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DESCRI PTI ON METHOD FOR ENRI CHVENT/ SEPARATI ON OF
PROTEI N OR PEPTI DE TECHNI CAL FlI ELD The present

WO pywsti7zen relates to the field in proteonm cs BCT/JP2004/019677

exhaustive analysis for protein. BACKGROUND ART
Peptide mass fingerprinting (PMF), a techni que that
conbi nes 2D- PACE with the benefit of nass
spectroneter, has thus far been a nmin anal ytica
techni que used in the field of proteonm cs and
exhaustive analysis of protein.. Also, the differentia
di spl ay anal ysi s using BEﬁCBAEEIOHaS been used as a
tool for determning relative quantification of
proteins These techni ques have defects, however, in

terns_of the re roduci pr.ot aration d
UEFAEP AR g RIRAENS / SertsirRPy B rOFEFNcoRTs R EbE
address these probl ens, exhaustive analysis of protein
that enpl oys stable isotopes has been devel oped as an

AR R Er P TBEDt cny P Compounds. are known &% sel ecti ve.
| abel o0 T 839sLe LoLoLEYBLOPNAD LSt dues, £ thess

compoun benzene st | orirde
. h
SRR R E R L L e e

BACKGROUND ART

Peptide mass fingerprinting (PMF), a technique that
combines 2D-PAGE with the benefit of mass spectrometer,
has thus far been a main analytical technique used in the
field of proteomics and exhausfive analysis of protein.
Also, the differential display analysis using 2D-PAGE,
has been used as a tool for determining relative
quantification of proteihs. These techniques have
defects, however, in terms of the reproducibility of
protein separation and gel staining, and the solubility
of proteins. To address these problems, exhaustive
analysis of protein that employs stable isotopes has been
developed as an approach to next-generation protein
analysis.

On the other hand, sulfenyl compeunds are known as
selective labeling reagents for tryptophan residues. Of

these compounds, 2-nitrobenzene sulfenyl chloride (NBSC1)
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solution (Scoffone E., Fontana A., and Rocchi R
Bi ochem cal Bi ophysi cal Research Communi cations, 1966,

w@a@osme25 and Scof fone E., Fontana A., and Roceti/JiR004/019677

Bi ochem stry 1968, 7, 971). In an experinent conducted
by Hiroki Kuyama et al., two _series of biologica

sanpl es, normal and hypergly@enic, are separately
derived fromtwo lines of rats. Proteins in one sanple
are then | abeled with a non - |abel ed NBSC reagent at
the tryptophan resi dues and proteins in_the other
bagpbeecar sepabérsd tRi fFtaa3@ FBENEF INBSEE C8&gent at
the tryptophan residues. The two | abel ed sanpl es are

FEXEGLANG LN BORLEYULE YPE OBl e CE84 A6 S- dRz PRaficdd1c
EPYORs phar Sredings Bar e FoBnarar o - ardon RO%SH Bcred to
B oo e e B Erh YA Bon SRReos Ol LPETETS Sl Tirer 966, 25,
Tt RrEC SEPSTOME Bne BORIPBES Arrs PO RRGFirn X Makot o
LR L3R LB T o st
Shect T SBehLY <2008l 104RCLOR0)y TBBICRALALORAOL S,

(BYeERETp, USRI BATILORLBRIL S oS0 o o
59§E¥8§§CQR§Q¥|are separately derived from two lines of
rats. Proteins in one sample are then labeled with a
non-labeled NBSCl reagent at the tryptophan residues and
proteins in the other sample are labeled with a °C-
labeled NBSCl reagent at the tryptophan residues. The
two labeled samples are mixed and the mixture is
subjected to-enzymatic digestion by trypsin. The
peptides containing tryptophan residues are separated and
are subjected to mass spectrometry. The peptides
detected as paired peaks that have 6 daltons mass
difference are then subjected to sequence analysis and
the relative quantification of the peptides (Hiroki
Kuyama, Makoto Watanabe, Chikako Toda, Eiji Ando, Koichi
Tanaka, and Osamu Nishimura, Rapid Communications in Mass
Spectrometry 2003, 17, 1642-1650). The separation of the
tryptophan-containing peptides was performed by reversed-

phase chromatography on an ODS column or Sephadex LH-20.
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groups as p electron - containing groups is described
in 2001/ 2002 YMC GENERAL CATALOG HPLC COLUWN & CEL, p

WO @553 Corp. ). DI SCLOSURE OF THE | NVENTI ONe@hji004/019677

of the Invention Accordingly, it is an objective of
the present invention to fing a nmedia that can highly
sel ectively retain proteins or peptides to be

enri ched/ separated, as well as to provide a nmethod for
sel ectively enriching/separating proteins or peptides
usi ng such a nedi a Symmar f _the Invention In the
courseOBftPﬁePFggfué?E ’ Phéegﬁéséﬁ?tiﬁvg Bgrs rhgaYL
di scovered that the described objectives of the

Bresest aPnfeRt FERTEARCHRTACHI BIedTRYPappPy AR§CEAESD 1n

DY 2aPRone e NEEHE  CEE AL PO R oGO B0 el p-52

l.ch/separate proteins or peptides. This discovery
Zgggtggfﬁyéred to the present invention. The invention
thus is based on a principle that proteins or peptides
contaning p electron group - containing amno acid

bg%bﬂ%@%R%apr%Hﬁe&ﬁ%F&¥§bﬁ separated by taking
a th

vantage o ep-p electron interacti ons between the
Bp§Leet beNtneCoRkahRing Media and the proteins or the

peptTaes _
Accordingly, it is an objective of the present

invention to find a media that can highly selectively
retain proteins or peptides to be eﬁriched/separated, as
well as to provide a method for selectively
enriching/separating proteins or peptides using such a

media.

