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Recent advance in high accuracy iITRAQ for quantitative
proteomics

Shouzhi Ma®, Yulin Sun*, Xiaohang Zhao', and Ping Xu??

1 State Key Laboratory of Molecular Oncology, Cancer Hospital & Institute, Peking Union Medical College & Chinese Academy of
Medical Sciences, Beijing 100021, China

2 Institute of Radiation Medicine, Academy of Military Medical Sciences, Beijing 100850, China

3 Beijing Proteome Research Center, Beijing 102206, China

Abstract: Nowadays, proteomics focuses on quantitative analysis rather than qualitative. In the field of quantitative
proteomics, Isobaric tags for relative and absolute quantitation iTRAQ) is one of the most widely used techniques. The advantage
of iTRAQ is high throughput, high stability and free of the restriction of sample property. iTRAQ is suitable for almost all kinds
of samples, and up to 8 samples can be analyzed simultaneously by commercially available kit. Along with the development of
techniques, more and more mass spectrometry (MS) platforms are used in iTRAQ experiments and the accuracy of iTRAQ has
been improved. iTRAQ has been applied to studies of microorganism, animal, plant, medical and protein post-translational

modification. Here we review the recent progress in the development of iTRAQ and its applications in quantitative proteomics.

Keywords: quantitative proteomics, isobaric tags for relative and absolute quantitation, accuracy
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e SERAEY AR B EAARRN, & PR G o B, AR R 4 AR R
MR 2RISR BT T2 E T N E AR E FaE RN ZEAr%s (Isobaric tag) . FAFR%E
A R A, E AR E A A B £ 35 BRI W FE L (Reactive group) . - fiif 5t [
B s ASTE B M E 240, AE A TRAH AN (Balance group)Fll4 # %:[4 (Reporter group) 4
R T T IRPR A . %G8 A WA R TR 3 #85r (K 1A). R 3 A AT 5 Z K N sl
SR BT AR TR, S SRR A ) AR M EEN e 2L T . WA SR 5
S B BT A EOR B2 AT DAHE S 2 TR 114, 115, 116, 117 iB/K1H (Da),
HAEM R R TE, B—IRKE KRB AR EHH S AT EE AT 50 31,3029, 28 Da. B4~ iTRAQ
YRR A A A AL . Hh, iTRAQ & T2k 7R ) i A A R A 1A o 0 RRE 4
VT AR KB B — R R B R . H e B AAS[A] iTRAQ i bR iC 1) 2 BRTE— BT i vh
LIk, iTRAQ ARG H| 7 RKrekdE, 7EA [F 45 Or WA 225, XA BEAURT DL i 5T
WA TN 5%, AR RS R 2k T8

. . s, X 3 MR Z A AR, P
L ITRAQ HARE SV F o SRR 5 54 D 7 B
iTRAQ 23 N M RS (Applied B RN B, PR AT AR 4 3 A DX R
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Fig. 1 Molecular structure of iTRAQ reagents. (A) 4-plex iTRAQ reagents. (B) 8-plex iTRAQ reagents. (C) TMT
reagents. (D) Low mass mTRAQ reagents. (E) Medium mass mTRAQ reagents. (F) High mass mTRAQ reagents.
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2 iTRAQ AKX EHH

ITRAQ HA P HAMRR Y E AR H, RIS
S H) T E PR Rz OGTE, RN
73 LA W G AL . iTRAQ HARMHE T 3
AT KR R, R s AR . SR
JE R B BN LA K iTRAQ A 2t HER P
EUE.
21 iTRAQEEHIRS

Pierce %5 hil i Xt 43 FAE MR G, T
] AR AR IC 8 AR Y iTRAQ i3], ALRZE
A ATF(E 1B). 5 iTRAQ JFHEE Y151
A5 Thermo 23w i R X T 1% 45 12 (Tandem mass
tags, TMT)i 7!, TMT 35 7] LA [ i FRic 6 4
FEd (B 1C) o ARIFRIC RGN 1148 5E 1 50
A, Pichler %o K BAEMFAMET , 4 &
ITRAQ XA EMEHRZ, HIUE TMT ik
A, 8 # iTRAQ ¥ EMHEHRD . X T
JEHAATF R iTRAQ 57> TR AfH, 8 H
iITRAQ MBI ikE: By a8 m, AW
TR e, ECE IR R, 40 Mascot
Sequest SFH R G A UL ECZE AR 22, ki
P (AR, DR T A Jo 42 3 i ) B 75 ) ol Dt
D TEAE R AR BH PR 25T, 8 H iTRAQ IR
4 B R CR R D

