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20 LR, BEEDNAYIRIES I 03R A B JUS M XS R AT, 78R
THFEPEN, NREERRADNAN G TR ERANE O ROTR, A
EGREMANEZERE. 0FRFH, EARERA WL (Human Genomic Projectyif 51
RERDRERAZMER L, Hix EBRSET —EEKKTF EHAARATRAR
HIA R B HESIR KB ER—RARAY (Proteomics), ‘B ELEBRA (Protcome)
AR S EOREAF (proteomics) DN MRERAFHANERGIR, HEEH
MEBmEXHEE%.

BEHRAXMRTETHRELE: B HREEMNEEREK (2-DE) 48HR.
BN SR BREANARFEFE AR — S LU AR R, i RsAER,
SEREDSTEENRRNED. RENES. RKEBUEEREREORHR
hugE, WAHBELERNR L, BIMERER, HXEBRHHEAR LIRS,
A, B3, A3EFRSNAMEHAEERBATKERRE, FRATEARK
HEHANE _FHARE. KERENZEZRAESERA, REEEENIHEN
RRA LRI E S B RER T E. AR ER, REASE-ROFAHERLNL
BHELER, BN _HRGNEFERS - REFEARR, HHESTREREMNS
. EEENTILVES, CEHIT —SHEIARRBEERZRE, Jorgenson (L H4EARE-
BLIXBIAR) , Yates (Shot-gun HiAR) , Aebersold (ICATER) TR EFHEE A MAEH
TERBRFETF T — M RFRRE.

Bl SARA¥HEHRXAEE/FEEORERREEREORERKEEERR
TR PR LA e B 9 U S B 1] R . Shot-gun g AR Bbottom-up B R 2} B Z B B AR
FREBETEER, — M RARBESS MR, XBHUERARBEROERZRAENE
7, MMREAERSEEDSRENABERREL S, TRNTFREERS RN,
B & O R AR B Rl SRR T e B R B AHIE B . ICATEORTE B F1 R AR
ERBAHRET EXEA, RNCHEREERAMNRREMMNERTE. Fk, HEHK
FREEEACFREORAENARAE LFEEFZAL, FRXREBHITNED
FAFFAPFENRNEFRIAEN, BURRZECERATELITUREEER
FHERURTERA RN BEEURERSFHN,

FRXESTE. TEARHENT:
BB TEAAAYNIRERBULASEAESHAXEREZEARES T
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MNASER. MET _E/LEIEFTEOEBEE, YT HWESRA¥HRER
KEREARBS SR L. FARTERCEBHMMENL, FEETUAMHESE
BHEEHNEREIREREEOKFLHLE, EREFEEORLULNREEZERAA
EEARN AN EGRAOE L EEFHE.

“HURFARER R ST FRNERFENHWARTREFERA TS, £
EHRT MRS B, PRI FIRXUR B Rk 2 B R TR AR
TE=ZMARFETRRAEORAIFAERE, BELRER T EFFRPRRFR
TREMAEEREMENSR LERARE, FANEERTERARAFHHRT IR
4 B BR R R Ay R N R R B AR M R B A R A AN R B 2R B R U
%, CLBRES BT RETETENERRAEESR, NEETET FER.

F=EHARARAEARY T RAERBBATEEA ALK R (RPLC2-DE) K
ZHNEEL. 2DEGARKEERNESESETER, HEERNEBRKEZRTE
FEEARIG—MEERE, FHif 2-DE AN TRAMEL AN HRIEETR
1. RPLC R hE BB B, X EASRKSERRE NS, ER
HEREALPE R I8, RPLC &5 2-DE 19> BHIEIER, PIMBORERE M RTER AR
EERBRBNIHER. ZETEUARKNTIBAAEAMANRELT LRHEH
BT EREMSF. FAERY, BARFMREE RPLC BIEZE, FROEARKEE
WHEBAFRIBE S, RANRE T 2MEGPHRESHE 2-DE LR ERENIHE, X
— RIERREHE LD AR KRB IR, R, SKBUEY RPLC HEEBRAHRE
HIERME, BT IR R RHT TSR, DS ReMERTEANL
BB HEK. Eit, ¥ RPLC AT EFBAT 2-DE AT FRRTRS B LIRR
HAMTE 2-DE B ERERSHE. REERBLCEEDEANHREREEHFRF
BEINA.

BENEEERASERAGENTEESSEAERIBNTREBREDRRPRR
FEEA. POBHRRAR: AFAZEAREANEARGETARTE, EXER
ASBMERL, BEEREEQREBRBEERMREZ TR, ZEFRABEEW
BRERCRE. REBRERERLDT:

KT RNE TSRO RHRRBHEE (SCURPLC) 2B RS, NEAASE
FBHAT R . RS R M RS E AR SCX il FXEB TR, B3 62
MEG, BMEGH - SERERN RPLC BHTH S0 &, BMORdREmEs
FEENEANALERTEN, ERENTEIRTHFRERURRERANSFER
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HEMBE, RAPREENROETEIF. REVER, RAETHENE RHEEE
(cRPLC) #IT4E, ZEH#HTHRIEEE, 62 MEGSRIWmEME. £REH, —KE
RABTUEER 77 MEEEERE, AREAEMN 34.5%, SA&TEREEEEANE
METHE, EEBEANBERRT 2336/B2%.

FEHERMLE, BIE—SRATRBERIFREFEHER. KB SCX TBZEH 62
Mareid RPLC #—E 0BG, BIBIASAETREEREAMERES HFRIER
—ig, HAMBRZETHEEZN RSB R%, B shot-gun BRI MM Z/E RIKBHT
SHrEE. AUEHTRBENHEANFGHETT 2 8 MREEEAREER,
FEFE W 1213 MEAMK.

B2, BERENREFOREMMERY, BAAFREORESBAREEEY
BHYEHTEEFEEARET —MFRTRAER. F5, BdSEMTEESENT
EEBRREEEOR, HNERERANARRANNTER, CREAGENE. REHE.
TR B 7 A A R3S

BHERETLHEMMHEAIEHN Top-down BAKLZ, B) SCX/cRPLC/HE I K fi#
/MALDI-TOF-TOF 4 B % Sg R 4. KA SCX/cRPLC A B R4, LA TEREEAKFE L
MFHESE, 2LEREXBOFHFEE IBBREANERAREARTEEREEEER
Mg aEE, NTERTEAADE. BRIIEEXHE—TEH Top-down B4k, A
FHSZEERE SCX 482G, B3 62 Mity, S MER4SEFEAEMAERME
cRPLC #HTHE A, cRPLC EARE_HAFRIEMAMRERNIER, HEERRER
BT 8, FIA B3 ARAES cRPLC FIPEIR R B B WL SRR MALDI $E4R L,
AESRN 30 B, Sl 8 S 5B MALDI-TOF-TOF %€ . BMR%EX+
HAREA#T TSR, £EEH 3313/ —&H.

5B KA shot-gun BIAMEL, RIVEBHS EBAACER Top-down BoRBERE
BERA M EEOR, ARELNABEIENRAEFEATEORNFR. 5 2-DE Mk
R AN A 3R HR .

EHERE, BIGE—PRBIZEEOSFBERS, BI SEC/SCX/RPLC RE, WA
BEABTENEENIE, FAZIT AR EQEHTH—LE, H—PitE
HEAKSE, EMNAEAAOEERMETRS . B#E. 37 MALDI-TOF-TOF
JsE iy, AR EAEARNBTEERNERMNEN. XLABRLZCLUTTAR
BBER, B3 —EMPRER, VEARHAZPHNERNERET —IMATHENE
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B2, RS XELEEARA%ENHARS, LRACEBAGNEM, RET S
ARHSBERSE, USBRARKENEIER, BT RAACETS B &
ek ERE: FUTETLEARIENEMNREERARERRLE: KRT
L HRWAREER Top-down HARKE, REEXRBRMN AT 2-DE-MS RS, 5
BBRE, MEAHEFHTHEENRIET TR RNERIRR, TELHLERECS
EFEAFREPRAEH, TRT KBHFMHENSRERE.

KA. SREBHEGE, Wagak, BEERAY, Top-down A, TEERELAK



1225880 0X

Abstract

Since 1950’s, scientific interest has been increasingly shifting to molecular biology with
the accomplishment of the gene sequencing of Human Genome Project (HGP). Proteomics has
been the focus due to the role of executor of the life function. Proteomics refers to the analysis
of all the proteins expressed in a cell or tissue. The jnvestigation of functional proteome is of
great significance given that functions of most of genes are still not well understood. Presently
proteomic research focuses on differential proteome analysis of human diseases, which is
designed to find key proteins with potentials to be used as markers for diagnosis or targets for

medication. Proteomics is also becoming the spotlight of analytical chemistry.

2D PAGE is the most universal method for proteomics and posses high resolve power for
proteins. Some problems in 2D PAGE, however, are still difficult to be overcome such as
limited pH range, time-consuming and inefficient sensitivity for ow abundant proteins. The
reality has motivated considerable effort in developing new technique to resolve proteomics as
alternative approach to 2D PAGE.

Liquid chromatography technologies are powerful technology to resolve proteins. But
conventional one dimensional LC systems are incapable of completely resolving all the
components in a complex mixture due to insufficient peak capacity. The development of two-
or multi-dimensional column based separation techniques greatly improve the resolve power
and peak capacity. During the past decade, a lot of analysts contributed to this field, such as
Jorgenson's multi-dimensional separation, Yates' shot-gun technique, Aebersold’s ICAT

technique and so on.
This dissertation is divided into 6 parts.

In the first chapter, advances in 2D and multidimensional separation techniques were
summarized with details. The theory basis of multidimensiona) separation techniques was
introduced and the advantages and shortcomings of existing technical modes were discussed.

The intention and meaning of this dissertation were explained.

In chapter 2, we used rat as animal model to compare the effect of different extraction
conditions on the extracted proteins. The extract methods of tissue sample at acidic, neutral and
basic pH were described and compared by using two-dimensional gel electrophoresis and

reversed-phase liquid chromategraphy. The images on gel and mass spectra showed that the
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different method can enrich proteins at different pH range. Different pH extract methods can be
applied into corresponding liquid chromatography mode with the compatible mobile phase so
that the loss and precipitation could be avoided. The good reproducibility enables the sample

preparation methods to be widely applied in proteomics analysis.

In chapter 3, we describe an approach for fractionating complex protein samples from rat
liver prior to 2-DE using RPLC. The study indicated that RPLC prefractionation can provide
strong enrichment effect which enabled us to visualize additional and less abundance proteins.
Chromatographic enrichment was also demonsirated by the peptide mass fingerprint data,
which gave mass spectra with increased number of detected peptide and improved signal
intensity. The reproducibility of this prefractionation technology allows pooling of several
consecutive runs of the same sample, resulting in a highly enrichment of low abundance
proteins. This technology route has been applied into the study of profiling mode of Chinese
Human Liver Proteomics Project (CHLPP).

In chapter 4, for the first time a comprehensive two-dimensional (2D} liquid-phase
scparation system, coupling strong cation exchange chromatography (SCX) to reversed-phase
high performance liquid chromatography (RPLC), instead of immuno-affinity chromatography,

was developed at the intact protein level for depletion of high abundance proteins from rat liver.

The core idea was to deplete the high abundance proteins before the digestion.

Proteins bound to the SCX phase were eluted off using a consecutive linear salt gradient.
After salt fractionation, 62 fractions were obtained. Every fraction was separated further by
RPLC. Ultraviolet signal was used to detect the separation process. The protein peaks with
signal intensity above 0.1 AU was defined as high abundance proteins, whereas the other was
defined as middle- or low high abundance protein. Then, the effluents contained high
abundance proteins were collected individually and other effluents were pooled together. The
combined middle- or low high abundance proteins were lyophilized, digested and separated by
capillary reversed phase liquid chromatography (cRPLC). Mass spectrometry was used to
analyze the protein. 62 fractions were treated using the same method. The results were that 77
high abundance proteins were depleted in an experimental process and identified proteins

number was increased 2-3 times.

Based on the results, a simplified rapid-speed and high-throughput protocol was put
forward further. Instead of separating every fraction using cRPLC, all effluents containing
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middle- or low abundance protein were combined, enriched, digested and separated by online
shotgun technology. The simplified method was used to analyze Chinese liver sample. 58 high

abundance proteins were depleted and 1213 proteins were identified.

In summery, the system presented a novel idea about the depletion of high abundance
proteins. In contrast with affinity technology, this strategy with the advantages of low-cost and

saving-time has no bias to any proteins and could realize the global proteins analysis.

In chapter 5, for the first time, the 2-D separation platform based on the liquid
chromatography combined with on-probe digestion technique and identification of mass
spectrometry was constructed in intact proteins level for separation and identification of
complex liver tissue proteins. The 2-D liquid chromatographic system was comstructed by
coupling SCX with cRPLC. Proteins were prefractionated by SCX according to charge in the
first dimensional separation. 62 fractions ¢luting from the first dimension were subjected
automatically to cRPLC to separate similarly charged proteins on the basis of their various
hydrophobicities. A novel rapid on-target digestion technique was adopted to couple effectively
the separation technique and mass spectrometry technique. After digestion, the matrix was
deposited on the same spot, respectively. Them, the dried plate was analyzed by mass
spectrometry. This new technology coupled the top-down approach and bottom-up
technologies. The high efficiency of system was demonstrated for analysis of intact proteins

from the soluble lysates of normal human liver. A total of 3313 proteins were identified.

We further developed three-dimensional separation system combined SEC with the
SCX/RPLC mentioned above. This 3D system exhibited the potential of further high resolution
for extremely complicated mixture. The intention of 3D system was to realize the identification
and quantification of proteins, We had explored some relative experiments and made some
effective resuits.

In 2 word, the main contributes of this dissertation is the development of effective
separation system based multi-dimensional system. We aim at exploring and finding out new
technological systems for proteomics, so that more breakthroughs can be obtained at the

qualitative analysis and quantification study.

Keyword: multi-dimensional separation, two-dimensional gel electrophoresis, proteomics,

Top-down, intact protein
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F—E HARAFIRERBEURD%EGHEE MR
AEFEBHRAFPHNASHRE

1. 3|

BEE ANRERATRINZER, EablERROsA T EERANR]. EXEA,
EHFIZNEERANREDREEARZ, BRESHERARANEARATRER2).
REPECHEMDHOEEAHUTF, HEXLERAPBEEST —F U LEENTIRE
RAE. BRiTIREERA PR AR, mEEGH . BEFXFFZHr(Serial
analysis of gene expression, SAGE)%, #HEMMMHmRNANARRE RN, HiTREY
fi FmRNARIAKF R T EARRERKE. EHELHFEZLEWLMNDNAZEAR, £
FE=ANE XA, RI¥s5KF8#E(Transcriptional control), #H# 7K Fif{%(Translational
control), % & 7K “F 8% (Post-translational control). M\mRNAM X8, LR ENERET
BFRKFRE, FAeERREORELKE. LRUEY, ARTnRNAFEEER
HECEBRMRXEIAL, RENTREEREOICRER, HXAHEEPR]. FEENE,
FHEEZAOBEEEHN. BORMEAREMCRES. BEAR—HEARMEERSL
FEEMmRNAZKPRAN . BEERE, BORREBDENITE, BREGIARNE
BERE, XEARSHMINERTT RS Bk 4 A7 S e B 44 T R dEl.
HEARASMFERAR SRS, aBFEEN. BEORAALERUREARNR
FE, T HENEAROARER. BRAEARGTEENZ SRR
RSB T EBRAREATEEREARETZNERS S, AERREEES 5P
WEB N EMEE. BN EANE SR TR N R RSk L SRR R NE
k. XERN(DEGAZHEEAERLZEREZRY, VRPEBZAMEAE. QF1
BEARMSERTARMER, SPTRE, SELBKER. QERITEREDBNES
FRRAR LK. 3080, HAREREBEREAEESER2-4]). BRENEMOE
RESHEEANEANNR, DRAETEERE, 315, NEHKE LY EARETHR.

Bk, 7 g0 hM, BIF LA T — 18 %R—8E 8 R4 ¥ Proteomics),
B UMM NS ESRNFERLEHTRAMANR[S]. TUREQRAFANTR
AREEGHERAFANGERAR RN EER, bEEEFAMREGPEMANE
LAEZ.

& & i (proteome)— 1] £ # K F| W Macquarie K 2 (] Wilkins H Williams 7E 19944E B IR
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", BEALETICHREFE1995F7HAR (Electrophoresis) & E[6-7]. ERE—NEH
EREREARARERED AR, AR, EaRENESBERBIAREAR4A
KFERREMESAR. 199783877 F—XEFEERRAE SN HTH
FHRTHE —BEARAENETE. BOMEFRT XBTHE. BSSRKSEYHED
REE, mHEEFEHTALRERNERREEHARYE, HYEEFREIEARMALIE
EE. Hul, MARE. B#l. HEMEXEZCHSHL T HXRAHHANMRAALF, B
FEERENAT, HREBHTEARAEHR. ERERNE, ARRA BT
BEFAHENANRNER, EETRHTRREN. FERYE. HPNASYHRE
RsR. RS ERH, EEAFAZEIMATR, BaASEFENABRILE
EFEFEES. TUREAN, BAR4¥REMAERARETEEAREESHESTN
HMERRE, ERANENFAN—TERLE LN RE@ESINRE. B1995FEARA
MESrREEIE, BRRRFEENT—FE, RARA¥MAANCLA/RTEYR
HRERE. EEHWRERNAEEREFNEAT, ERRANREOFEENEN. &
HARENEERARTNEBTARSHMMMEERIIMNE, EARELEERIE
MR ET A AT

2 BHRAERILRBIARBE-54)

2.1 EARAEERA

HRA R~ AR EM TR SRR RREEER. A YR ENRR
%, RARNASHNERALSHO0MER, BACHEALZRANGSNERE
BIOAPU E. sk HER, EX—RFENFHRAT—HIRFEE0R. SR~
Y. EREMR, FRGH. FRDENEER~Y4sTFHEERBRX. ENR—4Fm
5, HEARAREEBSENE. FRARLTERE.

BIEEBMDNA (BED H#ZRTRHRBEANRNA, REFEREASHNENED
RAHREER AR, MW —HEHE, TREMNIIR. EE-S>nRNA-ESRE, =fI—
&, MR TBRAREBORER, XEIREERKT LEN. RECSIEY, —PEEHFA
AEE-MHENNEAR, TREALY BELH. AR TEHARRES,
BEAMURETER, &S5IERLHABRRRUEHGASMEBREEX. #H, £
BAEERRE— I RES. Lt SEREIERNER. REFE—1EA
Bk, fERCER EHBITINT. B AR REMERNESR. XNHNES
FUREE —RFIMERRE, HAAGRNELHEEARREEFNERER. 2R
ARTEREZHNEQREANL. BHUERSEMMEdE. mH, X&Ed
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R EERT— AP B A U 2= R B T R BOVLIR BB . IR 2R AR BLR B AR
FUERLITmRNAS FREITY). B RABSFANEIME. X EEETEMN
HEROFEF PR, fARETLEAMNREQRTON. HREE, ERAR
BEERMEXL, MTraettE qREFDIREMIATH. BEA TN ERERNEDT
k2 FEEFIEE. ARREGBEMAEE T REHNEM, BREHIRERE
IWIRE MM FEZ &N TH, HRELANREGESHITE—FORX—ER
M

R AT E A R S EE A AR R, R AR BE, H T E LA RATNFE 4.
— MG RE - HENERA, AZEHENIEARARSAER —TEEH;
RERA N & EEREREARRIENEE NG, R &R R T AR,
R ENFERE, MREFYRFRMBEBIEE . SRR R.
Fitl, RERAR SRS, CEAER—TIERARALAR AR+ AR
ER-FENAREERR, EERBEHETHNESIEDBERKRL: HELETARE
BERETAR; EFFRIAHRETERFIRN. ERIHIRNERREESN, RRT
BERMERNEMES. L E-MEMEEEA, FEEEEDRBEES RN EFR
FEHR, FREIROARAEEFHER.

22 BHRAMANEEEARATER

HAREZENRERAZ T UREREAEINLR, FEABTARERERSH.
AEARNRE IS . ERARHAEART, HTRSE. BEMHOERAREINH
BBk B—EPRS S EHA, DEERANARRAKSBALEOR, Gai
BHERAMB I EKEE, B PREYREEAN S BEHNERRRITEE,
FERAREDE BFERNBEAS IR BIRR B FNERRITAE, HEERUEEAN
PATROE A iEsh i R TRENS A . SR EA TN FR. TEHNENME-TEWEARSA
FEEERBERE.

2.2.1 X FEEERKEAR

Wik Yk (Two-dimensional gel electrophoresis, 2DE) 7£19755 HO'Farrelt LA &
Klose 1 Scheele S AR . 2DE WEAFEE, B HASHEE ETEHEARSHR
REARBTAE, £ MHASDS-BRRABRERKRK, HrTEHNARRTHHE. ¥
MELTHAWMEERXSEE, TUBIS FHFRRANY TEMAFEMGFER, BER
REYPHEORT A YHLEEF, XREUNTETBERTOIHRERS, FRER
ZHHA., IAEEARAFERERARNANMCBSEETHMRENTESE. B9

10



[

r S RY 2 TLF ¥

EFEEZNARMLNEARBLULT: TRIER A RERRRX M TR EIEZ [,
URARFAEREEARELG FTAINEETLEELRE. SHIGHBkHE— AR
PR EpH AR, EMpH B (IPG) ZHEAHAR, HIPG BE&MES L,
MRE ERR T EBRRRFERYNRE. ATREBKNIHE, ERTFEIPG #
A, EEIPG R4&MpH MEHES PE1~15pH 247, it £ % gEpHTEHEMEIPG
RESNEHEENIPG. MAXHER, X TREFEZAR, TUBREIE10,0001MEA
SR . KlosedRi8 T F 389 im 50 25 85 B8 i 77 iR M T B RS Kk BRI 22 R ) < 24 em KHITPG
B4 C2BBRINA, A24cm NEIPG REAFUANEERMHE. B—Fgmn
STHEMFERENFESBTHSA. TURES S TAREHRFIREAROERES
RASFBREDNRIES SR, USRS aRAR TR E. EHER
T R ApBRAL BRI B B — SR BCAR (16%20 cm) AT - 3 ~4T 4, EZ LA RN EAR
PERl, AN RRRBRKEERN T HEERAMTISIEERZ —.

{2 R ) B R Bk AR TR EE T £ AR HEIXR i AR s Pk R st = B+
KR RERNSE, FEEINSE, UARCTESIE.

222 YRR

Y (Bio-Mass Spectrometry) {ERIT20 FRIAH TRMERE. A TRAIE.
R HEHNHRS, FRATEARFIISIRETERENSN, RECLTATFNH
BRAEARAZ P EEERNEARNEEENTR. EYRESAEE T E
FEEARMRAEEER, BEREELEBEE (matrix-assisted laser desorption
ionization, MALDI) FIHEBZ R (Electro-spray ionization, ESI) . MALDI E#E#E
MEET, ERSANEREHETFERHETE, STHNS TE®ANS, MENEE
EHRARERRZS, STAMERLMNKRESY, EERH, BLERAKESEER
EREEEAMAEAREL T ZAMNA; ESI K0 PMBEREPHEE, S4558HEs
BETR (niHeEnEN TR MEKKM (LCESIMS) , E4ERFERNS
ro MEESANBBRAXGRE T REMNAZE, TEEHTBNSERAKHEDT
FENBEARANERRE. STEWRERE. FEENERERRE. 4HE. IRFE
Mg . EWRENREBEHNTREETMH: HFB Gontrap, IT) . KATHH
(time of flight, TOF). PYRAF ( quadrupole, Q) FI{F 32 M35 e & F [l g S 4 (Fourier transform
ion cyclotron resonance. FTICR). EAIMEAFEEE MR, E—MEEa2hKLs
AR U emER, Wl aAAE BRI ERARNE. FTHRERSE
Be, tele, REEEMERS, B ENATERRAFHR, FEZAR

11
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RERERK. BERBERNEHEHAE)ETHESAEAN=ZEZ TFHAR, BF
BHEE—TEERNTRA, EERETETHRAENAGE. HRENRERE. 5
BFBHRAL, MRS F R R R — AT i T R, HERE
FERBAREENRESHE. CRARRBERNATE. RFNsHENREBE
(RERRETRESH D Flpm) . XEREAUE-KIHPREEIEBREAR
M4 FRTREREREE. FTICR-MS N—AMEEDRELS THEFRL. SEFEK—
KRRk —MEE TR R AL S RAR, FTICR-MS WL RN & L83 T 3T
B, SEFAMUAXEMESRET THAMER. HEEHBRARBAAE. BERSR.

IRERMTRARE. M B 7T XS AR T EEREARAZEPH ZNA . MALDI &
F5TOF REMWHHKA, DREBRERMOBHAAER, MESIES5E FHR=FRMNBTR
BT A MBS ( collision-induced dissociation, CID) ZEEUKBRHRAER.

IEERFRMAEEARBEARS, WEARAP KT NEEZHMALDI-Q-TOF
R FAMEER, AENREERMNARE T EMITR. Q-TOF MRMNREN
B REEARES R E(CAD B hoiE T HIBERERE R, I HAATF T(de nove)
AT A.

223 EPAHARE S BHHA

WAH 1 (liquid chromatography, LC). E41% Hjk(capillary electrophoresis, CE) %
BASEEARRAEMHSEEN, Eo8ER, #EEEL, L5 TARERMERER
LA, CHRAERARS TIRENELEENARA TR, AEEREFERET VENR
B, FRGE, RACESEAMAECEHEANTE EIoBHEN)EXESHE
FHHE. BHAERAED RN IBEA, BHABER. 2BEERESETA
R RS TR A (ESIMS) EBRTESRIERE, RN RN 2.
WEERARSTHER, TEEOMNEEXAETHEREEMNER, AES—EHI &
FREGAARNC. BESE (Ulshot-gmmBAZNR) MERABRT 4, HEEAH
EYRGTFRFTFAANANR. XTRACERAIRSHEERERSRAES
RN AT MR FANE.

224 EARSGHEAR

EAHRGHRBEHFRHFIETEER (glassslides) , ZFLEEH (porous gel pad slides)
i (microwells) b, IR ESHFEH LT FEMAR (microarrays) #THAT, H
FEMRNRZENTREEORZ MRESTHFEAXEAER. RERAAMMNHEEER, T
ARSI EI AT A EE— BN THE. —MEGTESINELE, BEEEINEARK

12
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HEHERMER . BRIRTFER —FHNARN ZHEE RS EEERNTE,
HBERR MHNHEORSARANERERSHECAHELFRANFEN IR, &
HEAESHRAEARGAFANS - EEHE, —RUSHE. FAER L/ TH
FHEAER, Bid—eoRER R B2 & MEANE EYEE. BRAEN
SEEARA R EMERRARN, SREQRRKBNSE. RARSF UL LER
A FPER. REMER., MK RS R AR E RE.

23 FEHRATIIHE I PhAR

B, EEERAREURN. AFAM, EaRARTERFENTEN, BHER—
PR RARTRFE—AREARRE RERAERENNELN, EXER
RARFEESR, FARSTEORFEREEEN, U oRNAGENNS I ERR,
HRER, FARMEREEE TERNKE, ¥TAE IMHERBEZM. &A
BERAD HREE. BREENGKETRERRA, NERMEEL, BFEEAR
S5REFEEARBEATEERAEZER, WH, BTEERTERDNA—FH T 1E”,
XEFERAE & BENEAREASEOR N PRERTNE . KT, BLE AR
RFEEREWHEOR, HREEHTERUEREN. B, EAFTKEL BAH
RAEMTENNE, KREMISNEHE, LN EAFERAEDRNEEEER
FATAHTRM, XX BRI ARNTFEA A RE — MRS

HEARMERNERAMEARA¥TEENN - K. EaRAdeEa, NEE
EAMAHY (Quantitative Proteomics) , RIRBEIERFEREAR, WEYHR (M.
AREAEHE) PEEEARNGSERITHRES . FAETERAMSEEFSE—H,
BERAGAET LR E SR, B A — YR R R s R — R A R
RAKNE, HEARARCANBAEN. Bk, Hiib#iaRiFENSEEAQ
REPRERMEXHEORARBRETIHN. BEf, NEROHRAFTERFRALEEAR
A¥MHE, PEIHEE—EKHE,. EESREEDER (ARIAL PEER
RIEKFHESR, #ITVHRE, AMRBEAREREVEXNEAR, RE4AH
fEERTE (NMepEAd, REOE. REBERNIERER, B1%) £—-2%H
EHREKFHER, FHTHRET, RESERHEXKNERES T, ARKEHE.
REPIR. AL, HATR. FEREFRSRETRMAENERN. BhEAREA
2, BEAFHEEELSUBRFRAAREG T EOREEKFERELER.

Hil, EREARAXTEAARREEOITEAR, RIET 305 KRB g ik )
B E N E B TR AR TR TR E R Eimd- R 2 e B EAR . XU B
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BB EARASEESNEREERAEE R TRRREMTE. KR
KABEMEARITES AR T EH#TRE, FRANE. BEHERRNTEURRER
FpmiEg, BERMERCEAR (isotope labeling technique) & H A bR EARAZT
BHhRESHEHTRENEESTE. REFRCEENASRE DS R ERM R CE
RAHFERE, —RERPEFCHE, NRARBFETE: B—EARERLS
B, NRBRALEFREHE. HELRBHEABEEEFS S TERRNBRE, &
BRENEENE, MEEFRRMTEAPHESAN —SREFEHNFOR, XX
REFREOREEESRANRBEEERTIIRIS 5 - LEENE LIRS,

MU EATAT LAY, TREKEEEARNERHETEEARERNE, R HE
SEATFBR LA RREA MRS LR R8T 5 R SO EARR. R
EFPFATEEAERYE, RURBETERE, 4 RERRIT L8Rt
ERFWHEOR. FEOMRMXEFEaR, AL THERNERM, BRAE
ARAZHAT LA EAEIEE, BBEAS FIEEERRARARY HE R
BERZ—

3 PRAERRPEREELERRRASTHINA
3.1 BB RN

55— BRAAL, 80 A BARNRAR R 2 TR KR #EE & . Giddings [55)
RHEFBRNREEEANSMASITOAFERRTEEDNXR. ERE THAE
¥(( sample dimensionality) (BEM B IRBIE M A 2 HZERE) KBS, HIAAIRRER
RTRGHREN, HAKEFHAREFN SRETBORE: DRERNERDNTR
Gas, REANMESMEEFN, AXERANREFRNOMRTRARIIKE;
RELNZHERHEEN, FRERSRESERRNIREES.

