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PICHRE

EZEARAFMANAHFEANZRNAMRR, BERAFHANER
MNEAREE. BEREWAIALERNESERE, AMRAEEMREREED
RREMERZEUEN BRI EREORTEWMERER, Hit, eBREORA¥
ELRABNEAAFHAXACSEER. Hit, ZARXEERXN EEEOR
AFFATEIREAR, XN EMHEARRTREIE, USSR EEEEA
R e R R R P R A E KBGO RSN E AR
HRNEAECEENA S ERAEREEEERER &, A5 RBHEE
PR REERARBEE, §& 7 —MERORMARE, HFXIERETT
. R BEREMEATFEORRBFEREORAE IR ER
TEFERGEE, NEBENMRBEAROEE, KRBT ETHIRLERCH
FEE.

ARNH=FHAR. FEEEBRRT EBEFORAFHH AR, BB
MeEsEnEREE. IREAFERE. RRERTIFCEBREEARAETH
RAIR. ARBEERENSRAUEHENETAR.

E_ENMET -HHERNEBHEREERMARERETE, FRZBHE
BEEENARERRTRRBRRA RS, AFNEEERIRRESYNEEE
BRI BB S M B R R — 5 TR X 23 B R MR REEAT T 1P . SEREER
ZH: RINMFENTBATERMARER TRENEA 3 pm RFGIERHKEH
EHE, ERERR (100 mA) TXA4-MLEEBBUIKBIR ST/ B Ak
FE A IR F S B e AL R REE T 61%, BEEMMT 20%; EXREHR TR
EREABYIKBRSWHIT RN, EERERT 50% MERBEHFE. X
BARAGMEREAE ST RINARREEREEE, XAERKMEERET
R /NN U I B E IR R O T — M gz

FZENATET REUFNRRBLERCHF RN ETRARLE

1



RBEHRFREFERL

Ji ik B 5 A By N-R B AR = B7 DA R HE R T M IR DA SRR, R RRRAE R4 In Bl ik
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XA e BREARAY SHAETRIBHAGE-TERA BEMRFC BaEal
HoEnARE



RMEAKFREFELL

Abstract

With comprehensive proteomics research and the development of proteomics
technologies, the proteomics focus has turned from qualitative research such as protein
identification, post-translational modification and protein-protein interaction to
quantitative studies including differential proteomes between different biological states
or healthy and pathological states as well as the absolute determination of some key
proteins. Accurate quantitation methods for a target proteome have become the current
research hot point and their development faces many challenges. To address the
problems in quantitative proteomics, such as highly efficient separation of a complex
biological sample and deep coverage of proteins with low abundance identified and
quantified, a longer capillary chromatographic column or a column packed with packing
materials with smaller particle size is employed, but the column back pressure rises
notably which often causes liquid leak at connective components. Therefore, in my
thesis, a simple electrical heating apparatus was first designed and made, and its
performance evaluated. Then, in order to determine the absolute quantities of proteins in
a biological sample with high accuracy and sensitivity, a novel absolute quantitation

method using arginine labeling combined with multiple reaction monitoring mass

spectrometry (MRM MS) was developed.

This thesis consists of three chapters. In the first chapter, an introduction to recent
quantitative proteomics, the importance of HPLC separation and its present progress
and problems were first described. Then, the current advance of labeling quantitation in
proteomics, and the significance of the absolute quantitation of drug metabolizing

enzymes were also reviewed.
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In the second chapter, a simple method of making an electrical heating apparatus for
raising the temperature of capillary columns and its application to LC-MS system was
proposed, and its performance was evaluated with bovine serum albumin (BSA) tryptic
digest and the tryptic digest of yeast proteins in terms of column pressure and column
efficiency. The results showed that at the optimum current, our electric heating
apparatus could reduce the column pressure of a capillary column packed with 3 pm
packing materials by at least 50% compared with the pressure without electric current
applied in the apparatus during the separation of BSA tryptic digest and yeast tryptic
digest, and the column efficiency increased slightly. This suggests that the electrical
heating apparatus can significantly reduce the column back pressure, which provides us
a practical way to use a capillary chromatographic column packed with packing

materials with smaller particle size at a lower pressure.

In the third chapter, a novel method of arginine labeling combined with MRM MS was
established in which arginine was attached to the N-termini of the peptides by
Staudinger reaction and the reaction between N-succinimidyl group and the N-termini.
The results showed that arginine labeling is highly efficient and meets the demand of
the establishment of a quantitation method. Both isotope labeled peptides had the same
chromatographic retention times and appeared in pairs with the nearly same peak
intensity. The foundation of this method offers an alternative choice for protein and

proteome quantitation in complex samples.

Key words quantitative proteomics/capillary high performance liquid chromate-
ography-mass spectrometry/arginine labeling/electric heating apparatus for capillary

chromatographic columns
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% WE
1. EREAREY

1994 4E, WAFITHIRIER Wilkins BAREEARAESY, 1995, EH
FRAMSE—IRE (Electrophoresis) Z&EHHY, BEORARKER. MipRs
SHFRENEHELR. MEZEORAFHANRANERKNAH AR, EAK
HEPIANERCENERRALERE. ﬁ%ﬁ%ﬁﬂ#ﬁﬁ‘f’ﬁﬁ?ﬂﬂfgﬁﬁﬁs CIEN
A TR SRS T 2 R AR R 0025 S (b R SR b B R A B 52
¥, EOR4AEEFARATREGEESINERE, SIXXRBRER. &
AREMEAMEFRIEMEEER, DEEORAFEECERANENERE
T a1 U

BEEORACEENAR, EBEARAZES HN EBMAERN EBFR
431, faxt e EABESNAREEARERS FTHAR. AAREEBRANE
HE#THILE, RAEZEREANSTTE. G EBE2ENM. ARE
FBWAE—RETEEENSEREFRENTE, NI EE K EDRED.
YR E ThEE B H IR IE.

EFEYVREBEANEORAcERBENEARACBHFERRTE, £
B “ Sigyk” M RNK R (multiple reaction monitoring , MRM) 3. BT “ 5
HiE” MEARAEBTER AN ARRESEDH AP EERA TR
it, RERXEKBEAGYRTEETE, BREHITHEERIEST (MSMS) 4
WUENREEPARKBRES B FRERTHE, fedEREAKRA. %
HEMRARMTEER, —RWEE ELTAEL, HEEXNSKE S #HITER,
A ERTFEARAMGENEE AZRFLRLTHS TR, REFRY. MRM
HEREBEBREERNEERFS, TR EREREE S8R By LigE—
Wi EREANKBREAGRERE, AN RESEBERN KB E M
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FEFHEAEERT, PEZZNUETRIEHELIRE Q1 XFE FiHTiERE
Q2 MEFMFEFHITRR, Q3 NFEFHTEFHAHE. EdxFnRED
EAETFRA, TUEMMERTRET REEEFENREED.

BER LR EAARRBEREENH S8R, BERTRAERNERESH,
EUZBRAGERNER T, AN TREVNNHBEFNHEERR, ELURL
BERFRA¥mERNER, BEXRAEREORAFHEE. E4K, FEH
BT —EHNER, MEAPSFHFi%ERE (Synchronous precursor selection, SPS) #

AR 47 [ 2. 4 (Paralle] reaction monitoring, PRM) A LA & SWATH (sequential

window acquisition of all theoretical fragmention spectra) H A% . SPS B R R FH £ 5
[V PR BT (MultiNotch) fEE TR LR —KBHFRB/Z M RERE TR
BT, BX—HEARS MS3 BARTLLESETFHERRESSmME. PRM A
Orbitrap H1XT MRM H#] Q3, #ixt Q2 BB M FE FHITHE M REMEHEE
MoHERR. 5 MRM AL, ®RE T REE. REGEERE 5-6 MESR. BR,
PRM &% REERH 15 MEEF, SHmiEE H MRM 1XP), SWATH HiAR B2 HRE
R RN Q-TOF Mg & LA KK —MREENERBENEREEAR. XHZ
FEE, B SETRRG HEE S R E R RS X E, BREX AR RA
XA FEFHTRBNERE, REXLRFBEFSERBMNEEPKRR, ¥
SR (B TR B AR R B9 Rk BU AT HIRT ER AR B &« Gillet SN d SLRIBE
BZHENEISEEETE 4 M ESR.

A%, BMBREXNFEHEEKBEETIFG, ERACETEIEQRFEIRCE
BNEFILER. BTiRc e BT A TANEEXTUR Faxe g, Hi,
ETHCE 6 ENERIRMGIE-RIEKANERETECERAEaRAEEN
RETEE .

2. ERESHAHEEE-RtEKAEERRATEESZPHE IR
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BEEFERAEMANEN, BERAERNBACE-REKAERCERIE
A EARAEHEERERMTMERMITED. BTEYRES AR
HPTHEOREMHRES, IBCEERE, ETTAEERAPKER R, KL
ST EAMEFEE O ROFRE R RN LHTERIMT, TRBRHEXH
BERGEVBEFURFEERRAGFE, Bit, RERSR SN RIER 8T K
RAERAEFEY. B ZoRAERELEENERN—REZETEY,
FERRANZIKBEEY, TIEFRRERNERIMMEIBERREESRN
REHRENERRALE, HSEERNERERK. BEEYHLIERERRT
Wiz~ R ARG EA B EN KRS, MERRARIES
BRERNTR ERERESZIRKNOLM, =E “EEBMN". Hit, EXH
MEBHS BEAREARANEHAEREEELAEED,

BRUAT EAMEREDRANERLSE, EXAEKNERFRERENS 9
R AR MFRFR B AR R BN EEF R —. flin, Marto %
(5T A F3 P42 3pum SR 100 om KB BAE RABGHELIL T X/ R T4
i 11352 MEEHITHBEE, FNEEBAPNRE 70%HTER; Car %
ARAE 1.8 pm FORBATE 30 cm KBAE KM GEEE, EeBFENREERT
T 2 f5. BR, EEAEKEAECEERRAENNENSERGEFNE
EEERE, XNATHARMAMRIARE. BRNECHERLHERBM
FARAFREAE QENTURRRNASAREES, FRMRREATEE
HAEER R A, EEERmEAEEAATETN, £BHE QRN RERE
BRALHH HIRBIAR, BTERS R B R R RS . Eit, BEREH
FREEARAEERSAN HIBAERIBHCE-REBRARTEAR. &8
RAREEENEESTNERNEZ—.

