cohfbghedtpenti des.a Shil®Ogol Sedxlbofmeh} , AGTEuMES daddetdso 100wl

of a 70~ aqueous solution of acetic acid. To this, 0.41ng (40nol) of
2-ni tro[ 1206¢ndenzensesanbeayvichl orhde Wisuaddee wmmdﬁland Nahas, perforned
by vortex mxer at room 10 tenperature for 1 hour. The reaction m xture was
chilled in Greieezpathicf dibewedohy addmbildy aer&8A@A icwe- dimn |d édiggt her and
centrifugation. The resulting precipitate was washed with ice-chilled ether
to obtaPn ti ¢abéledméntm cThegliabelrédepept icde fwamartioss Widhartdes pepti de
not 15 subjected to | abeling and separation was perforned on a
r ever sed- phat ecept idas (0], mIkessans lpsdceddr thewpeptioldsowdd fiorulGal ani n
and PTH, and the resEective retention tine was showed as follows. The
resul ts areTss shoapleel ean( baberedepeptli bys pard ormdingattéd mhemioel ") . 20
The enzymatic digestion was onmtted because of the sinplified system
(Retention ¥¥¢efment. Specifically, in the chemical treatment,
dithio groups which are susceptible to enzymatic
10 digestion are reductively converted by the above-
described reduction, and converted to alkylthio groups
by the alkylation.
Accordingly, when the énzymatic digestion and the
chemical treatment are carried out in combination (i.e,
15 when labeling, enzymatic digestion, and enzymatic
digestion are used in combination in the present
invention), it is preferred that the chemical treatment
precedes the enzymatic digestion.
As described, the enzymatic digestion may be
20 carried out either prior to or following the labeling.
Thus, when the enzymatic digestion (which follows the
chemical treatment) precedes the labeling, the present
invention comprises (e) process of carrying out chemical

treatment, enzymatic digestion and labeling in this order.

25 On the other hand, in cases where the enzymatic



ACTH 16.57mi n. 25 nod- ACTH 34. 78m n. 35 @Gl ani n nod- Gal ani n PTH nod- PTH 5
(Conditions) Buffer A Solution B: 21.78min. 35.27mn. 24.78mn. 35.47mn.
0. 01M HCOOH Et 3N (pH4.5) CH3CN Gradient of solution B: varied fromO~ to
100 over 10 a 50 minute tinme period. Colum: Shinpack VP-ODS, 250x4.5mm As
shown above, between the | abeled formand the unlabeled form a 10 to 18
m nute difference was observed 15 in th25retention tinme for all of the
three types. This denonstrates that only | abel ed peptide can be separated
by LC. Further, using 2-nitro[13C6] benzenesul fenyl 20 chloride (heavy
reagent), the sane separation experinent was conducted and results in the
sane retentdbgestiren Thhichndibdabves thaet chsnrigalhe deesnmentgagent al so
enabl es that only | abel ed peptide is separated. 25 [Exanple 3: Separation
experi nent ]car8éeflLabtl snbsedsend ltysahend ade ld rmpdaelhepreotaimmg t iam
experinment was conducted for the same purpose as in Exanple 2. In this
experi nment ,ditiestabsl wadl bkericaledr eattndmt thandaBt of the three

steps. In this case, since the chemical treatment and

5 the labeling precedes the enzymatic digestion may be

carried out in any order, the present invention comprises

{f) process of carrying out chemical treatment, labeling

and enzymatic digestion in this order, or (g) process of

carrying out labeling, chemical treatment and enzymatic

10 digestion in this order.

The reason that the chemical treatment and the
labeling may be carried out in any order is as follows:
When a peptide of interest contains cysteine
15 residues, cysteine residues can be labeled, as can
tryptophan residues, by the labeling of the present
invention. Thus, in order to avoid this side reaction,
or prevent the cysteine residues from being labeled, the
chemical treatment may be performed prior to the labeling.
20 The chemical treatment may, however, be carried out
following the labeling. As described above, when a
peptide of interest contains cysteine residues, these
cystaine residues bring about the side reaction during
the labeling. At this time, cysteine residues react with

25 the labeling reagent to form disulfide bonds. The



5 enzymatic digestion were performed in this order. Lysozyne was | abel ed
with the "light reagent” in the same manner as in Experinment 2, and then
washed and freeze-dried. Subsequently, the chem cal treatnent (reduction of
di sul fide |linkages and S 10 carbam donet hyl ati on) and the enzymatic

di gestion, as described bel ow, was perfornmed. (Reduction of disulfide
bonds) 100nmM NHOHCO3 was added to this 26r dissolving, 50 15 nol ar
equi val ents of DIT with respect to one disulfide bond were added, and the
reaction was allowed to proceed at 56C for 1 hour. (S-carbam donethyl ation)
After the reaction mxture was allowed to cool to 20 roomtenperature,
100mM NHAHGOB1 ssdbEiitieohoatisi ddeaeelt &y ddenad dcedded cvidd ey edodn ae was

al lowed to proceed at roomtenperature for 1 hour. The reaction solution
was subj ect edbfecpadi tbcaheoaboreadSephdtiex Gh@ndaalnmt myaxtmweast for
freeze-dried. 25 (Enzymatic digestion) 37 Trypsin in a 50mMV NH4AHCO3- 5niv
Cad z sol utredushivaddédavegehiasd alikypedpien.anboobrdndgillye téacti on was
allowed to proceed at 37C for 16 hours. 5 Subsequently, the digest obtained
by the abovehewrifad btfettmatienty &rdpearoainsid g uldse dusvel erb papt i de
fragnents was subjected to separation by LC. The chart of LCis shown in
Fig. 1, 5 n Whbehingriiroacabrdrinser apitbséhes priesendt dmvientidme (min) and
vertical axis 10 represents the peak intensity (nmAU). As a result, all of

t he desired | abel Bgupepindeher ngreans wavensannaithed chemis@lf racti on el ut ed
at 29 to 39mn (detected fraction_a). Table 1 shows a conparison between

t he mass/chaf§etPanfodndnthy labradsdspest bemeemyriskd e |iys fipre- deri ved
15 peptides before LC and | ysozyme-derived peptide fragnents observed in
the detect ed*®¢hction a after LC. In Table 1, the figures in parentheses

i ndicate the nunbers in the am no acid sequence and the figures assigned
"W indicate the peptide fragnents containing | abeled tryptophan. 20 25

10 In the manner described above, labeled peptides or
labeled peptide fragments are obtained from a peptide of
interest (labeled peptides and labeled peptide fragments
are collectively referred to as "labeled peptide
molecules,”™ hereinafter. Further, peptides and peptide

15 fragments which are unreacted labeling reaction are
collectively referred to as "unlabeled peptide
molecules,” hereinafter). The labeled peptide molecules
are preferably purified. The labeled peptide molecules,
which are labeled at tryptophan residues, have higher

20 hydrophobicity than the unlabeled peptide molecules, so
that they can be readily separated from the unlabeled
peptide molecules on an ordinary reversed-phase column
using ODS or a similar material. Thus, a significant
advantage of the present invention is that it does not

25 require the use of special columns such as those used in



38 Table 1 before LCafterLC
(Fr.a)874.81(15-21)1198.86(1l 7-125W 1198. 45(117-125W | 299. 74(62- 68W 1299. 25
(62-68W 1429. 06(34-95) 1479. 03(22- 33W 1479. 3B(22- 33W 1487. 07(115-125W 19B6. 4
2(115-125W 1754. 34(46-61) (Conditions) Buffer A: 0. 1~ TFA 5 Solution B:
0.07 TFA in CH3CN G adient of solution B: varied fromO~ to 100 over a 100
m nute tinme period. Columm: Shinpack VP2TDS, 150x4.6mm 10 The results shown
above denonstrate that | abel ed peptides can be separated by LC Further,
using 2-nitro[ 13C6] benzenesul fenyl chloride (heavy reagent), the sane
separation experinment 15 was conducted, and it is found that using the
heavy reagenihe aisaTenabhea.that only | abel ed peptide is separated. [Exanple
4. Separation experinment] 39 In this exanple, an experinment was conducted
using rat serum (bhisher) io s$eembeow phefdesietedhrypheph@icont ai ni ng
peptide fragments are actually concentrated over the course of the
| abel i ng, ehiymmattodi §estaoniecdndul peparaticopipurfiifdatatdroron Bvw 2~1
sanpl es of the rat serum (100wg of total amount of proteins) were prepared.
I n the sanererepnsedashaneExaibphe.?2, Exmeptaspbeé vhs babelfedtwatbhonhe "1i ght
reagent” and the other with the "heavy reagent”, and these were mxed with
each ot Ber.caoriarshénsandenanpbrdes, Evamgkd ,3 anthegelreme aelt,r edtrient
sephadex particularly preferred. The most preferred
sephadex is LH20. The gel filtration allows separation
of unreacted or hydrolyzed labeling reagent and helps
increase the purity of the labeled peptide molecules.
10
The optionally purified labeled peptide molecules
are subjected to mass spectrometry measurement. When the
labeling reagent in which the heavy reagent and the light
reagent are combined is used, the peptide sample of
15 interest and the control peptide sample may be mixed with
each other prior to mass spectrometry measurement. In
this manner, the labeled peptide molecules present in the
respective samples are mixed with each other. The
respective labeled peptide molecules may be mixed when
20 they are subjected to mass spectrometry measurement, and
the mixing may be preformed either upon enzymatic
digestion, chemical treatment, or purification, provided
that the mixing is performed following the labeling and

prior to the mass spectrometry measurement. The mixed

25 labeled peptide molecules are measured on mass



and enzymatic digestion were perfornmed. This gave a di gest containing

| abel ed peptide fragnents. Subsequently, the separation/purification was
carried out using Sephadex LH20 columm in the follow ng conditions: 15

Col um vol une: 2.0nl Fraction volunme: 120A Eluant: 30% acetonitrile 20
Foll owi ng the fractionation, each fraction was subjected to MALD - TOF M5
and the pair peaks of |abeled peptide feagnents that are 6 daltons apart
were observed. Fig. 2 is a histogram showi ng counted nunber of the pair
peaks. In Fig. 2, horizontal axis represents the 25 fraction nunber and
vertical axis represents the nunber 40 of pair peaks. As shown by Fig. 2,
desired pai sppeaksmeerg.observed fromfractions No. 16 to No. 23. Nanely,
it was found that a fraction nay be collected in total 1ml from1l.8nml to
2.8nml, and may acExahpyebeofolibedtadibn Seahadrmelatislear ger madaune.