RIEGiddings B MEFREY, ZESBEANEERNALHRMNE N — 80 BE
A2 B IR S6]. AT H FHRAELESBENTRETHMHEXERD TR
HREARREENR, ZAXRRARNZERANEFRHTHT. LuB[BTESR
FHERANBER. E350 3 P I&REIT A ( spreading angle) M —4E{R B 2 [ RUEEAS L,
MNER ER/B T S4B TLREFRATEAR. RREAMUBEIINZES
B AR, METURTREMNEZFRI. SloneckerF[58]thR F5E thfE BRI
7 (qualitative informational similarity technique), JHIZ X5 B8 R B 5 BHE BAALIER
T RE AR NSRESHh—R 0 BEA T (RAEBAEAE. BiERaE, 5
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5 T A R e 5 £ 8 Y 4R B W RN e HAr M T AR R IE AT . Sy BT B
ERIEHN R AT E L& BRI R R L.

EZHESRERXT, BEMRERERIE TR, mEXMREMN
ERUBEEEXRERNZ . MuphyF[S9|AE LR b3t ZE 6L RFEREH
EWBRIT THRARTIR. SREVEAEZEN BN FE, BMRENESNT
BE. T RRBRNEEE, MTRSRERE, EAREIBEOS—DENLE
SRFEIR: MR TERRBRE, FROREUN MBI E D4R, XEERYEEA
EHERRREE T HRER.

32 FHEAEIBERNLR

AT% A A BB T EL Sy 23 (profiling mode) Fi«H 7" ( target mode) PiFb
EA. WEENTERESYARGEE= )T TS EO RO WEE RS K
PMEFX—RATNIBLN. SNFRMHRER, ESEREIEFRANSE
BEAEKAR. EFFERALSEIHENSEER, TEEHPH—2ERER%
PR SRR A RIBSBEVERORR, 7TL0H S %5 2R KB RE %HPLC.
LHCEURZHHPLC-CEZ K. Wi, RFFEISHAAFEFRANAR, HBarl
SHLEZSBNBELRSBERE. B TFELIBAEIRESE. THAK K. hE. &
BNGTERBNMERIESRARB ZXRENNAE, B A ESRERA L
B, EUME. REEEFNAUREEEXER.

R, BRHAEAIEHPLOMESN T Ak (CE)M R B A EARME KK E AT
RETHEFB[60). Rl —H0BEAMRBEOIARHEERAGETIER. 248
HPLCTT AR LAR Fl % F [ MTHPLCHE R (BT # (4 35 (TEC). 550 5,3 (AC)FI AR AR 2.3
(RPLC)EMCEEA (LM E X # BIK(CZE). BAF R BIK(CGE). SHEL(CIEF). ¥
H s IEMEKCO)MEAE B @ (CEC)F)B T AL BB H BT H/E, AL
MERFELESE. Hit, 552D PAGEEA—HLBER, BAEAHEHAT
EIFHEEEEREA.

BRi&4% HPLC EEAA¥MAPEE L EEMMM, B—HERER, BR
HPLC 7ZE [ et . B AEREE S HHRE. RABHEGEATMFERR, 248%
. WHASE MS LRESERA, BFEEEISEAEIEPRE —RHSEHER.
iii SEC, IEC fI AC %] BME N T R, 2D HPLC AW 4 4 BF AR $
O Y)E| (Heart-Cutting) M4 —4 (comprehensive 2D) . FEFLYEIFEH, K58
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—~H S EERE BN YEEEEREBAE EHTHXSE, e grEP
HaPHAHEAYBELTHENIE, FAE— SN EREN T BRARSES AT
BEGRE, REEER, MK4AS, RIEF2DHPLC KEMHRS.

{r

1-1 248 IEC-RPLC ¥ B~ EE

BE—AEEEX L4 "4 HPLC-HPLC T 1990 =1 Jorgenson[61])/-MHSERR, 1
it B [EC 5 SEC AFiEHR R, /UBR LEEFRELIE, FAHBYSEER
BPREEREAEZRET, ANREEEH, MAKREXN LEFERHETHHT, 27
TR - BRI 1.14, B MS &4). 1995 4, Jorgenson[62]3F X4 IEC
5% RPLC B B Ok, TR B RR44H7.1997 4, £ 4% HPLC-HPLC
BIKEHMT MS MFELER63] (B 1-1) , RIESBNEERYE, ZRANE—EX

C RATHETX®REAE (SCX) #HA, F2EE RPLC 18, BEOWAT/NER, 3cm K
RPLC BRI T BB BEE, 2 MR EERTE. REnEe.
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a

HHLC pump|
Inje:xR)
see & H  RPLC column aipha
exclusion ¥
columns B

RPLC column beta
Mass spectrometer | = ]

o —

| E—

B 1-21IEX/RPLC (24BF{7H) 2% RS

Opiteck ) Jorgenson {643 K& T A—FEOHAR, ZBEORAFTHSFNER, W
REMAT 2R PITH RPLCET (B 1-2) , B FERETHBE A RSN,
ERECRAET RERERNEE, ANERTEEZRMELBHUES, BXMHEDE
K2BWETAZE—HOREREE. 30N, RARMNUVTURMEAREAES 49
EE AR R 48 A, TR MS 7T USRI E] 58 k(49 VB E A EEEEAR AL
9 MEREABBRI). 4 THEE S ERE, Wagner[65)SEE _%HFH 14mm &
C18 #& LFLEER RP &, 7E 20min P 5ERE Tt 4 — 4 HPLC-HPLC 78 . ZEL iz
FEEWLUEE 600, T O MR E N ARG RERZE Y HE 1%(n =10y 15%0n
=15)LAW; B A RKFERTIR AT LUAE] 300ng. i1 —SERH[66), EFE Bl
A 4 BPATH, XK 2D HPLC BT T o6k, RS HARE @) B84l — Bk,
SREENERK. REEE 2 MEER, 24/ UVRNS, 1 MEEER, 4B RPE, —
WRIEXH, 4 MHERE, 1 MR, 2 MEMBCES, BAREH TS AsEN. &
MEESTHH ST HRIEEHR RAM (Restricted Access Materials) #1745, B
B4 B/ 20kDa 185 . REBHIT SCX B SAX--RPLC — 448, WM REREM
AN UV RMEEREN T/, F SR Re FESEE, BIUR Re P, £ 9% oikn s
EAEE] 1000 ME. Vissers F[67) B — &R A FRENFHFEN LT RH
HPLC A BEXMERBRE. P FEFNE TER A3k, T H A B — g
ZHSBPRADMEMRE, KR T REMEH.

Yates SF[68) KB T —FW4H4E (B 1-3) (Biphasic Column) IEX/RPLC B 4 7k,
8 MudPIT. ZUHE RS 2D LCHFHHER, ©RBEMN AR NE & H—SCX F RPLC

17
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H#, SBRERE—REREN, BRTEFMBUHRE, BOTRANEER. 16
EAETRAE—RIUKXRIEMKEREEHBERRAAENARNNSERERR, £
FRifith RPLC 0K B HE#HEA MS TN, FM7EE 4% SCX L#Puell, wilk
THESEF -4 RPLC L#THHE, ZMHATR™REX K44 HPLC 75,
BEFATEREEES S SAREANED, BRRETERES, SR _ERE
Sag it (MS/MS) B, BRAERBHEAAEMTEAR, —RKoT RN AEE 288
MESM. TR A“shotgun”fISER A F, MEEARK. BUGEH A% - S5RE
BEATEATEAR, BBEEEALIKER, SAETEHR. REGIENITEEIN
FERRBABREFN RO X RREREAREMEENAZLERE. FAX
77 1 O BT B 400 e o 43 8 6 5 G 2000 RRER A M, ER R EEEEAQERE
THREAHMD 131 MEREMEAR[9]. A RIKNEABBZSSERZPTIR
10000: 1. BEEMATEFA=EEHERZLIT 3D RPLCIEC-RPLC M FMEH#
FHBE O RB NP

1} Load Acidified Digest
2) Equilibration
3) Salt Step
4) Wash
50 pm Split 5) RP Gradient
Capillary 6) Goto#2
50 pm Fused 100 wm Packed
Silica Capillary from HPLC Capillary Colvmn

e T .v g SRR SR e e ‘:

“*‘n“**‘l‘ﬁ S > I___
sCX RP
PEEK Micro Cross ;)
Gold Lead for Capillary Opening into
Electrical Contact Mass Spectrometer

with Liquid (1.8 kV)
1-3 FUHH(SCX-RPLC)5 ESI 4 O AT MudPIT

RAL BN S 4 HPLC A4, —BEAN S E A BENA TERAB
%{. Zhang %[70P&IL 2D SEC-RPLC L. T W E&H M P EA KRR 447, Richter F
[71}#3if 2D IEC-RPLC-MS 832 T SR P Ik R ERTFFIHIEE: T Chen F[72]1
HiT 2D RPLC-RPLC #3U%f A 41 5 37 40 B 4 4 40 PR AR 7= = 93 B8 Bt AT 17 R i

18
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RAFEE. REBLKTATRSIBFAESETARFIETE s BRERE, 8
B LR RER LR L.

Bif Shen %[811FFI &M SCX-nanoRPLC-MS/MS /B %% T AMLEFAMH.SCX
B 80 cm X320 pm i d. FEEMEE, M 3um. 300A 7LBH SCX EX. FHES
BEREHEAT SCX ¥l . NanoRPLC 3 85 cm x30 um i.d.6 R EMEHA 3um, 300A LB
7 C18 3%}, RPLC KEATERE R 4cmx75 um M3 SPE &, SCX WIS ~10u £
fE SPE H (2min W) , REVIHRBATRABS BN ESIMS/MS TS E. RANERE
3 104, MTEANSEELNERL 8RS, £ 35myml HERELEAESFE
T, ABEEET ~pgml EREEFEA. B 1-4 £ SCX/nanoRPLC/ESI-MS/MS 4#7 4 E,
fEF 365ug B M, B3EF 800~1682 FEAREIS R RIBLEERENAR, EEETH
BARRD .

& 1-4 B3 SCX-nanoRPLC-ESI-MS/MS A B4 =m¥EOA

AR R A S 8 R A 82 R ALK SCX/RPLC SHRLI A M FE4#
fTHSr &, SCX HER A 10 cm x4.6 mm i.d. % ¥ . KA EM RNBEHT SCX ¥k, RPLC
FH 10 cm x2.1mm idAE, BE-PANEEEIELESE. SCX M 6 1~ HhbaE, 84
B AT RPLC A B2 JE 18R s AV, —3A 30 B, ERRMSBEAEENE

19
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15 FR. |MEMRIT RN, BEENKES— P20 EAE RMEEEESH,
LR LTQ Mg H R, SEQUEST #iEath. —HBA% 1202 MEAK, HP4EEEH
/M 10 ng/mL K& H .

T T e T trm poe h8S,
™

anfs
A

L 3 8 8

L . e e

& 1-5 SCX/RPLC S # R4 A BEABTHS S, SCX HFH 10 cm x4.6 mm id.
W, RESHRBET SCX ¥, RPLC ¥ 10 cm x2.1mm id 4, #Eid—4A
RIS ERE. SCX A 6 MHBE.

Hol, ESHARNSENEN>SELENERKRAKSHEAEEERNSEES
RN FARNEXSBZMEN. YEARARABASHARERKERE —BR
CHMBAHEER TEARAETRB BRI HBR[83-84]. HKEIHIME K HIEHSH
B AE[85-92] sk Bk B HIK [93-04)E 35— 4 5 41 RPLC BEASSHM EARMAE.
Lubman &3 &6 K A M MRBARAT KRS 10mg FEEFEA Rotofor —RHE#AT
FHEAE85-87), REMA RPLC EABE %S H. MMERARNEFRT ALEEE
B, BT HRE AR T pH4-7 MR N E AT EERE. 55 Kelleher
S5HAEEFRTETRARTREFER NG & RF NSRS aikAFoass
HH [93-94]. Lee TAMBRT —MHHBAETSBRECERNENE—4, AAERHR
FE AR i (nano-HPLCYE A 55 — 4 HIX B — N ZHE R ZE[90-92].
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2D-AC-RPLC 7E & A K B ARSI R T RIE T EZNER . Apffel F{73]F FH SME#E
EFEHLS RPLC S IEEU R MS RUIXRFETEYL DNA MEER KRS =LA R
R BALRKHEST T AR, Frank Hsieh SG[74PE T S ALK SRR N-B £ A5 -1 LB
- B £ -RPLC-MS RBSCIL T MO MAIR S a3 ierth. sesh, LUAME
BEENEAHFEREE7SHES LS RFENAEIMAC) 765 Hl5 RPLC LL B H ¢
T B TOF-MS BXF AR th B4 N A BB 8 8034 . Han (7711 H IEC ¥ 48 s
FEPEANEARSE, BERE 30 M, BERXEHS#HITRMARREFRNFRD
(ICAT),K##J5 Billid AC-RPLC-MS 4T #r. FIFHXR T IR E ) HL-60 4K
PP 491 ANEBR, R EEMLE R T HRLETERPR. Goshe F[78]t
R A A0 A vEIHE EF B E A RIEAT EEMEN. Ficarro %[79]%H IMAC-nano
flowHPLC-MS (1% 4 7 B AR 70 B BH A0 FRVE R F= 1 F Ry I E) 1000 24 BERRALRK.

Gygi Z[S0) T £ SCX 18/-AC-RPLC-MS R RSN BERAARTTH
(B 1-6) . MTAHEERGE LRE. BRI EREER T EERSE. RS
ICAT RFlkFid, #TEBEOHANTR.

Yeast protecme:
(# poptides}

ICAT-labeled peplide mixture ~500,000
1D
SCX chromatography ~10,000

(30 fractions)

2D

Biotin affinity chromatography
3D
TN e - i
RP L.CHon trap MS/MS

K1-6 FIE L EAEMICATERSITEAANM
4. AWRILEEHPAMEX

EOAEMABHARMARKASTBEITEAR T EERM L. SECETREREF,
ERARSHY. BER. SPE LR TRANRERR, LEEREFHH LRSS
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br BBk EE KR EINA .

XU HWEARAFHAPEEHRESER NIRRT T —RFIFR TE. IR
MEESBRICHER, T B R RN EERES RN ENTR, KR
TEMARNNIRERE, URBEEARNAEAETER, BV TREGEASESS
WRE R KA ERE: FAlTETS4AESBAERNREEEARERES:
KRBT £ BRHEENTop-downBUREEER, H5HH (B1E 2 B B035 K Top-downH R BE £
MRBEREES A B, EEARMRERMN2-DEMSEARZS, FRER, XERA
EF TR BT T A B MHFE RN

RAEFWIH XM EARARARNA SRS, KETHXKFEART ST TR
FRNAWR, RET —ENNBERSR. EbTLEHEFRRE, HE—&
THERER— PRI E.

22



1228+ ERRX

2%/

(11 £52, M&E, FEEA—FARAHT, £PDRESEWMWERR, 1998, 30 (6):
533-699.
[2] ZF#, BERARNEE, FPESEYPEER, 2000,27 (3): 227231

[3]M.R. Wilins, K.L. Wi lliams, R.D. Appel, Proteome Research: NEW Frontiers in
Functional Genomics. Springer-Verlag, 1997.

[4] R, ZK, RFEE WREARMAY, £HTRHRER, 2000,27 (3): 227-231.
[5] Cordwell.S et al, Electrophoresis,1997,18:1393-1398.

[6] Wasinger V Cet al. Progress with gene-product of the Mollicutes: Mycoplasma genitalium,
Elcectrophoresis, 1995, 16: 1090-1094.

[7] Wilin MR et al, From proteins to Proteomics: Large scale protein identification by
two-dimensional electrophoresis and amide acid analysis, Bio Thchnology, 1996, 14: 61-65.

8] ZHE, ThEEEARAY, £amflE, 1998,18(6): 1-4.

[9] AR, BN, BERERANBARERRLHE, EYMEE SEYE 3R, 2000,
27(6): 584-588

[10] TR, EEX¥HMLEELOREL RIS

[11] 3484, BERAMA - BEEAMNHENE, FEEK, 1999, 44(2):113-122.

[12] 77 @4, BEY, BARAHROHTEE, HEBER, 1999, 44(9): 904-911.

[13] s, Bk, HHE, BORARAERRIERE, £aBLEE, 1998, 18(6):10-16.

[14] FREER, AYE QR4 Z- YT RNFT A, HAERRREYLESRB 2,
2001, 22 (4) : 212-214,

[15) fIAk%E, HEE EREARAXEINA, LrUMEAEER (ARBER) |
2002, 38 (4) : 558-562.

[16] MEIL, RR¥, EUMERENRBEEINHE, WRBTIEER%IR, 2000, 14(2):
37-41.

[17] 5K, Ew5E, WFHESE, BERNFTHRAMNERE, BEAER, 2000,3:98-101

(18] B8, ZH, BEXRTHARHERGRATAFHNA, EYLES5EY
BEAR, 1999, 31(3): 221-225.

(19] TR, B8, FlSEadlE, ¥ER, 1994, 7: 40-46.

23



SR 3 E L 2T X

[20] Johan Gobom, Martin Schuerenberg, Martin Mueller, Dorothea Theiss, et al,
a-Cyano-4-hydroxycinnamic Acid Affinity Sample Preparation. A Protocol for
MA1DI-MS Peptide Analysis in Proteomics, Anal. Chem., 2001, 73: 434-438.

[21] James C. Hannis apd David C. Muddiman, A Dual Electrospray Ionization Source
Combined With Hexapole Accumulation to Achieve High Mass Accuracy of Biopolymers
in Fourier Transform Ion Cyclotron Resonance Mass Spectrometry, J Am Soc Mass
Spectrom, 2000, 11, 876-883.

[22] Thomas P. Conrads, Gordon A. Anderson, Timothy D. Veenstra, Ljiljana Pas;jja-Tolic’, et
al, Utility of Accurate Mass Tags for Proteome-Wide Protein Identification, Anal. Chem.,
2000, 72: 3349-3354.

[23] Andrej Shevchenko, Matthias Wilm, Ole Vorm, and Matthias Mann, Mass Spectrometric
Sequencing of Proteins from Silver-Stained Polyacrylamide Gels, Anal. Chem,, 1996, 68:
850-858.

[24] Andreas P. Jonsson, Youssef Aissouni, Carina Palmberg, Piergiorgio Percipalle, et al,
Recovery of Gel-Separated Proteins for In-Solution Digestion and Mass Spectrometry,
Anal. Chem., 2001, 73: 370-5377.

[25] K. Walhagen, K.K. Unger, M.T.W. Hearn, Capillary electroendoosmotic chromatography

of peptides, Journal of Chromatography A, 2000, 887: 165-185.
[26] Michael P.Washburn, John R.Yates, New methods of proteome analysis: multidimensional
chromatography and mass spectrometry, Proteomic: A trends guide, 2000: 27-30.

[27] Yun Jiang, Cheng S. Lee, On-line coupting of micro-eniyme reactor with
micro-membrane chromatography for protein digestion, peptide separation, and protein
identification using ¢lectrospray ionization mass spectrometry, Journal of Chromatography
A, 2001, 924: 315-322.

[28] Jun Gao, Jingdong Xu, Lauri¢ E. Locascio and Cheng S. Lee, Integrated Microfluidic
System Enabling Protein Digestion, Peptide Separation, and Protein Identification, Anal.
Chem., 2001, 73: 2648-2655.

[29] Michael T. Davis, Jill Beierle, Edward T. Bures, Michael D. McGinley, et al, Automated
LC-LC-MS-MS platform using binary ion-exchange and gradient reversed-phase
chromatography for improved proteomic analyses, Journal of Chromatography B, 2001,
752: 281-291.

24



L2 25 H+ER0BX

[30] Shihong Wang, Fred E. Regnier, Proteolysis of whole cell extracts with immobilized
enzyme columns as part of multidimensional chromatography, Journal of Chromatography
A, 2001, 913: 429-436.

{31] Yufeng Shen, Rui Zhao, Mikhail E. Belov, Thomas P. Conrads, et al, Packed Capillary
Reversed-Phase Liquid Chromatography with High-Performance Electrospray lonization
Fourier Transform Ion Cyclotron Resonance Mass Spectrometry for Proteomics, Anal.
Chem., 2001, 73: 1766-1775.

[32] Yufeng Shen, Nikola Tolic”, Rui Zhao, Ljiljana Pasjja-Tolic", et al, High-Throughput
Proteomics Using High-Efficiency Multiple-Capillary Liquid Chromatography with
On-Line High-Performance ESI FTICR Mass Spectrometry, Anal. Chem., 2001, 73:
3011-3021.

[33] Andreas Premstaller, Herbert Oberacher, Wolfgang Walcher, et al., High-Performance
Liquid Chromatography Electro-spray lonization Mass Spectrometry Using Monolithic
Capillary Columns for Proteomic Studies, Anal. Chem., 2001, 73: 2390-2396.

[34] Rachel R. Ogorzalek Loo, James D. Cavalcoli, Ruth A. VanBogelen, Charles Mitchell, et
al, Virtual 2-D Gel Electrophoresis: Visualization and Analysis of the E. coliProteome by
Mass Spectrometry, Anal. Chem., 2001, 73; 4063-4070.

[35] Steven Locke and Daniel Figeys, Techniques for the Optimization of proteomic Strategies
Based on Head Column Stacking Capillary Electrophoresis, Anal. Chem., 2000, 72:
2684-2689.

[36] Pamela K. Jensen, Ljiljana Pasjja-Tolic”, Gordon A. Anderson, Julie A. Homer, et al,
Probing Proteomes Using Capillary Isoelectric Focusing-Electrospray lonization Fourier
Transform lon Cyclotron Resonance Mass Spectrometry, 1999, 71: 2076-2084.

[37] Knut Wagner, Tasso Miliotis, Gyolrgy Marko-Varga, Rainer Bischoff, et al, An

Automated On-Line Multidimensional HPLC System for Protein and Peptide Mapping
with Infegrated Sample Preparation, Anal. Chem., 2002, 74: 809-820.

[38] Hookeun Lee, Timothy J. Griffin, Steven P. Gygi, Beate Rist, et al, Development of a
Multiplexed Microcapillary Liquid Chromatography System for High-Throughput
Proteome Analysis, Anal. Chem., 2002, 74; 4353-4360.

[39] Zheru Zhang, Sergey Krylov, Edgar A. Arriaga, Robert Polakowski, et al,

One-Dimensional Protein Analysis of an HT29 Human Colon Adenocarcinoma Cell, Anal.



L XEWTERRK

Chem., 2000, 72; 318-322,

[40] Tohru Natsume, Hiroshi Nakayama, Osten Jansson, Toshiaki Isobe, et al, Combination of
Biomolecular Interaction Analysis and Mass Spectrometric Amino Acid Sequencing, Anal.
Chem., 2000, 72: 4193-4198.

[41] Gerald Marie, Laurent Serani and Olivier Lapre” vote, An On-Line Protein Digestion
Device for Rapid Peptide Mapping by Electrospray Mass Spectrometry, Anal. Chem.,
2000, 72: 5423-5430.

[42] Dirk A. Wolters, Michael P. Washburn and John R. Yates, An Automated
Multidimensional Protein Identification Technology for Shotgun Proteomics, Anal.
Chem., 2001, 73: 5683-5690.

[43] Thierry Le Bihan, Devanon Pinto and Daniel Figeys, Nanoflow Gradient Generator
Coupled with u-LC-ESI-MS/MS for Protein Identification, Anal, Chem., 2001, 73:
1307-1315.

[44] ATRIR, EHB%, AMEARABEL- 404N EENERRL-02R8ANEERAR
TR AT, BEEHR, 2000, 45 (2) : 17017

[45] Li-rong Yu, Rong Zeng, Xiao-xia Shao, et al, Identification of differentially expressed
proteins between human hepatoma and normal liver cell lines by two-dimensional
electrophoresis and liquid chromatography-ion trap mass spectrometry, Electrophoresis,
2000, 21: 3058-3068.

[46] Youji Shimazaki, Seiichi Ohara, Takashi Manabe, Removal of specific protein spots on
the patterns of non-denaturing two-dimensional electrophoresis using protein A agarose
and antibodies, J. Biochem. Biophys. Methods, 1998, 37: 1-4.

[47] Haijun Sun, Yu-Ching E. Pan, Using native gel in two-dimensional PAGE for the
detection of protein interactions in protein extract, J. Biochem. Biophys. Methods, 1999,
39: 143-151.

[48] Lan Huang, Min Shen, Igor Chernushevich, Alma L. Burlingame, et al, Identification and
isolation of three proteasome subunits and their encoding genes from Trypanosoma brucei,
Molecular and Biochemical Parasitology, 1999, 102: 211-223,

[49] Sarka Beranova-Giorgianni, Michael I. Pabst, Tara M. Russell, Francesco Giorgianni, et al,
Preliminary analysis of the mouse cerebellum proteome, Molecular Brain Research, 2002,
98: 135-140.

26



12 X8 WTEaRK

[50] Yannicke Dauphin, Comparative studies of skeletal soluble matrices from some
Scleractinian corals and Molluscs, International Journal of Biological Macromoiecules,
2001, 28: 263-304.

[51] Anja Moller, Michael Soldan, Uwe Volker, Edmund Maser, Two-dimensional gel
electrophoresis: a powerful method to elucidate cellular responses to toxic compounds,
Toxicology, 2001, 160: 129-138.

[52] Seong Hwan Kim, Roman Vlkolinsky, Nigel Cairns, Michael Fountoulakis, et al, The
reduction of NADH Ubiquinone oxidoreductase 24- and 75-kDa subunits in brains of
patients with Down syndrome and Alzheimer’s disease, Life Sciences, 2001, 68:
2741-2750.

[53] Peter W. Hewett, 1dentification of tumour-induced changes in endothelial cell surface
protein expression: an in vitro model, The International Journal of Biochemistry & Cell
Biology, 2001, 33: 325-335.

[54] Lirong Yu, Rong Zeng, Xiaoxia Shao, Nan Wang, et al, Identification of differentially
expressed proteins between human hepatoma and normal liver cell lines by
two-dimensional electrophoresis and liquid chromatography-ion trap mass spectrometry,
Electrophoresis, 2000, 21: 2058-2068.

[55] Divis IM, Giddings JC, Statistical method for estimation of number of components from
single complex chromatograms: theory, computer-based testing, and analysis of errors,
Anal, Chem., 1985, 57: 2168-2177

[56] Giddings J C., Concepts and comparisons in multidimensional separation,  High Resolut.
Chromatogr. Commun., 1987, 10,319-323

[57] Liu Z., Patterson D.G., J 1. Lee M L., Geometric approach to factor analysis for the
estimation of orthogonality and practical peak capacity in comprehensive two-dimensional
separation, Anal Chem , 1995 , 67(21) :3840-3845.

[58] Slonecker, P. 3., Li X, Ridgway T H, Dorsey J G. Informational orthogonality of

two-dimensional chromatographic separation, Anal Chem ,1996 , 68 : 682-689.

[59] Murphy R E , Schure M R, Foley J P, Effect of sampling rate on resolution in

comprehensive two-dimensional liquid chromatography, Anal Chem , 1998 ,
70 :11585-1594.
[60] Issaq, H.J., Chan, K.C., Janini, GM., Conrads, T.P., Veenstra, T.D. Multidimensional

27



G

18 ¥ xERRA

separation of peptides for effective proteomic analysis, J. Chromatogr. B, 2005, 817,
35-47.
[61] Bushey, M.M., Jorgenson, J.W., Automated instrumentation for comprehensive
two-dimensional high-performance liquid chromatography of proteins, Anal.Chem., 1990,
62, 161-167.

[62] Holland, L.A., Jorgenson, J.W., Secparation of nanoliter samples of biological amines by a
comprehensive  two-dimensional microcolumn liquid chromatography system,
Anal.Chem., 1995, 67, 3275-3283.

[63] Opiteck, GJ., Lewis, K.C.,, Jorgenson, J.W., Comprehensive on-Line LC/LC/MS of
proteins, Anal. Chem., 1997, 69, 1518-1524.

[64] Opiteck, GJ.; Jorgenson, J.W. Two-dimensional SEC/RPLC coupled to mass spectrometry
for the analysis of peptides, Anal.Chem., 1997, 69, 2283-2291.

[65] Wagner, K., Racaityte, K., Unger, KK., Miliotis, T., Edhholm., L.E., Bischoff, R.,
Marko-varga,G.., Protein mapping by two-dimensional high performance liquid
chromatography, J. Chromatogr. A, 2000, 893, 293-305.

[66] Wagner, K_; Miliotis, T., Marko-varga, G., Bischoff, R., Unger, K. K. An automated on-line
multidimensional HPLC system for protein and peptide mapping with integrated sample
preparation, Anal. Chem., 2002, 74, 809-820.

[67] Vissers, I.P.C., van Soest, R.E.J., Chervet, J-P., Cramers, C.A. Two-dimensional capillary
liquid chromatography based on microfractionation, J. Microcolumn Sep., 1999, 11,
277-286. '

[68] Wolters, D.A., Washburn, M.P., Yates I, J.R. An automated multidimensional protein
identification technelogy for shotgun proteomics, Anal.Chem., 2001, 73, 5683-5690.

[69] Liu H., Lin D., Yates, JR III.,Multidimensional separations for protein/peptide analysis in
the post-genomic era, Bio Technique, 2002, 32(4), 898-902.

[70] Zhang, Z., Smith, D.L., Smith, J.B. Multiple separations facilitate identification of protein

variants by mass spectrometry, Proteomics, 2001, 1, 1001-1009.

[71] Richter, R., Schulz Knappe, P., Schrader, M., Standker, L., Jurgens, M., Tammen, H.,
Forssmann, W.G. Composition of the peptide fraction in human blood plasma: database of
circulating human peptides, J.Chromatopr.B, 1999,726, 25-35.

28



SR 2 T L T¥ 4

[72] Chen, Y., Wall, D., Lubman, D.M. Rapid identification and screening of proteins from
whole cell lysates of human erythroleukemia cells in the liquid phase, using non-porous
reversed phase high-performance liquid chromatography separations of proteins followed
by multi-assisted laser desorption/ionization mass spectrometry analysis and sequence
database searching, Rappid. Commun. Mass. Spectrom., 1998, 12, 1994-2003.

[73] Apffel, A., Chakel, J.A., Hancock, W.S., Souders, C., M'Timkulu, T., Pungor J.E.
Application of multidimensional affinity high-performance liquid chromatography and
electrospray ionization liquid chromatography-mass spectrometry to the characterization
of glycosylation in single-chain plasminogen activator: Initial results, J.Chromatpgr.A,
1996,750, 35-42,

[74] Hsieh, Y. L. E., Wang, H.; Elicone, C., Mark, J.. Martin, S. A., Regnier, F. Automated
analytical system for the examination of protein primary structure, Anal. Chem., 1996, 68,
3, 455-462.

[75] Geng, M., Ji, J., Regnier, F.E. Signature-peptide approach to detecting proteins in complex
mixtures, J. Chromatogr. A, 2000, 870, 295-313.

[76] Riggs, L.; Sioma, C.; Regnier, FE. Automated signature peptide approach for proteomics,
J. Chromatogr. A., 2001, 924, 359-368.