AT HBHERRAKERECEENRIE/DIRR, Wi 2 BKRES
EHAEATGEEN RASEARNE, RECEENEREER M7
MFBR. BEFE, RINBIRERK, AR T ERERSENEEHZE
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RIfE R BE A7, REEIEES BRI, T H R HE S SHEE R H &R
2, BIE 20 it 80 AR, MBRMAEEBARRBIAANRAMEEEN. 1987
£ Warren ZPI0IE T RN RABAE G IS KA. 1988 4F, Horvath %24
AR R U i A B AR A TR SR E R AT A R IR S Bk AR IR 2 4R
BEABENNERRREZ —, Yan EPRE T -RENBHZS, EH RS
RESBHFRNERE T ZRAEHEERERZLER, ELHERREUAR, &
GRE LS BE K. Yang LR T BN EREENEW, FHRY TEE
SR @R 2 M A BB R R . AR A S IR B X R RORRE B 0 B T RE RO B
WHEAT T AH M A4 2011 4, Rogeberg Z18% C18-RERX ALBAA A A T S
R cLC /7 BEEHREX 7 B E AT T EH . KREM 20 CTHE| 120 C,
LI RPERERER UESA RRERR G ENE. U EHRANZ T/ER
FH—EHREARSAEEEEAF TRERIEEN T B,

X HLME 5 AL UR BT I A R S T VRSN BN E SR RA B E A
A B HROFEETINR. ATRNEREEEENEERN, REAlEsH
ERMERFEFREROFARE, ERSEBFABARSENEREE FHIEAY,
RHAFREFEV AP EAEAEE (EMEAEAEE) , FBIBEHS (o
PUiE. =@k —il%%) HHSEERGEH G EBREE. Bl RAR SRR
5L EREMAE QSN NA. BERAMEFNARAEACEMU LK ES T
T, BRE—REN, TRESEMSER, FEEAREARERE. XEBRRE
o UEEFRRX ESEHE CEEHETMANEEER/RIERYEY].

HTES TR SR AR N ERERRA SRR BRI, HikRAS
MR —FATHER, MEEAERERIIMNTHE L EMELLMEEEER.
ETH, RNKET —MERMEAE G EERMPRENSHETE, ZHES
FHEERN: HAER—MARKTEAE GEENEMNE, ERIIRAERE
%5 0.1-02 mm FEREBIEL, AREESBHLEMENIIRAIES—FA
BARTHESBHELEMNE, HESRAEEEBMERRIFHEL - KEMBHA
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%, BELWREERLS HEEELNFRE T HERBRENERREE, £24 V
ZEBEFATRARTERTAATENARBENER#TILANATHER
BH, DAZIEREAE EEEEREMERR B, ZRETUERZRE
BHEERENISE, FIHEEERFEALANEHE QEER M, LUk
FCEAEAEEEEMEMERNEN. BTEMTEREBHEEEN LR
MRZEHEERERMEMFAT X, BERARMAR-FAMTHERE, NES
MECES/IEFELEAEALMAERER. RIOFFIRAEMAEE, Fl
fEfT 8, PrRRIEER, BIEHE, ERTEAE ARG SARE I b I5H i
EXFIBT BA0E GRS, AR TWURBH N E B RN ESREAN RS
AFT RN AR R

3. EMESYRHEEE-RIERKAEEREER A ZHHURRIERZ

ETRERMEFCEEBAGE-RENEERAERTECERNERR
EWAPH—FEEEBAR, CHERE T ENARAEYHEALE M B FE>.
BRAERFEFC T EEREE, ARE T 50 A REHFD . BHE ofrt AL EiRic &.

EREIRIE P B E AR AR EERE € FARIRCEAR (Stable isotope
labeling by amino acids, SILAC) , %A Z20024F 1 Ong & * 17 Zhu PR t i
AAC (Tamimo acid coded mass tagging) HIZARl LR BMRY, HEZREELERA
HERMERCHLREAEREREFNLTEERMADAREFRES, €8T
ZRPVARZEFNRHTESEARAFEREOPHLTIERERERVE
RICHEEREN, REHERE. ERVEIERFCHERZBRARLEIES
MEEY), ZBRBASWELIARBAREERGFILE FE—KBRE—ZR
ERyEH SR R, REETHEXEEREENEEOERNESH#TEE.
HRBRIFERER, REREZEAESRIERH TR, TRIMABSM LI ERE,
EEAR: BERMLEEERNVEHAES, BBLAL ERC. REARZHER



RBEARFATFLLL

EATRBHTHREROER, NTEVEEHATHANEAA. aBRSERE
H, TEMESEE, 20104, NeubertZPURE T —FSuper-SCILACH A, H
SCILACHRCHEFR4HM, K357 /a 4BV a ™ E R IR IR E RUE i e A
FIMAR M EARF AP HEAREITER, X—HEARBSCILACKEARRIER
EEEmE TAHR.

B2 POIRIT R Ik BRZEH, POFF 8 oh B T I R (B A M AL VR PR M IR RO R 2
L#9%0 B#%0. 20014F, FenselanS> B 54 A TR AR MM & BBIX.
ZHEANR SR LR R R REFAEM, MRER: RARREHRE, 17
BEREERZHERFAZRRKEIFCHRENRE, ARRERRZP, 2&E, &
#% %55 i Bh ¥ 7 RapigestTM  SFFN 5 352 378 B SR 48 7 P B B 20 B R B R A
Friem. SURIE, & P ek B R A 2 A 7 X v o o R B 1 BB 2
TUEFEMMRERE, ATEE T *obc B ER KA A, FirickBRIBE
3R, (HROMRCHRRTEEX PR A L. B ESIA/ER N EREN
B. RFREPIETFHEFEBEhERARMN (ATRP) M7Ehl& 7 @ e irE
R BOR A E e BE R G R R A PP B B 1S, RIS E LB, POiRid KR iE %
RNEN (MRM) ERGEERATHEREOREN R, KRTREBRE #
R TUORTIKBRIER, RET ERAERE.

2R EER R EENIFE (isotope coded affinity tags, ICAT) . ZE[F
fir EFFEARICE RS (isobaric tags for relative and absolute quantitation, iTRAQ)
H 1B B 745 (tandem mass tag, TMT) 25 . ICATIRFI R 19994F t Gygi &P 1 19,
B J5 Aebersold E ' M ZH R 5 R BRI AL H T EARANERELTH. ICATIR
FFEHRNER. EEEANEVEFRS =870k REERBEAFREKR
FTHARBMRESAMARERRE CEERERABSRERARR) K ICATRAF,
RS FERSEARREREROAERENFZFRE R REHNE
frFEfRid E%, —EBREFAEVDEGERNS BHEORERBRALHRE
BEANREST, HBRARLAIRE, RERERRERHENBEEITHEN R,

10
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A4S AR U R LR (SH) , TiELZERE AT LU iR
iA-SH Mk S HARA LB TR E, BETRANELER, |
Ho B R R & A A AR ERE AT ARIC .

TRAQ> R AH R ERE. PHEEANKRNER=H4L. KEBFE
RRMER (PRG) 55 5HBIN- SR ENLyste MR LS, THEASR
R B 2 B B4 A Bk BB BT - 144 Da, SRIETRA QAR Fl— Bk BL e
FHAE, ATIE—SREE BRI~ e, E-RRERLE, REZHKR
MR, TEERREFHER BREFENSMEEANBERLEDS
PR B A BRERE AL, TMTRASITRAQRF MM R =
A, REMSEHRBERA. HiTRAQRAASNRRMNAFIIIFA, TRF
AR AR R RRR, TIMTUE A RAIRE RS, R R R
AR A6/MERBHT R RN . SIS SRR TFA R, RS AR
AR R RS EROEE, RETRMTER. HiX
FAFDRA B, BAETEED, THENTRETZHREESAN TR
BB BRI TR B P RS, TR AT 5 M7 B A BRI 2 2 ),
Hoh, LinZEF 5T BN M RS R R R AR R SOCH ok k=
MR, ZhouZ A BCD,0RINaCNBH;. CD,0FINaCNBD; {4 & *f Rk B AIN
WU RCHBE MRS = P4, SA—RETFOHATER. NTit—5
RO FROREIER AR, PanS VI R R AL B R e R R 2R
BB ANG, XA TR, %S s R E
AREMIOESR. REEBEERAREEER, TORBERTANE, i
TERk B AUbE T AT AR OIS PR R R R B, FRTFEToETHEES
W7, ABTEEN R B A ER A 1,

NT RS RIERERITCORS, EHWEEIA TARERE, RITFA
BERIRATE I ] 5 KB N S8 S S LA B B 5 7 LB R M T4 SR SN
EBIFCEBA N, BT —HBESRE . RITMLEFCAH
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BANEER, RMFMARM, FLAER, EAERAFFA. WHETETRB
EEBMALE (PNo PCsn PNJUCo) 1ERIFEMBIBBH N-REL, AT BASCBURE
KB AARICAS. RIMEHERLFEFCSRRBAS SR THERER
FAER, MiZERFERT T HFEESRIFBZTELYRBBEQNLEN E
BT

4. HPRBFBREENZENENEN

RIS, BN ARESTHREEILE, T EFETHERARA
BRI A, HIARER (P450) . REEO RBEAEA MR 19584, KlingbergH1Cofinkle
RO THREEPLSO, ATEEEERSTHS—EMKES, HAE450 nmE K
RbAE B KR W, PR A R A A D €5 K P450 (CYP450) ™), CYPASORMLIAR A
HUNIERR, S58URENREXRER, EAGVRBENEZRE, &
HAET 0% Z5 MR, FEWGER £, E2IF5L90% U EHZE R 213 CYPTE
MCYP1A2. CYP2A6. CYP2E1 RICYP2COZHIMAHTY, RAMIXEEHS 54/
BURMIREGE, NSEENYR, BREEEENTHAEN. i, Sk
FH. AHEEERFREE RN, ERENAEDR A EFTL 432
“Ap 5 EPASOE KB,

HBTXCYP450MB R X ERF A E A RIZENE (Western blotting) P41
SDS-PAGE (sodium dodecy] sulfate-polyacrylamide gelelectrophoresis) 61, {b2:4R

HEMEL R REFRRAMERXRMN (reverse transcription polymerase chain

reaction, RT-PCR) P> I3t CYP45088 % 1% K ThEE TR AL, (BRXERIE
BT RMEEEDC, RMEMHARRMN, BHEERRMEERERKE
B 5 E25AE AR A RP4SOMFBERA X, FILLIX it EP4S0RIE
BEXTFAHRREFRNEH . WRSENAL. AT RREMBENM S
HEHAREENERKRFBNLENAME. ETFAPRAREERGU LEE

12
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B RIMBREROFERLFRCSHDAGRSRIEESE—E, A
QeonCATH HI & K BRI 247 R4 RFITBE.

