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1.1 ##

1.1.1  EZHKAF). Poly-Ub chain K48(Bostonbiochem
AT T 41N S W L TR 78 g S
(TPCK-Trypsin)J#J [ Promega /A #]; c-ABL H.5g %
PiAA(AbCam A #]); Protein G sepharose 4 Fast Flow
(GE Healthcare A #]); YM-50 # J€ 41 (Millipore 2
") R AR BE BE(DTT). W £ Bk % (1AA) 1 H
Promega 2 7]; WL, W A Fluka A7) &
Ji (Fisher A %]); HPLC F7K(Merck A #l); JE)7 a-
UL 4- FEL AR (CHCA) W B Sigma 23w ; K
R 7Y cocktail tablets(Roche A Fl); 2572 F Ak
fif 4171 16 1) (N-ethylamleimide, NEM) Az 25 19 i 4 )
HIFI(MG132)#4) ) [ Calbiochem 24w ;  fif 4 IfiL i
1 H Hyclone /A #].

112 E A KB AF. SHIMADZU 2 @] 2D
nano-HPLC 20 % 4 i f% , AB 2t @] 4700 %
MALDI-TOF-TOF Jit i {% , LCsolution software,
GPS Explorer™ V3.5 software, 4000 Series Explorer™
software.

1.1.3  ZiJfokk. KS62( MG IERLAN 1 i jps 4i HE k)
T4 ATCC A H].

1.2 7%

1.2.1 MS/MS % 5E Poly Ub K48 #1392 % AL & i fir
R, ¥ Poly Ub K48 il 5 mmol/L NHHCO, At i
8.4x10~2 mmol/L )ik, X 336 pmol/L 4% Btk

Wil 5 8 R SR EE Sl 10 50 (R L oA B 2 1
Wi, 37°C WAL, HXEEMR S 11 Poly Ub K48 ikt
4 840 fmol/L 5 CHCA #2 1 : 1 I LLBIVEA) 5 T
AB 4700 ¥R b, FLAHAREM S 4700 kA
BT %08, BRIEAES R ZELE 0.1 u, SERHTIRR
7 R4 K (peptide mass fingerpring, PMF) 7347, H4
JTUE I 45 2 B (MK BE 5 http:/prospector.ucsf.edu
W3t F56F Ub BEAT HL B PR IR BEEAT XS, R
f175r K48 KBS 1346742 7 5% T 1 460.769 4, —
HRIFAZE 114 u, KIEIEFE 1 460.769 4 15 K BEE
THHAT BB S . [ AE GPS B PR 48 R
5| %% Mascot ] modification LA ¥ I T GG-K
(Residues: K 242.09497) 121, ¥4 GPS # &= 2 fit
(1) Peptide view F¥I15 SO0 5 ¢ 0T i B 20 AT 5004 2 1
R Z AN T Af .

1.2.2 IP 7y alifh c-ABL HK [1. &% 7% K562
0, AR 4 h BN 5 pmol/L 2K 11 g A1 51
7 MG132 43, IEEZ) 5x107 4 /i, PBS ¥k 3 X
Jii» B0\ RIPA Z4f# 7% (50 mmol/L Tris-HCI pH7.4,
150 mmol/L NaCl, 1% NP-40, 0.25% flii % H B2 4h ,
0.1% SDS) ¥s I &5 H B 40 1l # cocktail DL K
10 mmol/L NEM, 4l 7 7 ¥ )5, 4 4T,
12 000 g #50» 15 min, Y4E E3E, A Protein G
sepharose THALEE 4 h, 12 000 g &0 2 min, YdE I
i, MO c-ABL HLygBEdifk, 4°C ki),
WH, H 0.5% NP-40 % i # (50 mmol/L Tris-CI
pH7.4, 150 mmol/L NaCl, 0.5% NP-40)7t; Sepharose
3K, 5000 g 0> 2 min, FF L3, fJE—IkvEsE
i, N 2x EREZE PP (1 mol/L Tris-HCI pH7.4,
4% SDS, 100 mmol/L DTT)100°C &5 15 min 445
B A RYEN T K, 12 000 g 250 2 min 14E
i, K LG 2R YM-50 S0 T, 10000 g
B0 10 min, LBRGBREERE. BHEANYTAVEA.
1.2.3 c-ABL S IMEEAE. 1P 15 2|8 A 45>
2 100 mmol/L DTT £ J& 30 min, 400 mmol/L IAA
PEFALREE AL HE 30 min, R (TORE S 4 TR - S0
VRUTTERR ER(150 pl H 5T 600 pl HIEE @ 150 pl
Al 450 Wl = #UK), 12 000g Z.0r 5 min, WEEL
FAN e, T 600 Wl HEEVE 2 kG, EET
30 wl 5 mmol/L NH,HCO;, #% 1.2.1 #2211 L A5l
N g, 37°C A,