Summary of the Invention

In the course of their studies, the present
inventors have discovered that the described objectives
of the present invention can be achieved by applying the
unique selectivity derived from the mn-m electron
interactions between n electron compounds to
enrich/separate proteins or peptides. This discovery
eventually led to the present invention. The invention
thus is based on a principle that proteins or peptides
contaning m electron group-containing amino acid residues

can be selectively separated by taking advantage of the
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containing an amno acid residue with a p electron
group. The present invention thus conprises the

wo odosoea7ey aspects: (1) A nethod for enri chmeneCT/IP2004/019677

/| separation of a protein or a peptide, conprising
separating a protein or a peptide containing an am no
acid residue with a p electrén - containing group by
using a media with a p electron - contai ning group.

(2) The method according to (1), wherein the am no

acid residue with a p electron - containing group is
trygpebpbhnonesntasact 3pnFheehwedndthecsr diagtrontl) or
(2), wherein the p electron - containing group of the
resraindnghegsiagrsdp theaPraAtRERROATT 61 e REPERRES

/ separation of a protein or a peptide, conprising
separabing anpppfLarnasidarpgeptigeVésht & /i RGSERTARI AEOUP-
acid residue with a el ectron - contai, ni ng di_fying,
ar oup, TRRi BREFEnfrodRYREA LGP ARESpCERBELFER the Following
cont ai ni ng conpound, by using a nedia with a p

8PBECFSA - containing group. (5) The method accor ding

L BT BB e Rl 0, SEL L ETL AU LAV BLOR B ot
B P38 S g SHERE PR SOl 3.2,
peptide containing an amino acid residue with a =
electron~-containing group by using a media with a =
electron-containing group.

(2) The method according to (1), wherein the amino
acid residue with a m electron-containing group is
tryptophan residue.

(3) The method according to (1) or (2), wherein the
1 electron-containing group of the media is phenyl group.

(4) A method for enrichment/separation of a protein
or a peptide, comprising separating a protein or a
peptide containing an amino acid residue with a =
electron-containing modifying group, which is modified
with a m electron-containing compound, by using a media
with a m® electron-containing group.

(5) The method according to (4), wherein the amino
acid residue is tryptophan residue.

(6) The method according to (4) or (5), wherein the

n electron-containing compound is a sulfenyl compound
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(7) The nmethod according to (6), wherein the sulfenyl
conpound is 2- nitrobenzene sul fenyl chloride. (8) The

woredosoeck7atcordi ng to any one of (4) to (7), WheCEIPR004/E677

p electron - containing group of the nedia is phenyl
group. (9) A nethod for enr|§hnent/separat|on of a
peptide, conprising the step fragnenting a
protein or a peptide containing an am no acid residue
with a p electron - containing group, to obtain a
fragment ed_sanpl e sol uti on which contains a peptide
hpggnent E6REAILAPAg the anino acid residue with the p

I d d f
Vem-h?ﬁ; nd 7y zﬁég%%%ﬁ'oﬁgeghﬁiﬁﬁ%%gt&2‘§St' r%i%”?ﬁﬁg
t
arecerd Coukhl A R T T
t h d d
cl ot OR) cOREaTRE RSO Pos R PR gH ErepEobleoty dheir 17
t (1 had .
st R
éﬁ ? |fy|ng a protein or a peptide with a p
ec roﬁcon ai ni ng conpound to obtain a sanple

sol utign Whh%%h%%h%%&n%n§lQﬁﬂk%kvs%%a%a&ggh'%% a peptide,

contal nil ng an am no
comprising the steps of:

fragmenting a protein or a peptide containing an
amino acid residue with a m electron-containing group, to
obtain a fragmented sample solution which contains a
peptide fragment containing the amino acid residue with
the ©m electron-containing group and a peptide fragment
with no ©m electron-containing group; and

exposing the fragmented sample solution to a media
with a m electron-containing group, to separate the
peptide fragment containing the amino acid residue with
the ® electron-containing group from the peptide fragment

with no m electron-containing group.

(10) A method for enrichment/separation of a
peptide, comprising the steps of:

modifying a protein or a peptide with a m electron-
containing compound to obtain a sample solution which

contains a protein or a peptide containing an amino acid

residue with a © electron-containing modifying group:;
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residue wwth a p el ectron-containing nodifying group;
fragnmenting the protein or the peptide containing the