5. ARXWMRAR

ERLUMNIRAARTEMER E, AT HRRREEREDFEENITRE
B, ERMEPEARSTHERER, FRICTRTHRBS ITE. 5 85T
B, XA KEAEGHEBGRRE /N R BEEL® &8 &
T —MARANBRECEEEMARE, FHZERECREENREREZR
TRFBRAZSE, M4 niEEARYIKEERSUNESEABUIKBRESMINE
FERVEE R — A TR X 1228 B A BT T 3P4

EEZHHTES, ATRIRERERIFCHRSE, EREEYIATLE
Rt B, BATRABRABREEERSKE N R RMUXBRSH VB R
TR ESHERERRER, BT —MHNAERETE. ZFEFE
FETURARIMEERAME (PNow PCsv PNi"Ce) 1ENIFEMBIRKBAI N-
KE EHBMKBRIFERARAS, HNARRAKEERREEREOFER
IR RET AT TEE. '
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HE —HAEANEAEERERNRERNBIES
AR FAEREVEM

HTEMEGTEORMFRES HECER, ETLREORARER %,
FRHRETIIAMEFEEEORNERERMERINT. B TRR LR R B H
TTERRAE KN EAEAHESRARRE MR NEAEEEE. R
EHEHTRNEETERT ZEREAECETEEEEAR, FIRBHACENF
AREEBARBITE. HNEEHEKBAE QR SRRARI/MZIH S
HEERERNERNERTEEEEEARRE, RINIXRT —MEENEHER
WAL R MAEEHETE, HRETETEENEAEQRERNARERZET
BURBCFH R4, A4 MR ETKBIR S MEEE AV IKBUR &Y W HE A
R T R R B R R HEAT T VT .

1. RS

1.1 {5 RH
B0 RO B - L 3 - M T B R (X (HPLC-ESI-LTQ MS,%EH
Thermo Fisher Scientific A5 ) ; RIGOL L-3000 & A8 &Y (dbx L ymrs st
HAMATF) ; Eksigent nanoLC-2D mAMBAH AR (32 AB SCIEX) ; HZEIK
ZHTEHL (SC100A Speedvac Plus,3¢E Thermo Savant /A7) ; Sartorius BP211d 4>
¥R (B Sartorius A7) ; FiE B LHl (32E Thermo Fisher Scientific 2 5] ) ;
IY-IL 87 B AR (TEH EE MR GAR AT ) ; C18zip tip BLihiE.
FASP & (10 K) 1 Milli2QA10 B4i/k{X (3£HE Millipore A7) ; Al EERBEIR
(EPS 301, Amersham Pharmacia Biotech 2 ) ; E# 0.1 mm, HFHA 200 Q K4
(20%) % (80%) A&mMELZ (LEHLEREARATE) ; AR 530 pm, SME
A 690 pm MA4E 1.1 mm, #MEH 2.6 mm KBAE CHEMIEERBERAFD ;

14
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15 cmx75 pm i.d. I EBC KT EH (3£E New Objective A7) ; HAE 3 um, AE
10 nm ] C18 HiK} (ALFERREAH) .

BEEHAREEERZBRELREME; RE (Ureea) T Affymetnx A F;
1 M Tris-HC1 (pH 8.0) . NP-40 #J-F United States Biochemical 28] ; Z. &I Z.
BN TEAEALEANERAR: EABMRABWTZRAT:; ZHHE
B2 (DTT) . BZBHK (JAA) . BRERE. ZHIGTXE Sigma A4 7); WFRR
EABWTEE Promega A F: 4MEEAMFILFEF/REVEARERAHE;
LI K ELEK, £ Millipore 2K R4 4k, HEEIEE 182 MQ-cm.
1.2 KB FH%
1.2.1 EAERIEHERMARENTMESZE

AT LI BRAIELR A K 15 cmx75 pm id AR EMAE CIE AT I,
Wl 2-1 o, HEELA4RE 530 pm, 42X 690 pm KIEME (AKX TFEAEEIY
), EHAREESESEN 0.1 mm FREHHEL, RAEEASHHELEREN
SrEEE AR 1.1 mm, JMEH 2.6 mm FHEHNE, ABZKRAREEEHERRIT
BH—EKERBHZ, @i FRERS AR B L KPR 5 W B R IR
EfikiER, £24V ZEBEFETRAFATRASR, ATENAEENRRE
BT SRIMMAEHE B, AR REEAE R EEEENEINERMEK.
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[ AB00 um. #5690 mBWY | [ ABLInm. HEH26mmEmMT |

]
—— 1Y [z=z]

T
———

| TazmaE |

B 2-1 BEEEEEEMAEENEHRER
Fig.2-1 A schematic diagram of an electric heating apparatus for heating capillary
chromatographic columns

1. 2. 2 BB E R AR IR ERY]

W EESFMITE 14000 g B0 5 min J53F LI, AR NETN(0.5% NP-40,
100 mM NaCl, 20 mM Tris-HCl, 1 mM EDTA #4£h) &2 BT EAE K
T, BREET 14000 g B0 20 min BX 11 . B _EEWR S EIFL/EN 10 K § FASP
&, 14000 g B> 15 mino A 8 moL/L JRE, 14000 g B> 15 min (EHE —K) .
B 50 mmoL/L NHHCOs, 7E 14000 g B0 15 min (EE %) . BOEMA
50 mmoL/L NH;HCOs, HIA DTT (Z¥REE 10 mmoL/L) , 37 C/K¥ 4 h. BHIIA
IAACEHRE 50 mmoL/L), BN 1 h GRS HE B R 1:50 IMARE)S,
£ 37 CEIEHET) 18 h. BEVIJGTE 14000 g B0 15 min, S HBERTRERRK
AR 2% ZFE. 0.1% FRRKER) AR
1. 2.3 4 MFEREARMRIREREY]

HER—EBMN4FMEEA, B 50 mmoL/L NHHCO; #f#, ZAWE 1 pg/ul.
IO DTTCEK BE 10 mmoL/L), 37 'C/K¥# 4 ho FINA IAACZYKEE 50 mmoL/L),
BEYERRL 1 h. 1 h FHRBEBSEOREL 1:50 AR 37 CHEFEY] 18 h,
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ZEREAXFALTFLRL

ik, FTRERRIE A BREE.
1.2 4 RIGOL IR EH

¥ Agela Venusil XBP C18 (L) (4.6x250 mm, 5 pm, 150 A) i <EE
RIGOL L-3000 #ARE L. ZERMBEKN 214 nm. FE 0.7 mL/min 154
T, KA A(2% ACN F10.1% FA KI7K¥EH) P34 B(98% ACN F1 0.1%
FA fIKEH) ARE. EHEEEA: 0-5 min, 5%-8% B; 5-26 min, 8%-18% B;
26-40 min, 18%-32% B: 40-42 min, 32%-95% B: 42-47 min, 95% B: 47-49 min,
95%-5%B; 49-55min, 5% B, XTHEMIFETHE.
1.2.5 HPLC-ESI-LTQ MS 47 &4

EHE WA EHEUCA Eksigent nanoLC-2D, AT RHG LR HITHE,
BT F B 3k 2 B (15 cmx75 pm i.d.), C18 3EHA 3 pm, 10 nm, #E 59 300 nL/min,
EREERR S pl. WEHAE A: 2% ACN #1 0.1% FA KiE#: #iz14E B: 98% ACN
A 0.1% FA KW EHBBEER: 0-5min, 5%-8% B: 5-30 min, 8%-40% B:
30-35 min, 40%-95% B: 3540 min, 95% B; 40-42 min, 95%-5% B; 42-52 min,
5% B. KEEBBEEA: 0-5 min, 5%-8% B; 5-91 min, 8%-40% B; 91-110 min,
40%-90% B; 110-120 min, 90% B; 120-125 min, 95%-5% B, 125-135 min, 5% B.
Bl SR ERTFERAREYE, FilEHERRN m/z 400.0-1600.0, KE
B 6] 43 B8R 52 min A1 135 min. ZERASEEMKBIEE (DDA) #H47 & BER i 2
pret, SRR ES 10 MESRBOE AT _RTEIT, HEREERRA
35V, zhA&HBR (dynamic exclusion) Hf[E]J 30 #.
1.2. 6 RigNBOBIBERR

SR S5 = A ) raw SCfFifiE Thermo Proteome Discoverer 1.3.0.339 £
Mascot X RIS BEEHTRE, SHRE: SEFHREMWZE (Precursor Tolerance)
X 0.5Da; BAEFHEEME (Fragment Tolerance) 4 0.8 Da; &% (FDR)
K 1% BEARBHREABEZAE, &8 2 M MRUMLA: EeBih: LRERNR
BALE; ATRB: PREREMBN, BOREEES A4 MRS EEE

17
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FE (2014 4E 12 A 30 5 M http://www.ncbi.nlm.nih.gov/protein/?term=bsa F#) fIE#

BEABEE (1741650 M E H, 2014 F 12 A 26 5 N
http://www.ncbi.nlm.nih.gov/protein/?term=yeast T #() .

2. ZREIE

2.1 BifHEE R IEEEENEREmAE R

3B T R E, VB ARKG B AR, AT R A A HE K - 5351, B Van Deemter
J#EH=A+ B+ Cu (WATBIELRERE, ANRRT BEL, BAARTHER,
CAHMER B R B0 WA, VAN EH BE PR S R MR ANE IR 7379 RU 33, BEm
WRT BShERSYN FRNRE, ARG R ERE, MInER S E EH{E
FRLE, FAfmtalmeaiEadiE. K& MVan Deemter 77 F2 A A1 FiX o4k
w, EREXNAEEEENERNEMERERERINESE, ATHEEEMAE
FERIR B R PR BUR IR, BRATERETAR 2 TRAIERENERS
AIRIGOL L-3000%H &iliX £, A4 miEEABIKREAYXEEX S TEE
WAREMERNE R TEREER. SREETRRENZAUR ELHRA10
ug BSABFUIfRBLEfT A SE 08 . W22, HHEEM25 CHAEZI70 CH, &
A I 7] IR /1 A 1200 PsiF&{E 21650 Psi, BEAK T46%. A4 iHARER T4 810
ng BSABS Uk BUR A48T e 28 &, HR2-17 LIE H, JERMN25 CH®EEI70 C
B, 7E510 pg BSARVIIKBUR S WA BN 63N ik LA B|71 ik, 1
T sk, BPEMMESRREMRS. ZXLRERRUAREEENERE
A RERKEE, BRHEERE.
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10000 7
Y A [
& 8000 .

X SRt e e
2 6000- C N
14 D \. _{r
. N\\E
(a9
2000
0 : . . i
0 10 20 30 40 50

Time(min)

B 22 ARENEE T4 i KRR E 2L (A, 25 °C; B, 35 °C; C,45 'C; D, 55 °C; E, 70 C)
Fig.2-2 Change traces of the column pressure of a blank sample over time at different temperatures
(A,25°C;B,35C;C,45C; D, 55 C; E, 70 C)
Chromatographic conditions: Agela Venusil XBP C18 (L) column (4.6 250 mm, 5 pm, 150 A). LC
conditions were as follows: mobile phase A: 2% ACN, 0.1% FA and 2% water; mobile phase B: 98%
ACN, 0.1% FA, and 2% water. Elution gradients were as follows: 0-5 min, 5%-8% B; 5-26 min, 8%
-18% B; 26-40 min, 18% -32% B; 40-42 min, 32%-95% B; 42-47 min, 95% B; 47-49 min, 95%-5%

B; 49-55 min, 5% B; loading volume: 20 pL; flow rate: 0.7 mL/min; wavelength: 214 nm.