[ Exanple 5] In this exanple, a peptide containing both tryptophan and
cyst ei ne respdoesomasryséd. tAs pmelenExdmyless idnanchol udeotFIpnlSIMNSypt ophan
resi dues but also cysteine residues are | abel ed when the peptide is | abel ed
prior to theABheMRDBRL,t EE3L nent, the bhhert hethepts.deEkabplled bdt mass
cysteine residues and on tryptophan residues can be generated i medi ately
after the |spetingmetsranfexpasengnt thes peesdudt ddviemtdatrerimialerdd t he
peptide is converted to the peptide | abeled only on the tryptophan residues
after the chewbptarferugingnmaspr epeniticiomet er331- BuGiruPyple angaspt i de havi ng
a sequence of NDDGGFSEEWEAQRDSHLGC (SEQ I D NO 1) (Bachem 20 MW = 2252. 3)
was used, afBerhbenehgriasTpBefOfmEd iightt HEOFamnasen fPe i dnet™ampl e 2.
The MALDI - TOF MS spectrum chart for the peptide before |abeling (signal
intensity =FA0BHRF F528R6AAMAL 1OReMBEEt SREST rPAMGLeT S add®n Y NRDITOF M5
spectrum chart for the | abel ed peptide (signal 25 intensity = 2lnmV) is
shown in t B2 JBPECBFCRR§Srs, PR tae Frhedt Mase SR INSI[LE - 3,

hori zontal axis represents the nass/charge ratio (nmz) and vertical axis
represéfts the re$£??§@lP8ntPnFEﬁsPF9563 nEnyenid osmowhs Feasvede Qfart s,
the peptide of SEQ ID NO .1 that  gave signal, at. 5,2252.04 (nml z) was
converted tB*3ScOHPEhRGTERLEY 3§§é q3g] ﬁaF% 15680 WAL Y 1A TeAH S onpound
corresponds_to eptide havin

NDDGGFSEEW Rb e} EAERBCRR 68 RESFLESBRLES s/55) v aRt i@ -t h
L ypLophan and ough et eee  feb0p RS tERGRns Ra LT, S SR, 2 | 2000
cert oo o CHERLERL ARAHEENY: SRV LR na.' SUCUARAUG XA oS
15 resulting mass spectrum (MS) will show pair peaks of
fragment ions having a mass number difference that
corresponds to the difference in molecular weight between
the heavy reagent and the light reagent. Their
integration ratio corresponds to the molar ratio of the
20 labeled peptides present in the respective samples and,
thus, to the molar ratio of the corresponding peptide of
interest to the control peptide. In addition, the
sequence information obtained from tandem mass

spectrometry (MS/MS) and database search allows

25 identification of the respective peptide of interest and



i odoacet am de.
(signal intensity = 60nV) is shown at the top of Fig. 3. As can be seen
fromthese spectra, the peptide of SEQ ID NO: 2 that gave a signal at

2559.44 (nmlz) was converted to a conmpound that gave a signal

at 2436.6

(mz). This conpound is a peptide having a 20 sequence of
NDDGGFSEEW Nbs) EAQRDSHLGC(AM) (SEQ ID Nes 3), which has the | abel ed

substituent on the cysteine residue due to | abeling cleaved by the reducing
agent and then am donet hyl ated (AM by i odoacetam de.
C(AM represents an am donet hyl ated cystei ne residue. 25 42 [ Exanpl e 6:
Quantitati vehanabysicdl bepstideysided rASHdraiithdGHanHe ase Seampt eveept i des,

nodel of cells in two different conditions was established by setting the

In the sequence,

rati o of theapeptddeeptddeenibscrudesf.oll ows: Cells A ACTH Glanin =

(molar ratio) Cells B ACTH Galanin = 1:2 (nolar ratio) The ratio of ACTH
content in cells Ato that incells BCells A- Cells B=1:1 (nolar ratio)

10 The ratio of Galanin content in cells Ato that in cells B Cells A:

Cells B = 1: 2 (noBamer pepb)idSecomesent dacleisystremne lef |tdleelpemt idact i on

was perfornmed in the same manner as in Exanple 2 using the 15 "light
reagent 'S f orampéecelf| $nAezrgtt be 'theavwpntemjempeptfiste tdrmplet IaB. ndhe

chem cal

treatment and the enzymatic digestion were omtted because of the
sinplified Bgspegsentuinhéhe téhiegwispgpilse dsalidlding qeassmmdine two 20

systens were m xed wth each other and subjected to gel

10

15

20

25

peptides. In other words, a peptide expressed in one of
the samples may not be expressed in the other. In such a
case, in the mass spectra, one signal will be found but
the other corresponding signal will net be found. Thus,
the signal for this peptide is difficult to find in the
spectrum of the mixture of the samples. Therefore, in
such a case, the entire course of the method for peptide
analysis of the present invention, which comprises
labeling, enzymatic digestion, chemical treatment,
purification, and mass spectrometry measurement, may be
performed individually for each sample. By comparing
both spectra cobtained so that the both spectra have the
same scale on their horizontal axes (i.e., mass/charge
(m/z)), and finding the signal whose relative abundance

ratio is 1:0, the analysis may be performed.

As described above, the present invention can
provide a labeling reagent that makes use of a particular

sulfenyl compound and thereby allows the labeling

The MALDI - TOF MS spectrum chart of the 15 resulting peptide



filtration on Sephadex &5. The peptides obtai ned through the gel
filtration were subjected to LC so that only | abel ed peptide was 25
separated. The resulting | abel ed pepti des were subjected 43 to MALDI - TOF
M5 nmeasurenent. The resulting mass spectrumwas shown in Fig. 4 and Fig. 5
(continuation of Fig. 4). In Figs. 4 and 5, horizontal axis represents the
mass/ charge ratio (mz) and vertical axBe represents the 5 relative ion
intensity (~Int.). In the results of the mass spectronetry, the
predeterm ned ratios of the peptides are accurately reflected by the peak
intensity ratios of the respective ions. The peptides nodified with the

"l'ight reagest¢ttape i6 depeticd kynallvwid and dhaose i fdee o thidgher " heavy
reagent” are denoted by H nod. |on peaks (nfz) = 3086.60 [ ACTH(L-nod)],

3092. 64 [ ACTEktHtawd)]y, ahdl 3231echl Wi®al.anThe( Lseod)] sudBla &3 gH3at ani n
(H-nod)] Peak intensity ratios ACTH (L-nod): ACTH (H-nod) = 1:1 Galanin
(L-nod) : Gakeatchifkh mhdjghz vl s212@ tikeaabe 1A nQussdgdrat | e tanal ysi s] Usi ng
a-lactoal bum n (LCA BOVIN), glycel al dehyde- 3phosphat e dehydr ogenase (G3P
RABI T), phopphtigkaseaabysRidS2nRABIEE) meared aavaldat rar{dOWd s GH CK) (each
avai l able from Sigma) as nodel peptides, a nodel of cells in two 25
differet cdaterinonstims edt ablei sheedshypsaidrimiglasheas atelol as the
difference in the expression levels of peptides which
respectively exists in the sample of interest and the
control sample. The use c¢f this labeling reagent also
enables more accurate and easier determination what
10 abundance of a particular peptide contains in the sample
compared to the other peptide in the sample. Thus, the
present invention enables the exhaustive analysis of
expressed proteins more guantitative and more efficient.
The method of the present invention enables to determine
15 the difference in the peptide composition between normal
cells and diseased cells at the level of expressed
proteins and, thus, provide a way to unveil underlying
mechanisms that control activation of disease cells.
Namely, in case that a peptide proven by the method of
20 the present invention is involved in the onset of a
particular disease, by theoretically designing compound
which is targeted to the peptide and specifically act on
the peptide to effectively control its function on

computer, a candidate for a potential pharmaceutical

25 product can be created. Also, information on the gene



44 of the peptides contents as follows: Cells A LCA BOVIN, G3P RABI T, PHS2
RABI T, OVAL CHI CK (12.5g of each was contained) 5 Cells B LCA BOVIN, G3P
RABI T, PHS2 RABI T, OVAL CHI CK (25g of each was contained) The ratio of
peptide content in cells Ato that incells BCells AL Cells B =1:2 (nolar
ratio) 10 In each system the labeling reaction was then perforned in the
same manner as in Exanple 2 using the "31ght reagent” for the cells A and
the "heavy reagent” for the cells B, followed by the chem cal treatnent and
the enzymatic digestion perforned in the sane manner as 15 Exanple 3. This
gave a digest containing | abel ed peptide fragnents. The di gest was then
subj ect ed tensepangt tankppebtiidat ien obitadnSephadeX d Hbaodnde end then to
MALDI - TOF M5 anal ysis. The results are shown in Table 2. Shown in Table 2
are gene naspscifdealilli edn2@opepikipte ssague pde s WePepiriadeaseqience
Identified); observed ratios of the anount of peptide |abeled with the

| i ght reagentetbetihesaspuandafiapeptfiote al plotleedt 1wl pHarendweatyiaxehgent
(Qoserved Ratio (13Co/isC6)); expected ratios of the anount of peptide

| abel ed wi thrediecti ghthe epgesent ol@Benhéonneuables peptirdetlealbd] edaki t h t he
heavy reagent 45 (Expected Ratio (|13Cp~13C6)); differences between the
mean valuescahdidletebsempeunds| meseard felod iovgdact ed rati os (Means+-SD); and
errors (Error ()). As shown in Table 2, tryptophan-containing peptide 5
fragnents derived fromthe | abel ed peptide fragnments were identified for
each of the sanple peptides used. In addition, each of the observed ratios
had a 9~ orEXR¥BLEPror, showi ng a good consistency with the corresponding

expected value. 10 Table 2 _ . _ _ .
The present invention will now be described in

further detail with reference to examples, which do not

10 limit the scope of the present invention.

[Example 1: Synthesis of sulfenyl compound]
In this example, 2-nitro['*C¢] benzenesulfenyl
chloride (heavy reagent) was synthesized from a
15 corresponding sulfide.
(Synthesis of sulfide)
1lg (6.1x10mol) of 2-nitrochloro['3Cs¢] benzene was
dissolved in 1ml methanol. To this, 0.8g (6.6x10 °mol)
benzyl mercaptan and 0.8ml (0.0lmol) pyridine were added
20 and refluxing was performed for 16 hours while heated.
By cooling to room temperature, 2-nitro['Cg]lphenyl benzyl
sulfide was crystallized. The formed crystal was
collected by filtration and was washed with methanol, and

drying with air. This gave 1.38g (90%) of 2-

25 nitro[“’Cs]phenyl benzyl sulfide as a yellow crystal.




