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Abstract  Although protein expression is regulated through genetics and epi-genetics, its function is deter-
mined by many factors, of which post-translational modification (PTM) is particularly important. Protein modifica-
tions are precisely regulated through a variety of modifiers and de-modifiers, most of which are yet to be defined.
Most physiological or pathological processes are usually regulated through typical but complex and dynamic PTM
patterns and networks. Reasonably, proteome of PTM is more precise to describe the physiological or pathological
processes of cells at the molecular level to clarify protein functions and easy to find out biomarkers and molecule
targets for disease diagnosis and drug development. Here we reviewed some common types of modifications of pro-
teins and methods in PTM research.
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BRI, nl RIS 20 0 AN Die R A . H T S & e
I PE S A 1 7 2O 1L 400, 3 DA T I R AT PR
oy ZFEM TG OBk, BEEEL. SUMOAKL.
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edgebase 5 BT 222014426 H T e 42 11 LA SE 56 7 v K
TR PR S A A B R SRR A . SR, AT
CERE N S e IR A ], 2/070%ik A
RNFN, BFEAREB MM IE . ARENHE i 5
RN R BN 55 & B M4 ol i FIAS
AR 2, AN AT R anOA 1 R A v FE R AL, 1M
MR L. N-07 AL . N-Z B S )8 Tl i i)
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1 EQFREIFFIERSTZ (http://selene.princeton.edu/PTMCuration/)

Table 1 Frequency of post-translational modification of proteins (http://selene.princeton.edu/PTMCuration/)

IES AR BN Bty

Frequency Modification Frequency Modification

39 818 Phosphorylation 156 ADP-ribosylation
9119 Acetylation 140 Citrullination

5976 N-linked glycosylation 82 Farnesylation

3181 Amidation 81 S-nitrosylation

1774 Methylation 63 Deamidation

1698 Hydroxylation 62 Geranyl- geranylation
1338 O-linked glycosylation 57 Formylation

1136 Ubiquitylation 52 Nitration

921 Pyrrolidone Carboxylic Acid 39 GPI anchoring

595 Sulfation 33 Bromination

503 Sumoylation 29 S-diacylglycerol cysteine
413 Gamma-Carboxyglutamic Acid 21 FAD

348 Palmitoylation 9571 Others

184 Myristoylation 67975 Total characterized
156 C-linked glycosylation 77 546 Total processed
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| CH, Phosphorylation by protein kinase &Hz
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A: O-TIR1L; B: N-R1L; C: BEILBEIRIL; D: S-BERAL .

A: O-phosphorylation; B: N-phosphorylation; C: acetyl-phosphorylation; D: S-phosphorylation.
Bl iR RN SRR EE
Fig.1 Schematic diagram of phosphorylation



1030

BB A T XA [T 1 BORR AL 23 -
o O-FEIEAL . C-Hl A0 VB BE 068 1 196 VLB o i
FEVUROT, S5l JUAE, Sl L 7% g IR AIT 5T K 32 1
I, 2B 0T K SO 1) — 4 (] g5 8 5 RNV, 7E
SIN-BESEAL . O-FEHAL I A IR, 752 oS i
PR AFAE — AV DL 8 07 NS A 2B, 5y
b, Sk H IR K R G R B S AT B R 5T
N GUE RS T N ] BEAFAE BT ) 2 1 iO- &
Tt > FL B I (GalNAc) Bl Fe AL R AL, Pk T 2Rk
P LT HERMO-GaINACKE AL I e R A E
IRFEAR A IE — A G N-Bl AL A f ok o LI
BERAL A, 2B L 28 B A B AsnRE 1Y
Tt 2, O 2 T i, BB A N- £ 96 4 25 B i (GleNAce),
R A 12 IR A5 Asn-X-Ser/Thri{ Asn-X-
Cys bo M 0l A S, N-FE AT DLgt—20
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(A) (B) ©