[77] Han, D.K., Eng, J. . Zhon, H., Acbersold, R. Quantitative profiling of
differentiation-induced microsomal proteins using isotope-coded affinity tags and mass
spectrometry, Nat. Biotechnol., 2001, 19, 946-951.

[78] Goshe, M. B., Veenstra, T. D., Panisko, E. A., Conrads, T. P., Angell, N. H., Smith, R.
D. Phosphoprotein isotope-coded affinity tags: Application to the enrichment and
identification of low-abundance phosphoproteins, Anal. Chem., 2002, 74, 607-616.

[79] Ficarro, S.B., McCleland, M.L., Stukenberg, P.T., Burke, D.J., Ross, M.M., Shabanowitz,
J.; Hunt, D.F; White, FM. Phosphoproicome analysis by mass sepectrometry and its
application to saccharomyces cerevisiae, Nat. Biotechnol., 2002, 20, 301-305.

[80] Gygi, S. P, Rist, B., Griffin, T. J., Eng, J., Aebersold, R. Proteome analysis of
low-abundance proteins using multidimensional chromatography and isotope-coded
affinity tags, J. Proteome Res,, 2002, 1, 47-54.

[81] Shen, Y., Jacobs,].M., Campll, D.G., Fang, R., Moore, R.J., Smith, R.D., Xiao, W.,
Davis, R.W. , Tompkins, R.G Ultra-high-efficiency strong cation exchange

29



1224484 RX

LC/RPLC/MS/MS for high dynamic range characterization of the human plasma
protecome, Anat. Chem., 2004, 76, 1134-1144.

[82] Jin, W.H., Dai, J, Li, S.J., Xia, Q.C., Zou, H.F., Zeng, R., Human Plasma Proteome
Analysis by Multidimensional Chromatography Prefractionation and Linear Ion Trap
Mass Spectrometry Identification, J. Proteome Res., 2005, 4, 613-619.

{83] Tu, C.J., Dai, J., Li, S.J., Sheng, Q.H., Deng, W.J., Qia, Q.C.. Zeng, R., High-Sensitivity
Analysis of Human Plasma Proteome by Immobilized Isoelectric Focusing Fractionation
Coupled to Mass Spectrometry Identification, J. Proteome Res., 2005, 4, 1265-1273.

[84] Li, RX., Zhou, H., Li, 8.}, Sheng, Q.H., Qia, Q.C., Zeng, R., Prefractionation of
Proteome by Liquid Isoelectric Focusing Prior to Two-Dimensional Liquid
Chromatography Mass Spectrometric Identification, J. Proteome Res., 2005, 4,
1256-1264.

[85] Wall, D. B., Kachman, M. T., Gong, S., Hinderer, R., Parus, S., Misek, D. E., Hanash, S.
M., Lubman, D. M., Isoelectric Focusing Nonporous RP HPLC: A Twe-Dimensional
Liquid-Phase Separation Method for Mapping of Cellular Proteins with Identification
Using MALDI-TOF Mass Spectrometry, Anal. Chem., 2000, 72, 1099-1111.

[86] Kachman, M. T., Wang, H., Schwartz, D. R., Cho, K. R., Lubman, D. M. A 2.D Liquid
Separations/Mass Mapping Method for Interlysate Comparison of Ovarian Cancers., Anal.
Chem., 2002, 74, 1779-1791.

[87] Zhu, K., Kim, J., Yoo, C., Miller, F. R., Lubman, D. M. High Sequence Coverage of
Proteins Isolated from Liquid Separations of Breast Cancer Cells Using Capillary
Electrophoresis-Time-of-Flight MS and MALDI-TOF MS Mapping, Anal. Chem., 2003,
75, 6209-6217.

[88] Yan, F., Subramanian, B., Nakeff, A., Barder, T. J., Parus, S. J., Lubman, D. M. A
Comparison of Drug-Treated and Untreated HCT-116 Human Colon Adenocarcinoma
Cells Using a 2-D Liquid Separation Mapping Method Based upon Chromatofocusing PI
Fractionation, Anal. Chem., 2003, 75, 2299-2308.

[89] Zhu, Y., Lubman, D.M. Narrow-band fractionation of proteins from wholecell lysates
using isoelectric membrane focusing and nonporous reversed-phase separations,
Electrophoresis, 2004, 25, 949-958.

30



)

1218+ apN

[90] Chen, J., Balgley, B. M., DeVoe, D. L., Lee, C. S. Capillary Isoelectric Focusing-Based
Multidimensional Concentration/Separation Platform for Proteome Analysis, Anal. Chem.,
2003, 75, 3145-3152.

[91] Mohan, D., Pas“a-Tolic”, L., Masselon, C. D., Tolic”, N., Bogdanov, B., Hixson, K. K.,
Smith, R. D, Lee, C. S. Integration of Electrokinetic-Based Multidimensional
Separation/Concentration Platform with Electrospray lonization-Fourier Transform lon
Cyclotron Resonance-Mass Spectrometry for Proteome Analysis of Shewanella
oneidensis, Anal. Chem., 2003, 75, 4432-4440.

[92] Wang, Y., Balgley, B.M., Rudnick, P.A., Evans, E.L., DeVoe, D.L., Lee, C.S. Integrated
Capillary Isoelectric Focusing/Nano-reversed Phase Liquid Chromatography Coupled
with ESI-MS for Characterization of Intact Yeast Proteins, J. Proteome Res., 2005, 4,
36-42.

[93] Meng, E., Cargile, B. J., Patrie, S. M., Johnson, J. R., McLoughlin, S. M., Kelleher, N. L.
Processing Complex Mixtures of Intact Proteins for Direct Analysis by Mass
Spectrometry, Anal. Chem., 2002, 74, 2923-2929.

[94] Meng, F., Du, Y., Miller, L. M., Patrie, S. M., Robinson, D. E., Kelleher, N. L.
Molecular-Level Description of Proteins from Saccharomyces cerevisiae Using
Quadrupole FT Hybrid Mass Spectrometry for Top Down Proteomics, Anal. Chem., 2004,
76, 2852-2858,

3



1 x84 anx

B %&%ﬁﬁlﬁﬁ%%ﬁ HEMSEMEEMRNT

1355

CEARAEHAD, AREALTERIBERELS TERENM T BME—
B, RERRIHS BRI RTRAICE . XURBRE R K A A H R R G AR R
WS HT R4 IEF ABHEEMYEAERE, RANCEREREAFELDRNE
ANBRFEAY TEAE. RBWERAPHEORTERMER. . EHNER
i, FNEEFRERBRH—SEEAE, TUEMERBENNR. HFHROFLE
EFHEE RS BN E MOARBEAERARORFHER . BORELE
FHE[1-ABERHER, HEKE, WRIEERE R AR EHE K & A 26 B RGEH
EEEEAANERANERENELWEAEEEY, FEREETEAERERN
BEAREAYERENBEIEAERMBH P, BEANAREBENFIABTEER, —4
AYOHSEESERYENHENER —EHRNELR, AEFKENRAERER,
FUEEARKNEE, BERESRPREAREFFETRENER, BRELRRSHL
FEHAEEBNLERMERMEQRER, Rtz —ERHELESETRE
ARRE-ETRS THORETRMREEZEOSIMXHENES, EEFHEN
BAET AT LR AR T AT, KEB0H T XU EK B ik 0B SR EUT M H IR TE
Bk pyMW EEARBFERE LSRN 5 IR Ak iR R AR A7 R
B Fl(urea, thiourea), FFEAM(DTT), EEIEHEF(CHAPS)F[5-10), T HXLRFHIE
BEPHEEA, SRFBEREERT, —LATREERERANEAESFRE
REPHBARBPMER. AT BEXMHER, FIERGERRESRORBRER
RAPHEBBNAITE, XHEEHARFEESRRE. NRRReKTBZE
Fi E R ILR B R R R Y E L ORIEEERA R, 52 NEEERER
REFEZHRIBEESR. RaOER, FRANEBRRSREIRASRAEENEA
B, —ERELNERNEARRE TR BKIER, EeMEaRLER—SKE
BEEARES TEERERM, H5h, REK pH MR EREUNE A BE A LRER
BHAR S BARH pH FHE A HEAR BL K12 BT 207 R0 CE I Lo BT S o & SRS 4R
HEEMANENERREYFCORBETES IS, A5, SRERIGRARK
BEERANT®EZ—, RIERERESEANTHABRASKER, BREafmEAE
B. BT IBRTEAREEFNA LSS, TUSRER—MEE. RE. &
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MNOBRRBERETE, REREHEAFTBHTELZ — RELRPEHIREEARTE
A MR T A AL R AR

2 LR
2.1 A S

ZB5 (CAN, BXmiafmika, Merck Co) , =R ZE (TFA, BAHHEGEA,
Tedia company, inc.) , PIEEEEE. X FHELIR(PMSF). £ DHiRHKR-250. AR
(DTT). 3-{(3-THEBEEE T H)-— Z 1% AR (CHAPS) (LB TEERAE) , X
AEBRE (bis, Fluka BioChemika) , HEE (LBETEWTEFTRAE) , NNNNN-
U 3 Z 48 B:(TEMED). ¥R} # (Pharmacia Biotech) . R¥E. M (E4EYITHE
AR, +RERERM (SDS, FEATAMIEERAT ,» o-fi4-2R-AER
(CHCA, Sigma Chemical Co) , BIF&BEEEM ARoche AR™F: Hli. W, B
B 2B, BREESNET AR, TRPHFAKAMIL-Q B TFK.

BREARAASR S G E B RET LVERTEHFANEMS, FEHRBE-S0CRAE
CARH 1k 8 5 JR P

2.2 Bl %

SATAS B BRAR, FAKAEEHK(0.9% NaCl #H)ELE = R £ 4R B R L i
— BTN Y. BEERE, HABRSH (01gf), b1 5 (g mL) AL B
AFFHHREGE, REUGE 1 %: 1 mM PMSF, 0.1% (v/v) TFA, pH 2.8; solution 2: 9 M urea,
2% (w/v) CHAPS, 50 mM DTT, 1 mM PMSF, pH 6.2; solution 3: 9 M urea, 2% (w/v)
CHAPS, 50 mM DTT, 1 mM PMSF, 40 mM Tris, pH 9.5. G E FHESEBNHT
Faha%, ERHAATLER, BRI BEKREDRT. SRR 20 24, & 4°C
£ 18000 g B4 15 min, EX EEREARRERD, KKkdraHk: S1, S2, S3. -80C
BAEERM, BAREE MG WX T Bradford B ER[12], ZFEBURKIREK TS
%% 3.8, 102, 8.3mg/mL.

F R ER MR O AR R R E(RSDs)ETTH 5, NIRRT 5 K
REED, BERREMHMITRRE DT 2.1% RETEHRFOERYE, FHRS
REJER 219,

2.3 B SR B R Ik
K HIPGphor ( Amersham Pharmacia A &) BEEN. Frf KHEEMIIEHKILHEE
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BAR. FREOATKIPG A KETR, 7em H120~140 uL, 18 cmA340~370 uL.,
24 cm A450~480 uL, FEEHEAFRRAEOHESIFAT cm, pH 3~10873EL M
ZHTERES, HERFHAHERSKMLE (8M KX, 2% CHAPS, 50mM DTT, 1mM
PMSF, AtEBAR) BEMAFBRENE, N TSIFERSIMA TrisE30mMiF HpHEZR
hit, BEHLSEREBRBRAEREEH. SHENRKN EEEN N ug. RREKRE
RATEGZERES L, REREZFTIARESE, EAEFESRRKELTE. REEKE
EEE— By PmLlBs KA RIER . WEBEEAN20T, KEKLI2h, HPREEF0
vl E6 MY, RSG50 vEaE6/ME . KILEHRE, #ITHREAE, ¥TF7om, AERF
41250 V/1h, 500V/1h, 1000 V/th, 2000 V/1h, 4000 V/6h, 500 V/12h.

FHREBELEE, BRANREENRY, FREENEEL MEER L TRER
BREHT P R MRS AR TR 20C UEEF RSN E. FEEAMAT
FE WL S0mmol/L Tris-HCl, pH 8.8, 6 mol/L R#, 30% H#i, 2% SDS, 10 mg/ml
DIT. AT HEERE T PEHEN, BR LB FE1Smin, BURKE, B/HPER,
IMAFEEGLE HBI: 50 mmol/L Tris-HCl, pH 8.8, 6 mol/L R, 30% Hii, 2% SDS,
12.5 mg/ml BZBEEE, AR EIESFH15min.

XX 16k iz B ok ) 88 — 4 - Fl Bio-Rad 24 7] fMiini-Protean (7cm) SDS-PAGEH ik {X. %k
BRFTEFN12%0ERER, KADAT7comX5cm (1 mm F), WHHL cm EHEHE
BFREPG K. ARTRORE SREABABRANFIROBERA, FHGEER
L3R, MHBEMH (~75C) BUMLAEIBBHRER (25 mmol/L Tris-HCI (pH 8.3), 192
mmol/L. HEER, 0.1% SDS, 0.5% IRIERE, HERHK). $BULTERERESIASH.
EHBEREREE, BN ZEERRY L, THRKK FFAR, SREA10mA,
LUE e 07 ST R BRI o R ER K BT YR GREBY D B 3h E 4 B R, 1R s B S HLUR20 mA,
#gEmik. LENEIRKE, AWRRB0, XABKMRTFE. RTH#R, A8
FAACRABHIR, UEEFRKFERRKE, ERSFERIE.

RV G A 7em BB 22 SRR IER-250 Rt T Ras/ EE R, RAEARE

B (0% LB+10%LE) REEEHRTLEN A L. BRAAHF HinageScanner 13

#1¢ (Amersham Pharmacia 27 ) , B84 7 & # b ImageMaster2D version 3.01
( Amersham Pharmacia) .

24 B EBRERIEEE
B RATRE SR AT AN S AN R, FURX B R AR T
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%2, RATFLUBENERNAR. BEARSTT, BAGLRAN, X FEIHRE
BROHEKRNER KANMTSE: 1, BERICHEAKBE: 2, MAL00 LR (50
mmol/L. NH,HCO:##/50% Z.f5) li 215 min, F LiEH, EERK, ZREEHTLAE
B 3, MA100 4L100% ZJEERRIAEA10 min, BEZEE, MA3TCHAE P10 minkl5
BRERE; 4, ETRAERBER P IMA3 LLBREEBER, BBAH25 mmol/L NHHCO; Bl
B, IREN12.5 ngul, T4CHCE30 min FERpSE2HMK, WS TF37 CHERMES h
ETR; 5, MRS, BAINAG0 uLIREUK (0.1%TFA/S0%ZFE) , BUE30 min, #
LABBEBEI A -, EEMK, BRGNS, BREKEN, B{FEHT, 40T
WRIEZEF.

BTFENKB EFEM T0.8 ul 5 mgmL CHCA ¥ (HH: 0.1% TFA/50%Z.F%/0.3
mg/mLFTEEREE) B, 3P HAEAREEIMALDI $E4R £ 470088 WIT I (6 R
BATHREST (RENBAEYWRAAT, Applied Biosystem). FXFMALDIE Fi#, ®iT
W E 434788, 14700 ExplorerTMAR fF ¥, $CRA3370m, 200Hz. KA EBFRHEX
(Reflector Positive Acquisition/processing Method). BUiE & s s 20k, 88 4% S g
08KV, JRETE W E H800-3200Da. EHE T NPMF P AT6-N 5 E B A K HIZE L
KF3SHIRBE ik .

A GPS % f# (version 1.0, Applied Biosystems, USA), Mascot ( version 1.6,
http://www.matrixscience.com, Matrix Science, London, UK) #7512 . fs R EIEE: NCBI;
RRME: B (rat) , FIEBMENR C WARE 24k (Carbamidomethy(C)F1 F R E B
F.{t(Oxidation (M)). IWARIREBEWRE: 1£03Da; BETERERETCEREN: £
04Da. #BMAFELRRHER, RERZE, MABEEAME (aypsinEAE=1:35, &
BEE) #TEMR, FTEMRNKBH B TRERE, UBREZEAFTHTEARE
E o

2.5 HHBRKRABHAGIESE

BIERLGH LC2010 4 EHEEM FRC-10A EHKEREFTHRE (Shinadzu Corp.,
Japan). LC-2010 RER—EMERMNEESBRE, ChH—MEENTHER, BEH
B8 ERRE AL, ERAKN— AN NEK RS ] BT3B A R R4 B W Class-VP
THHATIEFMLEEHEE, FRC10A BHWERLH SCL-10A #H|##THH

(Shimadzu Corp., Japan).

GIEEERA C18 FIRMEE CKIERFNF T EFRASE, PED, ARE 4.6mm,
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20cm ¥, FA] Sum, 300A, Hypersil 4, SMTHRIIN—1 2cm KAEH 4.6mm HIR
PHUBIEEREEERE, FPENERSATEMR. EERA 100ug, LR
AR, vWREHES S2 1S3 BAARAHRSERITEEERET.

BRI YR A: 100% 7K —0.1%TFA; B: 100% Z.f&-0.1%TFA. RENFISEREEE
A: 0% B 1S 438h, 30 4+ 8hdE EAE 30% B, #:5E XA 30 S8R M 30% B £ £
F 50% B, RS20 A AZE80% B, REFS5 48, 20BAREE 0% B. HEN 1.0
mE/min, ‘F/MEFPE KD 2150m.

3GREGR
3.1 0 ) kB LYKV S R PR SRR B 5 R B e 5

=M ERBARMEEFES S1, S2 M S3 4 BIE R XA SR s ik B kAT
SE, B 2-UAOSRH TR AR EKEE, AX=kKiEEpx LT 25 HERARK
MAREEHERANER. PHEFGTRENFARMNATERPESFHA 57 KER
A, BEAGTROMESHREENS, S28%, EiEgF TRINES RRRHT
175 . HRAR % B 0 AR AR AR R 4 ] F R RS R, 34T VIR BEARA MALDI-TOF-TOF
FiksE, KEHRFITE 22, EREEHTRUNESH SLERE, EUKP
WA S TREMESRA IR S2 50 83 fENITERKE S

Table 2-1 RAFEREBAHATL RIS R L

Protocol Concentration  Volume (mL) Total amount RSD (%) of total

(mg/mL) (mg) amount (n=5)
St 3.8 0.39 148 1.9
S2 10.2 042 4.28 1.7

S3 83 041 34 21
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A 2-1 RFARRROE SRR AKER. SHRERBR, (S)PHHEER,
(SIPRIERMR CRA LR &M RERHD .

ME2-1 RS E TR R LEE AR RRIUTENT D — e R E L BB A58
A AEE, TANESEARTURMETENNE. THRANH, TELERE
(Catalase)F BB M &4 TR BRI — M HBEXHBRAENERRER (S1 PH NO. 11),
AR A TS BHILR /D, RIERE LR BB E A(S2 FH NO.
7) F(S3 FHINO. 10), R T H—RH Z Bt Z Bk . B§(Fumarylacetoacetate hydrolase)7E R
HESREC A B A I P R IR0 R A(ST AT NO. 9) EE T H AR 2 8 K
FRIMEEAGS3 FH NO. 8). KLlELR, EAN_TAWE A3 AR (Protein
disulfide isomerase A3 precursor)ZERE T REUFE & ) 2-DE % B LRI A AR(S3 F#I NO. 6)
BT HA PRI M 2-DE iEE L EA K (S2 H1 NO. 5).
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Table 2-2 MR pH £ FEEMEAA.

Spot Protein Name Accession  Protein Protein
No, MW Pl
S1-1,83-1  iodothyronine 5' monodeiodinase gi|202549  54033.2 4.87
$1-2 regucalcin gi|13928740 333684 527
S1-3 phosphatidylethanolamine binding protein gi|8393910 207884 548
S1-4 glucokinase - rat (fragment) gij2143755 190785 53
§1-5 Annexin T (Lipocortin IIT) gil51980303 36340.6 5.96
S1-6 aldehyde dehydrogenase gi|16073616 48239.5 6.06
$1-7,52-6  albumin gil19705431 68674  6.09
51-8 selenium binding protein 2 gil18266692 524984 6.1
§1-9,S3-8  fumarylacetoacetate hydrolase gi|8393349  45946.1  6.67
$1-10 Serotransferrin precursor (Transferrin) gil6175089 76314.5 6.94
S1-11, Catalase gl51980301 59719.5 7.07
§52-7, 83-10
S1-12 rhodanese gi|57069 33155.7 7.84
$1-13 hypothetical protein XP_216453 gi[27715161 358052 8.14
S1-14 peroxiredoxin 1 gi|16923958 220953 827
S1-15 Chain B, Crystal Structure Of A Mammalian gil6435548 22079.3 8.34
2-Cys
S1-16 unnamed protein product gi|56643 356328 8.92
52-1 ATP synthase beta subunit gil1374715 511706 4.92
S2-2 similar to actin gamma, cytoskeletal gil27683621 417668 5.31
§2-3,83-3  HSP60 protein (AA 1-547) gil1334284 57889.7 5.35
§2-4 3-hydroxyanthranilate 3,4-dioxygenase gil9910256 325612 5.57
§2-5,83-6  Protein disulfide isomerase A3 precursor gil1352384 56587.7 5.88
53-2 Catechol O-Methyltransferase gi|1633081 247314 5.11
S3-4 similar to dnaK-type molecular chaperone gij27716941 453824 5.6
hsc73 - rat
$3-5 dnaK-type molecular chaperone gip75 gil2119726 73698.8  5.87
precursor
$3-7 carboamyl-phosphate synthetase 1 gil8393186 1644755 6.33
S35 arginase 1, liver gil8392920 349773 6.76
S3-11 glutathione S-transferase, alpha 1; gi[13928688 25303.3 8.78
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Mass (m/z)
B 2-2 i F A EE5(Catalase) ) 5 3 B 43 Bl B(A) S1 F /1 NO. 11 (B) S2 F*# NO. 7.

R EBES B EEARNER, #MRAET RENRE, LaRE T HENFESE
BS5ERLNHERERTHURATFREREEHRBRREE. DidE S (Catalase) 5],
2% %, S1 P NO. 11 5 82 9/ NO. 7 #AR—HATELERE. HF5H:
NFTDVHPDYGAR, {BREHE —#KMFiEE(E 2-2)a LLE], S1-11 BAKENGE S RE
MEREMEERT S27, XARTRETWUHTFERVEANE. W¥FA S1-11 K
WELH 27 £RERGTITLAS, TOA S2-7 IBEEMAKBLRA 12 &, T H A S2-7 LRIk B
BAETE S1-11 &, BN A $2-7 k¥, A SI-11 FESHMHBATEALERE, BX
BEFRETEOREEHTRENE, REATEALENRBEEEN —BEFEEAR
MEEEHEE.

KEEEARREARAFHRIAHE, BREREEARES SIBPH L
BREEEEFEARABTURMEKFEH—MARFE. RELARXMERER, X
HAARK pH REUEAFHEANFIEAN—PEELE. B ImageMaster 5.0 4 HT8 4
SEXEEL S1-83 _FME A AKMBERT T E S, 45100 1050, 1260, 980, HUMLE]
W, TUMKRFMEEARSNEETS TRA-RFEMESBRNE QRS NEE,
RN, ZRREMAENES R R AR T B E P R RS RIE LN
EAR, RUBEZHEARNRAEZNE N EN LR CYRET X EMWER. A5
HEORAESH FZENNAE -SEE IRAE T Z4ERaknEeeh, FERMA
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LHELRF pH BERN TR LA EESKN R HKERE, &44BRITHEABESR %
TR K EE, HEREFE—RERAREN pH BENS FREEN S EES
B, URESHR. BEEINETEBBFRE —EakKA%E pH BERSE. 1 pH
FRRER) IPGs IR &I AER RE S — SN R LT RBEEEARMBERETH
£111, 17}, B2F LENTPREMYE pH WEME S, W pH 6-11 M 9-12, FEHEM
EREMSEEFHEE 9.0-105 X—EEMMERES. FRHMKE—BRA 7 pH HA1(pH
3-10), FH% pH &2 )5, HRIKE EX pH MBS, HHREED 3 4 pH £47,
FREZMCh 14 pH $.47, BAZAHES pH BERRLNEA (0 pH4-7, 6-11 il
9-12) H—AERHEABLE LRERTERR, AN HERSBIRARR.
Rk, mREAETERBNEQREMRICER SERER pH BEK IPGs RELE A&
¥, IRRM RN E SR EANE RS HAS M EEEY pH BN IPGs K%,
RZ, BUHAERBINESREEANESRERS MR EEEN pH BB/ IPGs K%,
BB —PRALFBAGEAE, ARUEZHEARARLRPRFEEERRLE
THgERNEEZ L.

3.2 RAMBAE B EELS B LLBRARRRES T REBEER

BARCIRUKARNSENE. &EsMLER . BRASUENRIFRERRFMRIER
BB [ R Z E EARAEAAT N ERNHAFRREENBE AN
[13-15). ARV, fRAH C RN AR T 5 5 5 R B R 2 i K BB AN L AT
RAAZEERREGREVERS, —BEETARREIRE, ETRSBEESE
HERARTN. FlRABAEEERNEEE T RREAEXZFEAREMET EHZR
LB (TFA) FrURshH R RMYE, BRMRESER A TAFEENRERD &,
WARAFENMNE THRBEH A RATIER EE. TFA A EE R+ F R
WA, FE R BRI B AR A] R D AR A0 Bt i 0 v e A e FE 4 R [ e
%, FIN TFA XNHRBHERHEREN LB EPERRE, il TFA ERHEAEET
BHAEZANH. BMERGREUIET, A TFA BER R HE T SRR in
/G TREORFEMR. Scheffler ERA[SHREMIFH 0.1% TFA MRBKIZR D
ATREARDKAERERN MR E2RRRT . RUKBEQLSEH E/H 0.05%
TFA fEARBRR BHE LN ARPHONLES, HIMEERIEFER ZHER 0.1% TFA
FEREGRBROLETHEARZ]. B 2-3 G4 T ERRABHEAESBE=MERYNE
A, HLFE 2-3A)E St HEiER, Rt R ST =R S1 453
fraBAEEmE 238 , AX=ZKERETUE HIXFHRITEFRFNER
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. B, S2 F S3 h{EH RPLC #T T4 H, HNHMEEEWE 2-3B)CFix, AT
B BRI, BREZAEARE A HMEGFITHE. 58 2-3Q)ML,
B 2-3(B)(C) i B Bigk b . FATEAE R T A4S AR E O RSB ERNY
pHA&M TR, &%, EBEHEA4T, REBEFEOR. HBENHRERSLTHERR
SERRAF R AEFHEEMRRT B, RRAHERN RS WRE T HNE
EMFEE[16]. Hik, EMRMEE pH &4 TE S RERREFLMN thiol-disulfide K35 #H
RNEBRBELAG TRERME, EPHEL4T, XERNEESFEES T2 AALHE
BRAMRERARERSR. PHNRER BB RE R QR IUE A8 RSB ik
o, MARESFAREFTHRAERGE EEESEIETER. Bk, RESBEER
MRS BHFENS BARMANMEZSENRESESETERERLEYN, RAEAR
BRE B B R AR FL R 1 B A Y R B AL 3 O Y ) e B 1) 7 B AR A L G
B B AERLUEBIREN SFERR. B2, BOHEOER DU B 5 4 8 07 SR B 4
7, AEARAEMNFARE T HHEAENSRE, HRIFNEMBEFREO#TE
SEHERAHRRET HEERFE.

A

0.10

o 20 20 60 o 100
Tim e {min)

42



14+ GaRK

;

Absorbance (215nm)
o
g

0.00

008 -{

0.04 <

Absorbance (215rm)

0.00 ]

T T T T T — L
80

0 ' 20 r) 80
Time (min)

A
100

2-3 RATALE AN RPLC 4 B M EER . (A)S1 I RPLC B MEEE, T =KR
ER RS 4812 RPLC A B &SR . (B)S2 I RPLC 2 &K% E(C)S3 i RPLC 45
MEEE. GERRNZRAFRIREN

4 &R

ATAEE Vo RITARE QTR EpHA T RRBUT RMBRHAT THA, AR
T % 5 L AR AR 2 B I A T B v LB AT LA, HFIRH T S B IMREARNL.
X IR vk B B R R R SR X R I R R B A RpHR BT B . IR
WH— P EEMNAENIPGREFRITIBER, BEBEARE LREFRNAREN
SEEESHE, REMNPEREERANSNED. TRRRIEE LUE M EIHER
52 FEMRATCEERD, EMAFFROEHENRED EBE. LREHER
HETEAARIFMERY, FZRgEEaRA¥HATZNA.
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B=F  RABMAGEE/UEREKIERENRILE
HAERARAFFRT O

1515

EEH T BEREIkERFAE TN - ML s BRiARERBREAFET
KM EEANEAR(14], ETEARARBENERYE, REBSEW, SERNER
AREETEYS BEREEREEFLEN. $— WUNERERFE-ERGER
BARETETHR; 82, AUKKEONEROERER, AMEnEENsE
¥. BNEERARSBNFRECERNEORAER, TEFEH, FHNAEIE
H[5-9] EAMRBMARE. Bk EEEEIEE.

HAME R IV R B 5 TS Y EE R R ) & — 20 F T B4 SRR HE, Py
FHESRAKIENS, REEDS TRARNERABREORE, WK EERERK
hERGEE, ENGERRNEENRE. FRNALTHTEARRARREREE
AMERAS T2 . BEMEERRERQRNEYFEEYRN > BALNHE T T
+ATE, BRE, FERFAREYRSTZARNANERQEIEANSRESFK
MEEE], HEARARGREEEESENEAR, DRIBHRE. fEE0RR RN
FEHNEMERES B HE-RHEARSRERRHNEOR, MESTERBURL.
BEULBEREAEIRE, &SRB THREARMA, BTFoRatEaR &
HEPESTEANEHSRE TAEENDRIH T EREREE. FAEENRS
RBEEMGEAN, SBESA, REE, HINSASTEROTXARENEHD BN
B SHEARRERRY, PFRAMEDLTHTRSENEE, BHNE—NHE
MAENS, REEHET - HREFEREENEEEN, ANT-RENHERHE
BEARARNE, FTGEMEHE R RRIE.

REMR (RAL) FETAMBEFOAR, SH17TVARBERR(18]. RWTE
XEATR, —RABAREREERSRE RN ZERETHEERERO®, — 2N
FEARK A RRBHITRERENE R THEEROEAR. A RTAR L RS
SEWRESTHESRSTHSE, MUTURGERNESRAKR, TTUNEE
HEE R TARERS. BIRICGARE. BB, SRS ERREDH LB
B . (BRI IRICIE 40 2854 B A R ST IO AR T R R R E M EBRR,
BRe SR RRE, DR REIE L TARSE SIELTAREHTERFHE
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®3, BEHREARERGIRTHTK.