Gene NanePepti de Sequence ldentifiedObserved Ratio (13Co / |3Cs)Expected
Ratio (i3Co / 13Cs) Mean+-SDError ($)!WCKO.48 LCA BOVI NLDOQWL.CEKO.43 0 5 0
6 0_ LDQALCEKL 0.51.+- .9 .044VA NYNLAHKO. 90 OVAL CHI CKGLVEKO0.95 0 5 0 54

32

(Synthesis of heavy reagent)
To 1.38g (5.5x10°mol) of 2-nitro[Y®C¢lphenyl benzyl
sulfide obtained above, 10ml ethylene chloride and then
5 940mg (7.9%10°mol) sulfuryl chloride were added, and
stirring was performed at room temperature. The reaction
mixture was concentrated under reduced pressure while
maintained at 50 to 60°C in a heat bath. A petroleum
ether was added to the resultant oily product and the
10 resulting crystal was collected by filtration. The
crystal was washed with a petroleum ether and was air-
dried to give 938g (87%) of 2—nitro[mC6] benzenesulfenyl

chloride.

15 {Identification)

The resulting heavy reagent and the corresponding
light reagent (2-nitro['Ce] benzenesulfenyl chloride)
were each subjected to mass spectrometry measurement.

The structural formula of the heavy reagent and the light

20 reagent are shown in the following chemical formula 1:

25




0 09 G.VEKAFK 0.63.+- . .9 G3P RABITLWR0.48 0 5 0 9 LI SWYDNEFGYSNR
0.50. +-0. 01 . 41W R0. 9BPHS2 RABI TEWIRO. 960. 50. 45+- 0. 032EWIRWI RO. 42
(identified peptide fragment) LCA BOVIN-derived 15 IWCK (SEQ I D NO 4)

LDQALCEK (SEQ ID NO: 5) LDQW.CEKL (SEQ I D NO: 6) VG NYNLAHK (SEQ I D NO:

G3P RABI T-derived 5 GLWEK (SEQ I D NO: 8) GLWEKAFK (SEQ ID NO. 9) PHS2
RABI T- derived LWR LI SWDNEFGYSNR (SEQ | B3NO 10) 10 OVAL CHI CK- deri ved

Chemical formula 1

AN NO,
(9 X

M SCI SCI
heavy reagent light reagent

where * indicates a carbon molecule labeled with '°C.

5 heavy reagent
(m/z) 195.10(M*, 34.1), 160.10(15.2), 144.10(4.7),
131.10(25.0), 114.10(15.6), 99.20(100.0), 83.10(10.6),
71.20(32.3), 54.20(12.3)
light reagent
10 (m/z) 189.00(M", 35.3), 154.10(15.8), 138.10(4.9),
125.10(26.3), 108.10(17.6), 93.10(100.0), 78.10(14.1),

©6.10(32.2), 50.20(15.3)

Comparison of the mass spectra of the heavy reagent
15 and the light reagent revealed a difference of 6 daltons
for all of the molecular ions and the fragment ions
having a benzene ring. Each of the fragment peaks was

substantially the same intensity.

20 [Example 2: Separation experiment]

Using ACTH, Galanin, and PTH as model peptides and

46
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WR EWIR (SEQ ID NO: 11) EWIRWIR (SEQ ID NO 12) 15 [Exanple 8:
Quantitative analysis] In this exanple, egg-white |lysozyne (Sigma) to serve
as a sanple protein was added to rat serum (blister) to determne if any
signals derived fromlysozyne can be observed (Spike test). A nodel of
cells in tw different 20 conditions was established by setting the anounts
of the peptides as follows: Cells A 5~13#at serum + 3~g (0. 21nnpl)
egg-white | ysozyne Cells B 5wl rat serum + 6~g (0.42nnpl) egg-white

| ysozynme 25 The ratio of |ysozyne content in cells Ato that in 47 cells
B Cells A\ Cells B=1:2 (nolar ratio) The total amount of proteins and the
amount of abkbatitkoprEsgnbenzcbebudffdrila ]l Gerdem VEl¢h ). 28ageand s 14ny
(2. Innol), respectively. 5 In each type of the cells, the | abeling reaction
was then pether irebeildnghe caare tyamne et dimdianl £ onbidiged heo " Heavy
reagent” for the cells A and the "light reagent"” for the cells B. Follow ng
t he | abel i njfl0heedeabederd phettive ssaant ibensaperm ik efkrom tthesch ot her and
the chem cal treatnment and enzymatic digestion was perforned in the sane
manner as i AnErbaped PepThidesgave a di gest containing | abel ed peptide
fragnents. The di gest was subjected to separation/purification on a 15
Sephade»X LH20 col unmm and then to MALDI - TOF M5 anal ysis. The resulting
spectrumchart is shown in Fig. 6. In Fig. 6, horizontal axis represents

t he mass/ charge ra6Ppg(bz)xaAFmeel)t iXGIH avds adpedsent 500k oflative ion
intensity (A4nt.). As shown in Fig. 6, |ysozyne-derived fragnents 20 were
det ect ed as’/PéaR§ugeus18913%ignd or2@seriq mcd)d wi T thé spedk 4lmcensity
ratio of 2:1. Thus, the observed ratio (i.e., 2) was consistent with the
expect ed ratf8mpiL) eCf 2y niiter [ s benzemesmal fRmvwl igdiwtds aat al so in
bi ol ogi cal sanpl.es, the relative abundance of the 25 added |ysozynes was
directly reffeefednds Sthé risgatitge P rAQ LA dPah e Iife HEL ¥ hta Helf $¢Mgnent s

obtain%% after enz¥natic di gesti on. . ) )
temperature for hour. The reaction mixture was chilled

in an ice bath, followed by addition of 800ul ice-chilled
ether and centrifugation. The resulting precipitate was
washed with ice-chilled ether to obtain the labeled form.
The labeled peptide was mixed with the peptide not

15 subjected to labeling and separation was performed on a
reversed-phase column (LC). The same procedures were
followed for Galanin and PTH, and the respective
retention time was showed as follows. The results are as
shown below (labeled peptides are indicated by "mod-.").

20 The enzymatic digestion was omitted because of the

simplified system.

(Retention time)
ACTH 16.57min.

25 mod-ACTH 34.78min.



As denonstrated by the results of the above 5 descri bed exanpl es, by using
the nmethod of the present invention, all of the errors is 9~ or less and is
thus highly quantitative. [Exanple 9: Quantitative analysis] 10 In this
exanple, a quantitative analysis was perforned using actual biological
sanples. Rat seruns of the followwng two lines of rats were used. 15 A

SPF/ VAF Crj blister rats (normal rats) B5 SPF/ VAF K/ Crj rats
(hyperglycem c rats, blood glucose |evel = 372ng/dl) 2wl serum from a rat
of each line was used as a 20 sanple. Each sanple was quantitatively

anal yzed in the same manner as in Exanple 7, except that the sanples were
subj ected to ESI-MsS/ M5 aaakysns usi ng LCQDPegaxPn( Ther no Fi nni gan) - LCAd- Vp
syst em ( Shi madzu Corporation). The results are shown in Table 3 and incl ude
gene names (CGene 25 Namepd-izdémnihi ed pepBbde7séguences (Peptide Sequence
49 ldentified), and observed ratios of the anmounts of normal rat peptides
to the anobunts of hypergl{icem c rat pepti dés78mhbserved Ratio (Wster/ X)).
5 Tabl e 3 Gene NanePepti de Sequence ldentifiedCbserved Ratio (blister /

GX) Al bAWAVARLL r ansf er r i nNGAARWAKLP2r x 7WKI RR% . ¢’dénti fi ed peptide fragnent)

5
(Conditions)
Buffer A: 0. O01M HCOOH-Et3N {pH4.5)
Solution B: CH3CN

Gradient of solution B: varied from 0% toc 100% over
10 a 50 minute time period.

Column: Shimpack VP-0DS, 250x4.5mm

As shown above, between the labeled form and the
unlabeled form, a 10 to 18 minute difference was observed
15 1in the retention time for all of the three types. This
demonstrates that only labeled peptide can be separated

by LC.

Further, using 2-nitro[3C¢] benzenesulfenyl
20 chloride (heavy reagent), the same separation experiment
was conducted and results in the same retention time.
This indicates that using the heavy reagent also enables

that only labeled peptide is separated.

25 [Example 3: Separation experiment]



AWAVAR (SEQ I D NO 13) NTAAWAK (SEQ ID NO 14) 10 WKIRK (SEQ ID NO 15) In
each of Exanpl es above, 2-nitro[l 3Csl benzenesul fenyl chloride was
synt hesi zed as the sul fenyl conpound and was used as a | abeling reagent to
anal ysis 15 of each of ACTH, Gal anin, PTH, |ysozyne, rat serum
presinilin-1 (331-349)-Cys, a-lactoal bum n, glycel al dehyde- 3-phosphat e
dehydr ogenase, phosphorylase B, and ovaBbum n. The present invention,
however, is not limted to the above-described sul fenyl conpound, but 20
enconpasses any sul fenyl conpound represented by the general formula (1).
Al so, the | abeling reagent of the 50 present invention may be any
sul fenyl cowpabedingpresented by the general fornula (1). Further, the
nmet hod of the present invention is not limted to the above-descri bed
pepti des, but encospagseégsanympepti dembdencpuditrd r clreigxperiigsef ore, the
f oregoi ng description of Exanples is intended to be only illustrative and
shoul d not Wwescoonstnoedd foanyhwayaae purpicdseg dshe rs hpanmife tthe iITmventi on
The invention is intended to cover all changes, nodifications and
equi val ent sthhat erpgrihmen®,i ntleudeatbediitiv,n dhieenispelr itreatngrite, soope of t he
i nvention as defined by the appended clains.* In the free text of sequence
listingi.enzybasiri pllgestobnAweirkl piealf cSaguerce)thiSE@ud2MNO: 1 15
represents Presenilin-1 (331-349)-Cys, SEQID NO 2

Lysozyme was labeled with the “light reagent” in

the same manner as in Experiment 2, and then washed and
freeze-dried. Subsequently, the chemical treatment
(reduction of disulfide linkages and S-

10 carbamidomethylation) and the enzymatic digestion, as

described below, was performed.

(Reduction of disulfide bonds)
100mM NH;HCO; was added to this for dissoclving, 50
15 molar equivalents of DTT with respect to one disulfide
bond were added, and the reaction was allowed to proceed
at 56°C for 1 hour.
(S-carbamidomethylation)
After the reaction mixture was allowed to cool to
20 room temperature, 100mM NH4HCO; soluticon of iodoacetamide
was added and the reaction was allowed to proceed at room
temperature for 1 hour. The reaction solution was
subjected to purification on a Sephadex G100 column and
was freeze-dried.