\ \ \
Man Man Man

\ \ \ \ I \
GIcNAcGIcNAcGIcNAc GIeNAcMan  Man Man Man Man

N\ NN S NN\

Man Man Man Man Man Man
Man Man Man
Glc‘NAc GlcT‘\IAc Glc&Ac

—Glc‘NAc Glcl‘\IAc GchIAc

\ \ \
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E2 =#AREN-#EEL IR LB SRR E
(IRYES 5 Ak [12]204R)
Fig.2 Schematic diagram of three different N-glycosylation
type (modified from reference [12])
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7, SR R R AN [R) D BRIR A, TR 2 40 L Y
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Fig.3 Schematic diagram of protein ubiquitination process
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Fig.4 Schematic diagram of protein SUMOylation process
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LW AAE M ] DL A A 1 R AL A& T 1) Ser {7 A3 I,
M 58 S B IR A T R T P15 40 s 5 % 5l
Mo HERAREIE BB IR AT n] BE & —Fh R 9 Ak
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Rl OS5 1T e AHE, &2 HOR S (R RHIE N D1 i
T AT B AL AT ST RNAS [ P ol (1) A R 20 B A 5
R, AEAEBRDL T, FAAEAE K AR A% 0 £ 1 B
LA B . E RN BE LAy B2 B E B B
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ARUNBERE ) V2 1A 22 S Hh ] 3 S WE4h, FECERE 41
J A KR () A8 A, ) A I £ A DR Al
i m] DA sk BT/ R 41 i R A A R SR e
3 T BT [r) A N A AR A P2
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. Go
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Fig.5 Schematic diagram of acetylation
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Fig.6 Schematic Diagram of Methylation
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FI B AL, fE R Btautt FISUMOAL, 2 /stauth
SUMOML T g 5 R A7 % . iAW FEEK W], AD
S B A 23 taudl B A I BB REAG IR A, 3L
e BT A W] fe 2 i AL, iR, &5
2P, KT AN SRR R 4

AT AR B, H TS B IV A K AK(S-nitrosyl
ation, SNO) 5 AD W, A 45 % V) i) 5% & W 5T K I,
K B &8 [ A & & [1(dynamin-related protein 1,
Drp1)®*3, 3% i§ &5 [1E(apolipoproteinE, ApoE)“*",
g1 M JE B 4K 8 B 1 3 (cyclin-dependent kinase,
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Cdk)*\ 1075 Ze 10 44 it 2% 1) B8 12 Il L 5 g # 13 [F)
Y5 K (phosphatase and tensin homolog deleted on chro-
mosometen, PTEN)*,  # {K 50 & [190(heat shock
protein90, Hsp90)“* 155 22 B 8 [ i & A5 WAl 2 AL
ADIIREIHLHAAAE S 2 ) Z IR

HEEE L MR 2 I LK 2 816 &
F e DU AR W41 B ((H2A. H2B. H3FIH4)[T)
e B v BoAT 2 AMEMAL R, B3E 2/ 2 St
o WAL/ WAL 2 B/ B, R
I, K SUMO. 04, ol ik A (4 H
Je IR A, il 4l 8 A WAL 2 3 BRI BT
BR, 25 WAL WA B LMl — U e s, 24
WA A B o X BB 5 20 B AR T I R I AN 2
FHE ST, AR 22 I e A Tk o [ el ok AL )
KA, T2 WAL 5, Sk MEAEBWE S
YI(NuRcs, #1Swi/Snf. RSC. NURF)AH H 4k 1], &
B G (0 5 AT UEdE R W], XL AR S &1
T 2H A R H X e A Y S B A AN T
LA T S R SR A RN B S R o 5341,
B R A 2B 52 4 A2 RS 1 520, I DNA SR i) 5
s W RAEHE A M ET RS OB, Bos
SEDRI )Rk

AL, B A B R BT SO
DA i) WY AR B BEAL A, A8 4L i 75 ik, w AR R
o BIUIRAS T 1 8 E BB R 8 A& M 48 REAT WIS, A7
A REFR I 1) R 2 5

4 ERREEFRESERIMRAZE

TR TR S A ) T, B R
BEHERL LU B (mass spectrum, MS) A AR K [
HOEHR . EE T EAER R DL A P1E B
FHROREE, TR E A SR B, e
PR A EAER LR IR
41 ERRMISERA

K] FL K B AR (two dimensional gel electro-
phoresis, 2D-PAGE) & i H I 25 [ 5 70 S HioR, H
O’Farrell 197548 @ 57, H] T~ 70 85 41 g sl 41 21 iR
TR P ) 2 R e 41 2R sl i i 1 B 1 e
Yt 2 I, J3 s E A AE R R LS AR B A
Y1) R IE 2 5. 2D-PAGE4E 5 MSH #7 0] LL 5 B
LN M A S i e LK =i & 7| Bl A S R R R i
Jo B R R A BEIR AL WSS ) R I A

oo ARMZECAR WAFAEAR 2 AL, U0 4 1% 5L
3 R = DTNV N = D N S R Y g =
0T LA R A 3 J o 1 5 AME LAAT 28003 &, TS i o
FED I B 0, HE LA i B s I A B AL AT