HEREEREB-1THREEFAN RSB FR, X RAEE LR TR
W&, ARMEMIEEE: Rotofor (rotationally stabilized focusing apparatus)[13], continuous
free-flow IEFf14], Gradflow (multifunctional electrokinetic membrane apparatus){15 1%&. &
M ERERXAFENTERA SHAETTRANTEREEARERRR K&
AHERANEERS TR THROABRMN, SEENIEAMTTEREE H
A —MREFNFERESEROBRERERRARNFEREHEQRKE, B,
W BT SHEARF TR

ERBEAEE—MRFHNSEER, MRMAKAEGE (RPLO) [10-11], BT
B (EC) [12], AREFAAR (SEC) MEUKARKEMEAE (HIC) $—RANRM
BT RAE, BRERAENERMTARS . —EMNAERANEFRETRA,
HFEAAZEFEROEE - RLERGHLIRESBER. 25 HEREM,
BRAMEEMSERE YA EREREN T L. REIBREANETEERRERG
ENBRASHBERE, BEMETIAANENY SEABAERRARENLRE. ¥
MRS R — B R GE A R B R R IR B RO T W et

AT LT HSUAT R XA BT BT AR G5 R R KAk
AR BERZ. FONRHEEEEENERETERSE, BERKERNOAREREDR
RS, FIFR G BT AEREX R ST T RE, WAKRE TEAMN LA
B, RERMBEEREAN LR, MRMHEZHESRE TR, R RAKHER
SRR AT TSN ENE, BANRRETRANEAR, dMtRAER L
RETHEANEGNABES. WEEDHY, UKD, EhX—OH5 AKAH
REERLE, BT i D SR WREN A TEY ¥ RREE DR, AER
BARUBRNEANNRELT SEMERAFMMAT TREMN, RMHILLEHRREA
AR ERARARKIENTHES.

2 SERES
2.1 BRI SR

ZE (ACN, BSBAHE S, Merck Co) » Z“H LM (TFA, BMAHEIEAL, Tedia
company. inc.) , PIfSEEAE. EFBRBREMSE). % BHiFEHR-250. —HAREHDTT).
3-[(3-FEB R i E)-— 2. K5 RS RR(CHAPS) (LI YTHREARAR) , WHAKBE
(Fluka BioChemika) , HER (LA TAMTEERAR) , NNNN-HHEZIERK
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(TEMED). J2Ry#5 (Phammacia Biotech) , R&E. IFEME (LXREPIEAR) , +=
R (SDS, blETAMTEARAR) , a-FfE-4-2HE-WER (CHCA, Sigma
Chemical Co) , JFEBEE B ARoche A& Him. WH. HE. LR, TE.
WACE AR Y. ARERAR. TIRIRREL. BEREE. WA, HFLH. DARRANKERY
LREFTARA, ERFHFTAAIMIlL-Q EFTK.

BEARFASRESBEERFP LERMEFARERE, REMEZEAFARH
HEir NFARIREE . FTA R HE-80°CIRAF LB LR E RIER .

22 mEE

R AR ER, Aok AT K (0.9% NaCl FE)iF 8=k AR 544 R L o
— STl Be s et EETRE, LU1: 8 (g mL) MIELBIINAIEIGE (8mol/L JRE, 2% (wiv)
CHAPS, 50mM DTT, 11 mmol/LPMSF), REETHHESERAMRIT TN, HE
ARTLWRE, BNIEIBREKGPHRT. DRBBR20458, ELCHFET 15000 g
E010 min, B EFEREDAIRRER, -S0CHRFEH, EARRDNEABadfordZ:EE.

ERAFASRERESRIIBEILREZ, CEE EREANPEFTLHER
¥k, FTUAE#EL: 8 (gml) MFMA LRHEREMRBBFETTFHO%, HE24E
HE LR, BNIRERBRREEKAPHET. RERIE2054, ELCRET 15000 g
.10 min, B EEBEINRIMES, -S0CHEELH, EAFEDEHBradford: EE
[19}.

2.3 HERRNRABHEAEKTRSH

BIERESH LC2010 9 EEER FRC-10A HH W HEEEHM (Shimadzu Corp.,
Japan). LC-2010 RER—ERHERNOENSBRE, EH—MIENTHRER, B3
PR, ERBES R HR AN — MWL AT WA TR A B R4 H H K Class-VP
THEGERFTIEFMEESIE, FRC10A BHEKERLH SCL-10A EHIBHTES

(Shimadzu Corp., Japan).

HERRA C18 AN (KERFEMFIUBERAR, $E), ARE 46mm,
25cm ¥, FH Sum, 3004, Hypersil Bk, AHERTIN—A 2cm K A Z4 4.6mm KRS
OB R E A, REERER S MR, ABAKERESR, LHWA
RAHHERD, BOR LR, FRIERE, K300ug HH.

BRI R N: A: 100%H,0-0.1%TFA; B: 100% Z.f§-0.1%TFA. FishtEseBiss
fEH: 0% B 10 418F, 20 WS H EAT 30% B, 80 HBAFE 90% B, 175 S 04,




S L R LT 2 LE

5 SEhABEZE 0% B. ZEIALE AN HERAEEN 0.8 mI/min, EAMETEKN
215nm.

Libgit 5, MRS RRERE FHEERE LC MIEH, €S 2% E 131 458
FEXE A 3 SeE—R, REHFAEGHETIURERER, EEEiEds 6 1
BT ERGRES I, BI85 7 MEM. X 7 MEBRERT R B Rk Z AT
F Bradford ¥ TR & .

2.4 T 10 P SRR R 4

K FIPGphor (Amersham Pharmacia 2 7)) BEEN. FENEMBRAKLERKE
BAR. ERAERKPG BEKETR, 7em H120~140ul, 18 cm#340~370 uL,
24 cm #450~480 uL, ALK FATRIMESHMIIEAT cm, pH 3~1004E& MR
S TEBELE, $50 LR 585 uLKI# (8M RE, 2% CHAPS, 50mM DTT, 1mM
PMSF, BiPE 8 BamAS AN, RERHACERSBHRFEREBRPRT
B MEGEAEOBRHBENSSTU LER NS0 ug, HABTR ERHEBNTS ug.
EEAFEROEORGHIFXALS cn, pH 4~THEEHREETESERE, §MEG
(o bR N120ug. BURERHE R FTREEERG L, RERETARESE, BARE
BERBERE LH. AREERELES—EF Wl kK ARER. RENSRERN
20C, MREKMI2 b, HPRE0 vREADMT, RIES0 vRiIE6/ . KILGHE, #
TREFAE, ®F7cm, FERFH250 V/1h, 500 V/1h, 1000 V/1h, 2000 V/1h, 4000
V/6h, 500 V/12h, XFT18 cm, FHEFF 4250 V/1h, 500 V/1 h, 1000 V/1h, 2000 V/1 h,
4000 V/2h, 6000 V/2h, 8000 V/5 h.

SHEBELHE, BRANEEEARE, EHREENEEXZ ERREHETN
RERT Y A R H AR B R AR & R 20C UHERRRENSE. FEENIAF
HEEWHIT: S0mmol/L Tris-HCl, pH 8.8, 6 mol/L K%, 30% Hili, 2% SDS, 10 mg/ml
DTIT. ¥B4AEAMERETEEEA, BK LB TE15min, BUHKRE, BH-PER,
IINF#ZP®I: 50 mmol/L Tris-HCl, pH 8.8, 6 mol/L JRE, 30% Hikh, 2% SDS,
12.5 mg/ml BLZBERE, #EPK L1830 F4715min.

X TR} 5 5% B K ) 55 — 4 3K I Bio-Rad A &) 9 Mini-Protean (7cm)EXProtean 11 (18cm)
SDS-PAGERLIK{X . BEREATF LEFIM12%0FEHER, KPHRHT emX5 cmEl18 cmX 16

cm (1 mm [F), H#E1em ZGEEBTHEPG KRE. AETRAEREIRMEFBA
BHIB BRI REEERRL LR, A (~75C) BLIERRE R
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¥ (25 mmol/L Tris-HCI (pH 8.3), 192 mmol/L. H&®#, 0.1% SDS, 0.5% HAaH,
BERH%). #ENIRREREIIANSNE. SHERBERS, BREZEZ BN,
FTIF KA, Y B, SHRA10 mA, DUE BT AT K. fFakald GREED
B EN B, AW RABGHRE0mA, SRk, YATIEAZIRNRS, HER
0, XHRKMETTR, WFHHE, FERADORFFHEIR, UEETARREHR
H, ERGHEBFHE.

BIKJE [ Tem SRR FE 2 DR R-250 Rkt oS R adn, AEHEA
W (10%ZBE+10%28) REHEERTEEN NI, 18emfIBEER A BB R
BT 50% 2, B2-5% Z. B B 5 20 min; 50% FF B2 ¥EHYE10 min, FFK¥E10 min; FH0.02%
f1Na,S;0; Bfb1~2 min; K¥E2 XK, 1 min/ik; BA T 10.1%AgNOsH » 4°C T E 30 min;
AKEES %, 1min/ik; MABER (40 wL FE/100 ml 2% Na,COH) » BEEEA
FAEWTL:; EHEEE BAs%2BEERE, HEERAFERD. BRYAHBE
FiImageScanner F#i{X (Amersham Pharmacia A7) , B 7478 HImageMaster2D

version 3.0.1  (Amersham Pharmacia) -

2.5 & _LEgH

StF SUFE S G, B R BT SR B4R R AT AT PSR FOAR RY M 4% B SER I AT K
HEMLEANEE, FURXN/MIIBAARTTEE, FHATFINRNEENT
R, PEARST T, BAGHLEA, MTEDHERREMKRNOEBR, XRAUTHR:
1, BEICTARNIBAE: 2, MA100 gL A (50 mmol/L NHHCO:¥18/50% Z.58) Ik
615 min, F W, EEFWK, TRRENLEER; 3, MAL1004L100% L FERAE
BK10 min, BEZEE, BASTCHEPI0 minllHETFE: 4, ETRAERBRM
A3 uLEEEREH, B8%H25 mmol/L NHHCO, ¥R H|, WREEA12.5 ngul, T4CTH
F30 min FRKISEA WM, BUKET37 CEARBI Y RELK;: 5 BExE, Sim
60 uLIEEUH (0.1%TFA/S0%ZK%) » (&30 min, HILABBEBI R —1967K,
EERK, BRIBAF. BREBEN2 fEPT, 0CREET.

SHFREREOROER, BT ROTERRN, L0 BaE, REEROgRoR
B H15 mmol/LZ&E L4 550 mmol LB MFRIKEABILL: UBRETR, MA
R 15 min, F EFEH, EEHK, REWAL00 4LKKE15mindtik, EFHK,
HEBRRKNAEOTHLOEY. ETROTER. Bl KRR, KTEANSR
SxOmEEE KRR AEFEER. B4 A TREAREORRATERTL2ER
W, B TRETAEBMESIRE, FURATE838 LBENF, #HEtan 1)
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X (Amersham Pharmacia) #5388 AR ATIEI TR, BEI6FLRH . (£/Ettan B8R
X (Amersham Pharmacia)i# 17 i L E§#%, ML RERFRITI EHARSIN PR, F5H
REREHRSRERENROEBRENREROSRE, 2HRADRABHEER.

2.6 it%ESE

BT RKR EH M T0.8 ul 5 mg/mL CHCA B (B#l: 0.1% TFA/S0%Z.R5/0.3
mymLAFREREE) B, I E A ARIIMALDY S5 . 13470088 B CAT B LRI
BT R AT (EENAEMEZ AT, Applied Biosystem). KFMALDIE TR, KiT
A5 AT 28, H14700 ExplorerTMEK -84, BCRA337om, 200 Hz. RAER TR
A (Reflector Positive Acquisition/processing Method). JH i I E3 & H20kV, 4% Fimn
HHE N8RV, FETERE H800-3200Da. EEENPMEL P ET6 N RER KM HER
HR T35 Bk B E B ikt

F GPS % 4 (version 1.0, Applied Biosystems, USA), Mascot { version 1.6,
http://www.matrixscience.com, Matrix Science, London, UK) #%& 5% . e RHIEFE: NCBL;
BEMB: KR(atws) (RAHES) . A(human[homo sapian]) (AFFHR) , AR BT
A C R HIIR B H Ak (Carbamidomethy(C))F! 5 & MR I 4L (Oxidation (M)). FARERETE
FARE: £03Ds; RHAEREREREEEN: £04Da. W ONLEORRER, #
WG, MABEEAE (uypsinEAMK=1:35, AR BTEE, FEERRKBY
BRTHERIE, BB ZRHTHITEALE.

3 gGREWR
3.1 RABRBBAHAENSBLR. £FREEAEREER

B 3-1 & TEAMTR T RORER, 31 (B) REENASEAMNSITRE, S5ik
SRR 3-1 (A) BET/ERBATRES. BE, RAX RPLC MBERBERIT TR
the B 32 (A) A THEA—SRHEFAENREEE, BAEESER: 0%B 48 10 min,
90 min WEEHE EFHZE 90% B, RS 2 min AREE 0%B. AILERUEN, KBHEARK
£k, —BREERTRERLEREPH— M. MELERS N RIEE 3.2

(B), %M 32 (A) FHNMESERNZSERERE, RARREBETEZEPH
23 FHEEANNA. KRS, FREEAREFERAMEORBAAREIAAYS. B
BRI, KEREOEPETHERE 30%3 50%X— XK TR, EHEAT
BEMHERTFTEZLMERX —RAMSEHRE R, #8503 w8 B PE B e A o] BLE
LB LMET A BRI RNE. AB 32 (A) 5 (B) XA GEiEE L EEH
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ELEUBENT —SRERE. ik, £45XF, ERNEREOELOEERHERE
BERASSENRE.

A Liver Tissue lysate
b B Liver Tissue lysate

A4
Separation by 2-DE

[Fracion | [Fraciont | [ ] [ sracion]

analysis by MS

|  Freeze drying and dissolution in 1-DE buffer |

Separation by 2-DE, then analysis by MS

B 3-1 ZRRER (A WOSHRER (B) ARKIBE

0.4-‘ A
0.3
g
5
o
% 0.2
i !
2
2 01 \Jth\
0- 1 ] 1 I
1] 30 60 90 120

Time (ndn)
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4 s
B T A 8

Absorbance (215mm)

T T T T ™™

0 30 60 90 120
Time {min)
A 3-2 RATEAR RPLC 4- B E (A) — A8 HEN RPLC 23 E; (B) £
HREEM RPLC B8 Rif&A LB .

EAWMABMERMEZXREEN, MRRNUR—-RIFERSHERATANS, &
WRKNEREHTRT 3 KELLR, B32 (A SHTRXZAERNERE, AELE
BN R RN E BRI CAES N RPLC SEFREARLEHAIENN. 7
T REFQERNE, RO E—HSHTERFTIE, SHRAREGETEH,
RERTURBR—XK IRESTROREE, NTOEXTREIEMLER, THNBLE
TREEEA, EFLREHEELARANEN T EHFRMOBERRNOTRYE. A
5, REFHERMEGIERMEER BT HEGRAKFRMAT WRMER. £
K, RPLC KM LHER 300 vg, “FIT=0EE, HNMEBHEEI, #—bad

53



S RY 3 L ¥ T¥

AT RIRGE R «

SEH B PR TFA RN RN R IR E E R B TFA ER AR B PR A RIE
R . WA EN BT AR RNERTE HREFMA[20], EHF RPLC fERH—
BRI BRER RPLC BB RINHRITAEMALNER. EHITH
ALK Z BT, RPLC HALHIRR 25 TR Pl RY), BT REWERRENS
MEENTTE, BARATURERRGRENPE, [T EREME. 55 RPLC HEA
BHBIFRAHEN, X—AENE 32 (A) Fir, RIN7ESEIRNaEASZ RN L
HE,

EARTEF, R B MRS FREE RS RPLC ARG BFBRE T,
FR#—PRUEBNIE P EENNNFE, TARRTERAEE, Hik, TRPHE
RBG BT EH, BREAR 7 MEGHT /RSB MBRREXLE, NIk TE 4%
PIRAHE. 448, DRAGIREBEVURREENEMHEUEREEOSHREN
BAR. RENRE, &FEENRNEERLEEGREARBIDIRE2RBETIR.
BRI SE, T RASH X MR T # 4 s AT S R e B A

A FO B:Frl
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B 3-3 BUFESANARRMNBIKE, SoERERE.

55

(A)

75 pug 55K B I A B
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FreaikE (B-H) 25t RPLC 4 EZ G AR EE NN RERKEkE, B ) EEEN
50ug, C-HELEHERDHH TS5 ug.

x 31 UMEREKE 32 (AH LEANEARANSGT (EARANKEH
ImageMaster 5.0 - HT R vH B 40)

Gel Spot number
A(F0) 1260

B(F1) 380

C(F2) 700

D(F3) 1100

E(¥4) 1050

F(F5) 900

G(F6) 1000

H(F7) 800

3.2 WABRRIKS B

RPLC A BB 7 MEG BT MR B S, FfEEwE 3-3 (B-H)
FiR, REMT BN AT &E QRO RS BEK s EENE 3-3 (A Fix. AE
33A 5 B-HAMEETUEY, £33 (B-H) EANREEASER3-3 (A) LUK
FEIH, XA RPLC BRI T EERHERA, RN, BUrEEREGKARNEE
REENEGHAEERATARRR RBENELLEHEET RPLC HoBERTE
EMEAH, EREEMEANGFEFTEERUEAFMTREENEORTEEIIH R
BRENEL.
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B 3-4 FidHEA Y MALDI-TOF-TOF ¥, $E&ERF|FER 329

F5b, R BT ENE 32A 5 B-H LHEERAHET T4, Kitd R
FFE1d. AFR1+, THEHE3-2B-H LRNEARANEELFER32A LEARA
AE s BHREE, ST EABAERINEARANEREETIE S . &
RS, EARENFELRNABRERE—ENEE, BETBEAARERSSH I HE
HER, AETHRP, B3-2A 0 RIS RPLC RN 25%, FEEWN, mREH
RPLC FI#H LR, BAREENERBEREEEARMSE “ETHREBEESN
Efi. R, FH RPLC MHEZ)E, RERKERAOARKEERERTHESY, o
S EREAS MBS AFETIRIRG 2 B BT W SR R, v LUK EA A6
FHERAMEHE. Bk, TOERNTFREE—HAREARNEENS X, XHEE
LR — Kk BT KRESBRNNE, NUURRFRAEARN ELHE, LHE
PREEEARENPREEEASEEEZFERAEEMNLEHERE.
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%32 EEMEASIER

spot  Protein ID Accession NO. Mr pl
0-1,  ATP synthase subunit d gi|9506411 18751.6  6.17
4-4
0-2, Cu-Zn superoxide dismutase (EC 1.15.1.1) gi|203658 15699.7 5.88
2-7
0-3, carboamyl-phosphate synthetase 1 £il8393186 1644755 633
24
0-4,  arginase 1; arginase 1, liver gil8392920 349773 6.76
5-1
0-5 glutathione peroxidase gi[2654236 222523 1.7
0-6 glyceraldehyde-3-phosphate dehydrogenase £i|8393418 358052 8.14
0-7 Protein disulfide isomerase A3 precursor gi|1352384 565877 5.88
0-8 aldehyde dehydrogenase gij16073616 482395 6.06
0-9 fatty acid binding protein 1, liver gil6978825 142633 1.79
2-1 similar to aldolase B gi|27714457 395002 8.66
22 Aldolase B, fructose-biphosphate gi|27476059 395932 8.66
2-3 aldo-keto reductase family 1, member D1 gi20302063 37354.1 6.18
2-5 glutathione peroxidase (EC 1.11.1.9) £i|66313 222584  7.66
2-6 subunit d of mitochondrial H-ATP synthase gi|220904 187696 5.78
2-8 phosphatidylethanolamine binding protein gil8393910 207884 5.48
2-9 cyclophilin D gi|27721223 205422 5
2-10  Thiosulfate sulfurtransferase (Rhodanese) gi|135826 331557 7.84
2-11  Glutathione S-Transferase (Isoenzyme 3-3) gi|442967 25766.1 8.42
4-1 Crystal Structure Of The H141c Arginase gi[13786702 349252 6.72
4-2 protein disulfide-isomerase (EC 5.3.4.1) gil91897 56587.6  6.38
ER60
4-3 Crystal Structure Of A Mammalian 2-Cys gil6435547 220793 834
5-2 myosin heavy chain, polypeptide 6 gi|8393804 223369.6 5.59
5-3 ornithine carbamoyltransferase gi|6981312 398608 9.12

Jo T RAE TR B R I B AR, TERTIR IR EARIE R AR T — 2
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R E A AT VIR SR . BILH 32 AN A BE R MALDI-TOF-TOF %% &,
BE 271 MEEG. EX27MEAP, FRANEAE 234, HHWFIER 32, ¥R
MEEERIRICA FO, kB RAEAENEGHIEHSEMFENE. TEAJLNRK
MEAS FHARBOAERSECACEANERENEETEMNEMR. ATP §RET
{X(ATP synthase subunit d)(4 S4E4 5 i) No. 4), # — B E ALY AL BE(Cu-Zn superoxide
dismutase) (2 S1EHPHI No.7), BrEEBEEL &4 788 (carboamyl-phosphate synthetase) (2
SEM T Nod), MRS (arginase) (5 S8 T/ No.1) LS B2 EHEE -
HEKBRNEA R, RXEE O REHEN KSR EORES RS LB HRE.
AEMEERN L AREREIEFS L B354 T - MUEREREE, kg ATP
ARV ARIGERNRRE, LBRE 3-54). (B)5(C). D)AILEH, F4EAST
MoEERLERTUERMNKE M L. FEFSREURGRLTHENERS, A48
HEAFMEARE TS, XANEEREANLEERELEE.

3.3 JRAE AH K B B RS

RETRS, ARKA=ZFRHERRET KA/ TREAR, XEEAREEWETS
MR EEPITE, Bit, £PRPREELARBEEIRA¥TARERAE. B
R HE Rt ABEARBHRNERZ —, EPEEATEERNATREEYMES D
2 EHBBE M. ARTFIREFRHEXNEAZARTEBURIENARR. SRy,
—EEOEERSHRENGINER, THERSHERRENRRAGS . SMENFT
S AV B8 (lutathione peroxidase) R BLYE 4 [ A T R AL IR 2 8[21,22], ATP & HERTE
{K(ATP synthase subunit @ RME SHRES . ARESHARETEIBHEXNELSS
5 F R B ORI R IR S W R R AR E 2 —(23,24], BERREH MRS R
(Glyceraldehyde-3-phosphate dehydrogenase)[25], 41l — £ 4L i 1. B8(Cu-Zn superoxide
dismutase)[26]% 5 4 K B Z B AR S 0] DAE 0 R W AR D2 —. FHRIFFRIX SR
REEYR LB N TERRR ELEHHIN, CUEREBITHNAEY, BLAH
HEAMBERNEREN. AREEYEZNESSFRERMBEAIERS, Hihih
MERBFMEREDIRCYRBIVERRNOA AR X EFERTARHE, 2R
EREZZX—THBEARLE, FOUHKREABITENSIBEEER, FENH
R B R AT KRR i BT

34 AJFEBK RPLC2-DE 4B &R

ERAXNREZENAFESRERBTT 0%, TRLERNBH~. B 3-5 (Af—
# RPLC M1 EE, B 3-5 (B-D R£if RPLC 4035 FiA48 6 i B s ik 09 4 58
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B, AE RIS UES, REHESHN 2DE MBREZMEERNERMRR, B
{575 RPLC/2-DE M= A BABREHAERR. MAFATESMIREFEARS
BWATOR, BERAESY, 228D 812 PARNER, ¥RCL CRICER R ER
EARAFTHEP.

0.8

Absorbance (215nm}

T
120




S PX A TL L T ¥

61



1228084 RN

62



1 L8 EARX

63



12288880

=T AR

B 3-5(A) =B AR EAK RPLC HEEIER, (B-1)4 RPLC 4MEH B 890 m £
R ik A . CERAMERTRES

4 &g

B4 S A BT AR A S 3 RPLC/2-DE 4B RS M ATHBET 7 RAE, 3344
BRFFHTTRANESRRE, SREREY, 24OERIEZE, SMEHP
MEORMBAERSEZHEASBANEER LERRFNOEERE AT E—H
MEHTERERE, WHUH-—SRBEANLER. RNXAERLERTEEHBERA
RGPS BEEES, BEBFHTRMR. TUVOZHERAEEN Z R Bk
AN BARRESTH - FPRRENRRE BRAROAEHAFE—TEHRERTE,
RSHITRENMERNEOHSTR, —RAMAFKRAT EMBARENE R,
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FNE TERMAGERERRERSEBRIRRTR

BB RIEAAMNES . FEEHNX. CHERELNRAY. NAZRMAR+
HEEBRMEAR, ALK A, HERELIM, MRAEEROGRERFERS
FEREGELREANHBREEZER, FRPEEEEASELRD, KT{EK
BCRMR, EREEEEAREURN, BX EHBRBRZAENRERNTE.
HEHK FERMFERN, RRTREEFORNFSHRSEMCERERRNES, B
KRTRBOSBERN, TREAVRAEREREORERNZWRE, FEERES
REHGSEHTHEAERN. BEARAEGRTRREEEARIRERMERERED
RE — A AT &

—ABEANERRFEEREERNMRBATE MY RA T HATRE: (1) BXRE
MExZEEEES. (2) BERRUPREREREAR. (3) AAEAM. MEAMPRER
FEieA. BECGHAEREMRANREFENRREETERANMRUETTERER
EFRRMEARHED LR/E, REEFNRANGENTERA EHR. 2T ER
FRA#HESER, RUFBRYTETZEAEBIENTEEZRBFEEARNFHEAR
Fh. EFTETER R E O B R R AT HRAT T RIENY)
PRUFEEZRU T, EE-THERERE—-PEABAREARTRFEEEARNER
PN (L N

B RFERaR4ATZBRRFEEEANTERR

15lF

FERE Rt 5 BBa AR —, EF B BN BRI ERMEFEE LA EE -
fr, AUAFRESRAZFEERAMELNLERN. BHil, BAYREERARE
HPEEERARKEN, #MmEEE T EWRCHRNIRITH, FUREERS
EHERRBEERAWEEARAFTAPMERZ — BbiT, — P ERPESE
E-AHZANFRMEAR[L], XEFARERD. HNEE. BRERENGKE S
EZRRK, NEANERL, RERRIRSREERERMEEARTHEEEZER,
MR ZHESR T BREN P RFEFEARGINRBENGROHE, B
ERBEENTTE.
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R MER RS I HFHURCERFAS 2 —MILZ A, AENREEARY
ZHB AP ERNERE24]. AT, SMERBANREKEETEETEAMR
HFETARBRFMRNPREERAR, MERETRERN LR, FARNELEES
WENRE, HAREFRAFAESPREEEORANAZ. BEBRNERSHD,
A % #f45 (shot-gun technology) b {3 i) 2 B G BRI A 7-12)800 B B AL £ P B X
FAEBAR ., shot-gun FAR KL BAAR R ELD MBHHAKRER, REEH _ENBMEA
WHTAE, SEZEFEAREHITEE. SN AREARESEEEARATRRETE
KYER, RTXMAFTENERSELEREYEFRBE RN T AR E S 8 R
B, MiAXMEREMAEEARNEAE LSBT KKBOEERLLER, Hik
SEMEEREENRBENAESEOENTEEIR—TRRXNKR. EREERMN
NERDIBEAREURENRT, FRARECRUEREREBERERTREEER
FEMTRE T, HEERAMSENITEQ, 13-21).

RN RESTMEFERUT LM, BAELANTARSBHRR[13, 14],
ZERETARAIAERNDEE LRNERRAEEREROREER O EEZ
SE, BEMARREARENEQRA#TEIHNTEEERFENFRERK A
TiRRE T SR 2. HEESRREHERAN RS BFB(15-18), X
FEBAEELEB TSRS, AN LEERERTENERNA, ERTEIER
FIRBHMAE AR S TR TR MM, SRR R TIEERHEE.
BILABE A RATBAMEIE(L, 19, 4N T X HEE200H THEARBT B, R, )
REENTSBEABEN, TREARFARFEREARMAESPRELZE, PREE
AR EFEARARE ERBRRE.

FHOEN SR RN RE RS BREE MRS REESEEN
BAR, MESMTHRBLRL[22-26]. Carrie Greenough FIFRAHRIEMN KM PR
MRS 08%E E B0 80% A5 B ERE H[23), HERER B —F T ARM AEFFME
—KA B EBRTILHEA)RT], RHECEAYEN BT R BRI ARERET, AA
MmEFAT U — R EEZRAMREEEAR. 80, IHREREAREHATAEOHE
PEREEEARNOHS, AanFERoR. P ANEEERAOERS TEAR
BEM 85%-90%. R, ERESEXNEYERT, BEERATFANGESD, &5
SEHARTEZEE S EEERAR, PINFRAREOR. EXHELT, kA
BERRAT . HEIR—FERFEEEARNESEANS T AER A EARTR
H—AETHI A
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EAIESR, BRIOFKREBRT —A2HHEE, A ERACERARECERD
BUKFLEEBRREEEOR. FANRERTIREENREBACEKANR gL
BER, EFES-FRAEASHPOTEENES AEGN RENTTHERTTE
EAIR A, NREHBNRFEEEA AN ERBCRET TIHE, EHER Ek—P
RE—AHE. RENRERNGTFS. TRERHTNENHEGEEBEMBNE, TLZ
R

2 LRI
2.1 A5 H

Z.f5 (ACN, Fi3iifigsl, Merck Co) » =H.2.8 (TFA, MBHH GBI, Tedia
comp.any. inc.) , K PFEBFPMSE) (LEBEREMTIRERLA) , o FE4-RE-R
HM (CHCA, Sigma Chemical Co) , WIF&BRE ARG ARoche A0 M WARELE.
FAEEHEFE RN, BEAEBHE (250/75 umid, 380 umo.d.) M B bK
R EAERMEARATIL, T @), Zorbax 300SB CSHBAREIEIEN (5 um, 300 A,
Agilent Technologies, Waldbronn, Germany) #1Zorbax BP-SIL EEfZ (7 um, 80 A, DuPont,
Wilmington, DE, USA) 2 HIFREEBHSNENE ZEAERE. TRPFAKA
Milli-Q EEFK.

REAXRTARERmE B RFHYTRERE. IrafnlfE-s0CRFUEILEE
=550

2.2 FERHIE

RTHSBE IR, FvK AT 57K (0.9% NaCl ¥ 0)TE ¥ = W LARR 3= 4R R L
— WA REMIG Y. BEWRE, Bl1: 8 (g ml) MAIIARRE (1 mmol/L PMSF,
0.2 mM Na;VO;, 1 mM NaF, cocktaili3f] (Roche, Basel, Switzerland)f10.1% (v/v) TFA),
REETEBAXBARTTESNE, EEHAATEWRE, BENRIREKEF#T.
SIRIRNEI0 50, FECEMFT 18000 gB-L115 min, EX MBI HRIEAR, -80CHR
&, BEARRIGEABAO %% XBradfordi: 2 B[27].