25 {Enzymatic digestion)



represents | abeled Presenilin-1 (331-399)-Cys, and SEQ ID NO 3 represents
| abel ed and am donet hyl ated Presenilin-1 (331-349)-Cys. 20 | NDUSTRI AL
APPLI CABI LI TY The present invention provides a sulfenyl conpound that
serves as a | abeling reagent with superior reactivity and selectivity, can
readily be anal yzed by mass spectronetry, is highly quantitative, and does
not 25 require special colums. The pre3@nt invention also 51 provides a
| abel i ng reagent using the sul fenyl conpound, as well as an anal yti cal
met hod for proteins and peptides using such a | abeling reagent. 52 CLAI M5
1. A sulfenyl conpound represented by the general fornula: 5 RS- X (1)
(wherein R represEnypsan anganbomyr GHpHO@WH 51gM atad Baiclante caonsdd t uent
el enent | abeled with an isotope, and X represents a |eaving group). 2. The
sul fenyl coapdaeddtactbidi ig topelopemn Emclhtwherdkithd hesaartgison ovas oup R
conprises C, H and N, and

allowed to proceed at 37°C for 16 hours.

5 Subsequently, the digest obtained by the above
series of treatments and containing the labeled peptide
fragments was subjected to separation by LC. The chart
of LC is shown in Fig. 1, in which horizontal axis
represents the retention time (min) and vertical axis

10 represents the peak intensity (mAU). As a result, all of
the desired labeled peptide fragments were contained in
the fraction eluted at 29 to 39min (detected fraction a).
Table 1 shows a comparison between the mass/charge ratios
(m/z) in mass spectrometry of the lysozyme-derived

15 peptides before LC and lysozyme-derived peptide fragments
observed in the detected fraction a after LC. In Table 1,
the figures in parentheses indicate the numbers in the
aminoc acid sequence and the figures assigned "W" indicate
the peptide fragments containing labeled tryptophan.

20

25




optionally O and/or P as the constituent elenment, and the isotope is a
stabl e isotope selected fromthe group consisting of 2H, 13C, 15N 170 and
180. 3. The sul fenyl conpound according to claim1l1, 15 wherein a nol ecul ar
wei ght of the sul fenyl conpound is |arger than the nol ecul ar wei ght of a
conpound, which has the sanme structure as the conpound and does not | abel ed
with the isotope, by 3 to 12. 4. The sugfenyl conpound according to claim
1, 20 wherein the nunmber of the constituent elenent |abeled with the
isotope is 3 or nore. 5. The sulfenyl conpound according to claiml,
wherein the organic functional group Ris an al kyl group which may be
substituted or an aryl group which mpsdie 25 substitut ed. 53 6. The

sul fenyl conpound aeccordingto—clalm5—wherein a-substituent, of the al kyl
group which may be substlbﬁﬁQxﬁlhﬁ sel ectled fafomrt hE ¢Fou congisting of

NO2, COCH, SO3H, OH, @) kexyl aryd.,gnd faryloxy. 5 7. The sul enyl conpound
according to claim5b ﬁ%ereln a substituent of the aryl group|which may be
substituted is selPcﬂéBSfﬁ@n1tﬁé7gﬂéé%)coﬁéﬁgtﬂ%g ofLINGRZ25@00H, SO03H, OH

al kyl', al koxyl, aryl j-99dharyl axg-e8w) THe1sybfenyl coapeypd agcording to

claimb,
1429.06 (34-45)
147%.03 (22-33W) 1479.38 (22-33W)
1487.07 {115-125W) 1486.,42 (115-125W)
1754.34 (46-61)
{(Conditions)
Buffer A: 0. 1% TFA
5 Sclution B: 0.07 TFA in CHJCN
Gradient of sclution B: varied from 0% to 100% over
a 100 minute time period.
Column; Shimpack VP-0DS, 150x4.6émm
10 The results shown above demonstrate that labeled

peptides can be separated by LC.

Further, using 2-nitro[”C5] benzenesulfenyl
chloride (heavy reagent), the same separation experiment
15 was conducted, and it is found that using the heavy
reagent also enables that only labeled peptide is

separated.

[Example 4: Separation experiment]



10 wherein the organic group Ris a phenyl group which nmay be substituted.
9. The sul fenyl conpound according to claim1, wherein the |eaving group X
is a halogen atom 10. The sul fenyl conpound according to claiml1, 15
selected fromthe group consisting of 2-nitro[ 13C6] benzenesul f enyl
chloride, 4-nitro[13C6] benzenesul fenyl chloride, 2, 4-dinitro[13C6]
benzenesul fenyl chloride, and 2-nitro-43garboxy[ 13C6] benzenesul f enyl
chloride. 11. A |l abeling reagent conprising a sulfenyl 20 conpound
represented by the general formula: R S-X (I) (wherein R represents an
organi c group having at |east one constituent elenment | abeled with an

i sotope, and X rephesBAkS ekah@aw, N@ngeGhR)rimd tl da sThedahalddon s Bagent
according to claim11, 54 wherein the organic group R conprises C, H, and
N, and opti oaal bgrOmandienecl)as o et tiast itheenie Rl wreirypsblidte-i sotope i s
a stable isotope selected fromthe group consisting of 2H, 13C, 15N 1'Q
and 180. 5 &8ntaheihabekipnddeedgammenteoratiengdtiallar ndricentedeed a

nol ecul ar wei ght of the sulfenyl conpound is |larger than the nol ecul ar

wei ght of acvempbbrdcowlriseh olfashichd akele rst,r wotayme taise tdisgeonjoundamad does
not | abeled with the isotope, by 3 to 12. 10 14. The | abeling reagent
accordi rig t eepkhaniidh,/pulrdifeicattibe .nuber 2pf sheptessbift wert reltenment

| abel ed with the isotope is 3 or nore. 15. The | abeling reagent according
to cl ai m 1l1sewhar dilA0pbge odr gatiad bumoctitord] pgrodpi iz )i sveare ghkgppagedup 15
whi ch may be substituted or an aryl group which nmay be substituted. 16. The
| abel i ng r edfehheasadedmagnes @saiim Exampder &i.n cnss B kaiems of the al kyl
group which_nmay be substituted is selected fromthe group consisting of

NOz, 20 cootpbebsH, warh Ahrox\Highdr yleaasid “argpichihe themhevitdbethag
reagent accQrding to claim15, wherein a substituent of the aryl group

whi ch may beh8aBgt reageati’s sscedbeder weHa M xdbup tdorfadh | ¢ighof - NOZ,

COOH, S03H, _OH,  al kyl, al koxyl, aryl, and aryl oxy. ,
100 "In the same manner as Example 3, the chemical treatment

and enzymatic digestion were performed. This gave a
digest containing labeled peptide fragments.
Subsequently, the separation/purification was carried out

using Sephadex LH20 column in the following conditions:

15
Column volume: 2.0ml
Fraction volume: 120ul
Eluant: 30% acetonitrile
20 Following the fractionation, each fraction was

subjected to MALDI-TOF MS and the pair peaks of labeled
peptide fragments that are ¢ daltons apart were observed.
Fig. 2 is a histogram showing counted number of the pair
peaks. In Fig. 2, horizontal axis represents the

25 fraction number and vertical axis represents the number



25 18. The | abeling reagent according to claim 15, 55 wherein the organic
group Ris a phenyl group which may be substituted. 19. The | abeling
reagent according to claim11l, wherein the leaving group X is a hal ogen
atom 5 20. The | abeling reagent according to claim11l, wherein the

sul fenyl compound is selected fromthe group consisting of 2-nitro[13C6]
benzenesul fenyl chloride, 4nitro[ 13C6] benzenesul fenyl chloride, 2,

4-di nitro[ 13C6] benzenesul fenyl chloride, and 2-nitro-4-carboxy[13C6] 10
benzenesul fenyl chloride. 21. The |abeling reagent according to claim 11,
in a use for peptide analysis. 22. The | abeling reagent according to claim
11, separ at efypitel pdiakg.eagh showhSbon€igonrouddsselkeacked rf pakde
sul f enyl conpounds, and a conpound (|1 ght reagent) which has the sane
structure aserheobekested fone Caapaurts N2avyld eagald.) 2d dee=ligt | abel ed
with the isotope. 23. A nethod of analyzing peptide, using a 20 | abeling
reagent conpti saagfausdl taayl acdrepouridn epre sented lnyctde gensswdl f or mul a:
R-S-X (I) (wherein R represents an organi c group having at | east one
constituent lmlefrentn LabBelledowi2t.Brdn iaswt opy, aartthad 136 beprakbatised 1eavi ng

roup).
group) 5

a somewhat larger volume.

[Example 5]
In this example, a peptide containing both
tryptophan and cysteine residues was used. As in
10 Examples 3 and 4, not only tryptophan residues but also
cysteine residues are labeled when the peptide is labeled
prior to the chemical treatment, so that the peptide
labeled both on cysteine residues and on tryptophan
residues can be generated immediately after the labeling.
15 An experiment was conducted to determine if the peptide
is converted to the peptide labeled only on the
tryptophan residues after the chemical treatment.
Presinilin-1 (331-349)-Cys, a peptide having a
sequence of NDDGGFSEEWEAQRDSHLGC (SEQ ID NO: 1) (Bachem,
20 MW = 2252.,3) was used, and labeling was performed in the
same manner as in Example 2. The MALDI-TOF MS spectrum
chart for the peptide before labeling (signal intensity =
108mV) is shown at the bottom of Fig. 3, and the MALDI-
TOF MS spectrum chart for the labeled peptide (signal

25 intensity = 21lmV} is shown in the middle of Fig. 3. 1In



56 24. The method of anal yzing peptide according to claim23, wherein the
organic group R conprises C, H and N, and optionally O and/or P as the
constituent elenment, and the isotope is a stable isotope selected fromthe
5 group consisting of zH, 13C, 1sN 1~0, and 180. 25. The nethod of
anal yzi ng peptide according to claim 23, wherein a nol ecul ar wei ght of the
sul fenyl conpound is larger than the nofécul ar wei ght of a conpound, which
has the same structure as the conmpound 10 and does not | abeled with the
i sotope, by 3 to 12. 26. The nethod of analyzing peptide according to claim
23, wherein the nunber of the constituent elenent |abeled with the isotope
is 3 or norell2df The wbehktd oh dhal.yd,ndqqueptdrds laccorsli reptasditsl ai m 23,
wherein the organic functional group Ris an alkyl group which may be
substit ut edtbe masaryghaggeupattiicchmimy) Bad otssttiagledax28. rapeesentod of
anal yzi ng peptide_according to claim27, wherein a substituent of the alkyl
group whi chtke rayjabéveuben tatensis vseltdatted f r m shovgr dip tdess sting of
NOZ, COON, SO03H, OH, al koxyl, aryl, and aryloxy. 29. The nethod of
anal yzi ng pEpBr8&-atb6r gergide OfaiSHRZAD Wesr di rihets date taieigndl tae aryl
group which_may be substituted is selected fromthe group consisting 25 of
NO2, COH, 36BH: 0éH (mipRyWasaCleaprtes o, aarmPmaauiskychat gave a
signal at 2559.44 (m/z). This compound corresponds to a
peptide having a sequence of
NDDGGFSEEW (Nbs) EAQRDSHLGC (Nbs) (SEQ ID NO: 2}, which is
labeled on both tryptophan and cysteine. In the sequence,
10 W(Nbs) represents a labeled tryptophan residue and C{(Nbs)
represents a labeled cysteine residue.
A series of chemical treatment comprising reduction
and alkylation was performed respectively using TCEP and
iodoacetamide. The MALDI-TOF MS spectrum chart of the
15 resulting peptide (signal intensity = 60mV}) is shown at
the top of Fig. 3. As can be seen from these spectra,
the peptide of SEQ ID NO: 2 that gave a signal at 2559.44
(m/z) was converted to a compound that gave a signal at
2436.6 (m/z). This compound is a peptide having a
20 sequence of NDDGGFSEEW (Nbs)EAQRDSHLGC (AM) (SEQ ID NO: 33,
which has the labeled substituent on the cysteine residue
due to labeling cleaved by the reducing agent and then
amidomethylated (AM) by iodoacetamide. In the sequence,

C({AM) represents an amidomethylated cysteine residue.