F 2.1 AFAE TS 10 ug BSA BVIKBRAMBRIMiEAR

Table 2-1 Peak capacity of 10 ug BSA digestion separated at different column temperatures

Column temperatures('C) Peak capacity (n)
25 63
35 68
45 76
55 65
70 71
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22 EfERIEHEMARENHEREH

ET ERAERRENEERSREWMEREERER, RINNKRT —MER
EAECIEEENRAEEGETE R ZRESHTEX. SHFEEEEX
BHATER, MRBEBARS. WmE2-3FR, ERARES30 pm, FHMZEHN690 pmi
EAE (WRATEAERED , ERSIREESERZA0.1 mmiREHEHELZ,
RIEEESREHZEMENIIREELARLI mm, S2452.6 mmiEHE (R
BES®RIER , BEEZRAEZENERmHEH —EKENBHEZ, Bl
RS I B B S e BB E R EfRER. A TEAEABE
BEARGAE, ER\EETEEQ=IRt, EHMIEBRNEZMT, BREMK, AN
BB HEBK, FEMNRERS. HENEBHAETCERNRAIES RIS
WAEFENRE, X3—eTPeE. Hik, ERERBENRHEADNTFRET
24 VIIERL T, @i st i sk A1 A 2530 pm, 4225690 pmBIEHE A
WEERE, LUABIRREEAE Gl EAE AR B 8.

AT T e fomm

N ot el o . i e et b S bl s g SRS —

E2-3 E4E G RMARE RAETME BN EE S RIZETE B 35 5l B A AR
=E
Fig.2-3 The schematic diagram of an electric heating apparatus for heating capillary

chromatographic columns coupled to different kinds of electrospray ion sources mass spectrometry
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2.3 EHEEIEHEMARENEETN
AT WEBME OB RBET ER X E R W, RITKALR
FRIAHHHK ) BHE W HTER. ZEB AR E E2RHEMN0 mA. 60 mA.

80 mA. 100 mA. 120 mA. 140 mAFI160 mA B FX4 M5 E S UIKEBRIESY
#4THPLC-ESI-LTQ MSZH#T, FHXTEE —IKELEK.

14000

12000 T,

10000

Pressure (PaXx 10%)

0 10 20 20 40 30 €0

Bi2-4 7ERINAEEE NN E BN R A B A E RS H 5 B BSARE VI BUR & YR B EbE
TREA R (6] 281k B 2%
Fig.2-4 Chromatographic column back pressure curves to retention time when separating a BSA
digest on a capillary chromatographic column heated by the electric heating apparatus at different

electric currents

tnE2-4F 7R, HAERMMBEE EREINAR R B2 B BSARS VI BUE ST 8
HEREBRELEETTUEH, BAMN mAINEI160 mAR, FEM1.24 10 7 Paf&
$4.83 10 Pa, [MH{RIREIEIL61%.
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e 10.41 (2)

Relative intensity (%)

228 449 39

B 2-5 X3 e e B N 100 mA FLFEAT 2 BSA B U1K B A4 i 3k i 53 1]
Fig. 2-5 Base peak chromatograms of a BSA digestion separated with the electric heating apparatus
at electric currents 100 mA
Chromatographic conditions: C18 column (15 cmx75 pm i.d., 3 pm, 10 nm); mobile phase A: 2%
ACN, 0.1% FA and 2% water; mobile phase B: 98% ACN, 0.1% FA and 2% water; Elution gradients:
0-5 min, 5%-8% B; 5-30 min, 8%-40% B; 30-35 min, 40%-95% B; 35-40 min, 95% B; 40-42 min,

95%-5% B; 42-52 min, 5% B; loading volume: 5 pL. flow rate: 0.3 mL/min.

mE2-5HTR, #—PEid X s N BN 100 mA# 2 B BSABEYI ik
BEAYN —RERMGEEEER, A)RERFHAERENEELA—Z, &
BARMBIER B MAEE NI RREEN. RITEENTRRERZMS T kLR
ZRFTAEG O E R BRI EHTET, RPFSERREAR
(P=1+ (2.35/4) (tan/Whesa) ) WHEIEER, SR TR2-2. BIR2-2°TUEH,
% HHMN0 mAFH /100 mART, 2 EBSAEVIMKEESDHIEAERMSINEEIE
EFEles ik, MinT 17/ Bk, 1B RIE N3 160 mAR AR T EE
25k, RUE—ERRCEAESMEEERREMRE.
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22 ARERTHEBSARVIKBRRENRINGEE

Table 2-2 Peak capacity of BSA digest separated at different electric currents

Electric currents (mA) Peak capacity (n)

0 51

60 56

80 58
100 68
120 54
140 41
160 25

RAVE AT R S EIE 25D Mascot PS5 4ttt T NI T 4 B 4 2 BSA 1]
fRBURA PN MR B A E SR, ¥ RERERICFHEEHITERRE, 4RI
2-6 } B 2-7 fim. MW 2-6 Je [ 2-7 ATLAE Y, HEM O0mA FH5] 100 mA &I
BT, KBEEELABRFE U ANES, ERFEEM 12%H8NF] 90%. X
I3 140 mA B BRBERES T e, T 25 sE R N E) 160 mA R AKBECT BES) 20 4,
o5 AR 34%. 75, RAVRIT #4HA (OmA. 100 mA. 160 mA) T
HigtikE, mE 2-8 fn, S LAy, BUmAE G ikt 545 Britar,
{H24 B H B 160 mA B35 e B /M8 LS 5508 R, T AER I 3h A R R
AT S, Eie, MERESREER, BImRERR.
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50
a8
'E Q
2 =
E »
é ]
20
&
o, 5
0
5
0 T T T T T T
L] &0 BO 100 ©o 140 1680
Electric current (mA)

P 2-6 A e n#Ake BN A [F M 2 52 19 BSA B VI IR BUR &7 b i RRBUEL
Fig.2-6 Peptide number of identified in a BSA digest with the electric heating apparatus at different

electric currents

100 -
m.
B
o 70
E\' &®
s
5 %0
5
> 24
=
D =p
20
10
D T T T T T T 1
o &0 B 00 20 140 180
Electric current (mA)

P 2-7 75 A nh 2 B 5 A 5] el A B 40 VR G - B T BT 45 52 BSA B V) IR BUR &4 HY
HHE
Fig.2-7 Coverage of a BSA digest analyzed by cHPLC-MS with the electric heating apparatus at

different electric currents




FRERKRFRALFLBL

Q067

-‘CI.CEJ 2 472
R R\ LSOl

Relative intensity (%)

Time (min)

E12-8 wf H fn#h s B4 5N B340 mA(a)- 100 mA(b)#1160 mA(c)Rf 73 EBSABFVI K BIE &4
1 22 i £ 1% P
Fig. 2-8 Base peak chromatograms of a BSA digest separated with the electric heating apparatus at
electric currents 0 mA (a), 100 mA (b) and 160 mA(c), respectively
Chromatographic conditions: C18 column (15 cmx75 pm i.d., 3 pm, 10 nm); mobile phase A: 2%
ACN, 0.1% FA and 2% water; mobile phase B: 98% ACN, 0.1% FA and 2% water; Elution gradients:
0-5 min, 5%-8% B; 5-30 min, 8%-40% B; 30-35 min, 40%-95% B; 35-40 min, 95% B;

40-42 min, 95%-5% B; 42-52 min, 5% B; loading volume: 5 pL. flow rate: 0.3 mL/min.

L EMUEH, FIHEMECEERMAEEN BSA BUIKBIRGWHT
HPLC-ESI-LTQ ZM/Ti AT LA A R BARAE JE, 72— 2 R LT DA AR, JF AW
EiR B RAERR, BB EB.

2.4 REEMECBHEAMARERRKAEEREELIFTHHOEA
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R T X EME BN E R T E— AR, RATEESA 2B EE
HRAREIER S rh, BSBSMRERNEARYE, HEEREETEAES
In#AE ) HPLC-ESI-LTQ X &5 _E#E4T B39 0 mA #1100 mA %4 T ROM R B A 7
B, FXERES K. B 2-9 ZXF N Eiin 100 mA Hii ) BEEEE AR
VKBRS RGO E, hoEsRE HOE RER REA -,
RARMBEFBMAEEMHEREREDN .

1422

IT87 o471 2501

Relative intensity (%)

B 2-9 X INAGEEREM 100 mA BN, 78 yeast Be V] KBRS 5EIE 2L H
Fig. 2-9 Base peak chromatograms of a yeast digestion separated with the electric heating apparatus
at electric currents 100 mA
Chromatographic conditions: C18 column (15 ¢cm*75 um i.d., 3 pum, 10 nm); mobile phase A: 2%
ACN, 0.1% FA and 2% water; mobile phase B: 98% ACN, 0.1% FA and 2% water; Elution gradients:
0-5 min, 5%-8% B; 5-91 min, 8%-40% B; 91-110 min, 40%-95% B; 110-120 min, 95% B; 120-125

min, 95%-5% B; 125-135 min, 5% B; loading volume: 5 pL. flow rate: 0.3 mL/min.

B 2-10 A= B B 0 mA F1 100 mA 2504 F 7> B REEH R R U)K BOR &40
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BOAE ENE R A AL ZE e LB, 0 mA FAJEZA AR 138107 Pa, 100 mA FHEJE
2349 6.90 10 *Pa, #1EL 0 mA IR ERIL T 50%.

16000 r

14000

)
&
g

10000 i| —Q =l

| —100 =A

Pressure (Pax 10
ki
‘1

o 2 40 €0 0 100 120 140 160
Time (min)

o

FEl2-10 xf i B 2 HUHE N0 mAFI100 mA HL TR 73 BB £ 2 1 B U)K BUR & P R K Bl
{R B o ] 22k B 2
Fig.2-10 Chromatographic column back pressure curves to retention time for separating a yeast
protein digest with the electric heating apparatus at the electric currents 0 mA and 100 mA.,

respectively
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Relative intensily (%)

B2-11 Xt B n#Ade 85 7 N0 mA (a)f1100 mA(b) BB LAY 4 B B CE R VIRK BUR & PR g
A
Fig.2-11 Base peak chromatograms of a yeast digestion separated with the electric heating apparatus
at the electric currents 0 mA (a) and100 mA (b), respectively
Chromatographic conditions: C18 column (15 cmx75 pm i.d., 3 pm, 10 nm); mobile phase A: 2%
ACN, 0.1% FA and 2% water; mobile phase B: 98% ACN, 0.1% FA and 2% water; Elution gradients:
0-5 min, 5%-8% B; 5-91 min, 8%-40% B; 91-110 min, 40%-95% B; 110-120 min, 95% B; 120-125

min, 95%-5% B; 125-135 min, 5% B; loading volume: 5 pL. flow rate: 0.3 mL/min.

