
;e3e4`J6T4 1 DESCRIPTION SULFENYL COMPOUND, LABELING REAGENT, AND METHOD OF
ANALYZING PEPTIDE 5 TECHNICAL FIELD 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 quantitative 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) is 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,   2 and other
processes and are then identified in a mass spectrometry (e. g., PMF). This
technique also allows differential display of relative abundance of
proteins in two biological samples. 5 This technique, however, has a
drawback in that regulatory proteins and other proteins that are present in
trace amounts can hardly be detected in the analysis of the lysates of
whole cells in the case that the abundance of constitutively expressed
proteins 



10 (housekeeping proteins) exists. The technique also has other drawbacks,
including inability of differential display to accurately quantify
proteins, nonreproducibility 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   3 novel useful
labeling reagents. One of the reagents developed to meet such a need is the
isotope-coded affinity tag (ICAT). The technique using this reagent is one
of the techniques for quantifying variation in the 5 protein levels which
was developed by Dr. Aebersold at the University of Washington (See,
Non-patent article: R. Aebersold et al., Nature Biotech., 1999, 17,
994-999; 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
biological 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 involves 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   4 DISCLOSURE OF THE INVENTION ect of the Invention
Accordingly, it is an objective of the present invention to provide a
sulfenyl compound that serves as a 



5 labeling reagent with superior reactivity and selectivity, can readily be
analyzed by mass spectrometry, is highly quantitative, 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-S-X (I)
5 (wherein R represents an organic group having at least one constituent
element labeled with an isotope, and X represents a leaving group). (2) The
sulfenyl compound according to (1), 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 2H, 13C,
15N 17O, and 180. (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 consisting of N02, 25 COOH, S03H, OH, alkoxyl,
aryl, and aryloxy.   6 (7) The sulfenyl compound according to (5), wherein
a substituent of the aryl group which may be substituted is selected from
the group consisting of NO2, COOH, S03H, OH, alkyl, alkoxyl, aryl, and
aryloxy. 5 (8) The sulfenyl compound according to (5) or (7), wherein the
organic group R is a phenyl group which may be substituted. (9) 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[l3Cs] benzenesulfenyl
chloride, 4-nitro[l3Cs] benzenesulfenyl chloride, 2, 4-dinitro[l3Csl
benzenesulfenyl chloride, and 2-nitro-4-carboxy[l3Cs] 15 benzenesulfenyl
chloride. (11) A labeling reagent comprising a sulfenyl compound
represented by the general formula: R-S-X (I) 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 0 and/or P as the constituent element, and the   7 isotope is
a stable isotope selected from the group consisting of 2H, 13C, 15N, 170,
and 180. (13) The labeling reagent according to (11) or (12), wherein a
molecular weight of the 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
NOz, 20 COOH, S03H, OH, alkoxyl, aryl, 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 NO2, COOH,
S03H, OH, alkyl, alkoxyl, aryl, and aryloxy. 25 (18) The labeling reagent
according to (15) or   8 (17), wherein the organic group R is a phenyl
group which may be substituted. (19) The labeling reagent according to any
of (11) to (18), wherein the leaving group X is a halogen atom. 5 (20) The
labeling reagent according to any of (11) to (15) and (17) to (19), wherein
the sulfenyl compound is selected from the group consisting of
2-nitro[l3Cs] benzenesulfenyl chloride, 4-nitro[13C6] benzenesulfenyl
chloride, 2, 4-dinitro[13C6] benzenesulfenyl chloride, and 10
2-nitro-4-carboxy[13C6] 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 6 to 10.   9 (23) A method of
analyzing peptide, using a labeling reagent comprising a sulfenyl compound
represented by the general formula: 5 R-S-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 optionally 0 and/or P as the constituent element, and the
isotope is a stable isotope selected from the group 