R[] 29¢ 36 22 S LUK (two dimensional fluore-
scence difference gel electrophoresis, 2D-DIGE) 4 [F]
I 3 25 Z2 A AN [ 2O AR L BIRE i, I LA 6HR i
FORE SIS0 bR, SRR B A I AR 22 5
HOBEAT GE v 25 0 M ) o 1 2 S A AR M B
ARo X—HARRALUTOL A QORGH, w] LUk 2
<10%IRF: i (8] 22 5%, IR E>95%; ()FnifELL, PAx
e KR M Bl 22, 45 HEORS B R SI2 56 4518 (B)
HI M, BRAE A e AT Ak ARk
Bl (4R, ZAFERAER PR LR 73 25, 9%
DSEIGIN R); (5)iAE, S5 TAE, AT LA s 3k
FURZH AR e,

1R RGBT (4,1 (high performance liquid chromat-
ography, HPLC), & J-F i 73 7R [ @ AH AT B AH 2
T4 A0 R AT EL A P T SEEBLRE it 70 1, JE A0 1 Ak B
FEdh, P ERE W 5O (LC/MS). 78
Lot Bk, X IKARLE, BATHRE ., 7
eI s,
42 EEHRBIEEEA

A T B R H 1 I E ) SRR, dl
D5 B b 0 JB Ay LU (/2) BEAT 180 3 1 40 JB ik 53 i 25
K HRPRTRA o3 b7, e T WL B TV AN, AT 20k B ol
Bh ¥ AW 2 — AT B 8] 5% (matrix assisted-laser
desorption ionization-time of flight mass spectrome-
try, MALDI-TOF-MS)-5j H 15§ 25— 53 Ijf JiT 1% (ESI-MS/
MS)E33, EST-MSAE 73 Hr ) A VAR Hh HL 1, 3
5B 35 T B CAnyBOH €0, 335 M6 40 47 P vk ) R 23
WT R AFE . MIMALDLZE 7ROt R+, 4l
P il AN B A T 43 8 T B Ak, BT AT R AR
IR A 4. WOTEEFH(LC/MS) B T G (MS/MS)
AR, AR SRAS 3 BT 1], SRR IS A
JE SR B AR B s 5 B

EThcD(electron-transfer and higher-energy colli-
sion dissociation) 20124 Christian&5 4 H 1) 7F 5
W TV T A T ) — Mol B A T %6 . I A
HL 5~ 7% i S (BTD) I EE vy 1Y) BE 22 lf 42 i 725 (HCD)
A R 7 8 1 R A, IR IR 2R A
TEHTHB WA DR E, T ST, SR &
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S PR A 25 1, R AT LA A B PR A o A R
Ably-Fle/z- B v 85 1o MR T — M g 7 v,
ETheDJy ZE48 M6 T 5 4= & IMS/MSHE &1, KK T
Tk H0 78w, W] ABEAT B U 60 IR FIPTMUE
frB4,

R [ 5k K] 41 2% (proteo-genomics) A — Ff 4% BT
(K123 BT J7 V5, f 5 I K 27 Jaffe 500 T-20044F 2
h, s A e S BRI N AE X, FRris H
A RHBEARERRE R A, DLyt AT HBIDNA K&
RNAJPAIE R IE A AL . BRItz 4h, A
JoUHE BRI 2H 27 B GE ] DLIEAT o 1 el 0 s A i )
G, X BT HR IS R 4 K R, SEIL
TN HE BT I e 7 i, AR R ER O BT Ak
AT HE PR 20 B 1T 8, Gupta S PO L s Dl 22 il H
T'S. oneidensis MR-11¢] 45 [ JFUEH 16 o 16 1 4 B0,
ALFEN B T B M A5 T IR DD E L ANK
iy PP 20 IR 14 D) 1) 45, 3 T4 A 1 I 45 o 11 o
BRI IR AL E . AR .
43 EERRMEEERSHREAR