1.24 2D nano-HPLC /5. WHEZ k. Wi G2
Ik 28 022 um JE B Millipore) it 3€ 5 #F 17
2D nano-HPLC %3 & . HPLC Wb A st fl: 25—
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PR 70% P45 28 2% 22 0 B, AR5 FH 2% 2%
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RP 73 B9 )5, FH4rE SCX 15% M5y, Wik &
SCX [ 4 ANy . MRIE UV K I 2% 45000 21) 1) veg
H 3)) 51 A (Accuspot) B HY U (19 41 43 11 3 b £ 3]
AB 4700 #EAR L.

1.2.5 MS/MS %58 c-ABL iz ZAB it . %
CHCA & i 55 7EAF i b, B4 TFE 8 5 H 4700
Tl A AT %5, ) GPS i@ FE il 7 vk E
LC-MALDI #2X ] MS K MS/MS () 5 v 3¢ 1, A
FIE &7 SO B E , Bkl & MS B T
1000 X, 4 KAER R A RE 34 0.5 ns, &1
g R 1 kV, SRR L 800~ 4 000,
PR N 2 000, K 4700 & I TR ARELE AT
FRAZIE; MS/MS ¥ E 4Tk 4 000 ¥k, TIS & Tk
1158 60, A4l PMF [F15 5., HZIEEL S/N(ME M
EE) KT 70 B BAE R BEES - 2EAT MS/MS H 1

i, AR5 H R Swissprot(2007 £F 4 J1 T #) %
W, AR BRRR T IR 2R b IR LT Db 2
[ (carbamidomethyl-Cys) FiR 24 & 8 A AT N i 1)
B E IR & TR (Pyro-glu) L4t , BiEFH
wnik 22 GG-K #EATH# %, 4l Mascot 1 % 1|
BAI R 1) Peptide view IME L, 0] P KI3E4T %5
I F SR 2 AT BN L Af .

2 & R

2.1 MS/MS %7 Poly Ub K48 HIiZ R LIEIHALE
2,11 JRUulk S ow A R ARV S A AE R AR AR
GG-K 5. Ub i FINE IR AWK 1a, JLrp
A 7 MR () B B AR R RIZebRid, C il
RPN LR A H 2R (GG), H BRARRHA R
K 1b A2 R ZHEA 2R ZFHMNNEAS
TR £ 1 o R i S, TR 1 g T AR S
il 6 2, P ROR 2R (R) LA 32 s i 44 Ik 7)1
W 1 fios, Ub 201 Cuis 76 £ G 5 Ub 4
T ER(K) Bk # Ub 4> 7 558 (A M2 R (K)
T AL B R AR A (R 45, AR R g AE
T, SRR EELE R PT{EMALER VI, XA R
2 FEAE I LR BE LS £ H GG-K(K 1b
GG F RN T RIZebmic) 145 5 k02, 4 by )
MEAREZ ZHBWHERWIRHNGS, &
MS/MS F3 87 AT LU 52 K A2 32 2 A B A 1H K IR
ARSI CUAE A, LA Poly Ub27 K48 1£
RS, AT S B T A AR
Jiik.
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(b) oiae@

o8,
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Fig. 1 Amino acid sequence of Ub molecular and model of trypsin digestion of poly Ub chain linked on targeted protein