wamosoedaes d residue with the p electron - contedmimreg04/019677

nodi fyi ng group, to obtain a fragnented sanpl e
sol ution which contains a peptide fragnent containing
the amino acid residue with the p electron -
contai ning group and a peptide fragment with no p
el ectron groups/ and exposing the fragnented sanpl e
solution to a nedia wth a p electron - containing,
gr oup, Ft898ERALREe thRe PpRHEIL Be OF r §ReREPESARACRNNG IDASY
amno acid residue with the p electron - containing
§PSUPMELREMAERE pEFLIYE Mi&GmERE Wi EASREIPRerLOBLtRIAING
taini . B l,oyi di_a that hi gh
SOPR RS RRSTERA 2L op TR alersch hera a e
be . i ched/ ted, th t 1t i, Kk it
B8R LrE ES By FoRFoSiarat 2 oiEh spPORSEIE 10 paft e
in.g highhg seygﬁtiﬁe manper, The ne%hod,of t he
BFéSent>tAVENIT6R EhSbIte§ RGFECBF FERFAVB IR 94088, 4PE 2
| ysi f [ bi_ol ogi cal les,
PREEG8FnG aE i HAtPoRCof FLPAEFUE HRRHBFFI GREI on and
, . ote : '
Sequengggﬁgggﬁgfﬁe%rgg%h@sa QEmE{‘LQ §bM%h Bn Lg gemedia

bi ol ogrc es usIng a nmass spectroneter.

“SCRI PTI E  NGSE sh |-
REeEpacl o “Ehaspl S AP Tae P5ORRT | ChnSaP-oF Speptiide
bEeperBAt $ra8REALNERYtaining the amino acid residue with

the ® electron-containing group from the peptide fragment

with no ©m electron-containing group.

By employing a media that has a high ability to
selectively retain proteins or peptides to be
enriched/separated, the present invention makes it
possible to enrich/separate such proteins or peptides in
a highly selective manner. The method of the present
invention enables more effective and accurate proteome
analysis of various biological samples, including
determination of relative quantification and sequence
analysis of peptides or proteins in biological samples

using a mass spectrometer.

BRIEF DESCRIPTION OF THE DRAWINGS
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| abel ed tryptophan residues. Fig. 2 shows MALDI - TOF MS
spectra for the first fraction to the sixth fraction

wobkoosied7ee wash fractions collected i n Exanpl epcimior20@4/019677

washing with a wash buffer. Fig. 3 shows MALDI - TOF MS
spectra for the seventh fraction to the twelfth
fraction of twelve wash fractions collected in Exanple
during washing with the wash buffer. Fig. 4 shows (a)
MALDI - TOF spectra for the first fraction to the
fifth fraction eluted in with an el ute buffir

ang (b?lgnbénFBPﬁﬁdavM%RPBFTg eMéfsPﬁEtﬁHWrQE p&arpLe
t S FOR RRY
%%wé%?F%Ne?ﬁécb Pe8E 0% hobhifonreaeerse Gontainthg! =
t t t h f
iﬁﬁsiﬁ%‘ﬁgr@%@pb?nh?gﬁé RES o oent] dos that t akes
o BY5, 05 58P EAERECLbE b LBEACLORs oSk Ee RN e

el ectr crd res dues®in pr o S

?%BEE?SE E8 Qﬁg?@&%ﬁﬂegé§89ﬁgﬂt§? %Q@l@eehgghrgQactlfns

as the stationar

£B$18@£gaaaagEgaméleAasgaﬂ agﬁlhgtweEﬁssnuash puffer.

nventi on S or pep es contal ni ng am no acl

reS'dU§§?wﬂ§hsﬂo@geﬁgﬁea -ToPOEaLBLAY Y QUPS t6@N sBenth

enri chedfseparated in aselective manner. Wile the p
gLeetiBA toCeRkakRbAgLAr e¥RStIb] Bgtthbﬁwee%asarqqaaaaons

hydr ocarbon groups are

collected in Example during washing with the wash buffer.
Fig. 4 shows (a) MALDI-TOF spectra for the first

fraction to the fifth fraction eluted in Example with an

elute buffer, and (b) an enlarged view of one of the

paired peaks indicated by arrows in (a).

MODES FOR CARRYING OUT THE INVENTION

The present invention concerns a
enrichment/separation technique for use in chromatography
of proteins or peptides that takes advantage of the =n-m
electron interactions between m electron groups of amino
acid residues in proteins or peptides to be
enriched/separated and m electron groups of a media to
serve as the stationary phase of the chromatography.

According to the present invention, proteins or
peptides containing amino acid residues with n electron-

containing groups can be enriched/separated in a
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preferred. According to the present invention, the
amno acid residue with p electron - containing group

w0 s00emzes al |y preferably tryptophan residue. BITErR004/019677

tryptophan is one of the |east abundant am no acid
residues in proteins, the mass spectra obtained by the
nmet hod of the present i nventin are sinple and easy to
interpret. In the present invention, the am no acid
residue with the p electron - containing group may be

an am no acid residue of a protein or a peptide which
iselgad wuftanngith f Wed 1§ thea tpedeesreon codfpaiitg BreUpPSs

p el ectraon conpound for nodi fying am no aci d residues
i@%r%%r%ﬂ%%'sm?%l%mr%%ﬂlfw Tpound

R R Ol I T
A (T SO 1. B e TG B D S5
S R Y AR e Tl e ol ¢
P, Y S S L R AR )
nrrhie i AT TR S P R o urfed oy ene
S R aane T Ey | oT T e Howt B Lhe 11 TH
sit{etdpwl  formula (1) is