HAT, O TR R G et
UUUE(Co-IP).  H IR SR M ALAK(TAP)Y B AR L R 1HI 45 125
F IR F R (surface plasmon resonance, SPR). %¢)6
M J< Be 8 # B (FRET). GST-Pull-down=Z 46 DL f
BT 85 2 B 50T, IR TS A T, A
TR BAE FH BOBRIE SR B 1 A7 ) r A ik, ok
WA GUBE T RS ERCT . RS & 1
HLHRBOAR(SPR) 2 H Fi a1 H J5UAH AR FIAE 7 o 1B
FB JORH —Fh AR i i b i E, 24
Rl B 5B E A S G, W LR P K
AR TSR, T T A WU R R P e A TR 5 5
SPREZA I R AT AR I LGRS i 72 )

SN A, I bR H2e 4, i w] IR -1
1 K HA A= 40) K 5 2 1) FRAH ELARE S
4.4 EMEEBFRA

G B A Bl TEEHLRE A
PR R A A R R B L [T X AT X E R,
s DB figd o5 b Bt (0 A 2 SO B Y, da T
LSBT B T A BRldE. . A7
fifiv ALt TSN EORNE . AEYE B AR
FERIAAE B iz, (AR A A A5 )
ERTH B5EH . il T 4E gtk B, &
1SR 471 A5 7325 I 3R A 1R K it A o 2480 40 2
WA D)5 22 I 7100 T B4 e SE IR £ 1 o
RS, Bom . SR D RE ) B Jo g, Rk ok B
H AR AR T F BB AT Swiss-
Prot™!, GenBank. PhosphoELM!, Phosphosite!®"),
O-glycbase 5 (K2), & M A 5% H 4 7 22 b 7E 1k
TR AL IR 3L AL, LA SwissProtie: i it &= [ AE TU AR i
FIECHR 22, (RISt A7 22 FhaRR 1R S A A IR EREAR R, T
PhosphoELMF1Phosphosite i 4 W 5% 1 52 46 46 1iF 1)
R A -

5 Fit5RE

20074F, DaifliRasmussen!®* ¢t T4 g 7 tb W 57
FROR RN <R A L4 (epi-proteome)”— 1] K RE
5 41 5 1 I CpG H BE AR AE 1 e LT B R AR ok 141 33
A A A A0 0 Ak T DR SR TR TR R R O B . SRS
b, BT E AN, i 4K 2 HUR R
DL 1 f B2 ik AN [RTRE FEE R AR A A B A 4 AH Y. 1Y) 1y
Aeo IXPPEHEE S B I B 52 2 A I A, A A
Ik ) 0 i 2 1 PR A A AR e A R
SEDIfE. KILIRATIA R, XFh&e it TR e B 5

R2 EBARBIFEEIREXIERE

Table 2 Protein post-translational modification databases

Bodh i g ik Thig
Databases Websites Functions
SwissProt http://www.ebi.ac.uk/swissprot/ Information on post-translational modification of proteins

PhosphoELM  http://phospho.elm.eu.org/

Phosphosite  http://www. phosphosite.org/homeAction.do

Adatabase of S/T/Y phosphorylation sites
A database of phosphorylation sites

PROSITE http://prosite.expasy.org/ Information on post-translational modification of proteins
HPRD http://www.hprd.org/ Integrated database

RESID http://www.biomedsearch.com/sci/RESID-database/0032931901.html Information on post-translational modification of proteins
O-GlycBase  http://www.cbs.dtu.dk/databases/OGLY CBASE/ A database of O-glycosylation

dbPTM http://dbptm.mbe.nctu.edu.tw/ Information on post-translational modification of proteins
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I R) T2 B AH DG IR IR 2 1 R, L T 4L i)
AR, W LARRZ R R E A SE T
XA 2 BRI FUR AT RETE e — AN 4 2
IRTEE 2 WL ER 14 i 21 “# (epi-proteomics), ‘& 1]
DA S 2 00 i fsz I 40 L ) 25 o 2 3 DA SO B R o
BT FER ], EAZ A0 I A7 AR 10 B i B
K Z170% H ik ViR .l AT, x40
BEAB M Je AT AR BR H 1 5 S i S R A I R
AT IR SRS SN oG BE, REfE SE R = 6 7 B
JOL ) 20 A S IR S LR H5AE HT J7 XL
PR, 45 28 8 F RPN (M2 W Ra T 2908 S5l
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