(a) Amino acid sequence of Ub molecule, the lysine of Ub molecule was marked by black and underline, and the C terminal glycin was marked by black

and italic. (b) Model of trypsin digestion of poly Ub chain linked on targeted protein, the signal peptide of ubiquitination was marked by black and

underline.

2.1.2 PMF L% 1460.769 4 BEE 1. % 1 4 Ub
o7 T4 R T AR 2 KB AL B K48 IR EL,
XM R B B K # A & B GG (114 u, M(G)=

57.05 W WL 4. & 2a &y 4700 % MALDI-TOF Ji
AT Poly Ub K48 #EAT % 52 15 2 1) PMF % /4,
JiR AR R A 1) e B AR TR AT AE m/z=800~
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2000 2 [i], XZHT Ub 141 i 1A 8.5 ku
P2k, &2 FRig s, Ui RE S e, g
555, fEheths, nTLUEHbE 21 1 460.769 4
EANKRBE, M 1 346.742 7 I E A GG 114y
TR (1A RN IRBL, UL K A2 FZ BT

K 75 1460.769 4 XABEE 1 L. Kl 2b 4 PMF
£ Mascot Hils TR R4 R, AN 80K T
30 732 AIE I, MRS Ub 73 743558 57 41,
i % 2 (R 45 AT 5E, HD 1.460.769 4 BEES 12k
HT Ub 71

Table 1 Trypsin digestion of Ub molecular based on prediction

m/z Start End Missed cleavages Sequence
1346.7427 43 54 1 (R)LIFAGKQLEDGR(T)
1 668.906 8 34 48 1 (K)EGIPPDQQRLIFAGK(Q)
2153.1713 30 48 2 (K)IQDKEGIPPDQQRLIFAGK(Q)
2367.2415 34 54 2 (K)EGIPPDQQRLIFAGKQLEDGR(T)
2409.2773 43 63 2 (R)LIFAGKQLEDGRTLSDYNIQK(E)

Only the peptides containing K48 were shown in this table.

(2)

100l 10395105
80+
S
%‘ 60r- 1460.769 4
g a0} “
200 1061488 9 1440737 5
1103516 6 '
o b Al 1314.751 6] 1729.957 5
mlz
(b) st
.‘I:
G
]
2
£
=3
’ ]
1
0 25 50

Probability based Mowse score

Fig. 2 PMF and database query result of Poly Ub K48
(a) PMF of poly Ub K48. The peak of 1 460.769 4 was observed and marked. (b) Database query result. lon score is —10 lg P, where

P is the probability showing the observed match is a random event. Protein scores greater than 30 indicate identity or extensive

homology (P < 0.05), here the ion score of poly Ub K48 is 57.

2.1.3 MS/MS % & _F Kl 2 Poly Ub K48 & 2EiZ
FAEMG. 752 T ERERE I R T T A R R A
IR R A R, W35 SRR N s A FRA b
BT, SR CURMEARA y BT, R b BT
RYNEy 7T RIREEE R, TRORTS A N i
B C wi B M C Ui B N i (1) 2 FE R 7 4115 B, X
e MS/MS BEME R 24 3 IR E AT I 5 1) J H e,
Fix— 5, EEE K48-GG KBS 1 460.769 4

Y A BEES F-3E T MS/MS K Mascot ¥l F R, 15
T y BT BTN RIINE T, B&2 7L
G yl~y12 1 11 A& K b DUE 3 8 A
(v1,y2, y3, y4, y5, y6, ¥9, y10) (CEAAKRIC), 1M y7 Al
y8 it — KT (11 1(942.42 F1 999.44)th Tl LA
e s EES], UTEREE ER T S TR RRY
A, PAET KM E-ANEIERRNE TR, Kk
MS/MS 5 & st sy, 7T DA AR SO P A 2 R