In the present invention, the amino acid residue
with the m electron-containing group may be an amino acid
residue of a protein or a peptide which is previously
modified with a m electron compound. The © electron
compound for modifying amino acid residues is preferably
a sulfenyl compound. A sulfenyl compound can selectively
modify tryptophan residues, preferred amino acid residues
of the present invention. While the sulfenyl compound
may be any sulfenyl compound that is represented by the
general formula R-S-X (where R represents an organic
group, and X represents a leaving group), it is preferred
that the organic group R be an aromatic hydrocarbon group.
Examples of the sulfenyl compound include Z2-nitrobenzene
sulfenyl chloride, 4-nitrobenzene sulfenyl chloride, 2,4-

benzene sulfenyl chloride, and 2-nitro-4-carboxybenzene

sulfenyl chloride. Of these, 2-nitrobenzene sulfenyl
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particularly preferred: (D On the other hand, the
nmedi a for separating the above -described protein or

w@esie2cont ai ni ng the am no acid resi dues w PAT/pP2004/019677

el ectron groups has a p electron - containing group.
Wiile the p electron - containing group of the nedia
is not limted, aromatic hyd@ocarbon groups, such as
phenyl group, are preferred. The use of such a nedia
all ows the separation that takes advantage not onIy of
the hydrophobic interaction but also of the p-
ehéerros ﬁﬁP@Pa€W'éﬁeaﬁ@ll§wﬂﬁGsS§F§F§PFé& fRé@Hﬁ&ld&
to the present invention, the nedia is exposed to the
RB&VECUlaadyr PEEFSFESCei n or peptide with p- el ectron
groups . Specifically, a YMC - PackPh colum (YMC
Corp.) packed with the mediggw th phenyl groups to
serve as the solid phase be used. The present

i nvention can be used in dastive anal ysis of
protein for various biol¢ 4] sanpl es, including
deternmination of relativegguantification and sequence
anal ysis of peptides or proteins using a
massspectroneter. In one e&ﬁnple, two | abeling
reagents, a stable isotope | abel ed form and an

non-1| abel ed form of the above-descri bed sul fenyl

COWOUBQ tﬁ € JRiLeRakedy T% ﬁ(%'d%% ob Diseagih¢dhg the

sanpl e g., normal céll
above—descrlbed protein or peptide containing the amino

acid residues with ® electron groups has a m electron-

containing group. While the m electron-containing group
of the media is not limited, aromatic hydrocarbon groups,
such as phenyl group, are preferréd. The use of such a
media allows the separation that takes advantage not only
of the hydrophobic interaction but also of the mn-n
electron interaction and is thus preferred. According to
the present invention, the media is exposed to the above-
described protein or peptide with m-electron groups.
Specifically, a YMC-PackPh column (YMC Corp.) packed with
the media with phenyl groups to serve as the solid phase
may be used.

The present invention can be used in the exhaustive
analysis of protein for various bioclogical samples,
including determination of relative quantification and

sequence analysis of peptides or proteins using a mass
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cancer cells) are separately prepared. One of the
sanples is then perfornmed tryptophan - |abeling

woemabeees with the stable isotope - | abel ed feeTIRb04/019677

t he above sul fenyl conpound, and the other is
perfornmed tryptophan - |abeling treatnent with the non
- labeled formof the sane c&ﬁpound. The | abel ed
sanples are nmxed with each other and the m xture is
subjected to fragnentation. This results in a mxture

N B R ST il
st (LS e opar sl (om L1 RO 1o o
TP o BV S A .
B Oh SaT R Tl (o Tl E &g
AR DD SR AL N S B AR
e T agrant Lear i ot P e s Do B et
sePal ated dahel £di peptihde; o & NSoiMoo £ YPRS Shove

| abel ed peptides: one 1 abeled wth the stable isotope

-sd Bhal Lo cimon angh g henothede + abel g w1 fhe d her F9Fophan-

| abel ed conpound. The two peptides are detected in
NMegSe SRS H ARt ion Sy Pat ek pesks1 dbalehaper® ol teaSsame

lzii;ound. The labeled samples are mixed with each other
and the mixture is subjected to fragmentation. This
results in a mixture containing labeled peptide fragments
along with non-labeled peptide fragments.

Subsequently, the labeled peptide fragments are
separated from the peptide fragment mixture, and this is
where the present invention is preferably applied.
Specifically, Using a media with for example phenyl
groups, the labeled peptide fragments in the peptide
fragment mixture are allowed to selectively adsorb onto
the media, the other non-labeled peptide fragments are
washed off, and the adsorbed labeled peptide fragments
are subsequently eluted. In this manner, the labeled
peptide fragments can selectively be separated. The

separated labeled peptide contains two types of labeled

peptides: one labeled with the stable isotope-labeled
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di fference which corresponds to the mass difference
between the two | abeling reagents. The paired peaks

w@b@s/obeEry® an area rati o correspondi ng to the pel/ari0042019677

quantification of the two | abeled peptides. The
detected paired peak allows determ nation of the
relative quantification of t pepti des and sequence
anal ysis. Wen applied to actual biological sanples,
conventional Sephadex -based reversed -phase

chr omat og raph¥htechn|ques often result in a deviation

FAMPRENAe 8B Snoﬁﬁértﬁéb?éE?oU&prFPFt?oﬁrlﬁﬁéled
results. This drawback can be elimnate % t he use of
FREPABRAOd BRe t HEC pP%%%h € eht FoHeCH® h%tlﬂ%asof t he
gresent i nventi on, refoge h ngre practlg t han
BRGERPIGHAY ?écﬁﬁﬁﬁﬁ sP&A§Sehi3BIre8aNEr & SPFECNSY B8R