55 48 10 240 i 15 57 A5 [R) 32 5 bR ic (Stable
isotope labeling of amino acids in culture, SILAC)
FORFEL, iTRAQ HEA R AR IRF 734 B il
2 o feil 9 [ R R R 1) Coon BF9E /N &
J& H — Fp B F p F 4 59 (Neutron  encoding ,
NeuCode) Z HBE A EHFEAR, BEHIET
H B E )0 3R I T 4l - L S 5 R 1 A 5
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255, AR X R A G B 22 S SR BN [
PREEFRICHIIX 3 FlE 5 A . % NeuCode $54(
51 A SILAC #i A, B % & k1 NeuCode SILAC™,
IR A, X — ORI B AT LLGAH] 39 H
FRic. E45E T iTRAQ $ A il £ il SILAC 4%
AR BE W T E G 8, ATRE R AR iTRAQ
RE I —A
22 iTRAQHMMTFEEMAR

L] ITRAQ i AAE i (i FH A TR [) BT %
(Time of flight, TOF) #EA7HZM . 1 E BT Bif ot
1 (Ton trap, IT)H N M, X &R LGN E
- B BT {6 FH Al 4 5 5% 25 (Collsion induced
dissociation, CID) #AR , B T PU 43 Z — &0 I £F
e, TRV PR R 0 A7 L S M w8, G A
ISR He IX 38 iTRAQ 45 B T Griffin 21
SIANT Bk Q ASZef# (Pulsed Q dissociation,
PQD) $:AK, ffi IT it nl i F iTRAQ 45 &+
RS DN . B R BB TR AR % 25 (Higher-energy
collisional dissociation, HCD) 4% R3] AP
J&TIT Bk i ya e, JF H8gm 1 Big ot
K

2.3 iTRAQ EEHEMMEMME

iTRAQ AR KR 7 — A IR Wi 5
EPE R ERE . EHE RN  BREAE
()45 B 525 5 52 B R T B 1 7 A s 1 T
T, BCE EMEFTEREI . &k 2 RAR
7 Nature Methods | A9 AR F BT A0 50135 5 1%
AT ITRAQ Zr#r, R~ a) g, Horr,
Wenger 2500 — 20 i i) B b s 7 UEAT i 75
% fi# &5 (Electron transfer dissociation, ETD)A4b
B, ETD AbPER:E TERSCR, HIFRA %S
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EBR TR X s . e — s,
Ting 24 2 11 LysC B J5 #1770, =)
Jiis R CID 2RI A AT E T30, T2
PERRAT 5 IRk A A R B IR B
1755 =29 HCD 24, i — o™ A it
B T E R, BRI s SR
it AR R B AT B AN TR] i AR AT T
P FREE A =T, I H AR 210
FE S ER S B E . S AELE L0 - DY
PrUESE T HE T BORE r B, YA e TR
W, AP 117 2 1, WA REE T
THERE, EAHAIEAR 3.7 0 1 WARRA =
PTG, AL EAERTIRE N 10.5 ¢ 1,
UL =R LR KRR T T
X A2 TS, A SR T AR AL
KR .

ST ARG, AR T B
t.. Dayon %!V i off = G0 5 AMI 43 B 4
G, It R TR, R TR
YRR . SRS R B R . XF
I, Wihr ZM% @ T H 4 TMT(Complement
TMT, TMTe) ) J5 i, i 86 5 o TMT 51
T W R B P A T i, XL B A KB
MR T4 TMT K57, FRARA0 TMT 5
SHRERN R, AT LLX A FE S e IR Rt
SEAE R o BXRR I AT LAAE N BN 5T 1 43 B B ]
A O AR E L (RO AR BT 0 R R
oA AIEMR TMTe B F .

24 mTRAQ HARRISIA
A XF A4 X g BN S5 bR 2 (Mass

differential tags for relative and absolute
quantification, mTRAQ)4% R J& 5 iTRAQ JFRHHE

I —F AR . 5 iITRAQ M2 HI7E T mTRAQ
BRI AZEE(E 1D, E. F). mTRAQ
Wit wy ) H 802 T B 2 e
(Multiple reaction monitoring, MRM)Z#1, A 5%
KIL mTRAQ HLid & A kM2 W5 o i
i AEYE R EHOR ST T mTRAQ 434
AR PR T mTRAQ FARTEE R MR
HEErR N o (S 2-F A 0-4,5- -1 -k
AT DK AR I O R B A T A S iR