2008; 35 (7) EELZE: A IP-2D nano-HPLC-MALDI-TOF-TOF £ E &R Rz R K 1&1F *843«

HiBh N Tf#E. 1 3a S MS/MS 1% B HEAT GPS £t 225), AU AR IR(M(K)=128.17) /5> ¥ i i =
PPEZ 015 B, M1 Mascot ) modification X GG(114)# % —AN/K 4T (M(H,0)=18)F I b —4
ORI GG-K MEBME R, KA ERS T FriaFE, B LI E yo XN K R4
AIAE GG-K. [ 3b A MS/MS 1% K AT Tz R, RS B R 7 8 S Ub
Peptide view & 15 BT HIE E A S R HE) /- FIEIER P 0, Htal LU A2 Ub 43 11
N LA, BRai L, yll-yl0(1 347.66-1234.58= K48 K4 T2 #4bM&4M, 1M 34148 1) Poly Ub &kt
113), MRABAIERI/> Tia, UM E 2l K48 Bkt Bz £8. 20k, RAIFH
H A IR, IR FERE AT S BIX MK, B2 Rz = ey T 5w 5 A iz RGBT
R B e A AE . T y7-y6 (942.42-71735= 45K,

Table 2 GPS search and peptide view of Poly Ub K48

Immon a a’ a’ b b* b° Seq y y' y° #
1 86.1 86.1 114.09 L 12
2 86.1 199.18 227.18 I 1347.66 1330.63 1329.65 11
3 120.08 346.25 374.24 F 123458 121755 1216.56 10
4 44.05 417.29 445.28 A 1087.51 107048 1069.5 9
5 30.03 474.31 502.3 G 1016.47 999.44 998.46 8
6 215.11 716.4 699.38 744.4 727.37 K 959.45 942.42 941.44 7
7 101.07 844.46 827.44 872.46 855.43 Q 717.35 700.33 699.34 6
8 86.1 957.55 940.52 985.54 968.51 L 589.29 572.27 571.28 5
9 102.06 1086.59 1069.56 1068.58 1114.58 1097.56 1096.57 E 476.21 459.18 458.2 4
10 88.04 1201.62 118459 1183.6 1229.61 121258 1211.6 D 347.17 330.14 329.16 3
11 30.03 1258.64 1241.61 1240.63 1286.63 1269.6 1268.62 G 232.14 215.11 2
12 129.11 R 175.12 158.09 1
@ P62988 Mass: 8560 Total score: 57 Peptides matched: 2
Ubiquitin-Homo sapiens(Human)
Observed Mr(expt)  Mr(calc) Delta Miss Score Rank Peptide
1460.84 1 459.83 145974 010 1 57 1 LIFAGKQLEDGR+GG-K
GG
(b) 1347 1234 1087 999 942/ 717 589 476 347 232 175 yions
43 48 54
114 227 374 445 502 744 872 985 1114 1229 1286 b ions
100} ; GG
RiGl DI EILIQ k Gl A F i1 L
80[° !
S |
& 60 o 0 yhl
z Y : 13417.66
5 gl 2314 108751
= il ¥ R of! >742
0L 17317 34160154000 W 735 o P RO 4
994.44
0 La .l N L[ [ oY) Lo Ly " bl L Reead b b "

Fig. 3 Mascot search results and MS/MS analysis of Poly Ub K48 linked GG
(a) Mascot search results. Variable modification of GG-K was observed from the parent ion 1 460.84. (b) MS/MS analysis

resluts. The signal peptide of ubiquitination was marked.
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2.2 IP-2D-nano-HPLC K% B c-ABL &H