25




57 30. The method of anal yzing peptide according to claim27, wherein the
organic group R is a phenyl group which may be substituted. 31. The nethod
of analyzing peptide according to 5 claim 23, wherein the | eaving group X
is a halogen atom 32. The nethod of anal yzing peptide according to claim
23, wherein the isotope-I|abeled sul fenyl conmpound of the fornmula (1) is
selected fromthe group consisting of 24Ritro[ 13C5] benzenesul f enyl
chloride, 4-nitro[ 13C61 10 benzenesul fenyl chloride, 2, 4-dinitro[13C6]
benzenesul fenyl chloride, and 2-nitro-4-carboxy[l3Cs] benzenesul fenyl
chloride. 33. The nmethod of anal yzi ng peptide according to claim 23,
wher ei n t he [Eabmbilrg 6r e @gemtt itedvat aenalksiisicl udi ng each of: one conpound
selected fromthe sul fenyl conmpounds, and a conpound (light reagent) which
has the sanme strufiust,austihg 8ETéEcrad Gad andmp @ danipeay ypemagbat,) and
does not | abeled with the isotope. 20 34. The nethod of anal yzi ng peptide
accordi ng tBodrai mf28eldenpni Siweg didfelrieny. aroratitiorexivhs esi due of a
pepti de of interest by using the |abeling reagent, and subjecting the
resul ting | aBéprbdipapdi &e ﬁ@tﬁagg'§@§CﬂﬁmmanqﬁlhhﬁMHQﬂﬁWdeSZ@O@Eenﬁhe
met hod of anal yzi ng peptide according to 58 claim 34, conprising:
as follows:

Cells A ACTH: Galanin = 1:1 {molar ratio)

Cells B ACTH: Galanin = 1:2 {(molar ratio)

The ratio of ACTH content in cells A to that in cells B

Cells A: Cells B = 1:1 (molar ratio)
10 The ratio of Galanin content in cells A to that in cells

B Cells A: Cells B = 1:2 (molar ratio)

Second, in each system, the labeling reaction was
performed in the same manner as in Example 2 using the
15 ™“light reagent” for the cells A and the “heavy reagent”
for the cells B. The chemical treatment and the
enzymatic digestion were omitted because of the
simplified systems.
Further, following the labeling reaction, the two
20 systems were mixed with each other and subjected to gel

filtration on Sephadex G25.

The peptides obtained through the gel filtration
were subjected to LC so that only labeled peptide was

25 separated. The resulting labeled peptides were subjected



(i) labeling the peptide of interest with either one of: one conpound

(heavy reagent) selected fromthe sul fenyl conpounds; and a conpound (Ii ght
reagent) which 5 has the sanme structure as the sel ected one conpound and

to thereby obtain the | abel ed peptide of
peptide with the other of the

does not
i nterest;

| abel ed with the isotope,
(ii1) separately | abeling a control

heavy reagent and the |ight reagent to 4® thereby obtain the |abel ed

control peptide; (iii) mxing the | abel ed peptide of interest obtained in

(i) with the | abeled controlled peptide obtained in (ii); and (iv)

subj ecting the m xed | abel ed peptides to mass 15 spectronetry measurenent.

36. The netbodMaf.DarabyzMBgmpapliréfeaecor dhagrésultahm 3dssopble@hahiny

conprising enzymatic digestion and/or a chem cal
reducti on awdsakkygwat ianFig0 37andhe@iget Bod cohtdmalagzicry qe@ige accordi ng
to claim36, wherein the enzymatic digestion is carried out before or after
the | abel i nin B8gsThé amtlh6d hbranahyzilngxpieptrege exeearditige to cl aim 36

treatment conpri sing

wherein the chemcal treatnent is carried out 25 before or after the

| abel i ng.

5

10

15

20

25

m&9s/charge ratio (m/z) and vertical axis represents the
relative ion intensity (%Int.).

In the results of the mass spectrometry, the
predetermined ratios of the peptides are accurately
reflected by the peak intensity ratios of the respective
ions. The peptides modified with the “light reagent” are
denoted by L-mod and those modified with the “heavy

reagent” are denoted by H-mod.

Ion peaks

(m/z) = 3086.60 [ACTH(L-mod)], 3092.64 [ACTH(H-mod)],
3316.68 [Galanin (L-mod)], 3322.68 [Galanin (H-mod)]
Peak intensity ratios

ACTH {(L-mod): ACTH (H-mod) = 1:1

Galanin (L-mod): Galanin (H-mod) = 1:2

[Example 7: Quantitative analysis]

Using a-lactcalbumin (LCA BOVIN}, glycelaldehyde-3-
phosphate dehydrogenase (G3P _RABIT}, phosphorylase B
(PHSZ RABIT), and ovalbumin (OVAL CHICK) (each available
from Sigma) as model peptides, a model of cells in two

different conditions was established by setting the ratio



39. The nethod of anal yzing peptide according to claim 36, wherein the

chem cal treatnent, the enzymatic digestion, and the | abeling are carried
out in this order. 40. The nethod of anal yzi ng peptide according to 5 claim
36, wherein the chemcal treatnment, the |labeling, and the enzymatic
digestion are carried out in this order. 41. The nmethod of anal yzing

pepti de according to claim 36, wherein the |abeling, the chem cal

treatnment, and the enzymatic digestion are carried out in this order. 10
42. The net hod of anal yzing peptide according to claim 34, conprising,

after the labeling, optionally purifying the |abel ed peptide including
separation by gak pebthdkisorcar@nigpai=aticAn @k :a reversed-phase col um. 43.
The net hod of anal yzing peptide according to 15 claim 34, wherein the am no
acid residue is tryptophan residue. 44. A novel conpound conprising a

pepti de detected by the method of anal yzi ng peptide according to claim 23.
20 45. A conpdlgid sash a CARJBONCH, f GBPaRAGIENRt IPAIS 2p RABTAG e WviZdalCHIIGKIuct
conprising a peptide detected by the nmethod of anal yzi ng peptide according
to claim23. 11'5 SEQUENCES Lb St ENeashlGa sSHohEZ He@PRPORATI ON

5 Cells B LCA_BOVIN, G3P_RABIT, PHSZ RABIT, OVAL_CHICK
(25ng of each was contained)
The ratio of peptide content in cells A to that in

cells B Cells A: Cells B = 1:2 (molar ratio)

10 In each system, the labeling reaction was then
performed in the same manner as in Example 2 using the
“light reagent” for the cells A and the “heavy reagent”
for the cells B, followed by the chemical treatment and
the enzymatic digestion performed in the same manner as

15 Example 3. This gave a digest containing labeled peptide
fragments. The digest was then subjected to
separation/purification on a Sephadex LH20 column and
then to MALDI-TOF MS analysis. The results are shown in
Takble 2. Shown in Table 2 are gene names; identified

20 peptide sequences {(Peptide Sequence Identified); observed
ratios of the amount of peptide labeled with the light
reagent to the amount of peptide labeled with the heavy
reagent (Observed Ratio (*3Co/'*Ce)); expected ratios of
the amount of peptide labeled with the light reagent to

25 the amount of peptide labeled with the heavy reagent



<120> Sul fenyl Conpound, Labeling Reagent, and Method of Anal yzing Peptide
<130> GP15-02- SG <150> JP 2002- 191496 <151> 2002- 06-28 <150> JP 2002-191497
<151> 2002- 06- 28 <160> 15 <170> Patentln her. 2.1 <210> 1 <211> 20 <212>
PRT <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: presinilin-1(331-349)-Cys <400> 1 Asn Asp Asp Ay Ay Phe Ser du
GQu Trp Au Ala dn Arg Asp Ser 1 5 10 4% Hs Leu Ay Cys 20 <210> 2 <211>
20 <212> PRT <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: |abelled presinilin-t(331-349)-Cys <220> 215 <221>
Bl NDI NG <222> (10) <223> 2-vitro-phenylthio-group <220> <221> BI NDI NG <222>
(20) <223> PExpecbephBaylbhibagy ) ¥400% fZ eAnchAsp bAsve@ry tHey niden Ser G u
Gu Trp u Ala @n Arg Asp Ser 1 5 10 15 His Leu Ay Cys 20 <210> 3 <211>
20 <212> PRTalues of the observed values and the expected ratios
{(Means+-SD) ;

and errors (Error(%)).

As shown in Table 2, tryptophan-containing peptide
5 fragments derived from the labeled peptide fragments were
identified for each of the sample peptides used. In
addition, each of the observed ratios had a 9% or less
error, showing a good consistency with the corresponding

expected wvalue.