consisting of 2H, 13C, 15N, 17O and 180. (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   10 an alkyl
group which may be substituted or an aryl group which may be substituted.
(28) The method of analyzing peptide according to (27), wherein a
substituent of the alkyl group which may 5 be substituted is selected from
the group consisting of NO2, COOH, S03H, 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 10 N02, COOH, S03H, OH, alkyl, alkoxyl, aryl, and
aryloxy. (30) The method of analyzing peptide according to (27) or (29),
wherein the organic 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[13C6] benzenesulfenyl
chloride, 4-nitro[13C6] benzenesulfenyl chloride, 2, 4-dinitro[13C6]
benzenesulfenyl chloride, and 2-nitro-4-carboxy[13C6] benzenesulfenyl
chloride. (33) The method of analyzing peptide according to 25 any of (23)
to (32), wherein the labeling reagent   11 separately 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) 5 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 10 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 15 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 20 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 thereby obtain the
labeled control peptide; (iii) mixing the labeled peptide of interest 25
obtained in (i) with the labeled controlled peptide   12 obtained in (ii);
and (iv) subjecting the mixed labeled peptides to mass spectrometry
measurement. (36) The method of analyzing peptide according to 5 (34) or
(35), optionally comprising enzymatic digestion and/or a chemical treatment
comprising reduction and alkylation. (37) The method of analyzing peptide
according 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 out 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   13 filtration and separation on a
reversed-phase column. (43) The method of analyzing peptide according to
(34), wherein the amino acid residue is tryptophan residue. 5 (44) A novel
compound comprising a peptide detected by method of analyzing peptide
according to (23). (45) A compound as a candidate for a potential
pharmaceutical product comprising a peptide detected by the method of
analyzing peptide according to (23). 10 BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 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. 9. Fig. 6 is
a mass spectrum chart of Example 8. 20 MODES FOR CARRYING OUT THE INVENTION
The present invention provides a sulfenyl compound represented by the
following formula: R-S-X (I) 25 where R is an organic functional group
containing at   14 5 least one constituent element labeled with an isotope,
and X is a leaving group. This sulfenyl compound may be used as a labeling
reagent to label a compound to be identified. The compound is particularly
useful as a labeling reagent for peptide analysis. A labeling reagent in
which two individual reagents, 10 one being the heavy reagent and the other
the light reagent, are combined can facilitate mass spectrometry based
peptide analysis. In the formula (I) above, the organic functional 15 group
R is a substituent group comprising C, H, and N, and optionally 0 and/or P
as a constituent element. Preferably, the isotope is a stable isotope, such
as 2H, 13C 15N 17O and 18O. When the labeling reagent in which the heavy 20



25 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 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
and the light reagent.   15 In this respect, the difference in mass number
is preferably 3 to 12 daltons, and more preferably 6 to 10 daltons. The
mass number difference that is 3 daltons or greater makes the tendency for
the peak of the labeled 5 peptide modified with the heavy reagent and the
peak of the labeled peptide modified with the light reagent not to overlap,
resulting in simple 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 2H, 16N or 1'0, 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 180 as the isotope, two of the constituent elements labeled
with 18O cause a 25 difference of 4 daltons, resulting in giving a
preferred   16 mass difference. When the labeleing reagent in which the
sulfenyl compound of the present invention serves as the heavy reagent and
used as labeling reagent combined with the 5 light reagent, the molecular
weight of the heavy reagent is designed so that the difference in molecular
weight between the heavy reagent and the light reagent is preferably 3 to
12, and more preferably 6 to 10. Preferably, the organic functional group 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, NOz, COOH, S03H,
OH, alkoxyl, aryl, and aryloxy. 15 Examples of the substituents of the aryl
group which may be substituted include, but are not limited to, NOZ, COOH,
503H, 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   17 column such
as a reversed-phase column. Examples of the leaving group X in the formula
(I) include, but are not limited to, halogen atoms such as F, C1, Br, and
I. 5 The molecular weight of the sulfenyl compound of the present invention
is preferably approximately 190 in terms of the reactivity with the
peptides to be labeled. Particularly preferred compounds for the sulfenyl
compound of the present invention are 2-nitro[l3Csl 10 benzenesulfenyl
chloride, 4-nitro[l3Cs] benzenesulfenyl chloride, 2, 4-dinitro[l3Cs]
benzenesulfenyl chloride, and 2-nitro-4-carboxy[l3Cs] benzenesulfenyl
chloride. 