t
G EREPBRCW T RonPBECaBEBRPOCH KEh PePoFance EECS

I whi_ch h
Eﬁgngﬁszﬁploh%o ﬁﬁﬁlnglg%nggg%sto +hg1é { gd3§$QE% also

€5S "0t her W Se spéc

gggfﬁﬁ 'ﬁf%ﬁ g' & g%gngx&gj{@a% Q)eemgogahv era
I
@Eggh%% aﬁ%ﬁ geehge@wef%gg% ggp%dl\a%r Ja@nﬁgz)?egected

reuse as sanples, (a) Sanp ment 50

gﬁhredmﬁégﬁraﬁﬁbw%eB@€E¥ﬁ§nQE§EﬁeQEGQhe relative

quantification of the peptides and sequence analysis.
When applied to actual biological samples,
conventional Sephadex-based reversed-phase chromatography
techniques often.result in a deviation in the resolution
and the reproducibility of the results. This drawback
can be eliminated by the use of the method of the present
invention. The method of the present invention,
therefore, is more practical than conventional techniques

and enables more effective and accurate protein analysis.

EXAMPLES
The present invention will now be described with
reference to examples, which are not intended to limit
the scope of the invention in any way. Unless otherwise
specified, the quantities indicated by '%' are by weight.
Sera from Crj: Wistar rats and GK/Crj rats (Goto-

Kakizaki) (each derived from Charles River Japan) were
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wi th al bum n/ gl obulin renoving kit (Aurum Serum
Protein Mni Kit, Bio -Rad) . Proteins were

w@asnsd7at ed by BCA net hod and a sanpl e sol ut i POT/IERB04/019677

prepared containing 100 ng of total proteins. 15 m of
this sanple solution was added to an aqueous sol ution
containing 0.1% SDS and 5nM EDTA, and the m xture was
boiled in boiled water for 5 mn. , followed by
cooling in an ice bath. Meanwhile, a NBSC reagent (2-
nitro [ 12C6] benzene sul fenyl chloride, referred to as
psed) RBSEPMPhESei nafter) was prepared. 35 m acetic
acid _solution dissolved 0.17 ng of (12C)NBSC reagent
tRer SPRPHEs tERERT§8ded to the pretréateé sanpl e )

sol uti on obtained above, and the m xture was incub%%%

in a daPkipl a€edatTiooBERPeFatuPrErBlelafi GRETTA

R e i R Nk At od et
PG D Eer BBRaedn ARy AEke' QiYL pda bl mca
HEER AUANY Lated Y .%%u%gg;%grgqagp gtrgpgg%g' ARy 100

Was prepared contal ning roteins 15

RhcbR RopaTnLgoaRiuld on, Hag; adichnl 0 2aflold 80UEOHSn was

Ol utl Qn CO!’]t al ni ng : and the m xture
@@ﬁ@ﬁ'kgdahnaaﬁgg%%a?%ﬁ%Ei%ﬂrc%n@bﬁnin@obLQWﬁ@E@Vand 5mM

cooling in an’i
EDTA, and the mixture was boiled in boiled water for 5
min., followed by cooling in an ice bath.

Meanwhile, a NBSCl reagent (2-nitro['?C¢]lbenzene
sulfenyl chloride, referred to as ('?C)NBSCL,
hereinafter) was prepared. 35 pul acetic acid solution
dissolved 0.17 mg of (*?C)NBSCl reagent therein was then
added to the pretreated sample solution obtained above,
and the mixture was incubate in a dark place at room
temperature over night. This gave a 2c-1abeled form of
Crj: Wistar rat serum.

50 pl of serum derived from a GK/Crj (Goto-
Kakizaki) rat was pretreated with albumin/globulin
removing kit (Aurum Serum Protein Mini Kit, Bio-Rad) .
Proteins were quantitated by BCA method and a sample
solution was prepared containing 100 ug of total proteins.
15 pul of this sample solution was added to a 0.1% aqueous

SDS solution containing 5 mM EDTA, and the mixture was



10

15

20

25

Meanwhi l e, a 13C stable isotope - |abeled formof the
above (12C)NBSC reagent (2-nitro[ 13C6] benzene

waeoseerrks chl oride, referred to as (13C) NBSC , PCT/JP2004/019677

herei nafter) was prepared. 35 ml acetic acid solution

di ssolved 0.17 ng of (12C)N f,gl reagent therein was

then added to the pretreated-sanple solution obtained
above, and the m xture was incubated in a dark place

at roomtenperature over night. This gave a (13C)-

| abel ed formaof GK Crj (CGoto-Kakizaki) rat serum _The
Pﬂélﬁéibépe@%reﬁs Wtaﬁ'l‘?éf (ﬁ?tral n&d Awer éoﬂﬂ Losgs HYmgoeldng in

anpl e m xture, which was then desalted w th Sephadex
EPI— 126 Ppﬁgrnam a) and was dried up in a centrifugal
evapor at or

he
aqueoug §8IWG-£38:'1 &f g%:l Sﬁ%ﬁs%gl eso‘g%urlfﬁ%eﬁﬂﬂ%g{rf‘ gjn%)the
e A S el e sl e T o e
| f TCE
e et Ll gl
S tly, , 50
gaﬁaeirsﬁ of SPoltbat e aht a6 usSARREIAna: EREL AR dr e 1
§8° RO B T B 00 R e

qUeQ %%%Iug 1 1M1 R001A 419 dMLBRS adéjtﬁéﬂ4
ey B I

I SSO
mixture was incubated in a dark place at room temperature

over night. This gave a (*3c)-labeled form of GK: Crj
(Goto-Kakizaki) rat serum.