10
Table 2
Peptide Observed Expected E
Gene Name Sequence Ratic Ratio Mean+-8D r:or
Identified (Bcy 7 Bce)|(Pey / ey o
IWCK 0.48
LDQWLCEK 0.43
LCA BOVIN 0.5 0.46+-0,04 4
LDOWLCEKL 0.51
VGINYNLAHK 0.40
GLWEK 0.45
OVAL CHICK 0.5 C.54+-0.09 9
GLWEKAFK 0.63
LWR 0.48
G3FP_RABIT 0.5 0.49+-0.01 1
LISWYDNEFGYSNR 0.50
WIR 0.48
PHS2 RABIT| EWTR .46 0.5 0.45+-0.03 2
EWTRMVIR 0.42
(identified peptide fragment)
LCA BOVIN-derived
15 IWCK (SEQ ID NO: 4)




<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
am demat hyl ated | abell ed presinilin-1(331-349)-Cys <220> <221> BI NDI NG
<222> (10) <223> 2-vitro-phenylthio-group <220> <22t > BI NDI NG <222> (20)
<223> am denet hyl - group <400> 3 Asn Asp Asp Gy Gy Phe Ser AQu Gu Trp Gu
Ala Gn Arg Asp Ser 1 5 10 15 His Leu Ay Cys 20 315 <210> 4 <211> 4
<212> PRT <213> Bos taurus <400> 4 |le d¢p Cys Lys 1 <210> 5 <211> 8 <212>
PRT <213> Bos taurus <400> 5 Leu Asp Gn Trp Leu Cys Qu Lys 1 5 <210> 6
<211> 9 <212> PRT <213> Bos taurus <400> 6 Leu Asp A n Trp Leu Cys G u Lys
Leu 1 5 <210 <211> 10 <212> PRT <213> Bos taurus

LDOWLCEK (SEQ ID NO: 5)
LDOWLCEKL (SEQ ID NO: 6)
VGINYNLAHK (SEQ ID NO: 7)
G3P_RABIT-derived
5 GLWEK (SEQ ID NO: 8)
GLWEKAFK (SEQ ID NO: 89)
PHS2 RABIT-derived
LWR
LISWYDNEFGYSNR (SEQ ID NO: 10)
10 OVAL CHICK-derived
WIR
EWTR (SEQ ID NO: 11)

EWTRMVIR (SEQ ID NO: 1Z2)

15 [Example 8: Quantitative analysis]

In this example, egg-white lysozyme (Sigma)} to
serve as a sample protein was added to rat serum (Wister)
to determine i1f any signals derived from lysozyme can be
observed (Spike test). A model of cells in two different

20 conditions was established by setting the amounts of the

peptides as follows:

Cells A 5ul rat serum + 3pug (0.21lnmol) egg-white lysozyme
Cells B 5ul rat serum + 6ug (0.42nmol) egg-white lysozyme

25 The ratio of lysozyme content in cells A to that in



<400 Ual dy Ile Asn Tyr Asn Leu Ala Hi's Lys 1 5 10 <210> 8 <211> 5 4I5
<212> PRT <213> Oryctol agus cuniculus <400> 8 Gy Leu Trp Gu Lys 1 5 <210>
9 <211> 8 <212> PRT <213> Ovyctol agus cuniculus <400> 9 Ay Leu Trp Gu Lys
Ala Phe Lys 1 5 <210> 10 <211> 14 <212> PRT <213> Oryctol agus cuni cul us
<400> 10 Leu Ile Ser Trp Tyr Asp Asn Qu Phe Gy Tyr Ser Asn Arg 1 5 10
<210> 11 <211> 4 <212> PRT <213> Gl lus4gallus <400> it Qu Trp Thr Arg 1
<210> 12 <211> 8 <212> PRT <213> Gal l us gal |l us 5/'5

cells B Cells A: Cells B = 1:2 (molar ratio)
The total amount of proteins and the amount of

albumin present in 5ul of the rat serum were 0.28mg and

0.1l4mg (2.1lnmol), respectively.

In each type of the cells, the labeling reaction

was then performed in the same manner as in Example 2
using the “heavy reagent” for the cells A and the “light
reagent” for the cells B. Following the labeling

10 reaction, the two solutions were mixed with each other
and the chemical treatment and enzymatic digesticn was
performed in the same manner as in Example 3. This gave
a digest containing labeled peptide fragments. The
digest was subjected to separation/purification on a

15 Sephadex LH20 column and then to MALDI-TOF MS analysis.
The resulting spectrum chart is shown in Fig. 6. In Fig.
6, horizontal axis represents the mass/charge ratio {(m/z)
and vertical axis represents the relative ion intensity
{¥Int.}). As shown in Fig. 6, lysozyme-derived fragments

20 were detected as peaks at 1199.33 and 1205.27 (m/z) with
the peak intensity ratio of 2:1. Thus, the observed
ratio (i.e., 2) was consistent with the expected ratio
(i.e., 2) with an error of 0%. This indicates that also
in biclogical samples, the relative abundance of the

25 added lysozymes was directly reflected as the relative



<400> 12 Au Trp Thr Arg Met Val Ile Arg 1 5 <210> 13 <211> 6 <212> PRT
<213> Rattus norvegi cus <400> 13 Ala Trp Ala Val Ala Arg 1 5 <210> 14 <21t
<212> PRT <2t 3> Rattus norvegi cus <400> 14 Asn Thr Ala Ala Trp Ala Lys 1 5
<210> 15 <211> 5 <212> PRT <213> Rattus norvegi cus <400> 15 Trp Lys Ile Arg
Lys 1 5 /NFPL'/Nf4L'/ NALD/ Nf L'/ Nf PL' / NI mOD/ Nf PODY Nf PL' / Nf OD/ Nf Pi

/ Nf POD/ NL' / NL /NfOD/ NL"/ NI PL' / Nf 4L" / Nf 488/ Nf PL / Nf L' / Nf i

/ Nf 40D/ Nf PODY Nf L' / Nf OD/ Nf ODY Nf PLDY NAL' / NALD/ NL' / NALD/ N4AO} / NPODY NAO™ / NAOD/ N4
L' /NO}/ NmL' / NL' / NAL' / N NAODY NPL' / NAL' / NI PO}/ Nf mL" / NL' / NAOD/ NLG N4L' / NA0?/ NP
L/ Nf 40D/ NAODY NOD/ NL' / Nf PL' / NPL' / Nf L/ N L/ NO/ NGL/ N=0/ N*07SUe5k(], 4
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level = 372mg/dl)

2pul serum from a rat of each line was used as a
20 sample. Each sample was quantitatively analyzed in the
same manner as in Example 7, except that the samples were
subjected to ESI-MS/MS analysis using LCQ DecaXP (Thermo
Finnigan)-LCAd-Vp system (Shimadzu Corporation). The
results are shown in Table 3 and include gene names (Gene

25 Name), identified peptide sequences (Peptide Sequence
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SXbhKUcx*h{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
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W] ca] e fcafca] e5RcdPc NPéared] ca7sUei K-\ 0109%& () - 109%& () - S10%&: () - MLOY&!
()-, 10% ()-CY 010% () - Ls10%: () - 5ki K- f Y%

In each of Examples above, 2-nitro[3Ce]
benzenesulfenyl chloride was synthesized as the sulfenyl
compound and was used as a labeling reagent to analysis

15 of each of ACTH, Galanin, PTH, lysozyme, rat serum,
presinilin-1 (331-349)-Cys, o-lactoalbumin,
glycelaldehyde-3-phosphate dehydrogenase, phosphorylase B,
and ovalbumin. The present invention, however, is not
limited to the above-described sulfenyl compound, but

20 encompasses any sulfenyl compound represented by the

general formula (I). Alsc, the labeling reagent of the
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should not be construed in any way as limiting the scope
of the invention. The invention is intended to cover all
changes, modifications and equivalents that may be

10  included within the spirit and the scope of the invention

as defined by the appended claims.

In the free text of sequence listing (i.e.,
Description of Artificial Sequence), SEQ ID NO: 1
15 represents Presenilin-1 ({331-349)-Cys, SEQ ID NQ: 2
represents labeled Presenilin-1 (331-349)-~Cys, and SEQ ID
NO: 3 represents labeled and amidomethylated Presenilin-1

(331-349) -Cys.

20 INDUSTRIAL APPLICABILITY
The present invention provides a sulfenyl compound
that serves as a labeling reagent with superior
reactivity and selectivity, can readily be analyzed by
mass spectrometry, is highly guantitative, and does not

25 require special columns. The present invention also
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one constituent element labeled with an isotope, and X

represents a leaving group).

2. The sulfenyl compound according to claim 1,

10 wherein the organic group R comprises C, H, and N, and
optionally O and/or P as the constituent element, and the
isotope is a stable isotope selected from the group
consisting of 2H, **c, '*N, Y0, and *®o.

3. The sulfenyl compound according to claim 1,

15 wherein a molecular weight of the sulfenyl compound is
larger than the molecular weight of a compound, which has
the same structure as the compound and does not labeled
with the isotope, by 3 to 12.

4. The sulfenyl compound according to claim 1,

20 wherein the number of the constituent element labeled
with the isotope is 3 or more.

5. The sulfenyl compound according to claim 1,
wherein the organic functional group R is an alkyl group

which may be substituted or an aryl group which may be

25 substituted.
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109%&' ()-}f/subsityptadddsse)efrpp) Bromx ¥he tegup consisting of NOa,

109& ()-1109%& ()-109%&' ()-\, W0%&' ()-< 10%&' ()-L 10%& ()- 10\\ ]]P*AdE:/
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‘m 1 ab@10! Y m' 10%& () -Thaosgl{$oyiocgppound according to claim 5,

wherein a substituent of the aryl group which may be
substituted is selected from the group consisting of NO;,
COOH, SOzH, OH, alkyl, alkoxyl, aryl, and aryloxy.
8. The sulfenyl compound according to claim 5,
10 wherein the organic group R is a phenyl group which may
be substituted.
9. The sulfenyl compound according to claim 1,
wherein the leaving group X 1s a halogen atom.
10. The sulfenyl compound according to claim 1,
15 selected from the group consisting of 2-nitro[3Cs)
benzenesulfenyl chloride, 4—nitro[ncs] benzenesulfenyl
chloride, 2, 4-dinitro[BC6] benzenesulfenyl chloride, and
2—nitro—4-carboxy[”C6] benzenesulfenyl chloride.
11. A labeling reagent comprising a sulfenyl
20 compound represented by the general formula:
R-5-X (I)
(wherein R represents an organic group having at least
one constituent element labeled with an isctope, and X
represents a leaving group).

25 12. The labeling reagent according to claim 11,
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10f2j 1 109%&' ()-'9gf2j ' 10%-F& ()-f#10% & ()-9! xf #10%'7& () -9! of #10%>&' ()-9! P"
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"10%7& () -whéreidOthE&oFyahlicl@¥®up) R dmprises C, H, and N, and
optionally O and/or P as the constituent element, and the
isotope is a stable isotope selected from the group
consisting of 2H, *c, '*N, "0, and !®0.

5 13. The labeling reagent according to c¢laim 11,
wherein a molecular weight of the sulfenyl compound is
larger than the molecular weight of a compound, which has
the same structure as the compound and does not labeled
with the isctope, by 3 to 12.

10 14, The labeling reagent according to claim 11,
wherein the number of the constituent element labeled
with the isctope is 3 or more.

15. The labeling reagent according to claim 11,
wherein the organic functional group R is an alkyl group

15 which may be substituted or an aryl group which may be
substituted.

16. The labeling reagent according to claim 15,
wherein a substituent of the alkyl group which may be
substituted is selected from the group consisting of NOj,

20 COQH, BS0sH, OH, alkoxyl, aryl, and aryloxy.

17. The labeling reagent according to claim 15,
wherein a substituent of the aryl group which may be
substituted is selected from the group consisting of NOg,

COCH, SO03H, OH, alkyl, alkoxyl, aryl, and aryloxy.