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 13C 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 [l3Csl phenyl benzyl
sulfide by reacting [l3Cs] benzene derivative such as
nitro[l3Cs]chlorobenzene with benzyl mercaptan. Subsequently, the resulting
[l3Cs] phenyl benzyl 25 sulfide is reacted with a halogenating agent to
obtain   18 the desired sulfenyl compound. Sulfenyl chloride, bromine or
the like may preferably be used as the halogenating agent. Tetrachloro
carbon, ethylene chloride or the like may preferably be used as the 5
solvent. The reaction is carried out for example at 10C to 45C for 5 min.
to 1 hour. Those skilled in the art may properly determine these
conditions. The sulfenyl compound thus obtained may be 10 15 identified by
comparing the mass spectrum of the obtained sulfenyl compound with that of
the compound having the same structure as the sulfenyl compound but
unlabeled with the isotope. The identification may also be performed by
comparing 13C and 1H NMR spectra of the both compounds. To employ the
sulfenyl compound of the present 20 invention can introduce the labeled
substituent (R-S group) into a compound to be identified resulting in the
capability of use as a labeling reagent. 



It is known that sulfenyl compounds can selectively 25 react with the
indole rings of tryptophan residues of a peptide. Therefore, the
isotope-labeled sulfenyl compounds of the present invention are
particularly useful as labeling reagents in the peptide analysis.   19
Tryptophan is an amino acid that plays a 5 significant role in the aspects
of the function and activity in proteins. Among tryptophan-containing
peptides are adrenocorticotropic hormone (ACTH), Galanin, parathyroid
hormone (PTH), a-chymotrypsin, gramicidin A, and lysozyme. Tryptophan
belongs to one of the least abundant 10 amino acids in proteins and, thus,
a peptide subjected to the labeling reaction and enzymatic digestion would
give a simple mass spectrum. This facilitates analysis and offers a
significant advantage to the proteome analysis. Sulfenyl compounds (the
isotope-labeled compounds 15 20 of the present invention and the
conventional, unlabeled compounds) undergo electrophilic substitution with
the indole rings of the tryptophan residues, thereby labeling the
tryptophan residues. This reaction is expected to have higher reactivity as
compared to the nucleophilic substitution that takes place between the ICAT
reagent and cysteine residues in the ICAT method. The labeled tryptophan
residue-including peptide which is generated by labeling by sulfenyl
compound is more hydrophobic than the unlabeled tryptophan residueincluding
peptide and can thus be separated/purified without requiring a special
column used in the ICAT 25 method: These peptides can be separated/purified
zo sufficiently on a gel filtration or reversed-phase column. The method
for analyzing peptides of the present invention involves labeling a peptide
of interest at 5 amino acid residues and subjecting the resulting labeled
peptide to mass spectrometry measurement. The peptide of 



interest may be a mixture of two or more peptides. The present invention
comprises the steps of the labeling reaction and the mass spectrometry
measurement. When a 10 labeling reagent in which the heavy reagent and the
light reagent are combined is used, the present invention comprises the
steps of the labeling reaction, mixing the labeled peptides if necessary,
and the mass spectrometry measurement. 15 If necessary, the present
invention comprises the steps of fragmenting the peptide preferably by
enzymatic 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,
21 comprises: (a) process of carrying out enzymatic digestion followed by
labeling; (b) process of carrying out labeling followed by enzymatic
digestion; (c) process of carrying out chemical treatment followed by
labeling; 5 (d) process of carrying out labeling followed by chemical
treatment; (e) process of carrying out chemical treatment, enzymatic
digestion and labeling in this order; (f) process of carrying out chemical
treatment, labeling and enzymatic digestion in this order; and (g) process
of 10 carrying out labeling, chemical treatment and enzymatic digestion in
this order. In using the labeling reagent in which the heavy reagent and
the light reagent are combined, a control peptide sample is prepared in
addition to the peptide 15 sample of interest. When the peptide sample of
interest is a mixture of two or more peptides, the control peptide sample
may also be a mixture of corresponding two or more peptides. In one example
of the sample, peptide sample of interest is 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 of interest and the control peptide
sample, 