The two labeled forms thus obtained were mixed to
make a sample mixture, which was then desalted with
Sephadex LH-20 (Pharmacia) and was dried up in a
centrifugal evaporator.

To the dried sample mixture, 44 pl of an aqueous
solution of 0.01% SDS /50 mM Tris HCl (pH 8.6) was added
to dissolve the sample mixture. This was followed by
addition of 4 pul of a 4 mM aqueous solution of TCEP
(Tris (2-carboxyethyl)phosphine hydrochloride) and the
solution was incubated at 37°C for 30 minutes.

Subsequently, 1 pl of a 500 mM aqueous solution of

iodoacetamide was added and the mixture was incubated in
a dark place at room temperature for 45 minutes.

To the sample mixture, 450 pl of an aqueous
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2 mg of trypsin therein was added and the m xture was
i ncubated at 37C for 16 hours to carry out enzymatic

waole@emssi7es. Using desalting tips (Zi pTip Cl8, PCT/JP2004/019677

MIlipore) , the treated sanple m xture was desal ted
and was then subjected to MALDI - TOF MS anal ysis. The
resulting spectrumis shown th Fig 1 entitled "Before
the enrichnment of peptide fragnents containing |abel ed
tryptophan residues”. In Fig. 1, horizontal axis
represents the nass/cha;ge rati o and vertical axis

sephssent 9ft ReMMnEaRdet §o O f MY WBr# § aliren{PHoAs8) (B}ssolved
Enrichment of peptides containing |abel ed tryptophan
YMEg- oPatkYPRipatkiengimatasi aﬁdegwenéoﬁbe) Mgt UZIS 9iRéd

to swell in an_aqueous_solution of 50 nM _
Krzpbatersel RECH Eopgl B/ 28ubT et fi GRELY TRBL sRBEYBATYRIC

- PACK ph slurry gel was packed to a volune of Im.
FhEe8&ABRe nixture obtained in the procedure (a),

o1 LT ELE8 HBedstal LLbHOTh BXRROERhOr B e , cne
FOLMLEn 2D LEEOYGUCUARG] 501020 T
T X SN R SR L Ll
%%EE@Q%m Eges%b%w &%t%ig 1 entitled “Before the
enrichment of peptide fragments containing labeled
tryptophan residues”. In Fig. 1, horizontal axis
represents the mass/charge ratio and vertical axis
represents the intensity of the fragment ions.

(b) Enrichment of peptides containing labe;ed tryptophan

YMC-Pack Ph packing material (YMC Corp.) was
allowed to swell in an aqueous solution of 50 mM
KH,PO,/CH3CN/MeOH = 68/6/26 overnight. The swollen YMC-
PACK ph slurry gel was packed to a volume of 1lml.

The sample mixture obtained in the procedure (a),
after dried up in centrifugal evaporator, was redissolved
in 100 pl of a wash buffer (aqueous solution of 50 mM
KH,PO,/CH3CN/MeOH = 68/6/26). The resulting sample
solution was applied to the column (phenyl column)
prepared in the procedure (b) above. The wash buffer was
used as the mobile phase. Using a syringe, the flow rate

was adjusted to 6 droplets/min (1 droplet = approx. 25
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was adjusted to 6 droplets/mn (1 droplet = approx.
25m ). Each fraction was collected in a volune of 500

workoos/obatoler this condition, a total of 12 frack@DiER004/019677

were collected. In this manner, the fractionation

usi ng the wash buffer as the_pobile phase gave twel ve
fractions (i.e., Wash fractibns (1) to (12)). The

nobi | e phase was then switched to an elute buffer
(aqueous solution of 50 nmM KH2PO4/ CH3CN MeOH =

4/ 18/ 78) and was passed through the colum to elute

HAd .pePartesraohianniag Fabéeeledr ypt BpHasumghet 500 pl.
elution was carried out at a flow rate of 6

gnssirettdif FAidicR e o450 & 125 THACHHNT SUTiF
fraction collected in a volu

Foua st | FhcthofsTaBaER: | REPUAFAGUABRRTAR Loing’ the
FRRDY YRR 6 PO D g O CrITRE i s
O e o @AY AUIGHF i S iddeddl e Zat i onat i on i th the
Cont i THGaRBUaforNERr " 1] G A D e e
?f\% Srglo(:,/agduei Ny &:)ioc;cn %fof5%%nﬁ\ﬂgﬁfzﬁg)4)_gﬁ3CN/MeOH =

ceti c acl solution an soluti on was

%e@@e}@avg&b vﬁa%sglpafég& t&ﬁ%@i AHPEd dimn Md 1d DO¥F &) the

ction sa es thus obtai ned were each
peptides containing labeled tryptophan. The elution was

carried out at a flow rate of 6 droplets/min (1 droplet
approx. 25 pl) with each fraction collected in a volume
of 500 pl. A total of five elute fractions, each
including peptides containing labeled tryptophan, were
collected (Elute fractions (1) to (5)) through the
described elution process with the elute buffer.