23SCX 5 RPLC W — %R 4

HHAE S B A R 4 i LC-2010 4 %5 35 BN FRC-10A {8 {1 £ 5% B 4 i ( Shimadzu
Corp., Japan). LC-2010 RAR—ERERNBEIHARE, CH—MIENLTHER,
BB NBIERENFZT, HE&BSRS, HERREN—ANE KK ESN TR
RWBRAR. FEEHH Class-VP LM AT IERALEEIE. FRC10A BHRERSK
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fH SCL-10A 5525474584 (Shimadzu Corp., Japan). AEHFHNEM _EIBRALE
KRB R ST B 4 U

SCX B iHF A C18 MR (Agilent Technologies, USA), H42JE 4.6mm, 25cm
¥, X Sum, 3004, Zorbax kL, TR —A 1.2cm KARK 4.6mm KR LIRS
ibE R E R, RPN ETEAR.

SCX B RBRHIN: A: 0.1%TFA-100%H:0; B: 1M S 4L85-10% ZJF-0.1%TFA. i
AR R : 0% B 15 2M4F, 70 MR LAE 50% B, 25 8N 50% LFHE
100% B , {38 10 48, 1 F8ABE 0% B. XRIREETH R EHFHERS 0.8
mL/min, E/MSTIEE K 215om. WHFH B3KE, A3 803 127 284% 2 58K
#h—MEm, —HBET 62 86

ME—4 SCX FIEMEHKKBELSTE S RAGEFSH, RPLC AFERH
C18 MIRAAKE (KERFGEMTBERAF, PE), WER 46mm, 25cm K, XA
Sum, 3004, Hypersil 3k}, SMTEERTII—4 2em KA N 4.6mm HI{RFE LBy 15 Bk
BEEE, FIPEAENSMTHER.

RPLC BB ¥R ERA N C 98%H0-2% Z 5 -0.1%TFA; D: 98% Z fi§ -2%H,0
0.1%TFA. FEVELEBEEE R 0% D5 78k, 55 SR H EAZE 30% D, 10 -eh i
30%&H EFFE 45% D, 10 S8 45%EHTHE 80% D, RS 44, 2 AHARE
0%D. WHEBHN 0.8 mL/min, E5MEHB N 2150m.

A S 1 N B RIE R e X — AR A R R SRR 0.1 RECBAL
(AU PR3 8, XN EEBRER LR PR BNEICHNAE S RE R ERRE,
AERFEM 0.1 AU 0 ERME, AR iR R G R L] DR hE S RER
0.1 AU MIE B RGN NHESRNREAN 5.0 ug, HNKEARFIIRELN 25
pg/g. BT RBATRILESHBEXT 0.1 AU FiN MR A RO EER L ABERRAMR,
R2HFZAFREFRAR. HTRMIEZE, RIBMEREGETEEE, 88
BEEEAROGBRBA BkE, HEnRisa#a—R, witbkey RPLC 2FH
BRI 04 ZFHE 40 BRARE, BERXBEGERAFTRIEILETRHR.

PP 4R A IS BRI AR AE 20mM I BRIRELEIRIT, HEMAESRAERE 150 &
SR IMARAR, 37 °CHE, BRIR. ETRMEAEE, REEESCXH
62 MEGHTRAE R T ST, E &2 RPLC 248, SASEREEEEA RN
PREEEEAR, HFTHRRER, MR, 5. 85, 83 9 M RNREEES G

71




1288 RX

M2 M ASAFRFEREORNER .

R BLOBCR AN R = 32 1 R 0 R R B AR = AR UK R FE AR HE 4700 SR 54X BT T Ay 32
$R (the 192 well-AB-type, Applied Biosystems) HIARKIEER L, FRB T T2E, R
WL B ER I — R0 B R E R, ERCHCAR M 1ES0% ACN-0.1% TFAF &
FWEHRS mgmL, FRHERTTZRRTUER4700E AR H %7310
MALDI-TOF/TOF(Applied Biosystems)if 1T % 52 7M. MK FEHEBE KBS T EHR—
FERERE RAABAHEIE(CRPLOE —H 4 &.

MBLER T TH—AEROLEET S LH#ARRHER, AR TRELTE—
FEREBK2NMEG S ERARPLC B G, TR Qe E 5 RARK M,
RS MENPHEZ FRATRERREE I —&, REFETRRK, Ba62MK
HERES, ETRE® FTHRPLCHE—PoERGENEEE.

24 cRPLC-HEI SRS
2.4.116 %R RS

M EZE-T Hsol-gel B:#I1E[28), RABESREGEREAANNZA250 um, KH
25emMIEHAEF N . S um Zorbax 300SBR MRS THE Y, EBFEPRE,
HRBR SRS RK. URRATIEN, BhIRBERERNFATREALEE
KA. {RFF300-400 barfI3 L 1, RN EBAEERICBERE PRGE /N, fiEEEHH
HESEFFETHEN. RAEEHNREEN, SEREEERS, HTET.

2.4.2 cRPLCA B BB

Agilent 1100 MRAHAIEN, AEAFHETHEERERMN{LE T (Agilent Technologies.
Inc., Palo Alto, CA)FI SRR EEIEE R . CRPLCEEE R HIN: C 98%H,0-2% 2.1
-0.1%TFA; D: 98% ZJf§-2%H,0 -0.1%TFA. WX : 0% D 570-4F, 6050 B A 2%
# EFtZE 50% D, 014340 B150%£k 4 £ 7+ £100% D, {RESHHE, 1P NBEZE0% D.
WE R A 1.7 ul/min. YEBRHEE BHE T — MU B M TR A 2540 = 18 35 B (Upchurch Scientific,
Oak Harbor, WA) SMALDIFE B HARR S, AR5 AEMALDREREIR |, SHEXER
TREAR, ETREREN, BN TEER2S B3I AREERS (Probot (LC Packings,
Dionex) micro spotting system) SEAk. RFESIRN2SE/R, AR FIRERK L,
BETHREFH.

2.5 MENHHmER
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Rk, VMREEEMERTALTREEA MALDI-TOF-TOF-MS (Applied
Biosystem, USA). %RiESCKA MALDI BT7#, SH4& KITHEISITE, B 4700
ExplorerTM K #F#%]. ¥t 337nm, % 200 Hz. KA EE FREER. A nE
BLE 20KV, SRS MEEEN 8kV. HEHHTEEKIE A 800-3500Da, 7E 1800Da
TR B RS MS T 6 NMREBRXH HERIAT 40 MEKBREREE.
Trypsin BEA# K BHLL R S PR AR RN, UBREZEBENREHEBHTRE.

Bl GPS # 14 (version 1.0, Applied Biosystems, USA), Mascot ( version 1.6,
http://www.matrixscience.com, Matrix Science, London, UK) 8% 5|5, NCBI ${EE+
rattus WHEHHR, WRBUEAN C 5 IR P E{L(Carbamidomethy(C))F PR A B4 b
(Oxidation (M)). KA EREWHEEE: 203Da; BEREREREHEREN: £0.4Da,
RF—TRULLA. A GPS HAXEIRATAIBENIT, BHFETHIRT 29
SEFEEEREAT 95 HESUNREER.

IZER5HE
3.1 SCX/RPLC RGN AEARKE LZRBEEEH

KRS, ERARAFHRTREEEARARESPREEFEARNES, TA
RERFEEORAE, HESNESHBRZ GHKENESREHENKESRFIKE
BEEORRAMANKBRKNGES. ARE— Rk, RIREERSERHECENTE
EERTEZAUZERARKNREEREEERRRE, BABMBNERRNKE L
JRRERS T LRI,

BEETFEHRAEEFEAESENEN LEENSE AESHBHEIEPHE -
%, RVEFURETHIENE. RaBENREERENE I RFERSFHHE
ZHBMEENE ZE, SRIEBAN—RIEDSREEEN %, FEERERXA
FaBEARE M, EINTREARNETHTE.

Hul, AR TRRAERRERT -8 Ak, —HESHA, H—FEELE
BEX. GHANEENTANFEANREOBBERE, FHTFRPGEAIRE,
ES R B AR T AT [ DA B B R EF N ARG TRANSE, iR
HHRNEGEHEERER, FNAERLRE RN ST P FERNRETHE,
fFgy. A5, ATRATHEGNEHRBE, FHOEREHE N HERRAEK TR
Rig, EHETEARMEEETIRIEN, FI0EHE R YIR A8 3 1 J LS
fE YRR S . RIRY AT 8 08 T BUR MR IR T RO, 3848 2 Sl BuRd Il
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REERKEEBENERRE, —RERFHDPIEQGEEKETRLN 15046, 2
e R RSB G EAR A T AR REANKNTE T 2R, IRLIRFE,
A R B R R 2 PR R R R, AR E SN BT
B TEAE R RE K

B 4-1A HH T —MEENIRIERTROGER. ANEL, AR4HERZE
RNEAGRHR, HHELSCXABZE, BE 62 Mif, #HiX 62 MEMH—SFEH
RPLC 8, RERBERBSARKMNBEEEERARMEL, —IRE 79 MRS
BT 01 KEARMGEKE, 2FEEEZE B 77 MUEEARERARS T
e 24 MAGY, BERX 77 M EEEEORABERER. RRNPEFEEARHN
GRBOHAT &I . EEMNXERFERFEORFIER 4-17F.

42 BT EATRABAESBAREEEARNERN—AFIT. B 4205
H T BTSSP AR SCX AR5 A AR, BOCES BT T B ORI |
R, B420)BRHRKEH SCX KBE=1TE#%d RPLC B AEE, B E&:LAR
THEEEANBEREORNIESFRE. MBRAKELE, 8 420BFT
SCX-RPLC B/ BM=H ik, EHHomEEEamMageiinit k. &
FEEARERZEFAK SCX-RPLC B4 5 3 M =4 T A B 4-2 (FTE. HEE
EECSWLTUEE, BETEEEEARCIBENES, PREENEORRED
REFMASH, MRABESHEEEARER, BaBLERUXEHEEESSRER
BBl B 4-2(e)R% 8 UK SCX MBEEBIE L —MBEH, K83 15 MER, &
AAGTEREEZE, %5 RPLC #BMERE, WELTLUEHHEFii—8 Rt
ARG, ERUE—4% RPLC M BELERIE, BARATH, HREEEEELR
WAL ERBEERER, Bk, EEEMERTAES, RITEE 2 MRmEmE, it
B 62 ML, IHRBREE LERETE_EEARIBNES, BRREOSBE,
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{RLuyhcﬁanm upmdhyRPLCl

F:mim contaized high F:—acinu congained low desalt

2 ) #

Trypsin digestion
Separated by
1D-tRFLC

[ Idemtified by MALDL TOF'TOF |

B 41 LBRAIBRHRERAA LEFRANATFERLZ4RANNRNTEREE. (B)
BEN T~ EERPHRER.
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42()RIFAS AT B R A RN — 48 SCX A BN EEE AZHUWHEM 3 min B 127 min,
5 2 min BEE 4, BOKER A BOHRENRSIEE. O)ERHEKH SCXNE=A
Byt RPLC B A E . (c) BR T SCX-RPLC B4 B =4 15 H, 62 4~ SCX
e RPLC #H—3 408, K PBaEEEERRNAKERFZHE. ) ZREEE
BAMGH3H SCX-RPLC HESEH=H 14k E. RTASATEHESAN—%
SCX 4B 5, MW EM 3 min B 124 min, 5 8 min $E—7, B3] 15 MEH £ RPLC
NEMEHE. FANEREAGEATHNLRAD.

R 41 BREEFHARFREARAEZORETORELRARIIR. E8(Fx, )T,
Fx fREM SCX $ElE T REBHBENFS, wf{F Fx BG4 RPLC 4B IR
. CugpfiERmFEEAREEAFTINRE.

Rank Coordinatio C Accession  Protein Name MW PI

ns (ug/g) Number (Da)

(Fx, ty)
1 (F1,5.0) 72.65 gil310177 muscle glycogen phosphorylase 8083.3 10.35
2 (F1,5.0) 72.90 gi[1399026  serotonin 5-HT2¢ 33630.5 9.52
3 (F1,8.5) 40.10 gi1943485  Structure of The pleckstrin homology 15408.8  8.62

domain from phospholipase ¢ delta In

complex
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10
11
12

13
14
15
16

17

18
19
20

21
22
23
24

(F1, 10.5)
(F1,17.5)

(F1, 18.5)
(F1, 19.5)

(F1, 22.5)

(F1,24.2)

(F2,5.0)
(F2, 10.1)
(F2,18.5)

(F2, 22.5)
(F2,31,7)
(F2,31.7)
(F2, 36.0)

(F2, 37.0)

(F3,19.5)
(F3, 34.8)
(F3,37.6)

(¥3,39.2)
(F3,39.8)
(F3,433)
(F3, 46.2)

(3, 47.4)
(F4,47.4)

56.15
36.10

70.65
72.30

28.90

40.20

50.65
58.40
90.51

60.42
86.75
102.5
5421

56.11

56.65
36.7
38.75

25.15
25.55
62.0

26.15

26.55

gi[19173796
gil31543764

£i[17380501
£il27679730

gil16758820
gil7804749

£i[9506903
gi[12718814
gil13592137

gil1098563
gil203734
gi[39986017
gil206671

giB21311

gi[2047333
gil11560048
gil22138113

gil13540714
gil21743784
gi[112465

gil16555340

gi[1791243

zinc finger protein HIT-10
alpha-spectrin  2; inhibitory protein
factor

Spectrin alpha chain

similar to KOX31-like zinc finger
protein

regulating synaptic membrane
exocytosis 2

voltage gated N-type calcium channel
alphalB

beta-microseminoprotein

huntingtin interacting protein 1 related
suppressor  of  profilin/p4l  of
actin-related complex 2/3

type I hexokinase

cytokeratin 8 polypeptide

cytokeratin 8

type 11 cAMP-dependent protein kinase
regulatory subunit

H-2 class II histocompatibility antigen
RT1.B-mu beta chain precursor
putative RNA binding protein 1

RADS50 homolog

CAST1

plectin
filamin A interacting protein 1
UBF transcription factor, short form

liprin alpha 3

ORF2 consensus sequence encoding

endonuclease and reverse transcriptase

84137.2
284420.1

284462.3
1129454

175803.8

11461.8

127413
120497.1
41572.7

24813

52677.6
539853
45962.9

27380

15117.6
153688.4
116549.9
9
533213.5
1376673
84914.75
115970.9
9
152666.1

9.21
5.19

52
8.5

9.45

9.36

8.85
6.12
8.46

591
5.49
5.83
4.9

8.86

9.04
6.64
6.62

5.7t
8.25
5.43
5.39

9.76
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26
27

28

29
30
31
32

33
34

35
36

37

38

39

41

42
43

45
46

(F3, 50.5)
(F3, 53.6)

(F3, 69.8)

(¥4, 34.3)
(F4, 41.5)
(F4, 52.1)
(F5, 45.9)
(F6, 45.9)
(F5, 52.3)
(F7,52.1)
(F8, 52.1)
(F12,23.3)
(F13,20.2)

(F13, 22.6)
(F13,21.7)

(F14,20.2)

(F14,202)
(F14, 22.4)

(F14, 233)
(Fi4, 27.7)

(F14,27.7)

(F15,24.9)
(F15,27.7)

42.83
38.35

40.61

42.25
42.64
40.45
86.93

92.71
30.35

26.22
28.41

34.63

25.85

58.15

44.65
2575

64.05
30.71

25.90

25.50
54.32

gil13928790
gil13928946

£il6981306

gil32964821
gil13928704
gil29027428
gil554464

£i|12963511
gil130223

£il29027428
gil13027414

gil16923958
gifl552374

2i[7432970

giP2443209
gil6681273

gil38304036
gij2492741

gil27673455

gil207619
gil423647

minus RNaseH

chondroitin sulfate proteoglycan 6
SMC1 structural maintepance of
chromosomes 1-like 1

tumor  necrosis  factor  receptor
superfamily

senescence marker protein 2A

myosin heavy chain 10

transmembrane protein AMIGO2
keratin K6

ribosomal protein $19
1-phosphatidylinositol-4,5-bisphosphate
phosphodiesterase beta 1
transmembrane protein AMIGO2
glyceraldehyde-3-phosphate
dehydrogenase,

peroxiredoxin 1

2Z-arylpropionyl-CoA epimerase
cytochrome-c oxidase (EC 1.9.3.1)
chain VIa-L, cardiac - rat (fragment)
c-met/hepatocyte growth factor receptor
eukaryotic translation elongation factor
1 alpha 2

Actin, alpha 1, skeletal muscle
Peroxisomal multifunctional enzyme
type 2 (D-bifunctional protein)

similar to mitochondrial ribosomal
protein 516

uricase precursor {E.C. 1.7.3.3)

protein disulfide-isomerase (EC 5.3.4.1)
ERp72 precursor

138362.3
143116.1

46162.2

331809
228824
57722.7
3105.6

16075.6
138257.2

577227
46677.8

22095.3

397974

2449.2

15176.5
50422.3

42023.8
79378

15233.8

33254.9
72788.8

7.82
7.51

8.79

7.63
5.49
8.81
5.55

10.41
5.86

8.81
8.17

8.27

6.09

6.48

7.96
9.11

5.23
877

9.59

6.78
4.99
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47
48
49
50
51
52
33

54

55
56
57
38
59

61

62

63

65
66
67
68
69

70
71

(F15,29.5)
(F15, 31.7)
(F15,372)
(F16,23.7)
(F16, 45.1)
(F16, 52.8)
(F17,26.9)
(F18, 26.9)
(F17,32.5)

(F17,35.8)
(F17, 43.7)
(F17,48.8)
(F18, 32.9)
(F19, 30.9)
(F19,33.0)
(F20, 41.8)
(F21, 41.8)
(F22, 41.8)
(F20, 58.3)

(F21, 43.0)
(F22, 43.0)
(F33,47.5)
(F33, 47.5)
(F33,47.5)
(F33, 52.8)
(F33, 60.1)
(F34,52.8)

(F34, 56.6)
(F38, 50.2)

25.15
26.0

26.21
62.55
5822
72.15
46.45

25.83

2541
27.05
46.65
66.30
70.41
58.25
426

66.55

2571
29.75
30.3

36.35
28.85
30.10

3275
44.82

gi[38382858
gi[13540663
gi[202549
gi[37748075
gi[119596
gil56385
2il7188365

gil6981324

gil3s0611
gil6978483
gil38382858
gil25742763
giP296485
gil11560024
gi[118543

gil66507

gi[1226240

gil9588098
£i}9588100
gil9588102
£i[38373984
gil14269572
giP118151

gik8597082
gil1083573

Glucose 1egulated protein
betaine-homocysteine methyliransferase
icdothyronine 5' monodeiodinase
Hemoglobin alpha, adult chain 1

Liver carboxylesterase 10 precursor
Hsc70-psl

glutathione S-transferase alpha

prolyl 4-hydroxylase, beta polypeptide;
Protein disulfide isomerase
transaminase, Glu oxaloacetic
aminolevulinate, delta-, dehydratase
Glucose regulated protein, 58 kDa

heat shock 70kD protein 5

chaperonin 10

heat shock protein 60 (liver)

Glutamate dehydrogenase,
mitochondrial precursor (GDH)

acetyl-CoA  C-acyltransferase  (EC
2.3.1.16) precursor
cytochrome P450 Cyp7bl

RNA binding protein p42 AUF1

RNA binding protein p40 AUF1

RNA binding protein p37 AUF1
ubiquitin

heat-responsive protein 12

proteasome endopeptidase complex (EC
34.25.1)

408 ribosomal protein S28
1-phosphatidylinositol-4,5-bisphosphate

36587.7
44947.8
54033.2
15318.8
62104.9
70884.2
25971.7

56828.6

44279.3
36008.4
56587.7
72302.4
10894.9
60927.4
61389.3

43792.7

48196

35993.2
32626
30451
8559.6
14280.5
28308.9

7836.2
133043.6

5.88
8.02
4.87
7.82
6.34
5.43
8.98

4.82

8.52
6.32
5.88
5.07
8.39
591
8.05

8.53

839

8.14
8.23
8.53
6.56
6.21
3.8

10.7
5.97
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72 (F38,543) 3045 gil11560030 protein kinase inhibitor p58 575412 556

73 (F51,530) 3551 gil31542604 Rab6 interacting protein 2 1087508 6.2

74 (F51,65.9) 3665 gil61557085 spectrin beta 2 2734162 5.5

75 (F51,70.4) 3734 gi)6981616 synaptonemal complex protein 1 1109263 5.56

76 (F56,64.9) 3925 gi27682913 similar to NADH dehydrogenase 108378  9.75
(ubiquinone) 1 alpha

71 (F56,688) 3680 gi[19705431 albumin 68674  6.09

(F57, 68.8)

ERBEARKFE LN RGN BHEREN S BREEXEEN, CREBERER
BRREREEEAR. 2D-SCX/RPLC 75 K E B 08 6 3804 0 £7 5 i fe) Fn i 2 A1) 4R
SHRHERZHET T -4 . HE BRI R BRI IHRAN SR, MAREETR,
SHET 8 A5 HE RS e 4R B i [ AR R AR AR R BEAT T o B, &
R RIS AR R R D T 1.9%FE MR EN R ERE DT 2.8%. #—5%
3k B SCX #) 3 S1EHE 4-20) 18 M Bl FHARKEST 5 K RPLC 4+, RERATEH W E S
Privic @k TR, RAERFEME R ZE DT 4.3%& 5 AR R R
E£/F 81%. ZHFINBHRAENBORERZURRIFNEEEEENMERY _HR
FRIFOEIMERE T RE.

EREAAZRTFEREFEENEOAY X . Coomassie RERORRERNT
%, HEMRABEAK, MEENEAMASTER. BRBRRRAGEER, AHPHER
HEERE, WAEAEREAAMNMT. B, FRNBERMNEFCERGSEY
BB HOR K IR AR R T R A FUE BRI NG (26, 38-40]. RBRMAEE
BARG & RERN B HREATE BAH AL —(33-37] EIGERAN LR RET
Hin LR BN BT HTERNIKEZ —. ERTIEP, RITBERS
ik E AR EEE SRR N RERE R REREOEAT T, SRFIER41F.

3.2 ¢RPLC AETREEEORNEEKBUEBEEEARE
Ak SRR SR A% R B

REEEABEZE, HRSATRFERORNERESHBRABLY RPLC
OB, BEREEEREBREST. cRPLC-MALDI RAK KR FHthEik. ATEX
R R R BUR, RBIAHRRE N SR HRAT TR, RERURNRE
BN 1L.7uL/min, RHESEN 25 /4. ZRERG mgmL)Ed — BRI =B H A H
R—A-FHMEEHESRREIES S MALDL R &, B8 RINHEEY 0.6 pL/min,
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X REGHL T ROBEENRAIVE, FAFREBRERDEE BREROELAKR
BT AR 4 R 5K N A8 KT F 5 0& AU 518 i B E — i

AT HBHARNBENRFEEEAOREREROTRME, RIHRZ 77 MEEE
BERATER 24 MAG AT THEAA, RANIRTEELRESIF FARFR, 7
At SEMEORBBRIER 4-2 P. ARLETLUEN, SHRIERSRAL, £/
HREREETEEARZ EEEHMERRERERAT 2234, —HH 15301 AR
HER, 590N EARBEEEMBERT . CERIE 229 R S 2T E R A
25 2D-SCX/cRPLC-MS/MS £4[32]. ¥EFOMYBIRE/RTHREIREELRAMA
ZEMEEEREARAISEAHEENT LERHNERNER. ANBEEEERN
ERFAEHEIVERGRORERTTHE, ZHROBFEFREIROERAA 138
mg, BEHKRY 345%MHEEEARE—RERARFHER.

K42 BEEROREBREREREEEHRIRIORR.

Fraction Depleted protein ~ Protein identified Protein identified number
number number in control
F1 9 49 13
F2 8 51 11
F3 11 57 20
F4 3 44 7
F5 2 : 41 14
F7 1 36 12
F8 1 42 19
F12 1 64 18
F13 3 72 21
F14 6 77 29
F15 3 79 41
F16 3 81 33

F17 5 30 30
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F18 2 76 22
F19 2 75 26
F20 2 65 21

F21 2 60 22
F22 2 51 19
F33 5 39 11
F34 2 43 14
F38 2 36 13

F51 3 27 12
F56 2 3 10
F57 1 29 9

Sum from 24 77 1305 447
fractions

Total unique - 1530 619
proteins

Bal, FMEAPARR ZHEANEREFERARKNEAR, EFEXH, RAIF
GHERREY THRBRE FRREENEERAGERAN S ECERAH T ERER
ERPHEEEEOR, KRAEUTILATERTRMEOE22-26] WA LUELHE
BiEiAR. Bk, RATRGKRBEMFHEMEAREABEUEN, 7 MEFEEORE—
KE%, MAEZT, FRRREHNBEESARERNESRERER. KK, #RZ
RZRNEMRATRERREAFF AR MBERLEERERES, NTHEESHEENL
THRBEEELRRER, FEXNERBFRSARRIENBNRELR. B, RE*x
MARERARBO MR A5, REEHEARBRORILZ— TLURELR
FERFORE - TEEMEGRAT I EBXENEER.

33 FENFBMRRTEUE T PR TERER

ANREREREELEOERANMENTR AT EMR T KENFMHEHT
fE[29-32], ETCRMERER, —MUOEMAREEMNLRTRERE . SRTEM
FAZEME 4-1B . NEFKEREEATLUEY, 77 MEEEEERIARFRNS
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MEGNEG R, MEEFRE 24 MEG D, Bk, XEBHREASRFTHEN SCX EH#
FEH —SHERARPLC B, MR RENEP 4 MEEFEEEFFRARMBHHIT RPLC
S8, BEHPHEEEEOR, LT SCX EATUERRMTAI. Bik, REX
B PIRER EARE B —RBTEE, BEE KRB AR RS A EE 2D-
SCX/cRPLC-ESI/MALDI RZ# 1T WAL E. HHAHN 2D- SCX/cRPLC-ESI RLRIE
WEGCEBEMMABE2), mEEH 11 AERNEHE, KB 45 5 RE S
HANF 35 A, i B B EK L4 e R S R AN S 50 AheE, Bk R R
H BRGNS R AR, RATUSEH— M EREERE 77 M HEERAR, RN
ERIELEEAFARENHRTRAEE TEE T TENRMBET THEE. MRKE
S EREEPEA 3 um B HOELNRES T, BAS B AN AR E— PR,

LR, AERNNZECERIHTERESRNORBEFELRE, WRITHE
RARUTLUE D, $ 5 A RS 7 & T B AL S A S B (6] J 0 o AT 0 B A T 58
EHREEEARNRANREEEENVE. A, —BEXRAFHE. BATER
AR EA REFEERM T E R ERRERT S R ERE B RRMEHENR
5E, BT LAFELUG BSE Rt vl Ll _E T pTiA R 2l h.

moh REFAERIERE LEXRTRFERAFFARS T EERAHNEHE,
BEE—RERSERNSE, BOFATHANERDREMSZERE X TRIEE
HEFAAEAR, HRAR, FaTAEERTRFRERRMERPE—TH2,
I, ERALREEEOREE S ANTHEDREARRRAIRTE. ERENT
b, BB TRHROEES DGR TR QEER T 48 b s 440 TR
BAFRFS. BHNARBEZATRANARLHANR, AE—PRAEORAFRHERAR
LIRS .

4 &it

FALEHFRN— N EETRTFEEBAN —MRF AR FOEBEY THMAR
FEERTERFFEEERD KRR, BER S ERMOEN T EE T <8 EA RN
AZXBEBRREERCORKE . AW REOTTEET THRRMA, — I XRE
BalURE 77 MREEE RN S EAKSERN 34.5%, HiiEd HEEREBAEE
BREBTEEEARAER ENERMNERERT T, TRERRWECEREAR
BELEGENHEEL, BOBRERAES. SRIEAARRTURTEORAYH
5.
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BN FHRBHAHEEEREEEEONRREAN TS RA¥
gl

138§
SRR AR ERTRNE KA. BERE -HERNENESRNER. ¥

REUEEASERRENRE, MEEREFHIAREEROEAS QELFREN
ZTEESHEARIIEM2].

EER, BREXEFERAMALARARAMBERY T AFRNE. KREBRERE
£[43-45): LCI-D20(BH#) 0 LCI-D35(IEH#). LCI-D20 RIAH 100%HFE BN,
il LCI-D35 REER W RIS IERTHES. ZBEAAFFMENHEB EE T RIFIRA,
©EEHH TSR N RS B R SR I TR [46].

HEl L EREEREQRAT RN UAREEIFRANS, EAHHY—#8EF. 8
RARRESELRAVREEHENER, REAL BRI RBENENHERE
HIER, UALAWNSTREBIHBEEREINER, FURKERRERRAELRUAR
AR R, BARAFRMAREMALRERARENER, ALEAENFLHE, NEH.
TheE B 5 5mA XML, BARRBEERAKNSTHEEREE. BrERRRETE
HEREAMN TERBATRE . SRR THEAEERN, FUAMIFALBELRRES—ME
HARBARAHOMIAE. RE—ASERHATRIEPMARES FAH R (Human
Proteome Project) IEZEFFfE . 2001 4F 4 A, EEBCL T “AREAQ AN AAL” (Human
Proteome Organization, HUPO), B/SRR#. W ARMKIBH L T REHEEHRATRALR.
REETSERFRABESAEMHE, TRARRARA . KRN EE IR
REREHALEREFBEOAEEAR, HANSEEXRRNERRETHELER
[47]-

PERFRERAH, FERRES —AER, TEEEREEEMETH =5 KF.
BEXRHRERBESE RS FAENAZRREL R 2NN RRENESER.
ANFEERALENRERAREARATHT P ERARET, FFHRMEHIZX
B HRRRBERREEANEE., AEARER L 2R HrHERREER
RHERMRERF RN RE. AZAMELLE, FRFEES R Re L
s A EERERE L.

ATHRI-HL2ENFRAAEONRER TERERERES5RIHNTRARN
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META BB HORANE S, PEHBFFHESFTANZE, FANRETSHFFRTHE
HEpR. £ E—PRIUKBFREAEERAMANR, KR TFHELERME
W EER B EEARMITHE, ERAGERT TR, ZTEH—SRETE
BIEAFREERALHBET.

2 LRI
2.1 A58

ZJFE (ACN, BB, Merck Co) » =R LM (TFA, HMHAHG KA, Tedia
company. inc.) , K FEEBEEF(PMSE) (LEEREMTEARATD , a-RE-4-2E-H
HM (CHCA, Sigma Chemical Co) , Fri##k, WFEBEREREEESRoche A5 =f:
BREAE. SHEEIEE AR, BRAEEAE (250/75 umid., 380 umo.d.)
W BT L ACGE SR SR R A T (L, $B). Zorbax 300SB C8¥iH & i 1HEL (5 um,
300 A, Agilent Technologies, Waldbronn, Germany) F1Zorbax BP-SIL ¥ (7 um, 80 A,
DuPont, Wilmington, DE, USA) 4 HI F RS IEMA A EEAI I S B AR . TR A
KAMIlli-Q Z&ETK.

fRENTFEAFAR LT EARGEARRE. ERELBE-80CRFUNILER
JRRERE -

22 S HE

FEAFARESES RIS LRBZN, CELA—EREA BN T ARG
&, FIUAEEL 1: 8 (gmL) MHFIA DR RERREBEHEIT TR, HEAN
BEWR, BNOETBREAREKGPHIT. RERE 30 28, 7 4CEHT 18000 g
B 15 min, B EREWEARNES, S0CHREEM, EARBEREAH Qu FXut
Bradford V£ 52 B[27].