25 respective samples may be used one kinds, and one sample   22 and/or
another sample may be used in combination with two or more kinds. The
labeling reaction is carried out by using an ordinary method. When the
labeling reagent in which the 5 heavy reagent and the light reagent are
combined is used, the peptide of interest is labeled with using either one
of the heavy reagent or the light reagent, and the other hand, the control
peptide is labeled with using 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 is
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.   23 Thus,
the present invention comprises (a) process of carrying out enzymatic
digestion followed by labeling, or (b) process of carrying out labeling
followed by enzymatic digestion. 5 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, Scarbamidomethylation 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   24 



some cases resulting in an unexpected peptide configuration. In a high pH
environment, disulfide bonds tend to scramble with other disulfide bonds
and, thus, the enzymatic digestion, normally carried out in a high 5 pH
environment, can give rise to conformational changes of peptides and makes
analysis of the peptides difficult. This problem can be prevented by
performing the chemical treatment. Specifically, in the chemical treatment,
dithio groups which are susceptible to enzymatic 10 digestion are
reductively converted by the abovedescribed reduction, and converted to
alkylthio groups by the alkylation. Accordingly, when the enzymatic
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   25 digestion
(which follows the chemical treatment) is carried out subsequent to the
labeling, the enzymatic digestion will be carried out in the last 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   26 5 disulfide bonds formed by the side reaction may then be
subjected to the above-described chemical treatment for reductive cleavage
and alkylation. Accordingly, the chemical treatment may be performed
subsequent to the labeling in accordance with the present invention. Thus,
in the present invention the chemical 10 



15 20 25 treatment and the labeling may be carried out in any order. 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 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 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
require the use of special columns such as those used in   27 the ICAT
method. Further, it is more preferred that the gel filtration is carried
out prior to purification on a reversed-phase column. Examples of the gel
filtration 5 carriers include sephadex, biogel, and agarose gel, with
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   28 spectrometry. Examples of ionization techniques
used in mass spectrometry in the present invention include FD, SIMS, FAB,
MALDI, ESI, and the other methods. Examples of mass 5 spectrometers for use
in the present invention include double-focusing mass spectrometers,
quadrupole mass spectrometers, Time-Of-Flight (TOF) mass spectrometers,
Fourier transformation mass spectrometers, ion cyclotron mass
spectrometers, and the other mass spectrometers. 10 According to the
present invention, the results of mass spectrometry (MS) may be combined
with the results of tandem mass spectrometry (MS/MS) for peptide analysis. 



When the labeling reagent in which the heavy reagent and the light reagent
are combined is used, the 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   29 the control peptide, corresponding to the
respective labeled peptide molecules. Some peptides present in either one
of the peptide 5 sample of interest or the control peptide sample may not
be present in the other sample as their corresponding 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 10 the other corresponding signal will not 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 15 labeling,
enzymatic digestion, chemical treatment, purification, and mass
spectrometry measurement, may be performed individually for each sample. By
comparing both spectra obtained so that the both spectra have the same
scale on their horizontal axes (i.e:, mass/charge 20 (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 25 sulfenyl compound and thereby
allows the labeling   30 reaction in peptide analysis to be carried out at
higher reactivity and selectivity. The use of such a highly reactive,
highly selective labeling reagent in the peptide analysis enables more
accurate and easier 5 determination of the types of peptides as well as the
difference in the expression levels of peptides which respectively exists
in the sample of interest and the control sample. The use of 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 quantitative 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   31 encoding this peptide is
obtained, and a substance to specifically control expression of the gene
can be created as a candidate for a potential pharmaceutical product. The
present invention enables to create of such 5 candidate compounds more
effectively. EXAMPLES 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[13C6] benzenesulfenyl chloride (heavy reagent) was
synthesized from a 15 corresponding sulfide. (Synthesis of sulfide) lg
(6.1x10-3mo1) of 2-nitrochloro[13C6] benzene was dissolved in 1m1 methanol.
To this, 0.8g (6.6x10-3mo1) benzyl mercaptan and 0.8m1 (0.01mol) pyridine
were added 20 and refluxing was performed for 16 hours while heated. By
cooling to room temperature, 2-nitro[13C6]phenyl benzyl sulfide was
crystallized. The formed crystal was collected by filtration and was washed
with methanol, and drying with air. This gave 1.38g (90g) of 2 25
nitro[13C6]phenyl benzyl sulfide as a yellow crystal.   32 