Each of the fractions obtained through the
successive fractionation with the wash buffer and the
elute buffer was dried up in a centrifugal evaporator.
This dried sample was redissolved in 100 pl of a 0.1%
aqueous TFA (trifluorcacetic acid) solution and the
solution was desalted with desalting tips (ZipTipuCl8,
Millipore).

The fraction samples thus obtained were each
analyzed with MALDI-TOF MS, and the resulting mass

spectra were shown in Figs. 2 to 4 (entitled "Enrichment
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anal yzed with MALDI -TOF M5, and the resulting nmass
spectra were shown in Figs. 2 to 4 (entitled

w0 Bnsiedteent of peptide fragnments contai ni ng | abet/seb004/019677

trypt ophan residue with phenyl colum"). In each

figure, horizontal axis represents the mass/charge

ratio and vertical axis repr¥sents the intensity of
fragnent ions. O the twelve fractions obtained by the
washing with the wash buffer, the spectra for the

first fraction (Fr. 1) through the sixth fraction (Fr.

6 pwathder dceopastElrontréngh( pbedrd SHyWEOPRam g.

2, and the spectra for the seventh fraction (Fr. 7)
rhsodyk whsht REERYA FPASENSN -(FFD a2§h (JRGHr ey abpraagntal
(7) through (12)) are shown in Fig. 3. Fig. 4- a shows
gKd Sspeprrachss the FResY chezfei sAtdPr ang) Veritdegh e s
fifth fraction (Fr. 5) (Elute fractions (1) through
ESPresBhaSn&Behy NERESELYt Pén TRRORe e 180Gte buffer. In
Fig. 4- a, arrows indicate pair s for pepti
fragneﬁfstESnFHFﬁVﬁgfHBgéFO SISEEFE E Qﬁtaﬁﬁa as%ﬁgg ,
of the pairs. i pande andl

Shbtn crR Kegn puf fRRy | Bpntpayt fféa%grhgﬁl  Sretodeadiion

S R R i
IR | oL Ao Sl 1 A e
g%%ctra for the seventh fraction (Fr. 7) through the
twelfth fraction (Fr. 12) (Wash fract;ons (7) through
(12)) are shown in Fig. 3.

Fig. 4-a shows the spectra for the first fraction

(Fr. 1) through the fifth fraction (Fr. 5) (Elute
fractions (1) through (5)) obtained by the elution with
the elute buffer. In Fig. 4-a, arrows indicate paired
peaks for peptide fragments containing NBSCl-labeled
tryptophan. One of the pairs is expanded and is shown in
Fig. 4-b. As shown in Fig. 4-b, the paired peaks has 6
daltons mass difference which corresponds to the mass
difference between the peptide fragment containing
(*’C)NBSCl-labeled tryptophan and the same peptide
fragment containing (}3C)NBSCl-labeled tryptophan. The
paired peaks also have an area ratio of 1:2, which
corresponds to the mixed ratio of the labeled and non-

labeled peptides. These paired peaks are detected only
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pai red peaks al so have an area ratio of 1:2, which
corresponds to the mxed ratio of the | abel ed and non

WO 200abed7edd pepti des. These paired peaks are dep@Dimdo4/019677

onlyin Elute fractions (1) through (5). These figures
indicate that the desired peggide fragnents contai ni ng
| abel ed trypt ophan residues n be eluted to the Elute
fraction in a selective manner by using the nmethod of
the present invention. In the Exanple described above,
t he_pepti de containin% | abel ed tryptophan i s prepared
a8 EREtEr & ionsSpdpti §&TOFHMai (Wi'ng ami no aci d
residue, wth _p electron. .- containing nodifying group,
by modTPSPRg ERAE TS BRCHCEE oD Pob RS RESHEE CoRpIT 1 de
hl ori de; separated by using the nedia with phen
PBARCRES, FET)odrager GRS Lebn - VRINE "GP 5 LANE Risad be
for Ss _spect try _anal.ysis. The present invention
ROVETE Lo ERoE T 880G Oha "aBove 1o Chader MBEger DY
RERHEAERCOHE cTRY he apRl Led g any brotein and peptide
contdi ning p electron - Ebntalnlng grouap or p electron
- containing nodi fying group. Al so, the present
invention is not limted to the above -descri bed

nedi a, tut ey e tsedoany Bl apWvbh el sebton.