M. H SHIMADZU 2 w] ] 2D nano-HPLC ¥ AH
IR T Z I B &, s st
BT 53 Au35], Oy BRI I ik, fRib AR
fiti b, A c-ABL Hog pEdUARIE I 1P BoR 5 B4l
AL -ABL s ATEN MR EY), &R IEE S
FAPEAL 441 2D nano-HPLC 43 55, 1531 [ {0 14
WE 4, 4155 10 0%k 818 BEVEII 5 455 — 4k

RA(CIQ)FE/ B2 5y, 414 1 4y BRI A &
RZ, 1M HREERARIRE, KA & 7 om A 59
IR, 4143 24 3+ 4 209008 15%. 40%A11 100%
(1) 30 B 7R VLIS 28 RO AE 20 B 1 41 5) s AT WLIX
3AERBRE DR BRI 22, WO BRI UE, v
e, v ZIREERE, Bt —
AN B3 E] ABT14700 50K L, T X
(1) J0 T

%
(2) (®) e
Too 35
> ] > 257
E 0E
2 450 2151
2 2
£ 30 2s
. 410 st
0 10 20 30 40 50 60 70 0
t/min t/min
(©) o @
17.5 ’
190 35
12.5 | 5 25
E 70 Z
2 15 450 215
Z 2
2 25 P02 st
10
-2.5 A . . . \ _5
0 10 20 30 40 50 60 70

t/min

t/min

Fig. 4 2D-nano-HPLC separation of c-ABL IP complex
(a) Fraction 1:c-abl IP and 2D HPLC separation(0% gradient for SCX and gradient elution for RP). (b) Fraction 2:c-abl IP and 2D HPLC separation
(15% gradient for SCX and gradient elution for RP). (c) Fraction 3:c-abl IP and 2D HPLC separation (40% gradient for SCX and gradient elution for
RP). (d) Fraction 4:c-ab1 IP and 2D HPLC separation (100% gradient for SCX and gradient elution for RP).

2.3 MS/MS £7E c-ABL LHZ ZWIEIHALS
WM €3 23 85 B 1) 21 7 22 4700 %Y MALDI-
TOF-TOF #EAT il % 5E , RH] GPS I 420l i) 77
%, JebAT PMF Rl AR5 1 ROBOE IS ERT &
AT BIIRBE B i A B 1 BEAT 5 T RTOE S E
o SR GPS Hudli [, I Ak H GG-K.
Wik 5a, 784 1P 4lifl,, HPLC 4 & (1415 4k 2
T ¢-ABL (Proto-oncogene tyrosine-protein Kkinase
ABL1), HARFPHIE i REARM e, (H2 S 113
BT N 1B 12 KB 551 (K bR A4
TRIZR ), Bkss R AER, JF HAEEE
12 L RILT GG-K(& 5a BRI N RIZ) 4. h

THE— D R A FABE K A E, RS
GPS # &5 B M 4700 Ji il 4L ML c-ABL [¥] PMF
A MS/MS %K, & 5b, 7 PMF 3% & EFATm]
DL 7 s A0 22 ) 1 537.671 1 XA, | T i
PR R ZE BN 0.1 u, R AN /2 1] 5a i 2R
IR R bRic R 1537.77 B8 T GG-K kBt
JITRE I 06, SR A RE LA 1 537.671 1 4k BE &1
(1) MS/MS i1, Wl 5c, y &1 R y4, y5,
y8 M b BT R H R (1) b7 £ B ] DL 206 N 1)
e, i GPS AL Z LR ¥IAE B AT Bl 1
H i RN TS, mTLAE kA et
o8 K12.
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(@)  (MATRIX
{SCIENCE
Match to: P00519; Score: 4

}Mascot Search Results

Proto-oncogene tyrosine-protein kinase ABL1-Homo sapiens (Human)