(Synthesis of heavy reagent) To 1.38g (5.5x10-3mo1) of 2-nitro[13C6]phenyl
benzyl sulfide obtained above, 10m1 ethylene chloride and then 5 940mg
(7.9x10-3mo1) sulfuryl chloride were added, and stirring was performed at
room temperature. The reaction mixture was concentrated under reduced
pressure while maintained at 50 to 60C 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 (87g) of 2-nitro[13C6] benzenesulfenyl chloride.
15 (Identification) The resulting heavy reagent and the corresponding light
reagent (2-nitro[12C6] 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
33 Chemical formula 1 * ~s NOz *I / * * SCI heavy reagent /NO2 ~~\ SCI
light reagent where * indicates a carbon molecule labeled with 13C. 5 heavy
reagent 



(m/z) 195.10(M', 34.l), 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.l0(17.6), 93.10(100.0), 78.10(14.1), 66.10(32.2), 50.20(l5.3)
Comparison of the mass spectra of the heavy reagent 15 and the light
reagent revealed a difference of 6 daltons for a11 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   34 2-nitro[12C6]
benzenesulfenyl chloride (light reagent) as the labeling reagent, an
experiment was conducted to see if the labeled peptides can be separated
from their unlabeled peptides. 5 160g (5.4x10-Bmol) ACTH was added to 100w1
of a 70~ aqueous solution of acetic acid. To this, 0.41mg (40mo1) of
2-nitro[12C6] benzenesulfenyl chloride was added and stirring was performed
by vortex mixer at room 10 temperature for 1 hour. The reaction mixture was
chilled in an ice bath, followed by addition of 800A 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.   35 Galanin mod-Galanin PTH mod-PTH 5
(Conditions) Buffer A: Solution B: 21.78min. 35.27min. 24.78min. 35.47min.
0. 01M HCOOH-Et3N (pH4.5) CH3CN Gradient of solution B: varied from 0~ to
100 over 10 a 50 minute time period. Column: Shimpack VP-ODS, 250x4.5mm As
shown above, between the labeled form and the unlabeled form, a 10 to 18
minute difference was observed 15 in the retention time for a11 of the
three types. This demonstrates that only labeled peptide can be separated
by LC. Further, using 2-nitro[13C6] 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]   36 (Labeling) Using lysozyme as a model protein, an
experiment was conducted for the same purpose as in Example 2. In this
experiment, the labeling, chemical treatment, and T 



5 enzymatic digestion were performed in this order. 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 NH9HC03 was added to this for dissolving, 50 15 molar
equivalents of DTT with respect to one disulfide bond were added, and the
reaction was allowed to proceed at 56C for 1 hour. (S-carbamidomethylation)
After the reaction mixture was allowed to cool to 20 room temperature,
100mM NH4HC0j solution 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 G10 column and was
freeze-dried. 25 (Enzymatic digestion)   37 Trypsin in a 50mM NH4HC03-5mM
CaClz solution was added to this in a proper amount and the reaction was
allowed to proceed at 37C 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, a11 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 amino acid sequence and the figures assigned
"W" indicate the peptide fragments containing labeled tryptophan. 20 25 