23SCX 5 RPLC HI—% R4

FHE 4 B 3 R 45 th LC-2010 2 35 3 B A1 FRC-10A 48 47 5 32 B 4 i Shimadzu
Corp., Japan). LC-2010 Z4R—ERERNAEIERE, EH—MEENTHEEER,
AERBSNRAHERENHER, EXRSRE, ERAGHN M NEKESTR
RPRARK. R4 AN Class-VP T/ES AT ICFHNLEHEE, FRC-10A BHEERA
1 SCL-10A #%158334745%] (Shimadzu Corp., Japan). AZFERMFEM _FEHBRGER
FRBE R A AR SR TRE DR,
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SCX & H ¥ A C18 M HEHE (Agilent Technologies, USA), W42RE 4.6mm, 25cm
¥, FF 5um, 300, Zorbax &}, SHTAEFTM—A L2em KR EA 4.6mm BRI H: LIS
IbEREEE I, RPEREASSTEAR.

SCX BBV IIEFI 2. A: 0.1%TFA-100%H,0; B: 1M §#-10% ZFE-0.1%TFA. i
ENMISEIRBRRE . 0% B 15 2H4h, 40 SEPALH EAE 20% B, 30 AN 20% L2
50% B, 2543k 50% ETHE 100% B, RFF 10 80, 148HEZ 0% B. HEIR
SRR 7760 R S 25 0.8 mL/min, 225MEWNBA 215nm. @6 KA B3, M4
S0PF] 128 48 2 rphidRh— MBS, —HBET 62 MER .

WE—4 SCX _EHEERBH KBS S R RMESENE, RPLC MR A
CI8 HIRAIKE (RERRFMTBARAT, PE), AR 46mm, 25em K, KA
Sum, 3004, Hypersil 8}, ZHTAERTII—A" 2em K10 4.6mm BRI RELL BT LIS Rk
BEEH, RPN TR,

RPLC BB EINA: C 98%H,0-2% Z f& -0.1%TFA; D: 98% Z B% -2%H,0
-0.1%TFA. HEMEEBEEEN: 0% D 5 548, 50 AL LA ZE 30%D, 15 TH N H
30%EHE EFE 45% D, 10 5M5FA 1 45%EREFZ 80% D, {REE S 408, 2 MR
0% D. FEPN 0.8 mL/min, EFEEEK A 214nm,

S A IS B MR AR T X — S OB G SR B . 15 23R 0.1 Tl
(AU ¥EH45ME, XA HETRIERAER PR G B BEANRE SRS A RIRRE,
AR 0.1 AU fEARE, BT RBRIREFESEERT 0.1 AU A ENES R
GBEEkR AREERAR, RZBRZAPREEEER. HTEMMZE, RIORK
AT M E, SEEREEEARANRRES MEEFEEIEE &, HEW
BAEHER, BEFEFXSBEaEHAETRIVEET IR K.

TR AH, RESE % SCX K 62 MAGEAMRK T RHTLE, HEES
it RPLC 448, AHREREEEARNPREEROMR, HTHEREK, REH 62 MK
THEEEEAREREFE—0. 8 2 MNETHPREEESRERE NI N —B.
B PP 4 M MRSV AR 7E 20mM MBRIRE WD, HRREBNEE FINAEL 1:50 &4
BE AR, 37 °CRE, BT, 20CHRTFHA.

2.4 FEERMFAFHSCX—RPLC_EBHOE RS
2.4.1 638 K IR SR
¥ b % F Fisol-gel WEHIE(28], RARESREBEBERANREAN250 um, KA
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25emIEME N, H5 um Zorbax 300SBRARRERARNE T HEEYD, AREAKPRE, £
BN R BUSR. UPEATREN, BHRORBTERERNES TEABAE
BN . R1300-400 barf3EEE S, RN BAEHRERE TRGFE /DI, RIEREZHMR
RWSEFEHETEA. REEHREEN, SEEEREE, HFET,

242 BFAEZESCXRPLC-ARHAERS

TERFHERIFNBRELHFAMOS B3R, UliMae™ B RRMEAERER
SWITCHOSIR LI R 241 5. FAMOS ! B3 8517 Bah i, BREBTH
(SCX column) ¥EBt, FEMBEREY, EE, KL BSWITCHOS F 4RI SR
. UliMate™HARATHERATFEAERARECEIH.

2D-micro-LCH) T /5 R R IR FE R PUCERIE A A R A12D- SCX/cRPLCE4(32].
AR mT, HF BFamos B 3NREF N RS ERBAR &I, HHSCX HE5H
SAEE, LYRESERARESIPE, B THBIRU—E RS PR REA
SCXAE b . #% 5 ep FRE g B SCX AR B YA 3 2R ESCXAE L £, T REBESCXAER IR
RIAHS & WRPFEFEMMRE. LHEHRE, SRASRIIBERARAMES. SRR
A5 EEBAERE, SEDEU—eREFIHEEETHEENGRE. & DRREEDR
B, RASEHRNEATE. BRTRE, SATEEENTTRBIRETRENGT
B3R, RPFBSEASRPAMTHESER, RNERHED ERREE RPN AT
BEAYES, el T RABK B S BIMALDIEER MR LR i, BAPIG ST 2 ERER
BOTEER, T R IRBE A £ Y o Ak G3ERE B SCXRE L BB 75 7 6] 8 767 50 Bk BU R IR SR A AR £
B AR BB RN, EXEFHENKBBEEREMNMT, FEdEA 2.

Micro-SCX—RPLC-MALDI-MS/MSA 44, SCXEE A 1mm P£/150mm K (Bio-SCX,
300 umid., 150 mm) ; BERBAE (C18 PepMap™, 300 umid, 5mm) MHBZ AR
(Amsterdam, The Netherlands); RAREE B $lH1250umA 72/300mm . bFE R HPETUE
Ha0ul/min, R MFUERTIA S B6min, SCXRA G EBENRRE TR, HBES:
OmM, 20mM, 40mM, 80mM 160mM, 320mM, 640mM, 1000mM, 1500mM and 2000mMFE4 &
WU, RARRE R B R R T B B 0. 22um/ KA IR REAT I B . RABSRBNAB:
A:0.1%TFA-98%7K 2% Z.fiF, B:0.1%TFA-2%K-98%ZJE, RAREHBEE: 0% B HE
$:5min, SminPHERE10%B, b5 70minf) BRIBKHIEINFIS0% B, 0.1minARAER
95%B, 17 5min, 3min NIREEZOUBUTPERE, FHT—KIHE. MERHILS
wL/min. YERRE E T — /M TR A 9540 = 8 % B (Upchurch Scientific, Oak Harbor,
WA)S5MALDIfA (5 mg/mL CHCA diluted in 50% ACN-50% H,0-0.1% TFA-0.3 mg/mL
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RS EBAIRES, A5 SEMALDHRERE b, SHERARITRMGTR, ETFRIE
MR, BAARIREEHSAsNARERSE (Probotmicro spotting system) SERK. rFEH
R/ A, N BEAFIHAELRL, ERTRERA.

25 JERMEHERR

RS, MBER EOERTETHREEA MALDI-TOF-TOF-MS ( Applied
Biosystem, USA). %R FH MALDI BT, RHCTHESHFE. B 4700
ExplorerTM B 41, #OEBEK 337nm, S 200 Hz. RAES FRIEN. HignE
BN 20KV, SERENEEEN skv. REABEERE S 800-3500Da, 7 1800Da
BHE S R R B H R MS %R 8 MRERAM BERELAT 40 MAKBEREE.
Trypsin BRI AL E ARRKBA NS, UBEEZEENLERRHTR.

Fl GPS % {4 (version 1.0, Applied Biosystems, USA), Mascot ( version 1.6,
http:/Awww.matrixscience.com, Matrix Science, London, UK) 8% 5|%, IPI $4EFE (version
2.3.3)% ) Homo sapiens(Human) W FE 8%, MARIREHERE: +03Da; FERERE
REBEZEN: 204Da, ARF—MEUMLA. £/ GPS X EIERT GaiERM
Vi, BFEFHEIRT 29 2ANFELEFERT 95 MESWIRATEN.

3GR51R
JMIAFEAIRTRFEEEORMZESR

RIBGiddingsIR i OB FEA, WRHFHEANDEAENSANEER, BLE24EE
S ERRNRERRIABREAE N — R HEANEAERRR. BTCREEEK
BYFFEEARTSH, RPLORBHRAMSH, RENEER, AT THRERH
RARLEHENTRASELEN, AEETHKA, ZAUBRBENE-ETES
SBHAMEH B UK E R T IBAARA &Mk, R TS RS RN
fied, HERIEHAN, RPLCREKHELAEER. ATTHRNSBEMRAmRAAE,
PR EHBRAXERTEIMESENE—F. BEETEROEEHATRRAEM
P B RS AE IR B 5 AR LB R AT U —H S B, KX EORMB/IHN
S EEHR.

Ei4-3% M T AR T REA AT % B A RNSCXIVE S 7 B ARE, EhRERRT
B SRR E D RS MBI R R, §—ASCXBf it — 2 EHRPLCH & .
B4-4A) BN TSCX-RPLCHE 4 I =448, NGEHMAEELTUEN,
SCX-RPLCAAREES BB ARG AT HRR T RARSHE, RELRTIHRN
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AT E B R AR, SN R AT E I B E B P ER A 1-3M15-181X L
LGS, EXEHEEEARAENESNT, HENALERERRT. &
4-4B)B T 1 32 4 1-35015-183% /LA 8 43 2 J BISCX-RPLCH R VA3
B. HEE-4ARB)TUER, MRESEEEOREERZITEIATREEED
thyE g, MAPEEENEARERSHHLERNKRER.

e
T

0.4

Absorbance Unit, V (214nm)

0.0+

;llll LELE LA TY I LR L L3 L) Tt T L} ] TY
¢ 10 20 30 40 50 60 70 & 90 100 110 120 :
Time (min)

Ea3 AL E A RISCXIES A B Al E, Bhgg R T RS
F) A B e T L B0 5 B 040 e
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o PqunN

Time (min)

Jquny

80 90

70

Time (min)

Bl4-4(A)E7R T SCX-RPLCFI 42} B 1Y

60
MG 2 G FISCX-RPLCH 443 B i)

50

20 30 40

TEREEEr1-3M115-181X L

R

=%EE, (B)E
KA.
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mEt N ESE Ea T, RS SCXIBH 2T RPLCS B fn AL A B T
ARUKERERI, SEX—ARHTRHIERZIMTBLEEERUTHAR, &8
— 4 BN EA RN A ER SRR LS B ERT RAN A, HShETRE
RANEARRESLEE R, AAARKBEERNNEORDTERLNHRKHEEE
FA1, SBAESCXS BB AR ) 0R 8 I [F HI7ERPLCS) B I (i I ) A BARIE, X
ERZEEENBEXMRFHE, TRASBENERNNCEAERKRN, SEHEAHN
EEBRMIHE.

0.12- ____,,\_,ML “’ M

0.081

0.04-

Absorbance Unit, V(214nm)

0.00 T T ] g ]
40 &0 80
Time (min)

Bl4-5 RPLCAF B 3k B SCXA Rtk K28 S Ba e lE, FiraET =K,

H R E AR H2D-SCX/RPLC E 9540 B (¥ B0 0 20 S e 1) O B9 B ) e 125 ) A
RERESAT T . AURRITAR—FARFRIRES RN R, HRKERSCXE
B, SFEC A8/ 2r R v 00 e ) R B B TR RO R AU AR R AR R AT T I LS,
B R R DR B R R AR AR R 2 T 2.6 RN IS B B AT AR R E N TF4.3%. #—F
¥ 3K B SCXA128 S84 45 45 T MM A BEIT 3 RPLCA 2 , 433 B 13 1038 B n B 4-S T s,
AT BT UL HA 0 T e U8 75 0 B 2 s e 0 € 2 0 £y 08 % 0 €7 B9 e (A 8 L e AR
fl, ERTERAKELSBHRENERYE, 2EINERRENBOBERGELIR
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RIEFMAESEFENEEN B RS RIFOERERM T RE.

ATHFRENEEEEAREREREET 2 %E A KA S 0% EN. Lescayer
(485N B IATRARSBORRMEBHERIITT 558, APBHE®: AR
WA AR R RO BT ERER DR NARE ME6R S, MHERER
A--HBANSEEEFEARNTANTR. EAIHP, ERANFRESRENS
BB ERATERY, RETRENEEENMINE, Bk, BEEEQRIUESEES
HAOBAREMEHFTEAHTEROHE, SRNESREARKP LEREE
BEARRETNS, REELENESRESCKETH ERR hime, ki F4R
FHMNTHREEEEARESE. S5 BNEXRRENETEARSENEEREE
ERENRTFHEARARMAN, HROBORNEHTERESTENS, BTH
et RERER, REFRAMT AEOSH, BRENFEREESERRER—
AHEBR, B, FLuENTED, EASCX/RPLCH BESEAE AR ANRELE
HEMET — 40188, —B8ESCXY/RPLCRK MBS, ANERNYS
ESI-TOF-MSHliZ, HERTEARRENEN, Z—HHRaElEREE%T. BF
T FIMALDIUE X B 15 O AT S 7. USRS BITK ETHREX, H
bz T, Hai e shot-gun s R7ER K4 B A R R A HEE R4 0RE, Btk
THER =B EREE SR B AT “shot-gunHAR B A RBHT R, TRET
BEREARNESMER TR EEREARNSEY FHEREERARE, ANk
H LB ARARE.

3.2 7E£E2D-micro-SCX/cRPLCA B UL K MALDIA #i

CHCAR % H TR A MALDIEE K . X FREFEMIK, B ERBIRE
5%, EEXRIBPERAEZLFRTEEN, W800—900 Da ZMH, CHCARFRHKIE
iz B R SRR, A TROERBRENEN, RIBERMERANSEE
BEFEBPMAT03mg/ml MITERELINEERRES, RRAER.
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Intensicy
.

250 =

Mass (mz) 1500 se

S 60
500 54 40 Time (min)

El4-6 HP—MERERFBESBEREE NS AR, KBE¥%R Hmicro-SCXEF,
PR i £h B B R /9160 mM NHLAC .

g
100 A B 2AEed
wl -
- 80
£ n
£ w
= 40 8 . \§
4 4 -
2 § amm:mmg Rgmg aa B
VBN IH1 3
] A28 23540

1% i %73
%0
]
o~
;3 b
g— 0
Z = ¥6
2 708.28
§ 4 ¥7 bea. 37
k)
» QGDEMT(b)yg
HE s
10 y

Mass (n'2)

El4-TAMER, LFRNEET (nfz =1695.80) MIBEIEEFTB, FEMFEFN:
ISGGSVVEMQGDEMTR, %5 & A i A Tax_1d=96068 i 5 1) Rir e i 2088
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AR i) ok B 7 3 A 75 28 92D -micro-SCX/cRPLC R 4 #EAT 4 B5 4R 5 MALDL i £
M. SEREERAROEM S BRBGLERIIERSS, THRESHATRENRRE
AT BISsANEARAETRENASEN M. SEPREEEARNERE2TERLZ
G, #—SHEKBARBEREHRITHE, RRMEEE, Ba-cRxT—MIT, 160
mM NHLACHK KB Mmicro-SCXH F L ¥ T RGBS B 2, BB cRPLCA B i
o, ATEIXAMEGM =SSR, AELTLUE B XENES LR IES6EH
B, XRABHEMEN SRS RRMETHR, EAXAY FNEMNEREEE
LETRBEARMAE. H4-7TARKP— IS EEMNZSEH A5 L RO EEF
(mfz =1695.80) HIH&LEET|TE4-7B. AEPIRICHE RS o5 HHiXEi = 15
HEBFFH: ISGGSVVEMOGDEMTR, 23l 54 ¥ % E 2 Tax_1d=960648 Il 7 (¥ 7
FFERREE. 200BERERT 1231 EBRE.

F43 FRFEENTEAFARPBRAEIMESH MR EREAR.

Rank Accession Protein name MW Pl
number

1 IPI00296362 Tax_Id=9606 Splice Isoform 1 of 409542.15 10.44
Abnormal spi

2 1P100218816  Tax_Id=9606 Hemoglobin beta chain 15988.29 6.75

3 IP100303335 Tax 77272725 9.1

4 IP100410714 Tax_Id=9606 Alpha 2 globin variant 15270.94 8.72

5 IPI00005038  Tax_ld=9606 Ribonuclease UK114 14484.61 8.73

6 IP100018149  Tax_Id=9606 Centrosome pr 29015121 5.76

7 IP100296365 Tax_Id=9606 Centromeric protein E 311793.93 5.44

8 IP100456492 Tax_Id=9606 Ciliary rootlet coiled-coil, 228387.62 544
rootletin

9 IPI00418175 Tax_Id=9606 Nebulin 34875043  9.14

10 IPI00013933 Tax_1d=9606 Splice Isoform DPI of 331570.65 6.44
Desmoplakin

11 IP100329536  Tax_Id=9606 Early endosome antigen ¥ 162367.14  5.53
12 1PI00329694  Tax_Id=9606 Splice Isoform 2 of Golgi 255583.03  5.34
autoantigen, golgin subfamily A

member 4
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13

14
15

16

17

18

19

20

21

22

23

24

26

27
28
29
30
31

IP100014898

IP100298057
IPI00477166

1P100220521

1P100478625

IP100396977

TPI00063523

1P100473011

1P100023711

1P100004233

IP100029012

IP100301293

IP100006196

1P100550910

IPI00174574

IP100398776

1P100479143

IP100376383
1P100305282

Tax_Id=9606 Splice Isoform 1 of
Plectin 1

Tax_I1d=9606 Periplakin

Tax_Id=9606 Centromere protein F,
350V400ka

Tax_1d=9606 Spiice Isoform 4 of Golgi
autoantigen, golgin subfamily A
member 4

Tax_Id=9606 152 kDa protein
Tax_Id=9606 Splice lsoform 7 of
Nesprin 1

Tax_Id=9606 PREDICTED: similar to
Centromeric protein E  (CENP-E
protein)

Tax_Id=9606 Hemoglobin delta chain
Tax_Id=9606 Envoplakin

Tax_Id=9606 Splice Isoform Long of
Antigen KI-67

Tax Id=9606 Eukaryotic translation
initiation factor 3 subumit 1
Tax_Id=9606 Antigen identified by
monoclonal antibody Ki-67
Tax_Id=9606 Splice Isoform 2 of
Nuclear mitotic apparatus protein 1
Tax_Id=9606 Hypothetical protein
DKFZp451G165

Tax_Id=9606 Novel protein
Tax_1d=9606 Plectin 7

Tax_Id=9606 Pericentrin 2
Tax_Id=9606 centriolin

Tax_1d=9606 Splice Isoform 1 of DNA
repair protein RADS50

531412

2045259
357305.87

260790.62

151903.64

642270.75

741434.43

15914.25

231477

358525.56

166468.31

358473.68

236387.29

196977.28

103353.56

512291.81

377849.5

268733.65
153796.56

5.73

5.44
5.05

5.32

5.76

5.59

9.06

7.96

6.55

9.44

6.38

9.48

5.63

9.22

8.43

5.61

5.38

5.44
6.48
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32
33
34
35

36
37

38
39
40
41
42

43

45
46
47

48
49

1P100239405

1P100001753

1P100217791

1P100549205

IP100455173
1P100220627

IPI00065051

IPI00075272

IP100473119

1P100295816

1P100472614

1P100001348

1P100334432
IP100107531

1P100220522

1P100398779

IP100220301
IP100456566

Tax_ld=9606 Splice Isoform 1 of
Nesprin 2

Tax_Id=9606 Myosin heavy chain,
skeletal muscle, fetal

Tax_Id=9606 Hypothetical protein
FLI40365

Tax_Id=9606 Splice Isoform 2 of DNA
repair protein RADS0

Tax_Id=9606 Titin, heart isoform N2-B
Tax_Id=9606 Splice Isoform 5 of
A-kinase anchor protein 9
Tax_Id=9606  Coiled-coil
containing protein 13
Tax_Id=9606 Chromosome 14 open
reading frame 145

Tax_Id=9606 Splice Isoform 9 of
Bullous pemphigoid antigen 1, isoforms
6/9/10

Tax_1d=9606 OTTHUMPO00000044920
Tax_Id=9606 Splice Isoform 1 of ERC
protein 2

Tax_Id=9606 aSSembly
aSSociated Sfil homolog iSoform a
Tax_Id=9606 16 kDa protein
Tax_1d=9606 Splice Isoform 3 of DNA
repair protein RADS0

Tax_Id=9606 Splice Isoform 4 of Golgi
golgin subfamily A

domain

Spindle

autoantigen,
member 4
Tax_Id=9606 Plectin 11

Tax_Id=9606 Peroxiredoxin 6
Tax_1d=9606 PREDICTED:

795885.5

222874.29

56900.98

154490.92

2991588.5
447476.43

80804.38

127937.31

586476.12

162090.34

110490.02

147570.54

15532.11
138346.48

260790.62

515883.65

24888.15
52696.6

526

5.67

9.89

6.46

6.34
4.94

8.93

6.11

5.48

8.18

6.51

10.81

8.76
6.17

5.32

5.63

6.01
11.96
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hypothetical protein XP_498975

50  1PI00456429 Tax_Id=9606 UbiqUitin and ribosomal 14718.95 9.86
protein L4Q precUrsor

51  1PI00307155 Tax_Id=9606 Rho-associated protein 160811.81  5.75
kinase 2

52 1PI00337325 Tax_Id=9606 Splice Isoform A of 83979.64 5.63
Hyaluronan mediated motility receptor

53 IPI00412869 Tax_Id=9606 Similar to Kendrin 364958.37 54

54  IPI00470741 Tax_1d=9606 Splice Isoform 3 of 107507.49  5.61
Centrosomal protein 4

55  1PI00019359  Tax_Id=9606 Keratin 9 62026.8 5.13

56  IPI00550232 Tax_Id=9606 CMYA3 378998.84 6

57  TPI00555966 Tax_ld=9606 Ubiquitin C splice variant 25741.9 6.86

58  IPI0D022542 Tax_Id=9606 Rho-associated protein 158075.73  5.65
kinase 1

R, WEE—THR, THREEREFFEEORNRBOFE—ERE, ¥
AMPEERESBERKHEBINSAHER, BRXALTANEFRARTEZERE, WA
RRARAR, 55— ROk & B 47 76— R BE UL AT 1 1 A 9 B4 R R TR0 O 0 T R R
B, ERALREERAREE —S2 AN EARETRERNAM. HiuEs
Bk T ER LN ERBER—PHHNTR. ERRNIES, BETLREA
R IR T AT B BB R A T B P SR R TR E G R BHH
AR AREARNR, AR —PHAZARAFRUBEAR LNKS.

4 &g
AR ILAETEREBRMNERN S ERACEZRTFEEORAOEKZHINERF
EEARAFHHRAS, REET 2B PHEAR, #—PRETRX—2FHRSHTT

WRERE, REWXHTREE — Ly RESHNE PR, BETBEALE
EBIFEAEERALFRARN R BREM T — M HNEBRANEHEN—MFHHAE.
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BLE THEBATEIER Top-down HARBZFHRRTR

KEXYAREERFIINEE, HHNEAXEFARFFEEMRTER[1-2), IAMT#
MARPEORREEEANERSEARNDRIRER TERM3], HAMRALEEE
HEERAAHRHRUTHOIBE. BR, HTERREEFREAIEENFER. Rk
FEEAEARIE, FERER EEHETNI. &%, FARA -1 REEYESENER
B, FCARM— M REEAREMS. FARNRAZETEAAE -FHENNEA T,
ARSFIH, BRI TRAMNNEARET. 3% XHENEaREREEL— RS
RZ#WERE, FAMRAZAIMEARRELENERER. ENESEERNRE
HEP, FA—FREEAHAEHT SBIERERR. HARY, BRAEET
LHREEARNEHNT., B AHEeMEdR. EERAMINEAREARENR
FERUTEEZBEZERmMRNA) 4 7R3, J& ERFESHENESIME. X
MEERARARLERSGEFFFEN, REfdNEBELMRESETANART
REARENGETEENAFRER. ERATERASTEREZXEHE, ML, EA
RKEFRARIERSE, BERNM—FRET FREEA R, EREA(proteome) H5
FREF—IREENARE. EARAFHEREAVRERAYNEE TEENZER
A [4]

B0, FTERNESRES YRR B E T A DR SR B 3k (2-DE)AI M #
MAERHPLOAM T . K EBERIAT B E &I E8E Ak —f 5k
JE ik (top-downEiR). — BRIk S REBKAERCERAEARAFTIRAT IR
ARBHBATS, N TFEARAFMANE N AES]. BHFREARFEER
RAERBERNRE, LWnERMNSIEEENERETS TREEHNBRANER, KSR
MES. URBRKEANRAIRE, BARREIERNRN, BHUERR. HTH
REMTEFENEE, A—MNRRETE, WERMEARRETEMPLC) AT AR
BEHNA.

FBOHGE RIS 404 Bk (Capillary Electrophoresis, iiFXCE)[6]h2 & 3 HAEH AP
FRANAEMFR. BRE—ERENIBRNIT2ER, SHFREEEREQRE
EPRTHRE. Giddings[75 i, EEBRARENETHRAZ T EEIFEF HHR
FHR, REAEASTSHEEAEMNRE. REX—HR, SHIBEREY IR
HE[BI], RERANSHFENERE, IHESMEHRHESHEERGR. i, B
TR BEESR. EUHEF. AMEERHRA. Fit, RRZERHSBEARRN
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TEARAFHTAZEREE[10-13].

%F HaiE A shot-gun(bottom-up)yF AFFER — i, JAIFCIERRLT 24
AR EIER top-down FARRELE, FIHHARBLFE T B “bottom-up” 1 “top-down”
ZERRE. EAEE T, BXEHABRLZHIATEARFLSTRRD, L5
ZHR, BAOSEEE—FINRERZH LY RI=SE, FEANEARRSTE
FIEAL E, RN SEE R A B R A B

${—4 SCX/cRPLC/H8 L BBR/MS T B EE RA KR

153

EARAFHRAPLALEZ — RN BB ARXENTF, EREAFEAREZRN
BEYTEERAEAR. B, HEFNEORESNST—RAREFRLE. 23 E
“bottom-up” M “top-down”. “bottom-up” X&EAMAFESITHRERFTE “ LmRE”
(shotgun)fi A [14-23), XEFABEEEARUALHRTEN T EREA, RHEEXH
BMEFRERAQFAAEARZY. “bottom-up” BLENELRP LIRS BHERE, £l
AMEERESELETER, BIHUTHTOKE, KAFERSERHEAERRER
S8, EERITRESE, BIMREEREHNNERERR AMTRRAES
FH%R. RE “bottom-up” HARBEEAAXN NREK BRI AN TR EEEARER
BAMER, HERTERBETEEEROXCTZBEORATTHER, THERENH
(PTMs) A IRAL A RRIT D [24), EXRETHRBRISBHBRESTPARTREE
Hi. R T HRARBRMBREN SBMHRNEES, Yates SHAEEIRET —LEED
FREE A mAFH A, R AR R & A BT B W A EBKARER25].
FIXHENERT, EARESYEEH=FHARNBRERE: BREOBNEDRETH
SEALAMEERE, TH T BB (subtilisin 1 elastase) /T IEis BAEFIEIAR . XFMFRAZF
B 3R B R B R 5 8 B B A0 7 B4 Choudhary T LA [26) A A KL A B S0 81T T

BE—IE M.

HEZT, “top-down” FIARMEHRAFEHFME, ERAREO—LRRERAT
HHEEFAMRE, fl: EAFNSTE. Faa. RKHUEEEHES, BhX
R RRRUERESY T RENEE R R hERM. WA KSR B R
BZ AN “top-down” BAR, F—HREFELAR, FZERET TENARERANE
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HEKE . A, XREAAEERRA, PN EFEEER DR %,
BAR, BRE%RD, BIMLEERSE, Eit, FEHAHOEE. E. ERNT B
ARAHAHTE, SEEFEHEAEMud-HPLOBREE NN H B EHRAESEF
B, HAKERLE I RO SR Rk F GESOR, BHEREXHEEERES
BERARAKT LI EARMNS E, BRI RA. WA R A € 52 i2-DE
MAELME, FARBEFNOEEERR.

8L, RTRECEIEEARXATEEIERABELN TR, AARNRHEREHE
B [27-34| R IR [35-36)fE A B — 5 R S MRPLCEK AN EARN I E .
Lubman 5 & 165 ¥ 1R EX B 41 IR AR K K 29 10mg 8 B R 1 F Rotofor— IR 4T 5
BEAE[27-29], RSEHRPLCIEAE - E S H . L RARMNEFR T AEREARR,
BMEA TR E TR HRE TEpH4- TR EAN EARETOEEE. BilMKelleher 5H A
EFRTETRIAREXOEHENMHEERAEBERKEXH T EBEER
[35-36]. Lee AME T —MEAHEMNE FLRA(CIEF/EAE—%, AR AR
2.1 (nano-HPLC/E A SE S IXHE— P ZH R 4[32-34), A THREMSECERAR.
EXNREF, BHBEEMMERSEEOESREN L REEN RN XEERE
FEEN R BEANRENNETEEME T RANEM. rAXERE R URER
MEARASTREARKER. NZEREWLIEH, HH2-DEME, Mud-HPLCR
AEF. RE. 5T 8.

“top-down” BIARZEN PR E B M E A HE L “bottom-up” BARBTHEBHIHLE, HE
A FMREGEEIXY “top-down” B ARG T X EAR—LYE L FEHFRHRK
%, FRHEE T ROEGREEMNED, TREMETHTAORENEE. Hit,
BB R QR H “top-down” B BT E B A4 QAR {5 B RA LA
FafEt. mERARER KRBT HEREABKENTERR, RERA
FEMRBIT AT NI R NES. AT RAH2REORNGE RSB EbEY
REERFBEREIANRNFORMEN, FLHAHANATHBAAAEEREN

“top-down” BRERIEAT T o, —REDTERRZE KA BLHERER NG K21,

27-31], BIGEREZE, ERA—AHS —HoRsmEELwENES TR, A
RE 5 BRJG MIBRENAR R T BEMEBHT 2t M. REFTERARESAMEB S RAKKR
BEERBREREFUETAI ZNA. &, REASRELKNEREEHRE
FEET R N B AR DO LR B E , Ericson¥ A [42, 49V T —7 B sh M AT =
FESRE, B —AMEkeb R AT H TR E# R 2IMALDIEEAR £. David C.