Nominal mass: 122 796; Calculated PI value: 8.84

NCBI BLAST search of P00519 against nr

Unformatted sequence string for pasting into other applications
Taxonomy: Homo sapiens

Variable modifications: Carboxymethyl (C), Oxidation (M), GG-K
Cleavage by trypsin: cuts C-term side of KR unless next residue if P

Sequence coverage: 1%
Matched peptides shown in black and italic

1 MLEICLKLVG ~ CKSKKGLSSS ~ SSCYLEEALQ  RPVASDFEPQ  GLSEAARWNS
51 KENLLAGPSE ~ NDPNLFVALY  DFVASGDNTL  SITKGEKLRV ~ LGYNHNGEWC
101 EAQTKNGQGW ~ VPSNYITPVN ~ SLEKHSWYHG ~ PVSRNAAEYL ~ LSSGINGSFL

Sort Peptide Byl (®Residue Number () Increasing Mass () Decreasing Mass

Start - END Observed Mr(expt)  Mr(Calc) Delta Miss Sequence
1~12 153777 153676 153673 0.03 1 MLEICLKLVGCK GG-K(Ions scora 4)
Carboxymethyl (C): Oxidation (M)
© GG
. 1374 128011311018 874 761 633 520 402 345 242/ vy ions
o i WA/ A /LS ) S 9o
149 262 391 504 607 702 831 906 106111181221 1443 b ions
100k 1537.671 1 B ,
100 %G o
CiGiViLiKiLI ClItEILIM
2 801 © 80F Vi i
2 60} 2 6ol Do
2 905.358 9 1 559.668 9 2 24y27 y 7 yp i yi2
2 4088 g 4of : %6 A )
= = Y 3 w i
20 24221 Vi ' y1o
; o i A
m/z m/z

Fig. 5 Identification of ubiquitination modification site on c-ABL
(a) Mascot search results. GG-K on 1 537.671 1 was observed. (b) PMF of c-ABL. The peak 1 537.671 1 was selected as the parent ion for MS/MS.
(c) MS/MS analysis results. The signal peptide from K12 was observed and marked.

AN

3 it 1t

WA AL AR 2 1 T AL 2R K 1
SER, B SEREAT IO 2 ANV B AL S, PR D)
RE A 2 2 AR ™, JEH H i 8 11 i %
JEAE R I TR 52 TR B, Sl K g
IRBIWEIT H AR Fab A7 s I iy e, (R
T LT BAT IR 58 4R ST TR B K iR PR 2R BE
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Identification of Protein Ubiquitination by IP-2D
nano-HPLC-MALDI-TOF-TOF*

MAQO Jian-Hua"*?, ZHANG Qun-Ye?, HUANG Qiu-Hua?, CHEN Zhu?, CHEN Quan", CHEN Sai-Juan"?"
("Institute of Zoology, The Chinese Academy of Sciences, Beijing 100101, China;
State Key Laboratory of Medical Genomics and Shanghai Institute of Hematology, Ruijin Hospital,
Shanghai Jiao Tong University, School of Medicine, Shanghai 200025, China;
96 raduate School of The Chinese Academy of Sciences, Beijing 100049, China)

Abstract Mass spectrometry has been extensively used in the identification of protein and its posttranslational
modification (PTM). Mass spectrometry coupled with nano high performance liquid chromatography (HPLC)
could improve its resolution and efficiency. Ubiquitination, one kind of the important protein posttranslational
modifications (PTM), plays a pivotal role in dynamic balance and functional regulation of protein. A new strategy
taking the advantage of immunoprecipitation, 2D nano HPLC and matrix-assisted laser desorption/ionization-time
of flight mass spectrometry was established to identify the ubiquitination of endogenous protein in mammalian
cells. By using this strategy, the ubiquitinated sites of c-ABL in K562 leukemia cells was successfully identified.
Thus, it may provide a valuable tool to characterizing the ubiquitination of endogenous proteins under physiologic
and pathologic conditions.
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