38 Table 1 before LCafterLC
(Fr.a)874.81(15-21)1l98.86(1l7-125W)1198.45(117-125W)l299.74(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 Gradient of solution B: varied from 0~ to 100 over a 100
minute time period. Column: Shimpack VP-ODS, 150x4.6mm 10 The results shown
above demonstrate that labeled peptides can be separated by LC. Further,
using 2-nitro[13C6] 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]   39 In this example, an experiment was conducted
using rat serum (blister) to see how the desired tryptophancontaining
peptide fragments are actually concentrated over the course of the
labeling, enzymatic digestion, and 5 separation/purification. Two 2~1
samples of the rat serum (100wg of total amount of proteins) were prepared.
In the same manner as in Example 2, one sample was labeled with the "light
reagent" and the other with the "heavy reagent", and these were mixed with
each other. 10 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: 2.0m1 Fraction volume: 120A 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 6 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   40 of pair peaks. As shown by Fig. 2,
desired pair peaks were observed from fractions No. 16 to No. 23. Namely,
it was found that a fraction may be collected in total 1m1 from 1.8m1 to
2.8m1, and may actually be collected in 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 MALDITOF MS
spectrum chart for the labeled peptide (signal 25 intensity = 2lmV) is
shown in the middle of Fig. 3. In   41 all of the charts in Fig. 3,
horizontal axis represents the mass/charge ratio (m/z) and vertical axis
represents the relative ion intensity (~Int.). As shown in these charts,
the peptide of SEQ ID NO: 1 that gave a signal at 5 2252.04 (m/z) was
converted to a compound that 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 N0: 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: 3), 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   42 [Example 6:
Quantitative analysis] First, using ACTH and Galanin as sample peptides, a
model of cells in two different conditions was established by setting the
ratio of the peptides contents 5 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   43 to MALDI-TOF
MS measurement. The resulting mass spectrum was shown in Fig. 4 and Fig. 5
(continuation of Fig. 4). In Figs. 4 and 5, horizontal axis represents the
mass/charge ratio (m/z) and vertical axis represents the 5 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 10 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)], 15 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 20 [Example 7: Quantitative analysis] Using
a-lactoalbumin (LCA BOVIN), glycelaldehyde-3phosphate dehydrogenase (G3P
RABIT), phosphorylase B (PHS2 RABIT), and ovalbumin (OVAL CHICK) (each
available from Sigma) as model peptides, a model of cells in two 25
different conditions was established by setting the ratio  



44 of the peptides contents as follows: Cells A LCA BOVIN, G3P RABIT, PHS2
RABIT, OVAL CHICK (12.5g of each was contained) 5 Cells B LCA BOVIN, G3P
RABIT, PHS2 RABIT, OVAL CHICK (25g 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 Table 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 (l3Co/isC6)); expected ratios of the amount of peptide
labeled with the light reagent to 25 the amount of peptide labeled with the
heavy reagent   45 (Expected Ratio (l3Cp~13C6)); differences between the
mean values 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 value. 10 Table 2  



Gene NamePeptide Sequence IdentifiedObserved Ratio (l3Co / l3Cs)Expected
Ratio (i3Co / 13Cs) Mean+-SDError  ($)IWCK0.48 LCA BOVINLDQWLCEK0.43 0 5 0
6 0_ LDQWLCEKL 0.51.+- .9 .044VGINYNLAHK0.90 OVAL CHICKGLWEK0.95 0 5 0 54 



0 09_ GLWEKAFK 0.63.+- . .9 G3P RABITLWR0.48 0 5 0 9_ LISWYDNEFGYSNR
0.50.+-0.01 .41WIR0.9BPHS2 RABITEWTR0.960.50.45+-0.032EWTRMVIR0.42
(identified peptide fragment) LCA BOVIN-derived 15 IWCK (SEQ ID NO: 4)   46
LDQWLCEK (SEQ ID N0: 5) LDQWLCEKL (SEQ ID N0: 6) VGINYNLAHK (SEQ ID N0: 7)
G3P RABIT-derived 5 GLWEK (SEQ ID N0: 8) GLWEKAFK (SEQ ID NO: 9) PHS2
RABIT-derived LWR LISWYDNEFGYSNR (SEQ ID NO: 10) 10 OVAL CHICK-derived 



WIR EWTR (SEQ ID N0: 11) EWTRMVIR (SEQ ID NO: 12) 15 [Example 8:
Quantitative analysis] In this example, egg-white lysozyme (Sigma) to serve
as a sample protein was added to rat serum (blister) to determine if 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 5~1 rat serum + 3~g (0.21nmo1)
egg-white lysozyme Cells B 5w1 rat serum + 6~g (0.42nmo1) egg-white
lysozyme 25 The ratio of lysozyme content in cells A to that in   47 cells
B Cells A: Cells B = 1:2 (molar ratio) The total amount of proteins and the
amount of albumin present in 5~1 of the rat serum were 0.28mg and 0.14mg
(2.lnmol), respectively. 5 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 digestion 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
biological samples, the relative abundance of the 25 added lysozymes was
directly reflected as the relative   48 abundance of the peptide fragments
obtained after enzymatic digestion. 