#2-3 7E0 mAFI 100 mA #3725 B E1 RS U1 BR B & A8 3 i i 5 B
Table 2-3 Peak capacity of yeast digestion separated at the electric currents of 0 mA and 100

mA, respectively

Electric currents (mA) Peak capacity (n)
0 63
100 81
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HATRIT 0 mA K 100 mA Hifi T 73 B H yeast B ABVIE S YK AHEE
(B 2-11) , B RELE R ATEEE G E S I8 T4, P
PEERIE A (P=1+] (2.35/4) (t o/ Whrnw) ) HHIEFE, SGRMKR2-3. B
F2-3TLLEH, LEFEM 0mA F+EZ 100 mA B, 55 yeast BEIRKERIB A WHI
AR 63 NMEi%HE EFE 81 NMAEEE, MiNT 18 A Eilig, RNk E
U CBOAEIR) BT {EAEREEAE B,

i
(=]

b A
_D J
E 3001 a Protein
; 8 « Peptice
D W04
B ..
=2 1504
I 1004
= i Peptide

x; -
&

04 category

/ Protein
OmA

) 100z A
Electric current(mA)

B 2-12 3 ehnk B 5 HUHENN 0 mA (a)F1 100 mA (b) IR 45 E B 1R QB VIR BUR S Y
kB E E ¥
Fig.2-12 Peptide number and protein number in a yeast digestion identified with the electric heating

apparatus at the electric currents 0 mA (a) and 100 mA (b), respectively

2-11 FIREGRSRNAFIEEOBMYNTEER 3, EaiEREN
B4R AT . K FT18 B BAR AT Mascot #PE, —IRSEK T4 REUHMEE W 2-12
Firme. BB 2-12 ATLLEH, HmEREANEGEABYKRESYPEEINE
EEON 145 NEIME| 154 4>, BREEON 292 NMEINE 310 4. TREEHPER
FRERBU R A priin, MEABERK, XS5RN2BEREZEINR NS RHER,
B 3k — 25 UE SE R 40 6 A F DN AR BN A T B PR AR BUR B VB R . X e
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RWEMAKFHAEFELL

RRVELRMNEBROBAE QTR AR EGETETARRBRKA REH S
BEETFULFEAERBAT SR MARM—WEE. TENRE, NEREA
BABR AR, Wi 2 BoREEEN N BREGEERME T MR EEERN
BRFR.

3. &4t

AXRRT —HERNBHE ERERMAREORIETE LT
EHIENBEAE AR NAERE S HPLC-MS B, 251 A 4- Mg & A E§ VI Rk B
BEYAEEEABVIKBIR SRR =T R 2R BT Tt aEiF
. SRERRULRN HELEEMERERINEVEL, BRNPOBAEES
MAE S 3 pm SOEL I EG0E HEBCA AT CAFE R A (100 mA) I T X BB UIRK B idkAT
43 B R ERRE R EGAN 0 s 8 40 B B AR T BRI S0% 245, T ELARE R e A B2 AT B 38 0w,
RABMRBREREERATEEE NI A RN ERENE T AR .
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F=X ETRGHFAMERFICHLERSR

T RARIEREBIFCHORY, ERNEEIATEORERE, RNFA
BRIAME I i A 5 Bk B N 3B RN DA R B U7 5 78 LB S e P T e SR LA
FERRICAMEN NG, KR T —MEFBLFERCT .

1. REESH

11 B S
4800 Proteomics Analyzer #: i %5 Bh ¥ Ot #% o7 2 B X 4T B 1A R ¥ X

(MALDI-TOF-MS, %E AB SCIEX A#]) ; BMEHMBARGE- BB E-&H
B - B R BB F B3t R A X (HPLC-ESI-LTQ-FT MS, E Thermo
Fisher Scientific 2 7)) ; AR LK RBAAARC K- EBE- =K NUEIT-BEFBHES B R
i#{Y (NanoLC-ESI-4000Qtrap MS, AB SCIEX, %H) ; Eksigent nanoLC-2D (3£
B Eksigent 28] ); Sartorius BP211d 447 A ¥ (3L Sartorius A5 ); Thermo Orion
MODEL 818 # pH it (%HE Thermo A% ) : Cl18 zip tip Bk (Millipore) ;
HIEBE LYl (XE Thermo Fisher Scientific 2 5]) ; DHG-9240A &Y 5 #iE i 5K
FRAMA LR RRERZUBARAT:; RBUKETHRIL (SC100ASpeedvac
Plus, 3¢ ThermoSavant A7]) ; 0.22 um fLARMEREBE LR R EEREVEARE
RFLEAT; Milli2QA10 B4ik{x (£E Millipore AF]) -

BErhrE R EE A A BB QeconCATE A& BKEIWH LigH R
EUERAT; XHAER (Phe) . HER (Arg) . FER (Va) HFHEMRMHE
h EH BRI B XA (Co-Phe)  FEM (°CoArg)  FEER (PCs-val)
W B % E SIH EA R R = PP 2R E O B9 F35 [H Promega 2 7]; AIREAE C.
SONLEA. ZHARE (DTD | MZBEK (1AA) . BREREE. ZHE. o
HE-4-ZHEAER (CHCA, 4 95%) T Sigma A7 (EE) ; HHLBRN
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NHS-Phosphine 53 & i&7 NHS-Azide ¥ B 35 [E Thermo Fisher Scientific A &; &
- E R R LR T LLFIE Acros AF]; =8 Z B (TFA) MEXE Acros A dl;
FE (FA) ME1EE Fluka 22 78); £MBERR (AE 98%) MBE B RBEFHFTRL
&; PBS T L IIEEVREAT; ERAKNBUK, £ Millipore Ak R4
difk, HEFHREZ] 182MQ-em; HERFBAEF24 (BEERALFZIFE
RAFD .
1.2 ZWHH*
1.2 1 AREBRNEEBNE
QeonCAT BEMARAE M LS/ RENETRATER, ATFUSFiER
REHTSRENE. KESEUEHTESRBRESHEEE &R EmkN5E
VA7 3 alatr =k N
1.2.1.1 BANES
KirERZERR (Phe. Val. Arg) HEETERES, 105CTR3h, BEBET
RILA, AHZEZEGEHE, BRI mgmlE. BHEERKBIFERER (Phe.
Val, Arg) REEHFEERDALH K] mg/mlEl. BRBTRAERRBHL.
B2 R 3.
VEW 1 A U BR P YA IR A 1
1#RKE (IGSPVLVLSR, #+F& 1141.39) : BURE 1 mg/mL HIBKBR K 141.53 pl
AFEAKEELAFN 2.0ml, LHREE 0.062 pmol/mL. -
2#fk Bt (GDLPAFHAHR, %> F& 1120.25) : BUKE 1 mg/mL BB BHK 139.91 pl
AFEAREHEAEFIIN 2.0ml, L¥RE 0.062 pmol/mL.
B 2: EREERERES
1#AKE: 2 BUBUKE 1| mg/mL B EAR Val. Arg B 152.52 ul 111.60 pl F 15 ml
BOES, KBILAERA 10.0ml, Z9RE 0.062 pumol/ml.
2HRKBL: 2 BIBIRE 1 mg/mL HIEFR Arg. Phe ¥ 111.60 pl. 107.88 ul F 15 ml
BOES, MABZKEE R 10.0ml, L¥E 0.062 pmol/mL.
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B 3: EEERERER

1#RKB: 4 BIBURE 1 mg/mL BOFRAE Val. Arg BHK 146.43 pl. 108.00 ul -F 15 ml
BLOETR, IKEIZLEBA 10.0ml, Z¥KRE 0.062 pmol/mL.

2#RKBE: 4> BIBLIRE 1 mg/mL FI45H#E Arg. Phe BRI 108.00 pl. 102.40 pl F 15 ml
BLES, MKBEIZLETAN 10.0ml, ZLIKE 0.062 pmol/mL.

1.2.1.2 kR 2RO Bl &

WA EERBE (K 3) 4515 60.00. 120.00. 180.00. 240.00. 360.00.
480.00, 600.00 ul, FHNA 160.00 pl ) PCARCHIEEREW (BW 2) , FHRK
ZhAH A ¥ (& 0.8 mmol/L 2B MEME 1 ml, MBR—RINKEHE, B
51J5 % BUH 20.00 pl 4%, 34T HPLC-ESI-4000 Qtrap MS Al
1.2.1.3 Rk RE

7E 2 mL ZERHEF 2RI 80 ul ¥V 1 70 80 pl BIFFR 2, T 300 pl 6 mol/L
HCl ##, =4, BARSHEASEAEEBITEO, TREP 150 TK
% 5h, FEERTRSKKT, A 500 pl K1Esh4H A ¥ (A B 0.8 mmol/L £ FHERRK .
0.05% TFA #1 2% ACN /KB E %, iT 0.22 pm ¥R J5 34T HPLC-ESI-4000 Qtrap
MS &, BMHEREE K.

1. 2. 2 iREE R RIESY)

B—E &R EENE, BT 50 mmol/L NHHCO; Erli, BHRLRE
X1 pg/pl, IIALEREA 10 mmol/L DTT ¥, 7E 95 °C K¥ 10 min, BIMAZ
WE A 50 mmol/L K JAA B, ERTETHARNM1h. ZRBSEARELL
1:50 BIMABREOEES, 37 °CHEE 16h. BEEE O LFRALHT
MALDI-TOF MS ¥5€, HEBRBIINTEEE.

1. 2. 3 AR AOAL RAL 1215

KBV E KB K SR A BB KB RRRAWRE 1 pgpl, MALRE
1.5 mmol/L &-FER RIS KB (pH12) , THEEHMBIRE 10 min EHiE, B
5 B OB LSS SRHEST MALDI-TOF MS %58, FAMBBBIEETHREH.
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1. 2. A BRER RO {LFHRIE
1.2.4.1 FEEES FHBHITIR R

H—ERAHER, T PBS (pH 9) BEBMEAZ MBI, LN 1 pg/pL.
FEBB AL SR M Z BN 1:3 R, BEERSHEIERN
(NHS-Phosphine) BE/RKH 10: 1 IIAFHBERA, 37 CHEE 2h, RAEELE
_EiEW A #E#T MALDI-TOF MS %%, #iERMELETHREH.
1.2.4.2 BAB 58 JikiH 89 L B2

RRBE T PBS (pH9) BERRELZRMIEH T, LRE | pgpul. EBERIEZME
BRZIEEGIA 1: 3 B RS, ZRKEREBE RN NHS-Azide B/RLE 1: 35 IA&
kA, 37°CHEE 2-4h, RENEEELR EHERSE#EIT MALDI-TOF MS £5E,
W RMTEEFERE, BRETERER.
1.2.4.3 HebR T 4% S [z

ERRRESHISW (PBS, pH 9) MZEEHHIAN 1: 3 BEHE, BEBERE
1: 5 BBEHAEHNBE=WRE, £ 37 °C BF 3-6 h ER EHEBUSEHT
MALDI-TOF MS %52, iR FMS, THRBiRchiE. THREH.
1.2.5 MALDI-TOF MS 43#f