106



SR 2 EL X T ¥

Schriemer® A [43-4418 7R T ZE7K i — B AL H T IO E B RINTE&BEM R E, Bl —
A B Ak i B R A R B 3 SRPLCMUE T SEBLN . XS R AN TR ETRR
GREW. AT, BRAnERANERNERERERE BTG LERERM
MEEMBR> R, BEREEANEEENENETE NEERER, BE
WA, HbRAEAELE AR E.

Bk, Wit G EERA “top-down” BUREGAEREHLEH e & A RYE L
FHRRMRY, XHuFAMRNEORNEERLERBEEER “bottom-up” HARHK
Wty THREARALFROERFENN — K. ROOARAERESRAE
ARENTIAHLFTHR T B AR IE[S0-53), METRKENSE, AFETHE
R, BATHE T SCX/CRPLCH— & —# MM EEREH TEBEARKS &, R,
ETEH K EEEMALDIEER b RIBSAR (45-4T ISR RAE R ik (48], BATEREMH
—~HHERBHE EBEER. X—FNBBERERNEATENZRT BEBsk
fIELRE, T TREMZEREM . XHMSCX/CRPLCAE L BiA/MALDI-MSR A A {85
ERMRNBOAFNAELENAGFETEREARNREEE, EEEX EERT

“top-down” 5 “bottom-up” MITELE. XMHMERCSEHIFEAREAKT
E, —HBMBBBIME-RAR. TRTEHZRERN2-DENERIINT, BT
RHRAEHAMBERFE.

2 R
2.1 EH 548

ZWE (ACN, BB EIEL, Merck Co) » =H.ZB (TFA, RXUBAHA IS4, Tedia
company. inc.) , FFPHEABLRKEMSF) (LEERATIRARATD) , o-HE4-BE-H
% (CHCA, Sigma Chemical Co) , FriFMREk, WFEBEEOM IRoche AT
B S, FAESNRES AR, BRAEEHE (250 gm id, 380 um od.) B
ALK SE SR e R A R AR, PHE). Zorbax 300SB C8BAHAMIRE (5 um,
300 A, Agilent Technologies, Waldbroan, Germany) FZorbax BP-SIL AEfZ (7 um, 80 A,
DuPont, Wilmington, DE, USA) 75 RIFEBHEAMTHNH L ERERE. LRPHA
ACAMIl-Q EBTK.

R EAFAS G EANARRM. FEHRET-80CREFUN LEARME
.

2.2 BER R
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FEAFHASERESRIENEREZN, CEA—EREAHNEG T AERR
K, FrEABERMU 1: 8 (g ml) IEEIMA RIRHEEIMBEREIET TSR, B2AHR
EABRE, BAORERERREKBPRT. RSRIE 30548, 7 4C%&H4T 18000 g
B0 15 min, W EFRUAVRERER, S0CHRELH, ERARIEASH Qu okl
Bradford £ 5E & {[54].

23 SCX-cRPLC &%

EHES B 038 R4 b LC-2010 435235 B ) FRC-10A 18405 35 B 41 5 ( Shimadzu
Corp., Japan). LC-2010 RAR—EHERNLESIBRE, CH—MEENTHER,
B RO CERENHER, EE&RSRE, ERAEN—MREKGES TR
RRBAR. REHEN Class-VP THESFFCFEALIELEE, FRC-10A BIHHERSA
H SCL-10A ##5i 23834748 %] (Shimadzu Corp., Japan). AEFHKNIER _BIBRER
SR P £k i 7 SRR S AT B A T 8k

SCX fait kA C18 R A84E (Agilent Technologies, USA), W22 4.6mm, 25cm
#., RH 5um, 3004, Zorbax 3k}, AHHTHETIT— 1.2cm KA BN 4.6mm AR LLBY
bR E 4, RPEMTES S ITEER .

SCX BEEEVEREEEA N : A 0.1%TFA-100%H,0; B: 1M &AL #-10% ZIE-0.1%TFA.
BHHEIREEE K. 0% B 15 4v8b, 40 HBRENE EFAZE 20% B, 30 78PN 20% EFHE
50% B, 25 AN 50% EHE 100% B, F 10 48, 138N EE 0% B. BRIR
G 7860 W] R R 4 0.8 mL/min, MG IHEAKH 214nm. B FH SUEE, M4
AEhE] 128 8pE 2 el — MBS, —IERET 62 MEh.

EME RAEEEE T (CRPLC)BITET, H LETFMsol-gel ¥FIfE[55], RBRES
HERHEIEFEA PR N250 pm, ¥ H25ecmBTEHE N . 5 um Zorbax 300SBRHRERE
FRETHRED, E8EETRY, SEERREESSSRSE. UPEIWEN, ¥
WAEREBEROR TEABAEHEA . FHF300-400 barfIEHE N, ANEHEHR
AR PRGN, RIEREETRSSEEEETHA. RAEERHEEED, 5
HKMEEHRER, HTHET.

Agilent 1100 RA (Y, KA W oed R M2 T {Ek(Agilent Technologies.
Inc., Palo Alto, CAFRFEMICAEEE. cRPLCEEEYEHANN: C 98%H0-2%LfE
-0.1%TFA; D: 98% Z.[f5-2%H,0-0.1%TFA. MENFEYHEBEN: 0% D 55088, 208N
¥ _EFE20% D, 60434 H120%25 1 _E 7 E50% D, 0,148k N B150%£8 7+ £100% D,
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REESE, 105 E0% D. FEB K20 uL/min. Ll Waters 484 W iR RS R RIZE
BEAT AR MR ERI, RS K214 nm, PR FKENLE HEchrom98 il TIER TR
(R, K&, TP E). WA BEAEAR S SR SO0 BB A4 B 3h B 3 R 4 (Probot (LC
Packings, Dionex) micro spotting system) =%FE, REMALDHRAERR b, SEEMEN
308/, ATREATIHRERR L, WRTRENH.

2.4 YRR O R _LESAE

BIERESREEEFAHATRERENAE CHRFNERR. TRIRRA
iR T MFENEESRERER 10mM NBRESERHER 1 ngul, A2
IR EHEESR (Probot micro spotting system) =P ELEH LI RRAN
BRENSREAICSTT HERMERS AL, REN 12uL/min, B5BR—1TR,
RBZJE, BEERERA—AME % ST LSS MERAS, 50 CEMF 15406, B
R IE, HREEk, TR THABRRGRRKT . AEEEMERENIER
SRR AR TR SR, BERNBERES MALDI #REH(S mg/mL
CHCA diluted in 50% ACN-0.1% TFA-0.3 mg/mL citrate ammoniuvm), FIFHIRIE, K
BEEBABEA S LERE, REZERATHM.

2.5 PR H RN LR

BN RREFAS MREEARSITRIE: MAES (myoglobin), HMMAR
C(cytochrome c), B-E& 3 (B-casein). X=FEA G R7E MALDI R b, REMNE
RIKE 007, 007, 7ng, EWIEW AR, K£BEH—ZEIEHE, 50 CHME 15 74,
FTZRALERRMERER. BANENLHEERS, RUERBTIRENT.

2.6 FiSAEERE

A, MRER LHERTETREEA MALDLTOF-TOF-MS (Applied
Biosystem, USA). % B {FA MALDI BT ¥, SL&WITHESHE, & 4700
ExplorerTM #4354, oK 337om, % 200 Hze RAEETRHEER. RimE
KRN 20KV, SEFEMERERD skv. FERAMTEEKE S 800-4000Da, 7E 1800Da
WHESHERR LRGN MS 5 8 MRERAKNBERILKT 40 B ERHE,
Trypsin B§AR I SALLL R A B FARIRHE 88, (UBRHEEZ ERMREEH&ETR.

B GPS # {4 (version 1.0, Applied Biosystems, USA). Mascot ( version 1.6,
hitp:/fwww.matrixscience.com, Matrix Science, London, UK) & 5|2, 1PI H(#E & (version
2.33)9f Homo sapiens(Human) W FE%R, KRB RETERE: +0.1Da; BEFER
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BREREREN: £02D2, AF—MRWINA. R GPS TA-X BIEHIT B 3HERM
S

3R

3.0 BARKF LM g EF S/ LEEF/MALDI L& REH
L]

AEEHLERANEM EART M E0B P4 R LBREARURREE
EHAEE—BENRST “bottom-up” 1 “top-down” FHERRENLFHFIELEECR
B, WMSZ, THEENEQRECSIERAE FARESS, RAMETEGRE, 8§
B 62 MEH, REXEAMKKRSTEEE REBAAEAILES S, REERREMRESR
S SR e BT, R EBWER MALDI R b, TR EEHFEAE—
BEEMHTR LR, AR ESFRMMR, BRTHZE, BERERLE
BERBH, TRZETHATRERN. 2d8NESEREZE, HEEEREEK
HazieR, RENRAGHOKGENSRESERNTR, BESTERITEEFEY
B BEHHR LB E 3313 M REAMK.

Es- 14N TEARSBERNRENER. TEEEORNSCXyERn E—NE
43575, BB RS SR R UL RSB B R S B L HE W AR R
cRPLC# B SCXI17-21 583 i & i B n B 5-1(A)TR, B LB H kB RERcRPLCA
R R B ] 45304550 fhr - X R (i, A8 MY BB BT K S B 7E B 5-1(B)
R, M AIE K B F(mlz 1477.75)K IS W ES- 1O, H LA Er 2 Emb.
VETERA. BEENERRNE EHE RS E (flavin reductase) , 7 31 4 -
NDLSPTTVMSEGAR. El5-2E R Z— kK Al &R B A SCX/cCRPLCA S B Z
BHMEE, FRARKEERANEMISHERS, BPhXErng— M &HrNERKER
BSCXMEA, YHIH ARARRPLCA BHARMRBENE. RG22 MEH T HET
cRPLCAY B . $E_LREMR. JRBL 25 57 B MRk IS B 2 BIE i Matab X fHEE, NHMEE
623 =i E(B5-3), MEDRERNERHX AR ARBER LS EA AR BAEE3
KENESERBMGESR, EFRERTERORN, AAFNEAERTEAMR
LsEiLE. EEs-4F, 0.07 gl AEANBREYETE FERY BRI EEET
A KB AE R I8 F52% B 7 5 R 35 B (B 5-4a), 0.07 ngfi & RCHBEREF I H AR
B AT B46% B R 51 78 25 B (Bl5-4b), RIFERIT ngffI8-B2 & S B F=Y P X R T 8N KB FI
25% ) I 35 B (B5-4c). IXUEELE RAGEA T H—HE, BIFE B R AR RIT IR
RESEBMNERR, AT, RNBUEIEMKRENEQDABROKBEEFEEEER
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BOBROBAEHE, ERXERAFFATURRCERRNAERN. 82, A ERIX&E
FAE[ A H HSCX/cRPLCAE A B R AN B e BEARTEHRA T RESHE, £
MRIANRAXESEENEARTEERRIR TRIEEE, EREBRITNES
JF 1R B B Rl SEBL R B R K SE

R . M ‘
0.10 l

Absorbance Unit, V (214nm)
e
b
};;3&.:{
E =%

==

Z

= il

2
8

IEINA
ot
IR s
3‘

L — 1
20 60 80
Time (min)
g
[N
100+ B = 9.5E+3
9]
] N
a7
£ o0
?m' g 8
ol s =g 2 g 3 e
ol T - figl ie gdg § 3¢
i Iy — g -
] - " & g 3 5
I:§. |- IL; Il k l: Lll.l l\;i L?_ g EL r‘ N
w37 g 13162 15954 18746 21538 4330
Mass (n/z)
100 '3’433.1346' C 203
901 #10
801 1048 5491
i
B
£ 501
401
E B
20
16

Mass (m/z)
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1 drfand

B5-1 S TEARSBSENRENSH. IEHEaRANSCXSEERSE L—1E
43R, TRERRIIE LG S 55 R I LUK B3 4 Y RS o 7 B AR AR IR
cRPLCA B SCXA17-21 2 4 0 &R B AR, B LR LErHERPLCEEE
R R IHA) 45545 540 Phr — R 18 18808, MG ZR B BUMIGE B ZEB)PEL, A
chik BB T (m/z 1477.75)F BRSO R, K EFREMEEEHD, yETER.
Y o B 44 B2 U0 2 AR S I 45 B (flavin reductase), F7§%: NDLSPTTVMSEGAR

Retention Time (min)

TR 40 TS0 60

Fraction number

Bis-2 ANFTEEEARSIESCX/RPLCHE AR RN HER. By ng—14
£855 BRI R SR H SCX AT (), SRS A )R RRPLC S B 55 B o ) i 6 it Vil
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113

1500

2100
wz(IDw)}




L2 XE8NTERBK

= 500
1600 miz(bra)
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1 XEWHTERBX

Tiane (min) *

115

mz(Da)

1500  mya(Da)




L2 ERRK
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1228080 RA

Thnc(min)
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Bs53 A\FEARSESCXABZzEHRB2 B, #5832 RPLC/HE LER
/MALDI-MS# B % e 5 = £ .

2000 T
(n)
1500
£
E 10004
o
500 -
L ¥
M [} m M
!/ M I M T
boall L " L
1000 1500 2000 2500 3000 3500
Mass (m/z)
T
(®)
1200
(2]
] 800
2
(=]
(5]
400 -
CcC ¢C T
o irl N ' i — .
1500 2000 2500 3000
Mass (miz)
B
(c)
20000 4
800 B 150-
16000 - 800
100
400 B
[2]
E 12000- 200 so
3 . .
o T40 744 T48 2'"00 2082 2004 mu
8000 -
4000 - B
B/B B
o-—llj-uii- 'L sl 'B 1 . l“ . —
1000 1500 2000 2500 3000
Mass (m/2)

B 5-4, IR ARSEE LBy ERKBRN TS ER. (2)0.07ng NAEA,
(b) 0.07 ng FZEMEE C, (c) Tng K 8-BEEH.

FIBE AL, REFRNAHAREETREOSESBRIT TR, RXENAER
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SR 2 L XL XS

RORRERRARIK B, REXHE A BT 2 B shotgun BORBL S EQ RAETATF
REEEARKNGRERTRAKNENRETEREMN. B, EXIMERPRELE
KEBEORNGEER, MHERERKERUETW, IRAMTET TR RHER
t, BEOSGRRENZEOER S RGN URIT ML KRR T g HH%k
i, ELMFESNAEEER A REERRNTRT, KBNRTREI2EREFH
—AEBEPIER T RAORBEHEREBAER, ATEEESREENLE.

ATHIARBEARNER, BEWRARERTRENE, HERSEREEH
MEAETEREESHEL MR RERpHREE[27-31], BEPETFIHRAEHN
pHEEBEBENE[30), HUUMEHBERE N &R FKpHEEE[56-57], XX —RFENE
—4, EHAEERPLCHENE _HHITEARNIE. X “op-down” HARBRT KR
BEAFKF LY EE R RAERNHRE T ROEGROEERES. ERNEK
MEARMARLEENREZARA¥MAPHEEHNT, ALl WHEHE “op-down”
“bottom-up” HLEMRAMES B —REEEARAZTH— . EXENITHES,
B ASCX/cRPLC/HE I E§A#/MALDI-MSHR 4 [E AT E AT 45 i LR 45 R PR EX M
BRTENREEFE. HPFEREAZ -REFHEENE LBEER, EnEs-4
T ERE, 007 ngEESRESRINERESE, RAERSHREE, LA
R BRMEHRBESBERNEARES, BEARN SRS B SEBEAKB AR IE
L EREFMNAEESER, BATRHAAEIBINFENEAREHEEATMHXERNK
BHEFEMRE, FETEARAEFMAPHEARITE.

SCXfE&RPLCEEARAX T EAMSEER, SCXEFLHEXHMAY, @
RPLCREZ R HEFMDORBE THRAYE, WERMHEEERAFELELEERERLN
REAEBERZIESBANBREL, B4, RPLCAFEREMNEE S, X—AMRPLCZ/E
MBS ITIER AR, RAXBRRNFERETRBROBAENSBHRIENES.

EmEs-1MES5-2/r, RERRTRENSHES, HEAMARPLCYE ATy
I BRAA0.65 88, WRFKARs=1.5, IAEH R BN E(60min)A i 8B 467,
F4t, SCXECRPLCHIZFBHHETLEER, FURAKEFERMGE H4154 (624SCX
B X B 4cRPLCHIEFRG67) . 7EAIUEMA2 Bi F B A BSR4 T - B ) 20
BRTAHER, Bit, WRERFTETUEIENFGHEE, RERET L0 ERE
HREANAERE T ARENRRANERE.

B4t BEMERBEERIEETER, BUARA LHORAE, il ZKEMTFA,
HREZSPRATUERRER, BREARPHBENERBERNEZORAELER LR

120



SR 2 L 2 $0¥ Y

BITESR. 50 CRAAMRNBREEE—eEE ENEOREE TREMHE, 75
TEBREEERNTRE. XMEREEOREINTREEENER EFER b
THfR, BARTHENEBNFMES. AUEREBLIR, KRS THASE. 5T
s, REBRZERBROEERHEAE, CREAXERBOORTEEENEERT
BPREHK, ERREGNNGREE. Bk, Mz T, XHERBRNTEEEE.
RN B B S IUHE T AHURIIRT gy B0 B 90 2 I BE R A B 0 BT BE AR, KB
THRER.

32 REEWUEEE

SCX/cRPLC/2E FEEf#/MALDI-MS 7} B 2 RAM BN ST THE. R—HHLiT
SCX PAT A B Z IR, MRJa UL 32 S84 AP — 5 A RPLC 2 M, &L RS T A 5-5,
MEIZE LT LA M AR R MREEARERA T RFMENR S, Hdx
B iR A e R DR A T ERAT TR E, SREAFRRKNAR R
B e 7] ) £ I S S A R — B B R, 42 BI04 galactose-1-phosphate uridylyltransferase, splice
Isoform 1 of Abnormal spi, alcohol dehydrogenase beta chain, myosin heavy chain,
hydroxymethylglutaryl-CoA synthase. 4= BahHI3EH RENHHWE RS LLE B IFi &
BEEENHRA"ERERIFROERERME T REE. R EIEGXAH BT LUE
RAEEREARAED, MERENTATULFRBEOHDEERHHTI R
A RiEH.

e
&
N 1

L4
2
Sl

Absorbance Unit, V(214nm)
lg .l
T &

®
g

Thne (min)

5-5 cRPLC X3k 8 SCX HFIH MM RHLX K E 32 SEa#ToEmaiEE, By
Pric MR o B B EBER N ECREITE S, SREBRTREFHNENMS.
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L2 REWTERBK

33 EERMAREARNFERS S TRENS AT

B 56 B TRXHHFEFEEREARNSRAEINSTEMWH S HE. Xk
KEREART, 2 FEREAKE Tax_ID=9606 Titin, 4> F&4 3.81E+6, B/ PHHTE
4 Tax_ID=9606 ORF1, H4T 8% 4335, RN, 4t RM, E#LEENEARTHE 60.4%
MEE RS TREEDE 20,000 5 100,000Da 2.8, 8.5%H1E B F 42 T EAE T 20,000,
BE MI%HNEARNS FEETF 100,000D2. ¥ENEARNSHAUETEETE
43751307 20, H{9E 1490 E AR TREEARASREKT 10. LEFE, *F
FTHRAEAR, FlmasFENT 20,000 ZATF 100,000, XEWBOFARE, TN
RERREKERSELEREURHNEAR. 75 FLREEHNSHEATEERETC
ZH BN Rotofor B pH BE[27-31], WAHBAE MRk GFHERME32-34], B pH BE
BB AR[56-57), BHABRETHB TXHREAEN pH RHEHE. AU EZEREKE,
SCX/cRPLC/#E L Es## /MALDI ¥ EXFHARBERE FTEEREROEELS.

MW (KDa)

Bl 5-6 Hr AT E EE RN A (eDA 2 TRMW)K 37 E .

3.4 BB
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L1280+ ERRX

14.38,42D

0.04 -

0.02 4

Absorbance umt, ¥ (214nm)

ﬁzs

0.00 T r T -

Time (min)

B5-7 3k ESCXH2 S B BcRPLC/ BRI G E, B L MR S8R R R E, 3
SrRic i i 1 BT

BARAYMRN— A EENELEEN, BEl, EXHEHEAEFFER, &
HFRRNE. EEEERSHRRREENNEREBRERNRe TSR RHETE
EUR AR, RIS LR E B ENE SRR HEE AR S BORE, ERFEAHEM
MRENHEREFUNFFRELEANBARER, BROTEORIBALH1-10
ng» EDHER R — BT ATTI00 ng, B TRMEHRAEE S REIM T E
B10 ng¥) 20 pg [27]. EIMRTEBRBARAE LR EORNTR, EREE 5B
%, FRBAEEMEE, FUBMRRAES SRS IEREEa AR}
tr £[29, 62-66].

AT LIS BIHERN— DB F R e E T RS, EMERNES RN EHE
#9237 by, FIRAEEEGETRHTIRG, BEBN1.99 x 10°, HRHE A EIEE02A,
42B, 42CRI42DHIEE R B0 143 x 104, 098 x 10%, 1.06x 10*, 3.31x 10°, HA B4
0,13 0 e T AR 5 8 A £ 13 0 e T AR A B LR XA ST R B BURTE B BRI EE
. B, mEERERWEE100%, B-4%EEKEBRKES R Hsorbitol dehydrogenase
(42A, tg =51.76) £1.70 hg, DLNBO7 protein (42B, tg =57.63)/21.171g, phosphoenolpyruvate
carboxykinase (42C, tg =62.76)/21.26 lg, centromeric protein E (42D, tr =74.43) 23.94 ug.
SR AE— MR A G i 0 B R 5 70% 595% 2 1][67), B4R EFWEH80%, L
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AR 2 EL X TS

BRAMEORNESHHN136. 094, 1.01, 3.150g. BAETEFFEHE214nm KK T3
K, KRS ERE A REA AT E R A T ARSI R EE, SaNEA
BT R & RN AE & A ReF 2 m A 27].

L%, TR RARE RS TR RN AR R vk in b 3 2 5 B AR IS Rl — 4 &,
REMR—NERERERK LR~ EARRE QSR IRA N LAFRAEB AR
AREHPRRSET R, W TXMEgE, EE—SNrETEEERRRES T E
—EEE LRI EE, 53, FARKRMERRCRANHREG S EBEARR T &
HRE B AR AR [20, 58-611. AT, —HBRMEEMREBRAXRBNEXE
ARERAER.

4 it

TEAT TEd, AR T RAEWATH shot-gun HIAR K H 1 FRBRUKBL R F 0 &
HEE R EME ARSI R AR RS, TR T M B E SRy &/
bR RS SRR AR, X—-FHEBENTITENTRSE A REaRAS
TRIRIE. AMEEAREESNE, BAFEEORESENTISRSENRERE LN
W, FUET—FRIES, RIAERERNYENTERFESERRERY
(235 BLABIX 3 £ i 5R B R ST HER A0 E AT H 9.
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89 SEC/SCX/RPLCE#Er B EE e B RANKRR

1355

EREORAYRIGETENTEREAR, NEWHRGR. ARRERSERE
SRPEARASERITHRE L. ARARAKF ExERREET R EEI,
RUBEHRAFXNEREAE, EHREARRBORIGIUEAEEFHNGEHLRETFR.

HEl. XA ENEAREH AR, B4 THARR. ZLHRESBRREGHX
EABBSBREN R EL2EERTEARNER, MARK ERER ANEERRM
HHWEARSBNERK, EREAIMENBRENSSERFUFFREEESNER
RER, BROFTENRIRKALAN1-10ng, % DEFE A6 —87T LU 2100 ng,
BRI B AR R AR RSN T AT IAE10 g 20 rg [27]. KM EBIEARE
EEEAORNTFER, RRREERMEY, ERBFANTE, FAURMBHEES
FIR AR ERMEREER TR E[29, 62-66].

A5, ARKIFEALZEFRCEAR R HE & S HER[20, 58-6111RA T HEEFAEN E&
FIRERMBERE. ALEFRCPART-ROMRE B—R“S7 AR, BT 27
WAREAR, T EXAEAR R E AR S KB e B E AR R R, FERB—&
ST iR — RS E TN S E.

TSI € i SR 05 R 0L e R PR L Bk - e £ 1 BT R RTRE — A 1R R, SR T
R EHERER FH—MEORRESEERIMEA MU LHEARBLAKIER
TR ITER. XM FXMHEE, B PR ETESEARRENHTUE—ER
LR RE.  BESTRETERERNAKNARE, DEIHRRANEAR
A¥PABRBEAFTHNEREE, IARNERARAKFE LB EMESIRAR, Tk
B, HEARBER N BB B 1 AR .

AV IENIERBREFEEINEARNERGRETEREORN=MIH
BN EARNAES BRI BN, SetRudEamoifedirad, MR-
B EARAERSELITLE, AMREANEQRNEIRERERAENNTE.
IR 53 )5 R B AT R . TS AT SE 0N & 1 RE e P 47

2 LRWH
2.1 A S5
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12 hEWEERBK

25§ (ACN, BB G, Merck Co) , =H LER (TFA, BEHAIEL, Tedia
company. inc.) , FFBEBLF(PMSF) ( LBEBREMTEARLARD) , a-AE4-BE-A
EMR (CHCA, Sigma Chemical Co) , ¥EMRE, WMFHBEEOB ARoche 2> &
B, FUHEEAEFHTART, BRAREAE (250 um id., 380 um od.) 13
ALK FERECEREERATGTIL, HE). Zorbax 300SB C8HMEIEEE (5 um,
300 A, Agilent Technologies, Waldbronn, Germany) F1Zorbax BP-SIL EEX (7 um, 80 A,
DuPont, Wilmington, DE, USA) 4 HIFREIRAA SRR EBHERE. TRPHA
AAMIlI-Q EBFK.

BEXRFASRSBHEERENYLRERME. IAHEHE-S0CHREFEUNIEE
BB .

22 Bl

RATARGI ARG, FIUKAETE 257K (0.9% NaCl NS ¥E = UK B 35 PVl B i 7 -
—HAT RIS . BERE, U 1: 8 (zol) KHEEAIMAREK (1 mmol/L PMSF,
0.2 mM Na;VO,, 1 mM NaF, cocktail i3 (Roche, Basel, Switzerland)#1 0.1% (v/v) TFA),
REETHEHORBARTEIOER, HEMAATLER, BRI EEKGETH#T.
SRARNE 30 4H8h, 7 4C LT 18000 g 5.0 15 min, B EFEBEIAIRIES, -80
CREEM, BARRDEAE Qu F#t i) Bradford € &[54]-

2.3 SEC/SCX/RPLC R4

AR B R 40 B LC-2010 2 B3 B AT FRC-10A {84 4% B 48 i Shimadzu
Corp., Japan). LC-2010 RAR—EREENAEIBRE, ca—MEENTHER,
B ERNECHRERIFER, ERRSRR, BERRAN—DMNBEKHRIN TR
BRRMBAR. REEHN Class-VP LIS AT ICEANABEERE, FRC-10A BHWERSE
B SCL-10A #4133 1T#%)] (Shimadzu Corp., Japan), %4MEMIGEK N 2150m. FFEF
HWE =85 B RERFHBE N T A BER3T ZE .

BAREREEE: Shodex PROTEIN KW-803, 8mm x 300mm (%3, BX), #R3hH:
100%7K, HEHAEFE: 0.3 mL/min, FEHK, SECHIBGWRENES-S1)x, HEY
ASHE: (A4minZ BT, (B)41-42min, (C)42-43min, (D)43-47min, (E)47-51min,
(F)51-60min. H4T6WRFATHE, EHEN:400pg/ K, LARMSECH BEMMMES-8(2)
Bimm.

SCX a1k (Agilent Technologies, USA), W& 4.6mm, 25cm ¥, X 5um, 3004,
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Zorbax HH, ZHTEERTINI—A 1.2cm KAEA 4.6mm KMRIPEECARG 1L¥5 R ol E T AT,
RIS 2 AR

SCX BRI FIA: A: 0.1%TFA-100%H,0; B: 1M FAb4%-10% 2 -0.1%TFA. ¥
RSB A : 0% B 15 4, 20 AR LA E 100% B, REES 26, 1 24A
F%E 0% B. HEEN 0.8 mL/min, 4> SEC FBHET SCXFE—S 58, MN4498
B 49 Epdg 1 bR — MBS, 83145 A THEH. 64 SEC MR EIE SCX #—%
ABZEBIEE 270 M WES, XETHEGER RPLC NE=RNS BRI et SER.

RPLC iR F C18 MRAME (KEAMEMIBERAR, PED, AR
4.6mm, 25cm ¥, FA Spm, 3004, Hypersil HHk, MTERTII—4 2em K424 4.6mm
RIRPHBESRaE £ E, FEMENS S HEHER.

RPLC BEXBRBER A : C 98%H,0-2% 7 I§ -0.1%TFA; D: 98% Z ¥ -2%H,0
0.1%TFA. AN EE 5: 0% D 5 -5, 65 -8 A4 EF % 50% D, 5 4088 B 50%
ZHAZE 100% D, RFF S5 28, 5 28HEZR 0% D. RIEHEH 0.7 mL/min,

RPLC 4 B G Ve R 4 SR A —AM1B 8, WIETIRE, MAERKEER (U
FEBIRARAT 20mM MBRREEERT), 37 °CRE, BRIR. FHHRME
ABBHIMAZEFEER(S mg/mL CHCA diluted in 50% ACN-50% H;0-0.1% TFA-0.3
mg/mL FFEBE)GREEE T RETAR. ERFER LY, FRAERA—E.

2.4 BUERMEERLR

REESEE, FRER EARMTETHREEAN MALDI-TOF-TOF-MS ( Applied
Biosystem, USA). ZEi{RA MALDI B TH, & KTHESNE, & 4700
ExplorerTM $4F 4] #OEH & 337nm, M 200 Hz. KA EETREER . minE
HLEA 20kV, $EFEMEBREN 8kV. HERHEEKE AN 800-3500Da, 7F 1800Da
i PR B R R MS PR 6 MRERE XK BERLAT 40 KEKRIEBREIE.
Trypsin B§R I SR OB KBA RS, EREZEENEERSETRI.

A GPS %Kk {4 (version 1.0, Applied Biosystems, USA), Mascot ( version 1.6,
http://www.matrixscience.com, Matrix Science, London, UK) #&5|%, IPI $(#&PF (version
233) P rattus EEERR. WEBREZGHKRE: 103Da; RBEERERECERE
A: £04Da, fF—MRYIALA. 1 GPS A Big k1T BV BRI

IGR5TR
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31 NZ&2HERRER

EL—FRIES, BIIRET LM SCX/RPLC/YE 8%/ MALDI-MS R4, 4t
AFASHTTEENSE. XD TAENER L, BOMAE =448 101 SEC,
FEH - FRBEERNNYE S, WA &G RN 5 30 T ST E AR 5
TR, NAIESERNERE, SEC. SCX 5 RPLC =E# R LIEX M, SEC HiE
STEMKDMEARBTSE, SCX KEHRERHIARSEEAR, RPLC MR
BHAER IR ARLHSER.