3 ITRAQ AL H A AW b &

A T A 27 R OR AL G B T 1
FORFIEEF R e mEoR . Ek, BT
T BRSBTS T Y
FeARM 40 3 2. R HE AR (Metabolic
labeling) . fb#FRICH AR (Chemical labeling).
ThRiCERBAR (Label free). 3 Fhyhny £ &
DX IR X R 2 A 2 B A FHAN[F] . LA SILAC 2y
PRI AR 10 B AE 40 B 15 77 B Bo i A m] iz
%o LLUITRAQ HAR MR M bRic BoAR X
R E B M2 KT RS R PR IC . TohRidE &
HARNWAE RO R AR . ARPRICHE AR S A
FARB AL (R 1o

SILAC HARZR AN MITE [R] L R bric 15 57
th A K — Bt Al AN RETE MRS o3 2410 4 At TG v
#EFT SILAC FRic . iTRAQ F& A AT LR Bk B 4T
AR, P HE SR IR A BRI . teAh,
AN[A] iITRAQ #ic B IR BEAE — 2 BT I B — 1
W, HRHFEAYLE. Pitz Z'HE T iTRAQ
F SILAC H0R , 45 5 & W] iTRAQ %7 B 1 1
MESEARREEZL ., 5 SILAC M, iTRAQ
(R R B 1 28 W A S PR T AR, X
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x1 TREBEEAELE

Table 1 Comparasion of different quantification methods

Quantification methods Metabolic labelling Chemical labelling Label free

Sample type In vitro cultured cells Any type Any type

Throughput 2-plex or 3-plex 4-plex or 8-plex 1-plex

Quantification . . . . . . . . .

number Most of identified proteins Most of identified proteins Part of idenetified proteins
u

Variation sources Protein purification

Precision High High
Accuracy High Low
Requirement of instrument No No

Protein purification, digestion

Protein purification, digestion,
separation, MS analysis

Low

Medium

High stability of LC and MS

TR {45 DA 2 11 J5 i 3 T 1k A I B 9 A it A 3R
MR TCE MRS, FTRESI AN THE, Hm T g
WR2E, R B R IREE . &5 iTRAQ
BORMERR B A 2%, SR T X R E A il
SEFIT A MEE .

TCHR 10 A i 1 AR X 5T 3 o kA ™ A
K, REMEZENRIEFAEUSRA SR
SUHYSE S S . ff ] iITRAQ H AR AT LI FAR X 5t
TR SR, T AR T s, Flh, Wang 27
FeAS T iTRAQ HiAR HEbrid E i H AR, iTRAQ
f) A% 5 22 L (Coefficient of variation, CV) {74
1.8%, TJChRicE M CVHIEH T 15.6%, {H
FE AR AR B0R B IR, A2 481 iTRAQ 1
HER PRI T JOhRic e iR . Li YRS
TAEFRIC . 24 FRiC GTRAQ/TMT) I L hRic
PR, GPREY], PR iC AR L )
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SERCHERA R . RSB A A MR Y, st
SRR T AR MR UL, iTRAQ/TMT # AR if
TR ICEA . (HREWMILRE, TR
AR IC B RIS RO R R, IR R S R 4
BRI . BT ARREAR I ESH H
PR, PTAREAS [F] 9 5236 A 28 A ) A
T

4 iTRAQ HA Hy M F

B ARMFEAE , iITRAQ 53] T Mokt
ZHN . iTRAQ FIARM THEEE R, 1E
WA . . Y. AW BEASE YA R
HAT IV AL, iITRAQ i8] LU T4 11 Bl
GBI

4.1 iTRAQ ¥ARHA FMEY##
A AR R A, AR R AL, 2
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B A2 A T . R e i
A iTRAQ HAMBEX Az ", 15,
iTRAQ TERUE I SE i N FASBIR A . Wang
UV 03B T 0 7 S ) AR R AR S A AR B 2 1 1Y 22
S, RBAERE MR E T, S 5IENRA R
MEA ER, M25ERERMERTH, A
WAL HE T G AL B Rivera PO T 45 5%
¥ CodY XI#j4i BRI /1AM . iTRAQ 73
BrRW] CodY R Jm i 45 BR TAT 1Y) 28 11 il A% 1l
FRIETHE, BN T MHE AT Lee &P
TR ER AL T 29 FFLAT R AR S AR AL
RIZEFE AW S N, AR5 Bk
&S, XAEBT AR, b,
Komatsu 224 mTRAQ A JH T A= Mot
RILT PUEE 1 histatin 5 VR [ SRR LR
R AR BE S M %%. Ah, EE ARG
LIRS BT R Y A R, iTRAQ 8
AT TR 8 A 2= A