Bl ot SE8ELE EBTHRE, A 1 pl K CHCA ERER
(5 mg/mL, 50% ACN, 0.1% TFA) , TH#/5i##1T MALDI-TOF MS 4#t. 7E#1T
MALDI-TOF MS B}, ®%FBEEABEIIN D OILESZIBEY FRig
ITRIE, BREEIRZESIO ppm. —RFEHFEREMEH MS-2 KV HEEK, nE
BB 20 KV, 3#fTEERA m/z 170-3000, BOLEERBEA 4500, —%& i
PEREMEH MS/MS 2KV SRR, M—ZEEhaBUm g (FrRHL KT 20 8
FREYEEF) #ATHRBRIEAMT, BOLREREN 6500. BT LR A ER A
HE) R Y/ FHI GPS software B4 3H4T 5048 2047
1.2.6 HPLC-ESI-LTQ-FT MS &34#f

AR IE B SRR Agillent 1100 BB RN GIEN, RABGIEERA
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Magic TM C18 A% (10 cmx75 pmid., 5 pm) . EEHHER G ST G RS
BEVERBLSRE R AN BHTERESE, B2 ESI BFHEHTEAEHNFTESGHTHR
WHERE. BAAGERGN: FishtH A: 2% ACN +0.1% FA ; ¥itshf B: 80%
ACN+0.1%FA. ¥EHiBEEHN: 0-35min, 0% B; 35-125min, 0%-36% B; 125-135
min, 36%-100% B; 135-145 min, 100% B; 145-146 min, 100%B-0% B; 146-150
min, 100%A F#HTF . EAERA 20 pL, FSIABFRER 300 nL/min. &%
B IE B AR SR, iR E RN m/z 375.0-1500.0, KA 8] A 110
min. X3S %% & : TonSpray Voltage: 1.5 KV; Spray Current: 0.76 pA; Sheath Gas
Flow Rate: 1.48; Aux Gas Flow Rate: 1.15; Sweep Gas Flow Rate: 0.79; Capillary
Voltage: 34.94V; Capillary Temp: 199.99 °C; Tube Lens: 99.79 V: 7ERF¥iE
BBR (DDA) BT RBRE R, EER—ERIED 10 /MESaERERE
Fi#T =% MS/MS FiEHT, REEEERAN3SV, BUNERER 25, &
HEB® (dynamic exclusion) B [EJ#E A 10 .
1. 2.7 HPLC-ESI-4000 Qtrap MS £3#f

WA A Agilent 1260: Agilent SB-Aq 2% (4.6x250mm, 5 pm); _EFEAE
210 pl; FEShH A: 98%7K+2% ACN-+0.05% TFA+).8 mmol/L 2P ; iiizh 4 B:
98% ACN+2%7K ; it : 0.5 mL/min; PEfHEEE: 0-2 min, 0-16%B; 2-7 min, 16%B;
7-12 min, 16%-50%B; 12-15 min, 50%B; 15-16 min, 50%-90%B; 16-20 min, 90%B;
20-21 min, 90%-2%B; 21-30 min, 2%B. K& RABARKEHFHE TR,
EBEFREANZ RN EH (MRM). (XESHREWNT: B85535 8% (Spray voltage)
42000 V; 74 (Curtain Gas, GUR) 4 20.00 L/min: F4* (Nebulizer Gas)
347 15.00 L/min; ¥ (138 B (Interface heater temperature ) 4 150 °C; R4S 44 ( Collision
gas, CAD) B NFE: SXE TXTHALIENE 100 ms, %% BARE FRf&RE
HORERN 0.7Da: FERANSEEARS.

2. ERiTe
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2.1 ARk ER
®FEF. R, VEEREACENEERNE, £ZRMEAFEXT, X
HZHNEER (CE) . 8K (DP). AOBE (EP) MaifEmH AHEE
(CXP) FZREZHRECERFMMEL R, # AR 3-1.
# 3-1 BFNEEREFOE 7 RA SO F4

Table 3-1 Transitions used for MRM analysis and optimal parameters of mass spectrometer

Amino acid Precursor ion Product ion
DP(V) CE(V) EP(V) CXP(V)

(m/z) (m/z)

Val 118 72 35 17 10 10
Bes-val 118 72 15 17 10 10
Phe 166 120 45 20 7 19
3Cy-Phe 175 128 45 20 7 19
Arg 175 70 55 27 8 9
BCoArg 181 74 55 27 8 9

REERRRIRIE: B ZIKSERAANEERLICFSE, DREERERSE
PREROREZLEARLE, BERLEAALE, —FREOTRFHUEE
FRARvE R0 B 0 I 3-1 A 32 Fim, SRMEHBRRAERRBAEK 3-2. HREAR
WEEMMEER L SKRELE RIFHEMXR, KIEHXRHR>098.
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P 3-1 88 Pro A1 Arg AY5E HbrvtE h £%

Fig.3-1 calibration curve by using Pro and Arg

aAvV
~ R
y A
| &

0 1 2 3 4
concentration ratio
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P 3-2 #W Val 1 Arg (15 S bRiE fh 4%

Fig.3-2 calibration curve by using Val and Arg
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& 32 MBRPHEANIERERNESETENHEX AL

Table 3-2 The linear equations and correlation coefficients of measured amino acid in peptide

Peptide sequence Amino acids Linear equation R?
Val y=0.6762x +0.3362 0.9864
IGSPVLVLSR Arg y = 1.0285x + 0.2191 0.9976
Lue y =0.4875x + 0.3353 0.9828
Phe y=1.0701x+0.1173 0.9951
GDLPAFHAHR .
Arg y=1.125x+ 0.2127 0.9940

E: y ERBGEEERSEFEAERNGHRALE, x ERRFELERSEFIAERIEK

BEHAE

KRR BUK BRI = ST BB BCEEE, RN I E B K AR Bk B B RR 1
EHERS BEFEAEREERVLERAEETE, WEHGEMUKEHEE,
B oMEERNERSE RS FHMEENZREN SR, B3R 3-3 R 3-4 TLARH 1#
Jik BX(IGSPVLVLSR) & &4 71.08%, B 0.7108 pg/uL, 2#fk B:(GDLPAFHAHR )

&8N 84.98%, 0.8498 pg/uL.
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% 3-3 1#BKER(IGSPVLVLSR)H Val 1 Arg & &

Table 3-3 Contents of Val and Arg in peptide 1#(IGSPVLVLSR)

FRUE Arg i FRiE Val e R
e WEERE HE b3fe|
mF/ER RSD(%) MHIf/ERR IR RSD(%)
25 B(Arg)% (%) (%)
Arg IEH Val R (Val)%

sl 1 1.017 71.57 0.7738 64.71
sl 2 0.8853 64.77 7452 1159 0.7993 68.48 6764 3.880
sl 3 1.054 81.22 0.8079 69.76

% 34 2#fikBt (GDLPAFHAHR)  Phe fl Arg & &

Table 3-4 Contents of Phe and Arg in peptide 2#(GDLPAFHAHR)

FrE Phe
bR Arg 1%
Fa BEB/E WEEE HE MEEE E
RSD(%) HEV/EER RSD(%)
& FRPhelE  E(Phe)% (%) Bi(Arg)% (%)
Arg WETH 2
M
s2_1 1.213 88.91 0.9323 0.7616
s2 2 1.290 95.72 0.9406 0.7693
9231  7.7268 7765 2510
103.75
s2 3 1.380 0.9718 0.7985
(&3)

2. 2 BREMC N [FEE

KRB HR R AR IEH SR, &EF AR LS R A RN 25
KRB SBEAREN. MERSHNBHAFEZER, REFHARASHIBK

B T SRR R ROEREZI KB A N v,  HLSEIGRER 0l 3-3 B
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4 0
— N=O Sm':cn P I ?
A NH, + & ) N\o ,'\/N,
(e I o] )

g

P 3-3 BT piatifb 2 Ry R AR R R P
Fig. 3-3 A schematic diagram of the principle of arginine labeling by click chemistry

2.3 RV RMMRNL
RATH LI B LB A 3-4 FroR, BEEANSHERREN, A1l
B SRR BUR R, 55 I F PR T A% I B B B R R RO SR

Arg o> g:jv" Peptide o> C‘" ) @

g |
WO o

B34 fEEin e EERERE

Fig. 3-4 A schematic diagram for the principle of arginine labeling
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BATENER . REBE. RIE(ES RS HH A T e R %A 24T
TEE, BURESRFHFLE 3-5,
# 3-5 HEARFCRERN K4

Table 3-6 Optimal reaction conditions of arginine labeling

R R RBELEB SR (8]

Arg: NHS-Azide=10: 1
KHH: BPHE=1:3 Peptide: NHS-Phosphine=1: 40 2-4h

NHS-Azide: NHS-Phosphine=10: 1

ERELBPRIMNEAAT RERBRRMNTEE, HTEMALEKFHBHIN,
ERNEREEENANBRATERE, BUSEAT -PRM. AR
FLES BT ERE, RBRITAR TR R, WABRARNEKERM, XHF
i A BEAT LB B AR 25, RUEJE SE S I0 RITR AT .

2.3. 1 FEBS A HUBHKT K R

<+

(a) 462 1.9E+4

9.0 454.4 459.8 465.2 470.6 476.0

(b) 23E+4
33 521

e
189.0 241.6 314.2 386.8 459.4 532.0

& 3-5 NHS-Phosphine (461Da) S5&EB (174 Da) KRR
B (a). & (b) #) MALDI-TOF MS i 9

Fig. 3-5 MALDI-TOF MS spectra of NHS-Phosphine reacted with arginine
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A 3-5 ftaw, 78 HUBHATN 5 ¥ 28R R M B /5 #9 MALDI-TOF MS i i B,
3-5 (a) &% HLBA NHS-Phosphine (4>F& 461 Da) Hjd S # ) MALDI-TOF
MS FigE, B 3-5 (b) BRFERSEIRRAN NG (4F& 520Da) /)
MALDI-TOF MS & &, H 3-5 TRAIBRATIRMTES, RMKEEIER 100%.
2.3. 2 FRERRER AR IC R E

B RLEBUAK 1 R RS RKE, MHHFTIHRCRENESE, HFEH
FER =K,

HARMENT U R ZROBHEXAEESHNKB (AGYTAIVSHR) &
QeonCAT 2 £ Ik B TILDELVQROHIAL #4712 4 51, 5 51 3.6 A1 3.7 B,
KR 3-6 (a) 137 (a) ZRLEH MALDI-TOF MS Ri%E; & 3-6 (b) F13-7

(b) RAM KRS BERF KM MALDI-TOF MS R i#%E, B 3-5 (b) & 3-6

(b) FELAkEIE, HBKBRRNTES: B 3-6 () M3-7 () REF=WEFN
BEF=HI B MRS T #% )R B MALDI-TOF MS /R . i 3-6 I 3-7 T LAF HipE
PUEB KBS BRIXTIR NS, WA EIRICRESEINTEL R &R KB rE
B & QconCAT & RAKBR KB AR, HARCTImE.