As demonstrated by the results of the above 5 described examples, by using
the method of the present invention, a11 of the errors is 9~ or less and is
thus highly quantitative. [Example 9: Quantitative analysis] 10 In this
example, a quantitative analysis was performed using actual biological
samples. Rat serums of the following two lines of rats were used. 15 A:
SPF/VAF Crj blister rats (normal rats) B: SPF/VAF GK/Crj rats
(hyperglycemic rats, blood glucose level = 372mg/dl) 2w1 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
49 Identified), and observed ratios of the amounts of normal rat peptides
to the amounts of hyperglycemic rat peptides (Observed Ratio (Wister/GK)).
5 Table 3 Gene NamePeptide Sequence IdentifiedObserved Ratio (blister /
GK)AlbAWAVAR1transferrinNTAAWAK1P2rx7WKIRK1 (identified peptide fragment) 



AWAVAR (SEQ ID NO: 13) NTAAWAK (SEQ ID NO: 14) 10 WKIRK (SEQ ID NO: 15) In
each of Examples above, 2-nitro[l3Csl 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, a-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).
Also, the labeling reagent of the   50 present invention may be any
sulfenyl compound represented by the general formula (I). Further, the
method of the present invention is not limited to the above-described
peptides, but encompasses any peptide 5 including proteins. Therefore, the
foregoing description of Examples is intended to be only illustrative and
should not be construed in any way as limiting the scope of the invention.
The invention is intended to cover a11 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 N0: 1 15
represents Presenilin-1 (331-349)-Cys, SEQ ID NO: 2 



represents labeled Presenilin-1 (331-399)-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 quantitative, and does
not 25 require special columns. The present invention also   51 provides a
labeling reagent using the sulfenyl compound, as well as an analytical
method for proteins and peptides using such a labeling reagent.   52 CLAIMS
1. A sulfenyl compound represented by the general formula: 5 R-S-X (I)
(wherein R represents an organic group having at least 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, 13C, 15N 17O, and
180. 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.   53 6. The
sulfenyl compound according to claim 5, wherein a substituent of the alkyl
group which may be substituted is selected from the group consisting of
NO2, COOH, S03H, OH, alkoxyl, aryl, and aryloxy. 5 7. The sulfenyl compound
according to claim 5, wherein a substituent of the aryl group which may be
substituted is selected from the group consisting of NO2, COOH, S03H, 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
is a halogen atom. 10. The sulfenyl compound according to claim 1, 15
selected from the group consisting of 2-nitro[13C6] benzenesulfenyl
chloride, 4-nitro[13C6] benzenesulfenyl chloride, 2, 4-dinitro[13C6]
benzenesulfenyl chloride, and 2-nitro-4-carboxy[13C6] benzenesulfenyl
chloride. 11. A labeling reagent comprising a sulfenyl 20 compound
represented by the general formula: R-S-X (I) (wherein R represents an
organic group having at least one constituent element labeled with an
isotope, and X represents a leaving group). 25 12. The labeling reagent
according to claim 11,   54 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, 13C, 15N 1'O,
and 180. 5 13. The labeling reagent according to claim 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 isotope, by 3 to 12. 10 14. The labeling reagent
according to claim 11, wherein the number of the constituent element
labeled with the isotope 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
NOz, 20 COOH, SO3H, 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 NOZ,
COOH, S03H, OH, alkyl, alkoxyl, aryl, and aryloxy. 



25 18. The labeling reagent according to claim 15,   55 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 claim 11, wherein the
sulfenyl compound is selected from the group consisting of 2-nitro[13C6]
benzenesulfenyl chloride, 4nitro[13C6] benzenesulfenyl chloride, 2,
4-dinitro[13C6] benzenesulfenyl chloride, and 2-nitro-4-carboxy[13C6] 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 does 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-S-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).  



56 24. The method of analyzing peptide according to claim 23, 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
5 group consisting of zH, 13C, 1sN 1~0, and 180. 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 10 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 15 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 20 may be substituted is selected from the group consisting of
NOZ, COON, S03H, 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 25 of
NO2, COOH, SOBH, OH, alkyl, alkoxyl, aryl, and aryloxy.  