4.2 iTRAQ AR Faifwrsl
NIREAME LA B TR IC . 7EREX )
YIRS, iTRAQ AT LA RO kAR S bRic A xf
H, ATHLAR ST FREERE B T T H 5L, Cuello 22
Fl iTRAQ HiAR ST T H FER AN B FT 5 9 3E ) fa
FORAARAL, BB 71 A FAMAE R E T, T
SERFHESRE W TGRS . HAAK. 6
AR, PR TR, Sun P ITRAQ HiR
S3BTT R I A B AR /N BRURITE 8 /NBRU ) 22 57 2R
F1, &3 ATP6-VOAI, ATP6VID, DLD, MAO-A
S 4 A EE AT LUARLIX 40500 /)N BRURIIE 5 X B

43 iTRAQ KRR THEM# 4
YRS 2w 2B, pril

JNE AT LS B A ) % BT 45 IR BT, B i i
MBI FE AT BT3B Y™ & . Abdalla 25201504
T TSR AT R K JER I B i, R
BB K (0 25 b BRAE 9, 4R BT A BRI B
AfEAZ, I ITRAQ B AR T o HT, %7
FAMESFEAVWRGESHES . BRiEE. 1
PEARAE . Alvarez ZEPTV%Hr T I 7% R (Abscisic
acid, ABA)Ab BRI IR IT GPA 28748 IREE F Rk
R4k, G5 EIR ABA 155 N 5 W 4 2 4
(IBEZ, T GPAL BEYE ABA 155 M4 v & 454
., WA T ABA {5536 .

44 iTRAQ AR TEMEFMR

N R 21 2B TR A W s e A 1 Ok
I8 NRZH SUREAS B VR A T I AE AR A1 3 24
PR, I ERIEARR, oA, I iTRAQ
S — MBI ARICHOR . TEH LA FEA T
BENTTIZR A

Zeng ZEUSHGIN T . RN . AN ML Y
AFNE R AL E RS, SEF 102 MR
AR E . SR RO GSTP1, HSPBI
Ml CKB = A A TRAE, 25 LR VX 3 4K
F1 1 2H 5 X6 AS TR) 99 A5 X4 1 SR A0 R R S5
it 90%. Mangé 22 B IAITHY B H
M3 b oy m % R a A, 1
iITRAQ HARYEMBEAEHIEN , 2E 5] apoC-11 |
apoC-1II . serotransferrin I haptoglobin %¢ JL/~%E
F1, 3k SB R P n] DATOON B 2 BT IR YT i
LI BAE 1 XU -

Kang %P 5R ] mTRAQ i AR M4k i 9 A
s E L 3 500 NMEM. LA,
mTRAQ 2 AR A FF I3 | 45 2R T bR b
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2R % E RS mTRAQ 5 MRM $5 AR A4S
A, T R AR S A g

45 ITRAQ AR TERER#FRE

R A8 T X A D RE AT A IR R AR
M, iTRAQ &G HEE M EEHA, TTHTH#I%
JE BB ST - Reiter Z%aifl T S AL B A& F T
BERER) Panl B, BRG] ITRAQ 5R AT
bric, HEEmRRILBIZIK, 48KV Panl
(¥ ke R AL A 1 2 3 UMb I 8 4 o Tian 2500
JFH T AR 2 B 7 12 Ak M 08 R AL B 1 2
I H BT 1= 22 AR AR 22 1 Hir 81 R A I
BB B 1 . 45 R K B Cathepsin L,
Periostin Fil MFAP4 4525 [ 72 22 PE I BL 3Rk
The, XL AT LR 2 Wi 22 1 A5 iR
HIPR &Y . Melo-Braga BTV R[] #1926 Ay Jo
EESMBIERBMER, 455 iTRAQ FRiCHI
gz 2 Rl TN T - S S N R e
Wi AR A BB R R S A . BTN
/NG IRAR B e R R S E F 3059 M,
Hep 899 AMEF . 110 ANEERILIEHIA 2. 10
ASBESEAAE G 57 25 RN 20 A 2 BRAL B 7 55 AE 7
YeH e A BB

5 k%

W i e D2 I AU R, )k PR D BE B9
R A B SURBE S RN R
EHRAFEX LR RE TEEEN, &
AR AR Al TS R IR R — B
HEHARBES, ELAMENIME ST M4,
R AL . iTRAQ HARLIHIEZ LA, 18
SE T A AT R AR R T . AL
ZFIEEIEAT A0 I SE TS ML BRI 5, B R
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FH iTRAQ H AR 43 B V8 5 40 B IR FE A5 5 I 2%
It I K BT 1Y 24 W B AR A0 AR T BURE BR AR
Yo X —H AR A B 1A Wr i 20 1 FLRE A 2K
OB A REAS, Il A AR W2 ), Kok
iTRAQ Fi ARG vz Hih 2 YAt
T K S A W) T 0 e
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