SEC/SCX/RPLC/=4# 4 B e A ST BHTIHE, K47 36000 (6 4~ SEC #4x4s 4~
SCX 184yx45 /4~ RPLC 1&#r=12150). &N SCX/RPLC "4y Epgifih, BA=4N
RaRLSkBBENSRED, FEATEAAESNERSERDIT.

3.2 R4S EAR SEC/SCX/RPLC =5 B4R

Al 5-8(1)2 BT ALK TS SEC HI4r B Gk E, B B in o] T 18 6o e 15
R EEeMAGAT T —EN5E, B5-82) FTAKNEIEE, RRTRENER
. B 5-9A-F)E SCX 4B L—EK@maraEE, X—&NEnkEREREst—
MEAGBATHER, B 5-10 24 SCX i1 D S4B FTE K 31-32min 1X>X (6 K%
B HATT RPLC 548, BATEHAAATHTERSERBNIRIER.

30~

@)
1 A Ci D E F
1.5
1.0 4

05+

Absorbance

0.0

30 35 40 45 B 55 60 8 70 75 80
Time (min)
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Er
@°
2
E
-
(=]
=&
=
= e
g
2
<,
5.
!.
!.
£
- - - - - - o " - L] o - (-3 -
Time (min)

& 5-8 RAFAAELRK SEC MIABEER, ()EHEENNETEHR: (A)4lmin
Z R, (B}41-42min, (C)42-43min, (D)43-47min, (E)47-51min, (F)51-60min. (2) 4T/
KHEER, RATIREFMERE.

A

0.06 -

0.03

0.00

Absorbance

-0.03
T 1
o 20 40
Time (min)
B
1.2
g o8 -4
=
:
=
- 0.4 -
0.0
v T T ——
o 20 40

Time (min)
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Abserbance

Absorbance

Absorbance

2.0

1.5

1.0 -}

e
o
i

0.0

2.5+

2.0

0.4 4

Q
N
]

0.0

. -
T

20 40
Time (min)

—— T T 7

20 40
Time (min)

20 40
Time (min)
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1 X5 HEEARX

0.4 -

0.2 4

ot

0

Absorbance

1 T
20 40

Tmie (min)
B 5-9(A-F) SCX 4Bk A_L—4# SEC FiE i EiLE. M 4 2453 49 5805 1 48l
Fh—AMEY, BE 45 M TEEM. 6 1 SEC B2 SCX i#—ib 432 5 Bitf 270
ATy, FREEE S 210 M4 RPLC MBS NS meEt 5T E5H.

0.15 -
0.10 4
:
=
2 0.054
=
-«
0.00—-‘
Il l T ' T ' L) I T l v ' ¥ I L] I ¥ I T T Ll
4 8 12 16 20 24 28 32 36 40 4 48
Time (min)

B 5-10 % SCX H1#]1 D5 4 B B 8 4 31-32min & #E1T T RPLC 4%, M 4min 2 49min
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% 5-1 SCX i1 D S4B A1 31-32min FIEMRHT T RPLC 2B/ ¥ 2R EARFIE.

position ID Accession MW Pi C

No (uy/z)
6-7min Tax_1d=10116  Apoptotic  protease IPI00324110 1410621 6.01 1.2

activating factor 1
7-8min Tax_1d=10116 PREDICTED: similar to IPI00564109 2397548 1035 0.98
ribosomal protein

9-10min Tax_Id=10116 Exocyst complex [PI00199842 7499882 6.27 0.73

component 7
10-11min  Tax_Id=10116 Hypothetical protein IPI00368874 65877.65 633 0.89
11-12min =~ Tax_Id=10116 Shadow precuzsor [PI00196291 1470236 10.38 0.81
12-13min  Tax_Id=10116 23 kDa protein IPI00206432 2322166 9.01 0.77
13-14mn  Tax_[d=10116 CDK105 protein IPI00551792 2592856 995 095
14-15min  Tax_Id=10116 Insulin receptor substrate-2  [PI00211540 15953.94 1066 0.62
15-16min  Tax_1d=10116 34 kDa protein IPI00389020 3373219 1019 0.59

16-17min  Tax_Id=10116 Splice Isoform 8 of Inosito} IPI00230881 3067132 5.9 0.68
1,4,5-trisphosphate receptor type 1

17-18min  Tax_Id=10116 60S ribosomal protein LI18a  IPI00192257 2071889 10.73 0.74

18-19min  Tax_Id=10116 Ethanolamine phosphate IPI00211445 4519152 6.2 0.83
cytidylyltransferase

22-23min  Tax_[d=10116 51 kDa protein IPI00565256 51411.8 623 0.76

28-29min  Tax_Id=10116 PREDICTED: similar to IPI00567749 13793.19 951 093
chromosome 13 open reading frame 12

30-31min  Tax_[d=10116 Natural killer cell protease IPI00189979 2730835 9.59 098
1 precursor

31-32min  Tax_[d=10116 Vimentin IP100230941 5356899 506 13

32-33min  Tax_Id=10116 60S ribosomal protein L24  IPI0023093% 17767.9 1126 0.78

33-34min  Tax_ld=10116 60S ribosomal protein L24  IPI00230939 177679 1126 087

36-37min  Tax_Id=10116 60S ribosomal protein 124  IPKH00230939 177679 1126 1.1

38-39min  Tax_1d=10116 PREDICTED: similar to I1PI00366782 9560421 8.87 0.91
RIKEN ¢DNA 6330408A02 gene

39-40min  Tax_Id=10116 Hypothetical LOC313981  1PI00471826 8018832 838 1.5

132



SR L T L T ¥

33 ERE R

AZ@HBEEETLUESL, SRANEAREREE T ZRNB2E, FHEER
KREEEAIRE, RETHARNAERE, AHNTEORNEEST, RE/EHT
B EBYAR. A HEEAREFEN A ERRENRERE T B A EEN
itk

BEAEEEREATLIES, SRIEFEL—Fouahy. Bk, 2+BELRZEN
RESRLE, EHEREARGHIE, FBERPFIBIREFEE LR, HK, £
ROBRFRERRA, WREZHN RPLC NABXABEITALSBAMENEE, Ll
BREEELRRAXREE, FENE. FK -EERFANTEEGE—SHMRILRN0H.
BRI AR EN FBLE K, MIZRE R ERERRRTE, BEYEREN, HER
HKESH—MEGTEEBRIEEMULNEAR FIMEARE— RS THRER
Hrigdl. FIRBSARIINE, BERNARREEE-FHRL.

Frt, RIBERD, RE=E4H 25, GEEHSHEERXEE L BIRA,
ML —ENFESE, RENEARBEMRIRE, RMEED 12150 (6 4 SEC
X B4 45 4 SCX 1843 X B =4 45 ™ RPLC 184}) , HEFAREBLEARGAEL
ERE BRI E, HEEARBTERTRDATE—ERE. A%, B EE
ENREENRAE, TP RE6RAMENEAF RN EARRTER
iR

T TR X A E TR ER. MRS, R8s e,
B TR ERFES FENBEAF SRR CRA M — ST, EHEF &M LRAFHH
BERMR, ERLEETZEIERANER L, NEREXNFEERQHUETATE
BRBREER.

4, G

ZEARSBES - EESAREN, BEREHTHRAKRE, W5ERRIUREER
RktLE, BRIEFR. SEMNEE, AERERREE. AhFEE LSRR, MR
B, EESRE. BREARFINZEESABRAES, A BEE. MRAGHAT
ERER, RAEBUMAMNLFZ A FEEXHEMT —EHRKER ZHkET
ZHRSEMNEBORFANHTER SR, AEE—PHRUTELHEITT TER.

133



1225 WEERBX

2% 30

[1] Venter J C, Adams M D, MyersE W, Li P W, Mural R J, Sutton G G, Smith HO ,
Yandeli M, Evans C A, Holt R A | et al .The sequence of human genome, Science ,
2001, 291 : 1304-1351.

[2] Lander E S, Linton L M, Birren B, Nusbaum C, Zody M C ,Baldwin J , Devon K, Dewar
K, Doyle M, Fitzhugh W, FunkeR , Gage D, et al, Initial sequencing and analysis of the
human genome, Nature , 2001 , 409 : 860-921.

[3] Naaby-Hansen S , Waterfield M D , Cramer R., Proteomics-post-genomic cartography to
understand gene function, Trends in Pharmacological Sciences , 2001 , 22 (7) : 376-384.

[4] %4EY], RAREHA - EFERARRMENE, BI2EER, 1999, 44(2):113-122.

(5] HFE, Fin, ERZ, T, &M, RARA¥TATHGEIERA, G,
2003, 21, 120-26.

[6] Chen H, Horvath C, High-speed high-performance liquid chromatography of peptides and
proteins, J chromatography A, 1995, 705: 3-20.

[7) Dolnik V, Hutterer KM, Capillary electrophoresis of proteins 1999-2001, Electrophoresis,
2001, 22: 4163-4178.

[8] Giddings JC, Concepts and comparisons in multidimensional separation, J High Resoluti.
Chromatogr. Commun., 1987, 10: 319-323.

[9] Divis JM, Giddings JC, Statistical method for estimation of number of components from
single complex chromatograms: theory, computer-based testing, and analysis of errors, Anal.
Chem. 1985, 57: 2168-2177.

[10] Divis JM, Giddings JC, Statistical method for estimation of number of components from

single complex chromatograms: application tc experimental chkromatograms, Anal. Chem.
1985, 2178-2185.

[11] Jinzhi Chen, Cheng S. Lee, Yufeng Shen, Richard D. Smith, Eric H Bachrecke, Integration
of capillary isoelectric focusing with capillary reversed-phase liquid chromatography for

two-dimensional proteomics separation, electrophoresis, 2002, 23: 3143-3148.

[12] Hongbin Liu, Dayir Lin, John R. Yate III, Multidimensional separations for

134



128+ 540K

protein/peptide analysis in the post-genomic era, Biotechniques, 2002, 32, 4: 898-911.

[13] FkmN4E, koK, kEZE, SHER, FERNBHAE EATEKEEZEAR
RPN, @i, 2003, 21,1: 32-37.

[14] Link, A. 1, Eng, J., Schieltz, D. M., Carmack, E., Mize, G. J., Moris, D. R., Garvik, B. M,,
Yates, J. R. 11, Direct analysis of protein complexes using mass spectrometry Nat.
Biotechnol.,1999, 17, 676-682,

[15] Wu, C. C.,, MacCoss, M. 1., Howell, K. E., Yates, J. R. IILA method for the
comprehensive proteomic analysis of membrane proteins. Nat. Biotechnol., 2003, 21,
532-538.

[16] Washburn, M. P., Wolters, D., Yates, J. R. III, Large-scale analysis of the yeast proteome
by multidimensional protein identification technology. Nat. Biotechnol., 2001,19,
242-247.

[17] Shen, Y., Jacobs, J. M., Camp, D. G., II, Fang, R., Moore, R. J., Smith, R. D,
Ultra-high-efficiency strong cation exchange LC/RPLC/MS/MS for high dynamic range
characterization of the human plasma proteome. Anal. Chem., 2004, 76, 1134-1144.

[18] Peng, 1., Elias, J. E., Thoreen, C. C., Licklider, L. J., Gygi, S. P., Evaluation of
Multidimensional Chromatography Coupled with Tandem Mass Spectrometry
(LC/LC-MS/MS) for Large-Scale Protein Analysis: The Yeast Proteome. J. Proteome
Res., 2003, 2, 43-50.

[19] Fujii, K., Nakano, T., Kawamura, T., Usui, F., Bando, Y., Wang, R., Nishimura, T.,
Multidimensional Protein Profiling Technology and Its Application to Human Plasma
Proteome. J. Proteome Res., 2004, 3, 712-718.

[20] Han, D. K., Eng, 1., Zhou, H., Aebersold, R., Quantitative profiling of
differentiation-induced microsomal proteins using isotope-coded affinity tags and mass
spectrometry. Nat. Biotechnol., 2001, 19, 946-951.

[21] VerBerkmoes, N, C., Bundy, J. L., Hauser, L., Asano, K. G., Razumovskaya, J., Larimer,
F., Hettich, R. L., Stephenson, J. L. J1., Integrating “Top-Down” and “Bottom-Up” Mass
Spectrometric Approaches for Proteomic Analysis of Shewanella oneidensis. J. Proteome
Res., 2002, 1, 239-252.

[22] Gygi, S. B, Rist, B., Griffin, T. J., Eng, J., Acbersold, R., Proteome Analysis of
Low-Abundance Proteins Using Multidimensional Chromatography and Isotope-Coded

135



G R 2 XL LF

Affinity Tags. J. Proteome Res., 2002, 1, 47-54.

[23] Wu, 5.-L., Choudhary, G., Ramstrom, M., Bergquist, J., Hancock, W. S. Evaluation of
Shotgun Sequencing for Proteomic Analysis of Human Plasma Using HPLC Coupled
with Either Ion Trap or Fourier Transform Mass Spectrometry J. Proteome Res., 2003, 2,
383-393.

[24] Mann, M., Jensen, O. N., Proteomic analysis of post-translational modifications. Nat.
Biotechnol., 2003, 2, 255-261.

[25] MacCoss, M. J., McDonald, W. H., Saraf, A., Sadygov, R., Clark, J. M., Tasto, J. 1., Gould,
K. L., Wolters, D., Washburn, M., Weiss, A., Clark, J. I, Yates, J. R. 11, Shotgun
identification of protein modifications from protein complexes and lens tissue. Proc. Natl.
Acad. Sci., U.S.A., 2002, 99, 7900-7905.

[26] Choudhary, G., Wu, S.L., Shieh, P., Hancock, W. S., Multiple Enzymatic Digestion for
Enhanced Sequence Coverage of Proteins in Complex Proteomic Mixtures Using
Capillary LC with Jon Trap MS/MS. J. Proteome Res., 2003, 2, 59-67.

[27] Wall, D. B., Kachman, M. T., Gong, S., Hinderer, R., Parus, S., Misek, D. E., Hanash, S.
M., Lubman, D. M., Isoelectric Focusing Nonporous RP HPLC: A Two-Dimensional
Liquid-Phase Separation Method for Mapping of Cellular Proteins with Identification
Using MALDI-TOF Mass Spectrometry, Anal. Chem., 2000, 72, 1099-1111.

[28] Kachman, M. T., Wang, H., Schwartz, D. R., Cho, X. R., Lubman, D. M., A 2-D Liquid
Separations/Mass Mapping Method for Interlysate Comparison of Ovarian Cancers, Anal.
Chem., 2002, 74, 1779-1791.

[29] Zhy, K., Kim, J., Yoo, C., Miller, F. R., Lubman, D. M., High Sequence Coverage of
Proteins Isolated from Liquid Separations of Breast Cancer Cells Using Capillary
Electrophoresis-Time-of-Flight MS and MALDI-TOF MS Mapping, Anal. Chem., 2003,
75, 6209-6217.

[30] Yan, F., Subramanian, B., Nakeff, A., Barder, T. J., Parus, S. J., Lubman, D. M., A
Comparison of Drug-Treated and Untreated HCT-116 Human Colon Adenocarcinoma
Cells Using a 2-D Liquid Separation Mapping Method Based upon Chromatofocusing P1
Fractionation, Anal. Chem., 2003, 75, 2299-2308,

[31] Zhy, Y., Lubman, D.M., Narrow-band fractionation of proteins from wholecell lysates

uvsing isoelectric membrane focusing and nonporous reversed-phase separations
Electrophoresis, 2004, 25, 949-958.

136



12 REHTEARN

[32] Chen, 1., Balgley, B. M., D¢Voe, D. L., Lee, C. S., Capillary Isoelectric Focusing-Based
Multidimensional Concentration/Separation Platform for Proteome Analysis, Anal. Chem.,
2003, 75, 3145-3152.

[33] Mohan, D., Pas*a-Tolic’, L., Masselon, C. D., Tolic”, N., Bogdanov, B., Hixson, K. K.,
Smith, R. D., Lee, C. S., Integration of Electrokinetic-Based Multidimensional
Separation/Concentration Platform with Electrospray Ionization-Fourier Transform Ion
Cyclotron Resonance-Mass Spectrometry for Proteome Analysis of Shewanella
oneidensis, Anal. Chem., 2003, 75, 4432-4440.

[34] Wang, Y., Balgley, B.M., Rudnick, P.A., Evans, E.L., DeVoe, D.L., Lee, C.S., Integrated
Capillary Isoelectric Focusing/Nano-reversed Phase Liquid Chromatography Coupled
with ESI-MS for Characterization of Intact Yeast Proteins, J. Protcome Res., 2005, 4,
36-42.

[35] Meng, F., Cargile, B. 1., Patrie, S. M., Johnson, J. R., McLoughlin, S. M., Kelleher, N. L.,
Processing Complex Mixtures of Intact Proteins for Direct Analysis by Mass
Spectrometry, 2002, Anal. Chem., 74, 2923-2929,

[36]} Meng, F., Du, Y., Miller, L. M., Patrie, S. M., Robinson, D. E., Kelleher, N. L.,
Molecular-Level Description of Proteins from Saccharomyces cerevisiac Using
Quadrupole FT Hybrid Mass Spectrometry for Top Down Proteomics, Anal. Chem., 2004,
76, 2852-2858.

{37] Dogruel, D., Wiiliams, P., Nelson, R.W., Rapid Tryptic Mapping Using Enzymicaily

Activ&_: Mass Spectrometer Probe Tips, Anal. Chem., 1995, 67, 4343-4348.

[38] Hsieh, Y.L.F., Wang, H.Q., Elicone, C., Mark, I., Martin, S.A., Regnier, F., Automated
Analytical System for the Examination of Protein Primary Structure, Anal. Chem., 1996,
68, 455-462.

[39] Sakai-Kato, K., Kato, M., Toyo’oka, T., On-Line Trypsin-Encapsulated Enzyme Reactor
by the Sol-Gel Method Integrated into Capillary Electrophoresis, Anal. Chem., 2002, 74,
2943-2949,

[40] Cooper, J.W., Chen, J., Li, Y., Lee, C.S., Membrane-Based Nanoscale Proteolytic Reactor
Enabling Protein Digestion, Peptide Separation, and Protein Identification Using Mass
Spectrometry, Anal. Chem., 2003, 75, 1067-1074.

[41} Samskog, J., Bylund, D., Jacobsson, S.P., Markides, K.E.,, Minjaturized on-line
proteolysis—capillary liquid chromatography-mass spectrometry for peptide mapping of

137



124 +E0RK

lactate dehydrogenase, J. Chromatogr. A., 2003, 998, 83-91.

[42] Ericsson, D., Ekstro'm, S., Nilsson, J., Bergquist, J., Marko-Varga, G., Laurell, T.,
Downsizing proteolytic digestion and analysis using dispenser-aided sample handling and
nanovial matrix-assisted laser/desorption ionization-target arrays, Proteomics, 2001, 1,
1072-1081.

{43] Slysz, G.W., Schriemer, D.C., On-column digestion of profeins in aqueous-organic

solvents, Rapid Commun. Mass Spectrom., 2003, 17, 1044-1050.
[44] Slysz, G.W., Schrieme, D.C., Blending Protein Separation and Peptide Analysis through
Real-Time Proteolytic Digestion, Anal. Chem., 2005, 77, 1572-1579.
[45] Harris, W.A., Reilly, J.P., On-probe digestion of Bacterial proteins for MALDI-MS, Anal.
Chem., 2002, 74, 4410-4416.
[46] Gobom, J., Nordhoff, E., Ekman, R., Roepstorff, P., Rapid micro-scale proteolysis of
proteins for MALDI-MS peptide mapping using immobilized trypsin, Int. J. Mass
Spectrom. Ion Processes., 1997, 169, 153-163.
[47] Kussmann, M., Nordhoff, E., Rahbek-Nielsen, H., Haebel, S., Rossel-Larsen, M.,
Jakobsen, L., Gobom, J., Mirgorodskaya, E., Kroll-Kristensen, A, Palm, L., Roepstorff, P,
Matrix-assisted Laser Desorption/ Ionization Mass Spectrometry Sample Preparation
Techniques Designed for Various peptide and protein analystes, J. Mass Spectrom., 1997,
32, 593-601.
[48] Dai, Y., Whittal, R. M., Li, L., Two-Layer Sample Preparation: A Method for MALDI-MS
Analysis of Complex Peptide and Protein Mixtures, Anal. Chem., 1999, 71, 1087-1091.
[49] Ericson, C., Phung, Q. T,, Horn, D. M., Peters, E. C., Fitchett, J. R., Ficamo, S. B.,
Salomon, A. R., Brill, L. M., Brock, A., An Automated Noncontact Deposition Interface
for Liquid Chromatography Matrix-Assisted Laser Desorption/lonization Mass
Spectrometry, Anal. Chem., 2003, 75, 2309-2315.
[50] Mae, Y., Zhang, X., Comprehensive two-dimensional separation system by coupling
capillary reverse-phase liquid chromatography to capillary isoelectric focusing for peptide
and protein mapping with laser-induced fluorescence detection Electrophoresis, 2003, 24,
3289-3295.

[51] Yang, X., Zhang, X., Li, A, Zhu, S., Huang, Y., Comprehensive two-dimensional
separations based on capillary high-performance liquid chromatography and microchip
electrophoresis. Electrophoresis, 2003, 24, 1451-1457.

138



12 k82 ERBX

[52] Zbang, 1., Hu, H., Gao, M., Yang, P., Zhang, X., Comprehensive two-dimensional
chromatography and capillary electrophoresis coupled with tandem time-of-flight mass
spectrometry for high-speed proteome analysis. Electrophoresis, 2004, 25, 2374-2383

[53] Wang, Y., Zhang, J., Liu, C. L., Gu, X., Zhang, X. M., Nano-flow multidimensional liquid
chromatography with electrospray ionization time-of-flight mass spectrometry for
proteome analysis of hepatocellular carcinoma, Analytica Chimica Acta, 2005, 530,
227-235.

[54] Qu, Y.; Moons, L.; Vandesande, F. Determination of serotonin, catecholamins and their
metabolites by direct injection of supernatants from chicken brain tissue homogenate
using liquid chromatography with electrochemical detection. J. Chromatogy. B. 1997, 704,

" 351-358.

[55] Zhang, X., Huang, S., Single step on-column frit making for capillary high-performance
liquid chromatography using sol-gel technology ¥. Chromatogr. A., 2001, 910, 13-18

[56] Zuo, X., Echan, L., Hembach, P., Tang, H. Y., Speicher, K. D., Santoli, D., Speicher, D.
W., Towards global analysis of mammalian proteomes using sample prefractionation prior
1o narrow pH range two-dimensional gels and using onedimensional gels for insoluble and
large proteins Electrophoresi, 2001, 22, 1603-1615.

{57] Zuo, X., Speicher, D. W., Comprehensive analysis of complex proteomes using microscale
solution isoelectrofocusing prior to narrow pH range two-dimensional electrophoresis
Proteomics, 2002, 2, 58-68.

[58] Gygi, S. P., Rist, B., Gerber, S. A., Turecek, F., Gelb, M. H., Aebersold, R., Quantitative
analysis of complex protein mixtures using isotope-coded affinity tags. Nat. Biote-chnol.,
1999, 17, 994-999.

[59] Zhu, 1., Pan, S., Gu, S., Bradbury, E.M., Chen, X., Amino acid residue specific stable
isotope labeling for quantitative proteomics. Rapid Commun. Mass Spectrom., 2002, 16,
2115-2123.

{60] Gu, S., Du, Y., Chen, I., Liu, Z., Bradbury, E.M., Hu, C.A,, Chen, X., Large-Scale
Quantitative Proteomic Study of PUMA-Induced Apoptosis Using Two-Dimensional
Liquid Chromatography-Mass Spectrometry Coupled with Amino Acid-Coded Mass
Tagging. J. Proteome Res., 2004, 3, 1191-1200.

[61] Gu, 8., Liu, Z., Pan, S., Jiang, Z., Lu, H., Bradbury, EM., Hu, C.A., Chen, X., Global

Investigation of p53-induced Apoptosis Through Quantitative Proteomic Profiling Using

139



12280 ERRX

Comparative Amino Acid-coded Tagging. Molecutar & Cellular Proteomics, 2004, 3,
998-1008.

[62] Bordin, G., Raposo, F. C., Calle, B. de la, Rodriguez, A.R., Identification and
quantification of major bovine milk proteins by liquid chromatography. J. Chromatogr. A,
2001, 928, 63-76.

[63} Ferreira, LM.P.L.V.0., Cacote, H., Detection and quantification of bevine, ovine and
caprine milk percentages in protected denomination of origin cheeses by reversed-phase
high-performance liquid chromatography of beta-lactoglobulins. J. Chromatogr. A., 2003,
1015, 111-118.

[64] Merbel, N. C. van de, Mentink, C. J.A.L., Hendriks, G., Wolffenbuttel, B.H.R. Liquid
chromatographic method for the quantitative determination of N-carboxymethyllysine in
human plasma proteins. J. Chromatogr. B, 2004, 808, 163-168.

[65] Bu"nger, H.; Kaufner, L.; Pison, U., Quantitative analysis of hydrophobic pulmonary
surfactant proteins by high-performance liquid chromatography with light-scattering
detection. J. Chromatogr. A, 2000, 870, 363-369.

[66] Toorop, R.M., Murch, S.1., Ball, R.O., Development of a rapid and accurate method for
separation and quantification of myofibrillar proteins in meat, Food Res. International,
1997, 30, 619-627.

140



12 X8+ ERRX

EFHIEERANEFERKER L

1. Mingxia Gao, Hong Jin, Pengyuan Yang, Xiangmin Zhang*, Chromatographic

prefractionation prior to two-dimensional electrophoresis and mass spectrometry identifies:
Application to the complex proteome analysis in rat liver, Analytica Chimica Acta, 553
(2005) 83-92.

2. Mingxia Gao, Na Li, Jie Zhang, Pengyuan Yang, Xiangmin Zhang*, The study of three
extraction methods for pre-separation and enrichment: application to the complex proteome
separation in rat liver, Separation and Purification Technology (Accepted).

3. Jie Zhang, Hualing Hu, Mingxia Gao,Pengyuan Yang, Xiangmin Zhang*, Comprehensive
two-dimensional chromatography and capillary electrophoresis coupled with tandem
time-of-flight mass spectrometry for high-speed proteome analysis, Electrophoresis, 25
(2004) 2374-2383.

ATE RUEAS KER RFEARENAA RS EBAREET R, EF, 23 (2005)
41-45.

5.Jie Zhang, Mingxia Gao, Pengyuan Yang, Yinkun Liu, Xiangmin Zhang*, Improvements in
protein identification confidence and proteome coverage for human liver proteome study by
coupling a parallel MS/MS analysis with multi-dimensional chromatography separation,
Analytica Chimica Acta, (accepted)

6. Mingxia Gao, Wenjia Yu, Jiec Zhang, Pengyuan Yang, Xiangmin Zhang*, Large-scale
depletion of the high abundance proteins and analysis of middle- or low abundance proteins
in human liver proteome by multidimensional liquid chromatography, Proteomics
(submitted).

7. Mingxia Gao, Jie Zhang, Xiangmin Zhang*, Novel Strategy of High Abundance Protein
depletion Using Multi-Dimensional Liquid Chromatography, J. Proteome Research
(submitted).

141



L2280 TEARK

B MR EBOCE:
1. Mingxia Gao, Jie Zhang, Xiangmin Zhang*, Novel Strategy of high abundance protein

removal using multi-dimensional liquid chromatography, HUPO 3% World Congress,
supplement to molecular & cellular proteomics, 3 (2004) 25.17.

2. Xiangmin Zhang*, Mingxia Gao, Wenjia Yu, Yan Li, Jie Zhang, New strategy of
multidimensional chromatography and electrophoresis coupling to mass spectrometry for

proteomic analysis, HUPO 4" World Congress, supplement to molecular & cellular
proteomics, 4 (2005) 35.29.

Z2&m¥58:

<Capillary electrophoresis from smallions to macromolecules> Cchmitt-kopplin(Ed), Mingxia
Gao, Xiangmin Zhang*, Multi-Dimensional Capillary Electrophoresis and Chromatography
for Proteomics Analysis, The Human Press, New York, 2006.

142




12284 +848X

# #

BV, RV “HEMSE, MRTHEE” BARE T SRR L At
A, WHEH, BERE, RTAROBMEERTEEX= b AL REME
AT P

R IR BITRH RAEOB LD T, RLMHANLR, PENE
fE, A LR S O AL S R BB . BT R B ER LR
SRR TS, FEEMR TR, R0 AEURAED AR T 5%
B MEES . KRR ERREEE . FHRAKEMERRE AR

BHBLEERTEER A A B RERBH LA THIESSRANY, BEx
BH R GRE LATNESES, BEHES. BEZ, $USHTELIKE
R EIOHEHE X,

BUAHE LI, BHLZIECRE TR HAEFATFHXONRD, &
BT RS (S R T T R ATRUR L 5 )

B TFENE, DRFEENKE. T, BER. ZWFARETREA EHE
RAE, LRGREE, SRER. REERMEALDE R ENEINETFAY,
B MERRBRT, TN, FE BT, ARA. BB KT ORE EEH
ERIRBE, AR SIC0RI T IR,

BB LRI L EHFTE A S KRR TR, AR, GRATHRD.
M FPRA NSRRI B RS

SEHMERPEERRTK, IR, RS, KRR AR
AR KRN B, S ABREERIRIZA, B R RRER. %
EHHE.

=S
2006 FE 4 BT HEHXRYE

143



ST EY A B

R CRA AL I S T HEAT B LA BIR S BB ST . 1 SO R
TSR B M T AN, AEEHARARK E M D R RERR ST
AR . FALE ST AR 5T 0 BT AR BT 00 SRR R R SO 1 T WA 7

FRTTHE-

wrss: BORE  nw. b b2

WA BB W

AR FE KPR PR, B SRR
AT SCRISLENE, FOYFI SRR B AR, 2R A LU AT SO R 4 1
7, ATLURATRE. MENSOUE ST BRI . (RATHIE SCAEAH  T

M.

5 £,
wzxs, BHYE  smes.

A 208 b0



	封面
	摘要
	英文摘要
	第一章蛋白质组学现状与发展以及多维色谱与其相关技术在蛋白质组学中的应用与进展
	第二章蛋白质提取方法对蛋白的预分离和富集效果的比较研究
	第三章反相液相色谱/双向凝胶电泳分离系统的建立及其在蛋白质组学研究中的应用
	第四章多维液相色谱法去除高丰度蛋白质的策略研究
	第五章多维液相色谱的Top-down技术路线的探索研究
	在学期间发表和待发表的论文
	参加会议的会议文章及参编书目
	致谢
	论文独创性声明及使用授权声明