57 30. The method of analyzing peptide according to claim 27, wherein the
organic group R is a phenyl group which may be substituted. 31. 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[13C5] benzenesulfenyl
chloride, 4-nitro[13C61 10 benzenesulfenyl chloride, 2, 4-dinitro[13C6]
benzenesulfenyl chloride, and 2-nitro-4-carboxy[l3Cs] 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   58 claim 34, comprising: 



(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.   59 



39. The method of analyzing peptide according to 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 claim
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 pharmaceutical product
comprising a peptide detected by the method of analyzing peptide according
to claim 23.   1I5 SEQUENCE LISTING <110> SHIMADZU CORPORATION 



<120> Sulfenyl Compound, Labeling Reagent, and Method of Analyzing Peptide
<130> GP15-02-SG <150> JP 2002-191496 <151> 2002-O6-28 <150> JP 2002-191497
<151> 2002-O6-28 <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 Gly Gly Phe Ser Glu
Glu Trp Glu Ala Gln Arg Asp Ser 1 5 10 15 His Leu Gly Cys 20 <210> 2 <211>
20 <212> PRT <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: labelled presinilin-t(331-349)-Cys <22o>   2I5 <221>
BINDING <222> (10) <223> 2-vitro-phenylthio-group <220> <221> BINDING <222>
(20) <223> 2-vitro-phenylthio-group <400> 2 Asn Asp Asp Gly Gly Phe Ser Glu
Glu Trp Glu Ala Gln Arg Asp Ser 1 5 10 15 His Leu Gly Cys 20 <210> 3 <211>
20 <212> PRT 



<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
amidemathylated labelled presinilin-1(331-349)-Cys <220> <221> BINDING
<222> (10) <223> 2-vitro-phenylthio-group <220> <22t> BINDING <222> (20)
<223> amidemethyl-group <400> 3 Asn Asp Asp Gly Gly Phe Ser Glu Glu Trp Glu
Ala Gln Arg Asp Ser 1 5 10 15 His Leu Gly Cys 20   3I5 <210> 4 <211> 4
<212> PRT <213> Bos taurus <400> 4 Ile Trp Cys Lys 1 <210> 5 <211> 8 <212>
PRT <213> Bos taurus <400> 5 Leu Asp Gln Trp Leu Cys Glu Lys 1 5 <210> 6
<211> 9 <212> PRT <213> Bos taurus <400> 6 Leu Asp Gln Trp Leu Cys Glu Lys
Leu 1 5 <210 <211> 10 <212> PRT <213> Bos taurus 



<400 Ual Gly Ile Asn Tyr Asn Leu Ala His Lys 1 5 10 <210> 8 <211> 5   4I5
<212> PRT <213> Oryctolagus cuniculus <400> 8 Gly Leu Trp Glu Lys 1 5 <210>
9 <211> 8 <212> PRT <213> Oryctolagus cuniculus <400> 9 Gly Leu Trp Glu Lys
Ala Phe Lys 1 5 <210> 10 <211> 14 <212> PRT <213> Oryctolagus cuniculus
<400> 10 Leu Ile Ser Trp Tyr Asp Asn Glu Phe Gly Tyr Ser Asn Arg 1 5 10
<210> 11 <211> 4 <212> PRT <213> Gallus gallus <400> it Glu Trp Thr Arg 1
<210> 12 <211> 8 <212> PRT <213> Gallus gallus   5/5 



<400> 12 Glu Trp Thr Arg Met Val Ile Arg 1 5 <210> 13 <211> 6 <212> PRT
<213> Rattus norvegicus <400> 13 Ala Trp Ala Val Ala Arg 1 5 <210> 14 <21t
<212> PRT <2t3> Rattus norvegicus <400> 14 Asn Thr Ala Ala Trp Ala Lys 1 5
<210> 15 <211> 5 <212> PRT <213> Rattus norvegicus <400> 15 Trp Lys Ile Arg
Lys 1 5 /NfPL'/Nf4L'/N4LD/NfL'/NfPL'/NIm0D/NfP0D/NfPL'/Nf0D/NfPi
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