(a) ]“’" 4. cm——

i "
= TO = TOEE-X T T Triso

patanserd - s
B
’
H
)

8

“Np

B 3-6 fikBt AGYTAIVSHR (1073 Da) HJ MALDI-TOF MS /i i
(a) RREKB (b) Pl (c) HMEARGFZE=Y
Fig.3-6 MALDI-TOF MS spectra of peeptide AGY TAIVSHR labeled with arginine

(a) original peptide (b) intermediate product (c) product
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4+

§8888
E ;

(a) 1087 I .0E+4

837 1014 1071 ‘5iz=s 1i8S

-

488888 oysssd

(b) 1169| |1-6E=+a

'S
5.0 857 2 1014 .4 10716 11288 1186.0

1647 1.2E+4
()
" 'l
&3 AZ62 1361 1460 1559 1658

P 3-7 fk Bt TILDELVQR (1086 Da) ¥ & E&#ric 1 MALDI-TOF MS /i i &
(a) REMKE (b) HEZY (c) BEBRFICEATY

Fig.3-7 MALDI-TOF MS spectra of peeptide TILDELVQR labeled with arginine

(a) original peptide (b) intermediate product (c) product

& 3-8 2L K £REAIME: (LADLFYQSK) #RicRMZER, H+HE 3-8 (2)
RRBEB LADLFYQSK (4+FE& 1083 Da) MALDI-TOF MS Fi#E; & 3-8 (b) £
Jik B A4k &2 /5 i) MALDI-TOF MS R, & 3-8 (b) PETARBIE, I
HALR NS4 B 3-8 (o) MIEALIK R 58 2R N MALDI-TOF MS, & 3-8 (¢)
FHEORKMMELKR, BRMFCHRERLR 97%: B 3-8 (1) REE~NSH
PLUBEF=YEMa T #% R RLE MALDI-TOF MS /R i/, i 3-8 (d) ATLAE HBA>
YsE2ERAL, HMEEALERCEEIN L K ZRIKBERZIRE, WEEEs
FrEX.
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P 3-8 Ak B LADLFYQSK ( 1083 Da)ff& ER#712f) MALDI-TOF MS J#i i &
(a) FKRBFKB (b) BIEAEN () FEMY (1) HEBFCE™Y
Fig .3-8 MALDI-TOF MS spectra of peptide AGYTAIVSHR labeled with arginine

(a) underivatized peptide (b) guanidyl modified (c) intermediate product (d) final product

2. 3. 3R EEB MIRRICHE

ATEWBRARHHEATERRCHE, ERARAEER C ANBREAR.
E 3-9 R4EMEE C Y], BUEAL KM TR, HPE 39 (a) BH
%k C Bk B MALDI-TOF MS it E. B E SHrEf2FRVIMNKE;
3-9 (b) 2EFYIERBAR/LA MALDI-TOF MS FiEHE, & 3-9 (c) EIELL
J& HIBk Bt 5 88 iR7 R R A MALDI-TOF MS Fi%E; B 3-9 (d) RBE~WE5HE
VLBEF=Y B ERE T 4% RS2 A MALDI-TOF MS ik & . BATxH BB HIARIC RHAT
T 4iit, (hEpricxt TR G R o fniEE BB VIR BIRARC BRI FX 95%LL L,
W RERMTEK.
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o

ubteee Sanstaeiess

(a) 1.0E =-a
Wm—nﬁwv—vvﬂ
s x A - - 2.0

M |ooav.a

(b)

-

1=0=.0

o140 .2

‘d
sepoued
Y 3
-
b
1

3-9 4R C BVIkBUR & BRATICHI MALDI-TOF MS i &
(a) RRBIRKEL: (b) MIZEALBME: (o) FEMY: (D) &=
Fig. 3-9 MALDI-TOF MS spectra of peptides of a cytochrome ¢ labeled with arginine
(a) underivatized peptides; (b) guanidyl modified; (c) intermediate product; (d) final product

Aoh, EFEDONLHFEREHE—PER. B 3-10 R LNOFEABY.
WAL B HEFR T #% R RZ#9 MALDI-TOF MS fEiE, HHE 3-10 (a) RGLH4A
E AU MALDI-TOF MS kR, BHESHFENRZRVIMNKER: B 3-10

(b) RE§V]JERBAIEEAL 5 A MALDI-TOF MS /R, & 3-10 (¢c) ZIMENE
ik Bt 5 B R RF7 R B A9 MALDI-TOF MS FRi%E; B 3-10 () RBEWEH
BUBE YRR T 8 )R A9 MALDI-TOF MS JRi% . 8 — 1 5 # R MR BB
AKMUERERRERNAHERER, HICREREHNN 9543%, BETE
100%.
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E.SE-a

H 3-10 LU E SEEVIIK BUR 2 B4R 12 5 MALDI-TOF MS fi it B
(a) RRMKE (b) MIEALBW () FE™ (d) £7=Y
Fig. 3-10 MALDI-TOF MS spectra of peptides of a myoglobin labeled with arginine

(a) underivatized peptide (b) guanidyl modified (c) intermediate product (d) final product

BT M ERARREE QTR BRITEXIRHEE R EHEUIYE
1T T HEIFERERNER. R 3-6 BNRAEEHTE P RN R KRLEH
WEFERESERNFIR. BIR 3-6 TUFH, LEFCH TREESRGYRY
FRBURIPRIC R B, ™LA B R BT RIER .
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% 3-6 GOMAERSARER C RAMIEREMNFICHE

Table 3-6 Labeling efficiencies of the peptides of tryptic digested myoglobin and cytochrome ¢

mixture

BB A M+H(Peptide) M-+H(Guanidina M+H(NHS-A) M+H(NHS-P) #id

tion of K) Xk
GITWK 54727 64632 729.11 1207.42 100.0%
IFVQK 604.34 676.37 759.36 1237.46 100.0%
YIPGTK 634.39 720.34 803.34(98.92%) 1281.44 98.70%
ALELFR 678.38 831.40 1309.48 99.43%
MIFAGIK 779.45 821.30 904.42 1382.56 100.0%
EDLIAYLK 964.53 1006.43 1089.47 1567.57 100.0%
TGPNLHGLFGR 1168.62 1251.52 1729.61 98.01%
LFTGHPETLEK 1271.66 1313.59 1396.56 1874.65(96.68%) 100.0%
HGTVVLTALGGILK 1378.84 1420.73 1503.80 1981.82 100.0%
HPGDFGADAQGAMTK  1502.67 1544.53 1627.55 2105.66 100.0%
VEADIAGHGQEVLIR 1606.85 1689.69 2167.79 100.0%

. M+H &R IRARME R ER SN 100.0%

2.3. 4 (L FHRICRRER RO BB RIBIT A
AT ERALFRENRERENRIETH ERTH MW, RITHREER C
AR AIE BT G RER 2 51317 7 +4 Da #1410 Da BERIRS, FHHRID
ERRRBRER 1: 1 1BE, FRAGERBENEMEEWMAT . B 3-11 2RI
MR E C BYIRL B ZBiC+4 Da f1+10 Da (1: 1) AR XIC B&i&E, Hd
3-11 (a) A 3-10 (b) RIKBHITHEE B +4 Da F+10 Da AEFICERIEE,
B oh — & 4R B B (] 354 64.09 min, T&RISREES 5 3.54 E6 /1 3.68 E6; B 3-11
(c) M 3-10 (d) RKBRHTHER+4 Da f1+10 Da REMRCERIER, E
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AR (A4 65.88 min, [MUERISEE 554 6.32 E6 #1 7.21 E6.

iz

«a L2 )
NL: 3.53E8 - < NL: B.32E6
- “c]  Base Peak mir= % = Base Peak
(a) PiF 605.5060650F: | (C) iR 642 50 643 50 F:
RT64.09 F‘Tm*phﬁll‘—'l.lg RT65.88 FTMS + p NSIFul ms
[375.00-1500.00] ® [375.00-1500.00] MS
oc ., HHE1:1BE o o, A1 : 188
<3
-4
&4
-~
i !
Ll
s O o Erssia - = ) s NL:721E6
« RT6409 ““|  eassosnsor: R(T%;gk' | sissoessor:
= FTIMS +p NSIFullms * b FTMS + p NSIFUl ms
5 msgm:ounp} i‘} - = [375.00-1500.00] MS
- oc P, BF1IRE o ced, BH1: 188
22 - L2

B 3-11 gifts & C BB HERAME+4 Dafi+10Da (1: 1) B&H XIC ik

Fig. 3-11 XIC chromatograms of the peptide mixture of digested cytochrome c labeled by arginine

+4 Da and +10 Da (1: 1), respectively

A 3-12 2HERAAKRER C BUIKBF ZRKIRC+4 Da fl+10 Da (1: 1) RE
f¥) MALDI-TOF MS ST By —# 4, s UGS, AREE C BYEHKEHA
AR R ERMZETRE 11BN LEAN 1: 1. 4Ll
W FA—#&KBERFREREERMERDCE, o2 EINRE N ET 1%
M AREEAA R XL SE RAUEARATMI LR T R 04T, U T34 e
KB R SE PR A= DR A T B B RS VIR BRI AL A
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100

601 1.04:

1%04

113: 1

1243

113: 1 8393.1

1282 1321 1360 1399

& 3-12 48t % C B )ik Boks EEi4712+4 Da f1+10 Da(1: 1)MALDI-TOF MS Jfi% &

Fig.3-12 MALDI-TOF spectra of the peptide mixture of digested cytochrome ¢ labeled by arginine

+4 Da and +10 Da (1: 1), respectively

2.3.5 EERREBR ZRER

4700 M ¥M $ Procursor 170321 Spac#1 MC[BP = ISICE, 5637]

488.0884
1764.7

:05.1305

5£45.1008 Fea.4598

a0 855943
% 191.6 383.2 574.8 766.4 958.0
“a 4700 M3/MS Precursor 1713.21 $pec #1 MC[BP = 15408, ITE]
c\ 100 497.0902
~—~ ¢b) 1491.4
3\ 80 g
- —
77} ig 15.1143
g P 5540983 J83.4843
176.1167 348029
G iy, pOUS L RUTOR IR, ras,
_— 0 187.8 3756 563.4 7512 929.0
ATD0 MIMAS Precursor 1141.71 3peo F1 MC [BF = 1097.7, 45128]
100 =038

18447

4393.8 502.2 5106 313.0

& 3-13 1#(IGSPVLVLSR) fik B K & B2 4510 HT (¢)« J§ (+0 Da(a) fl+10 Da(b)) f MALDI-TOF

MS/MS fFi%E

Fig.3-13 MALDI-TOF MS/MS spectra of 1# (IGSPVLVLSR) peptide before (¢) and after arginine

labeling +0 Da(a) and +10 Da(b), respectively
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4700 M 3/M 2 Precursor 183183 3peo 1 MC[BP = 183 .3, 2246]

1 4EE 1172
642.0
{(a)
a5.1371
7341078
82QI72s
e LA AT e » B | 1SS N ,mlﬂ_,J,,
0 1966 3832 5698 7564 8420
o~ 4700 M SM S Precursor 63201 Spec#{ MC[BP = 15256, 274]
~° 100 B7128 —
=) s s o 7441862
2 &0
A a0
c - 20,289 —
1 2147 -
3 'ﬂM " mez“;. Il O lm“ ll ¥ ;
(o= fo0 1936 3772 560.8 744.4 928.0
= 4700 M SM S Precursor 1120 78 Spec#1MC[BP = 343 6, 853
100 503.2986
1.3E+4
80 {c)
60
40
2 4602926 4702853 4852814 496326 )
%50 469.6 481.2 492.8 504.4 516.0