25 18. The labeling reagent according to claim 15,
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wherein the organic group R is a phenyl group which may

be substituted.

19. The labeling reagent according to claim 11,

wherein the leaving group X is a halogen atom.

5 20. The labeling reagent according to c¢laim 11,
wherein the sulfenyl compound is selected from the group
consisting of 2-nitro[*3Cq] benzenesulfenyl chloride, 4-
nitro[*®C¢] benzenesulfenyl chloride, 2, 4-dinitro[?Cs]
benzenesulfenyl chloride, and 2-nitro-4-carboxy[UC5]

10 benzenesulfenyl chloride.
21. The labeling reagent according to claim 11,
in a use for peptide analysis.
22. The labeling reagent according to claim 11,
separately including each of:
15 one compound selected from the sulfenyl compounds, and
a compound (light reagent) which has the same
structure as the selected one compound (heavy reagent)
and deoes not labeled with the isotope.
23, A method of analyzing peptide, using a
20 labeling reagent comprising a sulfenyl compound
represented by the general formula:
R-5-X (I}
(wherein R represents an organic group having at least

one constituent element labeled with an isotope, and X

25 represents a leaving group).
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10

15

20

25

claim 23, wherein the organic group R comprises C, H, and
N, and optiocnally O and/or P as the constituent element,
and the isotope is a stable isotope selected from the
group consisting of 2H, *c, N, "0, and *%o.

25. The method of analyzing peptide according to
claim 23, wherein a molecular weight of the sulfenyl
compound is larger than the molecular weight of a
compound, which has the same structure as the compound
and does not labeled with the isotope, by 3 to 12.

26. The method of analyzing peptide according to
claim 23, wherein the number of the constituent element
labeled with the isotope is 3 or more.

27. The method of analyzing peptide according to
claim 23, wherein the organic functional group R is an
alkyl group which may be substituted or an aryl group
which may be substituted.

28. The method of analyzing peptide according to
claim 27, wherein a substituent of the alkyl group which
may be substituted is selected from the group consisting
of NO,, COOH, S0OsH, OH, alkoxyl, aryl, and aryloxy.

29. The method of analyzing peptide according to
claim 27, wherein a substituent of the aryl group which
may be substituted is selected from the group consisting

of NO,, COOH, SOsH, OH, alkyl, alkoxyl, aryl, and aryloxy.
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The method of analyzing peptide according to
5 claim 23, wherein the leaving group X is a halogen atom.
32, The method of analyzing peptide according to
claim 23, wherein the isotope-labeled sulfenyl compound
of the formula (I) is selected from the group consisting
of 2-nitro{'®Cs] benzenesulfenyl chloride, 4-nitro[*Ce]

10 benzenesulfenyl chloride, 2, 4-dinitro[13Ce]
benzenesulfenyl chloride, and 2-nitro-4-carboxy [1*Cs]
benzenesulfenyl chloride.

33. The method of analyzing peptide according to
claim 23, wherein the labeling reagent separately

15 including each of:

one compound selected from the sulfenyl compounds, and

a compound (light reagent) which has the same
structure as the selected one compound {(heavy reagent)
and does not labeled with the isotope.

20 34. The method of analyzing peptide according to
claim 23, comprising labeling an amino acid residue of a
peptide of interest by using the labeling reagent, and
subjecting the resulting labeled peptide to mass

spectrometry measurement.

25 35. The method of analyzing peptide according to
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(i) labeling the peptide of interest with either
one of: one compound (heavy reagent) selected from the
sulfenyl compounds; and a compound {light reagent) which
5 has the same structure as the selected one compound and
does not labeled with the isotope, to thereby obtain the
labeled peptide of interest;
(ii) separately labeling a control peptide with the
other of the heavy reagent and the light reagent to

10 thereby obtain the labeled control peptide;

(iii) mixing the labeled peptide of interest
obtained in (i) with the labeled controlled peptide
obtained in (ii); and

{iv) subjecting the mixed labeled peptides to mass

15 spectrometry measurement.

36. The method of analyzing peptide according to
claim 34, optionally comprising enzymatic digestion
and/or a chemical treatment comprising reduction and
alkylation.

20 37. The method of analyzing peptide according to
claim 36, wherein the enzymatic digestion is carried out
before or after the labeling.

38. The method of analyzing peptide according to

claim 36, wherein the chemical treatment is carried out

25 before or after the labeling.
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claim 36, wherein the chemical treatment, the enzymatic
digestion, and the labeling are carried out in this order.
40, The method of analyzing peptide according to
5 «c¢laim 36, wherein the chemical treatment, the labeling,
and the enzymatic digestion are carried out in this order.
41, The method of analyzing peptide according to
claim 36, wherein the labeling, the chemical treatment,
and the enzymatic digestion are carried out in this order.
10 42. The method of analyzing peptide according to
claim 34, comprising, after the labeling, optionally
purifying the labeled peptide including separation by gel
filtration and separation on a reversed-phase column.
43. The method of analyzing peptide according to
15 claim 34, wherein the amino acid residue is tryptophan
residue.
44, A novel compound comprising a peptide
detected by the method of analyzing peptide according to
claim 23.
20 45, A compound as a candidate for a potential

phafmaceutical product comprising a peptide detected by

the method of analyzing peptide according to claim 23.
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fs10% " §@>15T10% & ()- 10%": & ()- 10%": & ()- z10%": & ()-

"10% " &3 (1<cCA410  10% " & ()-5 10%": & ()-5 10%": & ()-5

109% " &2 10% " & ()-5)10%": & ()- <EKYbhv_?A410 10%":& ()-5
10% " : & (Y103 Pagentin ¥er()26 109% ": & ()-5 10%": & ()-5
10% ": & () - 5vwh8A410/ K1> 10% ": & ()-5 10%": & ()-5 10%": & ()-5
10% ": & (qids 110% ": & () - 5| PA410/ K1> 10%": & ()-5 10%": & ()-5 10%": & ()-5
10% " & (<)mr;2bo & ()-5 10%": & ()-5t T4A410 10% ": & ()-5 10% ": & ()-5
10% " : & ( & () 5 10%": & ()-5/K1> hHA410 10% 10%":& ()-5
10% " & (? ()-5 10% ": & ()-5 10% ": & ()-5 10% ": & ()-5SWA410
10% ": & (P18 ‘fé%'“ﬂ&s(es“e?elo% . & ()-5/K1> 5 10%": & ()-5
10% ": & () -5dDA410 10% ": & ()-5 10%": & ()-5 10%": & ()-5 10%": & ()-5
10% ": & (2> 10% ": & ()-55S7TA410 10% ": & ()-5 10%": & ()-5 10%": & ()-5
10% " & (<)zz§/d€%€npt119r/%f A@uﬁcéll h&;ﬁ&.’k@ ;&sfqnm&. {&3353@@—% & ()-5
10%": & ()-5/K1> 10% " )-5 10% " )-5cGA410 10% ": & ()-5 10%": & ()-5
109% " &(<)-Q§ 0% ": & ()- 5 10% &() 5 10% :& ()-5 ! "c3A410/ K1>
10% ": & (%98 %oos": & ()-5 10% " )-5 10%": & ()-5
10% " : & (Asn Besdsy awg@wﬂne/Smﬁlu @tyn rp: QU(A)Iaslme% Aspgler) -5 10% ": & ()-5
10%": & ()15 10% ": & 6)-5 10% ": & (- 569; =?@OBA4EO0 10% ": & () -5/ K1>
10%": & ()-5 10%": & ()-5 10% ": & ()-5 10%":&'()-5AEKOTU\MCA410 10%
109% " &(@émg%aw&() 5 10%": & ()-5 10%": & ()-5 10%": & ()-5
10%": & () - g7A410/ K1> 10% ": & ()-5 10%": & ()-5 10%": & ()-5
10%": & ()-5 0%_20&() 5 bcrsngGA410/K1> 10%": & ()-5 10% ": & ()-5
10%": & ()-5 10%": & ()-5 10%": & ()-5 10%": & ()-520S3A410 10% ": & ()-5
10% ": & () -5/ K1> 10%":&'()-5 10% ": & ()-5 10% ": & ()- 5[ ; A410
10% " & (<)2(5/¢<1> 10%": & ()-5 10%": & ()-5 10%": & ()-5
10% ": & (Qp1B_ggP4/ K1> 109%": & ()-5 10%": & ()-5 10%": & ()-5 10% ": & ()-
10% " : & ( 1 I;i>€4/r<1> 10%": & ()-5 10% ": & ()-5 10% ": & ()-5 10%": & ()-
10% ": & (¥ ) - 5sRE84/ K10" 10" 11\8* 10% & ()- |15610% & ()-
|| 44109% &21P- Mtifjeset S&m{eyces/ K1> hoN-4 110% & ()- 110% & ()- DY 109%& ()-} 1Y
109& ()-} AY 10% " & ()-} 1L109% & ()-10"*P, h|[:-4 | 1Y% 10% & ()-

<2205

<223> Description of Artificial Sequence: labelled presinilin-1(331-349)-Cys

<220>



NY% 10%"r& ()- |Y®B10% ()- | 10% & ()- 110% & ()- |
109 & ()-h}()*+ [vU4l 1Y cl0%K& ()- IL10% & ()-10 10 10 1f4"10% & () -

df 4" 10% & () - |0@0%&()-[|[:vu4| | #10%"cé& ()-91 #10%;j!cé& ()-9
11"100 & ()- vl "109%"F& ()- 10s109% & ()- InY cl0% & ()- T23458] obU4l

1 0109% & () - 101101101 | 2P"10% & ()- 2P"10%"ré& ()- |(0k10% & () -
|#10%&() 98j 1| [:bW4l | 1 @O%& ()- 11998& ()- 10 10% & ()- 1y10% & ()-
1@0% & ()- | 109%& ()-1T|[:bU4l | 1<9%40% & ()- 1i!'109% & ()- 1ywl0% & ()-
Ile% '()- 110% & ()- 1S10% & ()-Cal[:-410"1 18 10% & ()- 10 10% & ()-

. 110% & 10% & ()- 1)s10% & ()- 1& 10% & ()-& ~bA410"1 |
|0#10% &&5 ><B'¥[§N§10%& ()- 1C 10%& ()- 16< f 10%& ()- IL

1096 & () <2>100) AA410" |

| $v1096 &2¢3-3+ARY6-Ghdny H1O¥BoB) () - v1096 & () -v10% & ()-j I*v10% & ()-v10% & ()
-v10% & ()-' $v10% & ()-v10% & ()-v1i0% & ()- hM