cont ai ni ng group. erefore, the anple is

bBheBdAdnG50 1880BLY cilbisbhahl 93 3idoahad dsNehdrotein
construed’in any way as limting the scope of the
bPveBbt9Be LBAtLAYERY QRino acid residue with m electron-
containing modifying group, by modifying rat serum with
nitrobenzenesulfenyl chloride; separated by using the
media with phenyl group as the m electron-containing
group; and used for mass spectrometry analysis. The
present invention, however, is not limited to the above-
described peptide, but may be applied to any protein and
peptide containing m electron-containing group or =
electron-containing modifying group. Also, the present
invention is not limited to the above-described media,
but may be used any media with @ electron-containing
group. Therefore, the described Example is intended to
be only illustration and 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 included within the spirit and the

scope of the invention as defined by the appended claims.
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claims. CLAIM5 1. A nethod for enrichnent/separation of
a protein or a peptide, conprhglng separating a
protein or a peptide containing an am no acid residue
with a p electron - containing group by using a nedia
with a p electron - containing group. 2 . The method
according to claim1, mhere Egﬁ am no acid residue
wth a p electron - contalnlng oup is tryptophan
residue. 3 . The nmethod according to claim1, wherein
the p electron - containing group of the nedia is

pheny| 810Up- xmefngBt A LA ERELADTERLSE0IA 90 of

a protein or a peptide, conprising s

pPpebekln0bra aPeRbidgeCoRLA Qﬁngén %g%@%tﬁ%yd reaﬁ>%ﬁn or

with a p electron - contal ning

I ﬂ@gt&u&dCWhEElﬁngegﬁC%hqgo cRaiain d?gﬂd

usi ng a nmedia with a | ectron - conta n|

Teeetetbadcaaean di Ag b?oﬁbabg;igae eéehgﬁagew n%da T

acid residue is tryptophan r
aetectirng-tonchahimg, gwbapei n the p electron -
cont ai ni ng conpound is a sul fenyl conpound

2. The method according to claim 1, wherein the
amino acid residue with a = electron-containing group is
tryptophan residue.

3. The method according to claim 1, wherein the
n electron-containing group of the media is phenyl group.

4. A method for enrichment/separation of a
protein or a peptide, comprising separating a protein or
a peptide containing an amino acid residue with am
electron-containing modifying group, which is modified
with a =« electron-containing compound, by using a media
with a =n electron-containing group.

5. The method according to claim 4, wherein the
amino acid residue is tryptophan residue.

6. The method according to claim 4, wherein the
n electron-containing compound is a sulfenyl compound
having m electrons.

7. The method according to claim 6, wherein the

sulfenyl compound is 2-nitrobenzene sulfenyl chloride.
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having p electrons. 7. The nethod according to claim
6, wherein the sulfenyl conpound is 2-nitrobenzene

waeoseerrks chl ori de. 8. The net hod accordi ng t o edEITZ0EH/019677

wherein the p electron - containing group of the nedia
I's phenyl group. 9. A nmethod for enrichnment

/ separation of a peptide, cohPrising the steps of:
fragnenting a protein or a peptide containing an am no
acid residue with a p electron - containing group, to
obtain a fragnmented sanpl e solution which contains a
pepti d8-f r aghBAt Me6hPdi AFAgreéhagafPnelaéind 4revhgyein the
with the p el ectron-containing group and a peptide

fir agReREOWNCRNEe ipiagestron ofctheamsidng gromxerand group.
exposi ng the_fragnmented sanpl e solution to a nedi a

with a’p eIe@tWG%thcSﬁFaFﬁFhﬁhG?BE6?epér§§ﬁ8Pa9§ £he

epti.de fragnment .contai ning the am no acid residue
%Fgﬁ @ ﬁogpé&§98ﬁ r €oﬁF%Pﬁiﬁ§‘group fromthe
eptide fra nt wth n el ectron - .containing.
Srg?pd%fﬁgm%\gﬁéf‘ﬁoé fehspgstﬁm 8ﬁnfé‘nPF§’§§§FaFP8ﬁad$‘lt£g_ an
eptide, .conpri,sing t steps_of; nodifying a protein
BP ROt F0E S oH R v L 8ci'r GRS T EBRTSPRITAG O EdRYP, tO

ai_n Le solution _which contains a pratein
EBr2RAN <3 AHIREE O LHb " MILEN RORHALES B B

SES%&@%”fk%%%%ﬂknkgthEQEB%i@geggﬁﬂ%b acid residue with

the ©® electron-containing group and a peptide fragment
with no m electron-containing group; and

exposing the fragmented sample solution to a media
with a m electron-containing group, to separate the
peptide fragment containing the amino acid residue with
the © electron-containing group from the peptide fragment

with no m electron-containing group.

10. A method for enrichment/separation of a
peptide, comprising the steps of:

modifying a protein or a peptide with a m electron-
containing compound to obtain a sample solution which
contains a protein or a peptide containing an amino acid
residue with a n electron-containing modifying group:;

fragmenting the protein or the peptide containing
the amino acid residue with the m electron-containing
modifying group, to obtain a fragmented sample solution

which contains a peptide fragment containing the amino



fragmenting the protein or the peptide containing the

amno acid residue with the p electron - contai ning
woashyi7ey group, to obtain a fragmented sanpl BCT/JP2004/019677

sol ution which contains a peptide fragnent containing

the am noacid residue with the p electron - containing

group and a peptide fragnmentZ2@ith no p el ectron

groups; and exposing the fragnented sanple solution to

a nedia with a p electron - containing group, to

separate the peptide fragnent containing the am no

aciidl resiidue wiitth tthe g ellectrom—coorttadiniingg ggroagp and a

fromthe peptide fragnent with no p electron -

pemtdids dgagmemy. with no n electron groups; and

exposing the fragmented sample solution to a media
with a ©® electron-containing group, to separate the
peptide fragment containing the amino acid residue with
the n electron-containing group from the peptide fragment

with no n electron-containing group.