Mass(m/z)

[ 3-14 24(GDLPAFHAHR) ik B E BRFF12 AT (¢). J& (+0 Da(a)#1+10 Da(b)) i) MALDI-TOF
MS/MS Jii i
Fig.3-14 MALDI-TOF MS/MS spectra of 2# (GDLPAFHAHR) peptide befor (c¢) and after arginine

labeling +0 Da(a) and +10 Da(b), respectively

FAVR & B E 5 I KB 2 AT TR E R (+10 Da) A (+0 Da) fh24Rid,
3F F MADIL # 7 — 2%, B 3-13 (a) I 3-14 (a) 2302 1#. 2#KBRR
f# (+0Da) #ric ) MALDI-TOF MS/MS i, B 3-13 (b) FIE 3-14 (b) 4
B 14, 2#KBURE R (+10 Da) #7112 MALDI-TOF MS/MS JF il &, 1 3-13

(¢) FIE 3-14 (c) 43l 14, 24KBUAR £ H) MALDI-TOF MS/MS Jii . ME
FATLLEH, ZRKBBATE, EIHERR+0 Da MiFC AL 4E 505 i, MK
EF+10 Dabric B4/ 4 515 4, HKBRA SRR, Kk, X
Fir g B R B RiC BB ERFREE, ATLAR FIRBNE & .
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3. 5it

FEEARBEER-BERURBREAEEN SRKRN S B TR, &
RIEFE IR BE I R 5 RE A R PR R T 48 R BB AL RIFCE &
RRREB L, MMEBRUERCHBEFHET TER. LRERRA: RITOHER
BALERRC R TR RN T s R il & B B9 & BRUBKBUE & QeonCAT & H B4 AL
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New progress of proteomics based on bio-mass spectrometry

and its labeling quantitation method

Abstract

With comprehensive proteomics research and the development of proteomics
technologies, the proteomics focus has turned from qualitative research such as protein
identification, post-translational modification and protein-protein interaction to
quantitative studies including differential proteomes between different biological states
or healthy and pathological states as well as the absolute determination of some key
proteins. This paper mainly introduces the progress research methods of quantitative

proteomics and quantitative proteomics in labeling method.

Key words Proteomics/Mass spectrometry/Chemical labeling
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fE£ (Electrophoresis) &EHB, HEHMARTEER. ARMARFREANET
FAR. BEEARA¥FANEANERNANRE, BORALHFRNES
EZ2MNEAFRALE. BFEEHMEIERRNEERR, AREEEFER
ATEARARENEZERBURNXBHEREORASENERE. BAR4E
ERFRBAT MEGEEFINLRE, LAMNXRIRES. BEREORED
RATRAEREANS, A A% I G B 01 58 S 07
A,
BREZORAERENAR, EREARAXS MEX e B4 B AL
T, A EEREINARAAEMFERS TOAR. AAREERFRLNE
HEETHELE, XRAEREAEMSTHE. A ERRENAR. A4RE
AP E-RETEELTSTREERENNE, WSS IE e EDiREY.
YR RE TR R IRIE.
ETAYREEANEORAEBREENEARAERHEERAFE, £
EAHE “Sik” MZRMNER (multiple reaction monitoring, MRM) #. T “ 1
B MEARA R ERENTEREEYES T K E AR A#TEENG
2, RERXEKBESYHTAESE, BREHRHITRERIEMT (MSMS) 4
FURM R EETARKRBEA NS FRERTHE, REHEREARYA. %
TEMRARMTERE, —KTEE ELTAER, BREN BHESHTEE,
Fit X ERAFEARAMMN R, B2EREIREHS TR, REFEKE. MRM
TERMIRE EARE AR OB ERFF, TGRS SR m E T DA —
i BERE A PBAE MR IR, JRR AN RKE S RE RN KB TR
FEPHEAERET, WEZZNEFREPETRE Q1 X ¥ FiltiTkE,
Q2 MEHEMBH FHTEN, Q3 W FEFHTEEMLH. BEibXAREN
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EHBETRE, TUFREERTRET, REgEREAENREE.

BRAERFTEAEFRRBEREHETCE F8R, EHTREMRES B
HUZBRAEEROERTIR, ANETRENNABTFEIEERR, EHEL
HEORA¥mERNER, NEXRACEEORALHBRE. TEK, FgkH
BT —BEHAEAR, mESEEFi%EE (Synchronous precursor selection, SPS) %
AR P17 57 Y5 3 (Parallel reaction monitoring, PRM) AR L& SWATH (sequential
window acquisition of all theoretical fragmention spectra) H{ARK% . SPS HARH LM
M1 H R BB (MultiNotch) B TR LA —RIEERBE T RBETHIRA
B, Bx—HARE5 MS3 BT LUENE 7 RBREESHEE. PRM A
Orbitrap HXT MRM H/7 Q3, M xt Q2 BN FEFHTR A HEAETRE
AR, 5 MRM AL, 35 7 REUE . KIEEEIED) 5-6 MBS BR,
PRM 8% RAERH 15 /MG F, 2478 Rt MRM 1KP). SWATH AR R HUE.
M PR Q-TOF Mk # AR —M i RN &R BENERRAR. XAZ
FHEN, B BE TR LEE S RARRREA LXE, REXNAR R
XA SEFHTRERNEEHE, NXBEERFBEFSERRAGGEHKE, H&
SRR F B0 B 3R BE X AR LA B B AT I BR8N B . Gillet '@ LI IOE %
FiEMEhATEE AT 4 MEE .

H4h, BERENEARERBIHITING, EAARRGTEZER/EIFCE
BAIERICER . BT E BT A T R X AT A F4ax & &M, Jit,
ETHRIEEEEAETRARAGE-RERANERTECERNE SR H e’
R EIENE. MEFCERY, BETRERMCRIFCSSBMAEIE-RENED
RAFEFECERNEFREFRTH—HEELERAN, BARRTEN
FREYHARBMBZFTE. RBEARFCTERRE, RchEs AEnAs
Pric. BHE "0 FRE AL EIRIEE.

TEARFRIC B PR A R A0 At SR A MR RS B R AR E B AR (Stable isotope
labeling by amino acids, SILAC) , ZHARRZ20024F H10ng%!"™ IZE Zhu 1R
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fJAACT (amimo acid coded mass tagging) FIZERE LR BT, HIFEERE R
AERMEMCHLFEERSREFOLFEERMANARIEFHP, E2
TEAMAREFAREIEEEHRAT ERERPH L FEERELERN
EREHEERER, ABKER. ERZEERGCHNEQKRBARRELLAIE
GV, SBRBAEMNTELEAR R ZREERIFCE R —KERE &R
i Rt ot B, BEERE SRR EENERARNESHITER.
HMRBRIFICUE R, REREEAGRIER R, TRMAFSMI LRI,
ERAET: BERMIXEAERYEHAS, BBLALERL. RARZTER
BERTREHITAREFOES, STEYESHATEHPNAR. ABERE
H, WiByksal 20104, Neubert2!'7& B T —#Super-SCILACK K,
SCILACHRCHE FRAIM, 53557 5 I 40 Bl V) 5 7= A I S ARBRZE RS A A R AE I A
PR BB R A R A R3S M A AT B B, X —HAESCILACHAKIER
EEmE TAR.

B2 POFR i Rk BRIEH, PO R B TR R AR M AL/ IR B Coi B b
ff1'%0 B# %0, 20014, Fenselau® "™ 566 H A T & AR AT 2 B .
ZH AR SR LR F R, RN Z RN, rEEE: SRR EH R, #5
TCRERZHKERTEAZERBABfctiEEE, BarRERx"., 25, &
% %OV F Bl 75 77 RapigestTM  SFFIAI il Bh K42 75 ik B 9 4 U (B R L 2k R A
FitRm. SUcEET, o e R SR A A 2 4 o X v v P ik B R R Al
TSI KIS, MTTRE T "o iBREZ R E, EirichkBriaE
VEIGEE, B SOFRICIKATEEX BB Fric . BRSSP i e B
B RTRAESPIETREFHBEHERERMN (ATRP) FI7EkF & T B i ier
2 SR AN [ S AL B G P A K R P P [ 2 LB, SRS E LR, POdRic AR it S
REER (MRM) EARGEEKATEGEAREN €&, LR THERME, #
hTRORCIRER MIER, R\ T BN, EH, Pan™ PIEFIABHE R
SRBIRCEBFRTRERERRESALEKNCEARS, E£REOBRHAEL
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TRIEHRERREERMRERBRBENG. ZAENT AR RMESFER. 3IAK
REBRGSREEX, TUARHNBRAMEENES.

WEFRE T EH B EEMIRE (isotope coded affinity tags, ICAT) « ZE[F
R EAFERRICE B (isobaric tags for relative and absolute quantitation, iTRAQ) «
£ BE 7 B F74S (tandem mass tag, TMT) % . ICATRAF /2 19994E F1GygiZE " 4R i),
b /5 Aebersold S P R 5 R R4 S AT EARANEEM . ICATIR
FEERRNER. EREFAMEYRRE=0SEHR. HEERERREKR
A THHARRER A HMAARRRE CEEEBRIREHAR) M ICATR,
i 3 fr By B 5 B R SRR B A RS R SR R AR F RS R A R ]
frgirid L&, —RERERAEYRRERNS HEE QE KB4 RE
BENF S AT, IR BN S, RERAE R AR AR R HATHX EE.
HAF AR R AR IR ERRMNF R (SH) . T BAER M AT R0 ] LAGHR
ie-SH KB SHME AR ICHRBE#T R o5, BETHANERER, H
it R REXT & AR £ MR E B TARE .

iTRAQ 7 A AIERE A . THEBARRBEA=RSY. HEHEE
RRMNER (PRG) feRih SHKBIIN-mEEMLysHe-BES S, FHEAST
5] 5 B RO 3R 5 2 A 40 & VAR B B 80N 144 Da, fRAFITRAQFRIE 89 [F] — Bk LA iR
wLEAFE, MME—LUEE ERRA—NE. EZZEREE, MEERISR
PR, PAERERAEPHER, BEFENS MRS EE M ER A
FEARE A A B ERE M. TMTPSiTRAQARIS W7 K91k 3 fz 7 JF B AL,
ARNWFLEMABEARE. HiTRAQANE M RKIFFEHEE, v R Fric HiE
8 MEMEIT RN, MTMTE AN AR ERE, R REFEHES6
AR ST R BRI . AT 4 SUR ERREAR D ATE KEL, REERARIRCHE
HmERERNEREFELAZERCER, REERMIER. HXEFD
WA B, BESHEES, EENEES TR BESANPITH R B
BRI R B A RE, FEHEIT R0 5 NBOKR 2% 1 AP, Ak,

66



ZWMEMKFHLFEBL

LivECOR A2 T BWER M OEERBERLEFCERACRIRESENER.
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