SV10% #& )qv10% & () -' $v10% & ()-v10% & ()-v10W & ()-'$ 70N|[:, Sv

* CLO% #& 9%!&5?‘ WHE ()- BLON#& ()- P'I10%#& ()- T L0%#& ()-

|~ 1004 #& <GP ﬁ Sv 5, 10%#& ()- 63&L0% #& () 1109% #& ()- | 109% #& () -
L] 109 #& R8> @09 #& ()-D[|}~QvUs #109E#E& ()- P" 109E#& ()- < ' 109&H#& ()-
L10YEHE' (<PRabOX-HiItDG-PROG LN To-RERE #& () - 2| [ vUA y!| 10VEH#& ()- =109&#& ()-
#109E#&' ()- WIOYEH& ()- J 109&#& ()- 100&E#& ()-#Z|[:vU4 [ 3109EH#E () -
S+10%E#&<(4,2 ) 109E#& ()- C 10%EH&E () - Y‘%iO%E#& ()

p#10YEH& A10E#10E#1QF# 09 () - 4109E#& () -
2109EH& ( %Fb'}é#&ﬁq P%i\ﬁfr gﬁh E ‘} @i%%'mg 10% & ()- & 10% & () -
< 10% & ()1 010%& () ‘bU4  1098#& ()- 610%EH& ()- 109E#& () -

109E#& () - y, 109EH#& () - Y 109&#& ()-\yPy|[: bu4 L!}lO%E#&' ()- 109&E#& () -
109EH#& ( Mis wmmxfeg&' ()- y109&E#& ()- 109&#& ()-yTr|[:bU4 y-10%E#& () -
3+MLOYEHE ()- ,)clRUEH& ()- C g 10%E#& ()- YUM 10%E#& () -

ypH#10%E#& () - (a| [:-410E# 8910%E#& ()- 6109E#& ()- 410%E#& ()- y210%E#& () -
0109&#& ()- | 10%E#& ()- WbA410E# 010% b#: & ()-  10% b#: & () -

10% b#: & ()- y 10% b#: & ()- 0 10% b#: & () - 10E#10E#yL{| [ : A410E#

1 10% b#: &2{%-3y10% b#: & ()- 10% b#: & ()- - 10% b#: & ()- 10% b#: & () -

1 109% b#: &2(1>-RT| [: AALOE# & 10% !: & ()-  940% b#: & ()-  y6#10% b#: & () -

L! 10% b#:&14)prTyYC10% b#: & ()- ypl0% b#: & ()-0]|[: A410E# 410% b#: & () -

6210% b#: & () f.10% b#: & ()- y-10% b#: & () -

*:10% b#: %’3(8)‘““%8\% ?SF ‘lﬁﬂ% "109% & ()- " 109E##& () -

0109E#&' () - 10: b#: 10: b#: 10: b#: fy8! 10% b#: & ()- 610% b#: & ()-["2)|[: vU410

)" 10% & ($205/ n)" 10986 & ()- =ji!"10% & ()- /ui!"109B"& ()- /x"10% & ()-

/" 10YEHE' ©)3>) DakEriptipy 08 2Ot i IYESuénce: amitiGnsEHiSate) -1ail GUEHE () - 1096 109 10%
0"109%6 & () - ér@&nlﬂ%ﬁ#&mmi-cys | [:vU410 yyl0%E#& ()- 10%E#& () -

109E#& () - ! 10%EH#& ()- 10%E#& ()- y 10%E#& ()-:YF|[:vU410 ) 109E#& () -

y& 10%EHE chg <U410%EH& () - SHPLOYE#& ()- yL! 109E#& () -

C109E#&' ( nﬂ% vU410 5410%5#& ()- 92109&#& ()- O010%E#& ()- .]109E#& () -
y- 10%&#& WoE#& ()-0gvU410 & 109E#& ()- y< Z10%E#& ()- L

109EH#& ()<-212}E{a4mDE#10E# 8510%5#&' ()- 610%E#& ()-10g|[:vU410 109E#& () -
109%E#& ()<223b08GHéo-Lheny V1O W () - - 109&#& () - 109&#& ()-g-"|[:vU410
YoM L0YE#& ()- Yp#ZI0%EH#& () - !} 100E#& () - d100EH& ()- yZI0YEHE () -

109 #& ()R : VU410 OL0%E#& ()- /"109EH#& ()- -g 10%EH#& ()- y+Z10%EH#& ()-
,) - 109E#&EY- C DLOYE#& () - +d| 0bU410 L 10% b#: & () - 10E#10E#10E#
8#109E#& @0 BNIWBEHS () - 4c100&E#& ()- y2Z109E#& ()-+\|[: bUAL0

\ W10% b#:<@22) €20} 10% b#: & ()- \wl0% b#: & ()- ,,10% b#: & ()- &G10% b#: & () -

\ < Z10% b2 4midéndtnly| R0 \i ! wi0% b#: & ()- 10% b#: & ()- \z10% b#: & () -
f0!10% b#: & ()- 10% b#: & ()- d10% b#: & ()-#Uk.|[:bU410 -}10% b#: & () -
+10% b#: 8%&% 5\ )10%b# & ()- \C $10% b#: & ()- fYW0% b#: & () -

p#10% b#: W U410 < 109E#& () - L10%E#& () - 10: b#: 10: b#: 10: b#:
8m' 10% b#‘S&Ael) Asmﬁm@'w#’h& Sey Glu phu b Ha:-Ade G0 Arg psm 10 109E#& () -
109E#& ()-1j 1 109E#& (B- 109E#& ()- WOYEH#& ()- &IOYE#& ()-5b|[:vU4l0 !
109E#& () - $10%EH& ()- 10%E#& ()- 10%E#& ()- $LOYEH& () -

109E#&' (iis dbl GWIKOD - L0YE#& () - +109EH#& ()- ,) 109&#& ()- yC Z10%EH#&E () -
YO OYEHE () - SHZI0UEH& ()--"|[:-410E# 810%E#& ()- 6CL0%EH& () -

yAWLOYEH#&' () - 2PLOYE#& ()- O010%E#& ()- . m' 10YE#&' () - &abA410E#

\Z10% b#: & ()- , 10% b#: & ()- Ccl0% b#: & ()- \Y Z10% b#: & ()- L

10% b#: & () - 10E#10E#8p| [: A410E# fP"10% b#: & ()- 10% b#: & ()- F10% b#: & () -
\Z10% b#: & ()- 10% b#: & ()- 0!10% b#: & ()-N|[: A10E# "' d10% b#: & () -

f YOM 10% b#: & ()- \ p#Z10% b#: & ()- !



10% b#: & ()- 10%b#: & ()- 10%b#: & ()-"[e|[:-410: b# 210% b#: & () -
0d10% b#: & ()- f/ 10% b#: & ()- -10% b#: & ()- 3+10% b#: & () -
\1)j 10% b#: & ()-8bA410: b#: 1 10% & ()- \10% & ()- &Y 10% & ()- i 10% & ()-
L1096 & () - 10: b#: 10: b#: 6| [: A410: b#: 10% & ()-d 10%& ()-d 10% & () -
SCL10% & ()- 10% & ()- <10% & ()-6 yX7A410:b# 1 10% & ()-c 1 10% & ()-c
9-10%""& ()- (10% & ()-!(10%& ()-!$10%y& ()- ms t u v z tS210
109% & ()- & 109B& ()-& 0109% & ()-(10"10"10" 1;10% & ()-!7' 109%& () -
BUp{ Z0t S210 10% & ()-c 10% & ()- \10% & ()-' '\ 109%& ()-' 10% & ()-c
10% & ()-cp+Jb|[:tS210 Y. 910% & ()-c Y. 910% ()-c c(10% & ()-c
c(10%4& ()-c #610% & ()-C 10% & ()-chjvU4l0 #i 10& ()-)
L1096 & ()<2W0"40" 10" 810% & ()- S510% & ()- 3410% & () -

211> 4

<212> PRT

<213> Bos taurus

<400> 4
{le Trp Cys Lys
1

210> 5

211> 8

212> PRT

<213> Bos taurus

<400> 5
Leu Asp GIn Trp Leu Cys Giu Lys
1 5

<210> 6

211> 9

<212> PRT

<213> Bos taurus

<400> 6
Leu Asp GlIn Trp Leu Cys Glu Lys Leu
1 5

210> 7

<211> 10

<212> PRT

<213> Bos taurus

<400> 7

Val Gly lle Asn Tyr Asn Leu Ala His Lys
1 5 10

<210> 8

211> 5



- > F |[:vW410 "10% & ()- i10% & ()-F i10% & ()-F EL0% & ()- 10%& ()-
# 109 & ()-)F ] |[:vU410 v.CL0% & ()- !'( 10% & ()-& ( 10% ()-&

"i 1098 & ()-F "i 1090& ()-F (" 10% & () - $4567| [ NA410 10" 10" 10" ): 10% & () -
P410% & ()- PA109K& ()- 0i 109% & ()- 0i 1098& ()-7;Eai |[: NA4L0 10 109 ()-c
(F 1096 & ()- F 109& ()- H 10% & ()- 109%& ()- 010% & ()-$|[: NA410 10
$10%& ()-" 4/5

<212> PRT
<213> Oryctolagus cuniculus

<400> 8
Gly Leu Trp Glu Lys
1 5

<210> 9

211> 8

<212> PRT

<213> Oryctolagus cuniculus

<400> §
Gly Leu Trp Glu Lys Ala Phe Lys
1 5

<210> 10
211> 14
<212> PRT
<213> Oryctolagus cuniculus

<400> 10
Leu Ite Ser Trp Tyr Asp Asn Glu Phe Gly Tyr Ser Asn Arg
1 5 10

2100 1

Q211> 4

<212> PRT

<213> Gallus gallus

<400> 11
Glu Trp Thr Arg
1

210> 12

211> 8

<212> PRT

<213> Gallus gallus



10% & ()-¢ 10% & ()-c (T 10% & ()- "10%& ()- H 10% & ()-c$c~|[: NA41O 10
S610%& ()-c '110% & ()- 0&10% & ()- H10%W & ()-c *10% & ()-c

($10% & ()-' +vW4A10 9109% ()-c 'H10% & ()- 109 ()- 010% & ()-10"10"10"
Hs610% & ()-c+CLh|[:vU410 L' 10%& ()-' Hs10% & ()-c s109& () -

| 910% & ()-"' |9109& ()-' HO10%W & ()-c|[:vWal0 L' 109 ()-' (-10% & ()-
-109%& ()- & 10% & ()-c¢ & 109 ()-c 'HLB/B0% & ()-' Normal" "Heading 13]c"
"Headi ng 23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"
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<400> 13
Ala Trp Ala Val Ala Arg
1 5

<210> 14

Q211> 7

<212> PRT

<213> Rattus norvegicus

<400> 14
Asn Thr Ala Ala Trp Ala Lys
1 5

<210> 15

21> 5

<212 PRT

<213> Rattus norvegicus

<400> 15
Trp Lys Ile Arg Lys
1 5



