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[Abstract] Protein-protein interactions have been gradually verified to play critical roles both in
biological processes and in developing new drugs. The determination of structure of protein
complexes has been attracting great interest of researchers since the structural biology rose for that
could reveal mechanism of how proteins interact with each other intuitively and it is essential to
detect protein-protein interactions and purify them based on the interactions before determine their
structures of complexes. A series of methods for detecting and analyzing protein-protein
interactions therefore are explored. Currently, there are three classifications of approaches for
studying protein-protein interactions that are named in vitro, in vivo and in silico methods. The in
vivo and in vitro methods, also termed the experimental techniques, lay the foundation for the
development of in silico method. However, though lots of attempts has been utilized to improve
each approaches, inevitable disadvantages somewhat exist. In this review, ways of the experiment
used universally for analysis of protein-protein interactions and comparison between different
approaches will be discussed.

[Key Words] protein-protein interactions; yeast two-hybrid system; co-immunoprecipitation;
GST-Pull down; tandem affinity purification; surface plasmon resonance; far-western blotting;
fluorescence resonance energy transfer

1. Introduction

Protein-protein interactions (PPIS) have been gradually deciphered to be involved in
almost every program of cellular activities(1)-(8), such as DNA replications and
transcriptions, expression of proteins and posttranslational modification, signal
transductions, cell senescence and apoptosis, cell proliferation and differentiation, and
some others. Large researches have revealed that at least 80% proteins do not perform
their functions as a single one but in complexes. An intricate network of PPIs in vivo
is constituted by large proteins, some of which interact with others by transient
contact and some do by forming permanent complexes (09). PPIs play a central role
not only in maintaining orderly operation of cellular but also in resulting diseases (10).
Based on these researches in recent several decades, new drugs based on
protein-protein interactions and structures of molecular complexes for therapies (11)
are exploring and that has been a hot topic in medical biology. With the
accomplishment of Human Genome Project (HGP), thousands of proteins, most of
which are not been completely revealed about their functions, have been found.



Therefore, to study protein-protein interactions is of great significance and researchers
are racing to switch their research to PPIs. As a consequence, in order to meet the
requirements of detecting PPIs, varieties of methods are developed. Initially,
experimental methods for PPIs, including the in vivo and in vitro methods, are mainly
exploited, such as Y2H,, Co-IP, SPR, TAP and GST-Pull down and so on. Recently,
with the database of PPIs enriched by experimental methods, computerized
approaches, named the in silico methods, also become to prevail (12)-(15). And
approaches via computer simulation or operated on the computer could efficiently
detect large numbers of proteins that unkown and their interplays with the proteins
that we have known well. Recently, protein-protein interations (PPIs) has been one of
the critical topics in biology research and development.

2. Experimental methods for identifying protein-protein interactions

It is universally acknowledged by most researchers that if proteins interact with others,
they will form the complexes and these complexes or specific changes caused by the
complexes could be detected and/or quantified (09). Presently, all the experimental
methods to identifying protein-protein interactions (PPIs) are based on that viewpoint.
Frequently-used experimental methods for studying PPIs include yeast two-hybrid
system, co-immunoprecipitation, GST-Pull down, tandem affinity purification, surface
plasmon resonance, far-western blotting and fluorescence resonance energy transfer
and so on.

2. 1 Yeast two-hybrid system

The yeast two-hybrid system (Y2H) was initially founded and utilized for detecting
PPIs in 1989 by Fields and Song (16). The fundamental of Y2H for studying PPIs is
that lots of transcription factors in eukaryotic cells that could regulate the transcription
of a specific gene named report gene contain two domains, the DNA binding domain
(BD) that is responsible for binding with DNA and the transcriptional activation
domain (AD) that relate to activate the transcription of report gene. Only the two
domains are closed to each other spatially may they induce the transcription of report
DNA . We combine the nucleic sequences of a protein named ligand to the nucleic
sequence of AD of a transcriptional factor , as well as the other protein named
receptor to BD, and two fusion proteins, ligand with AD and receptor with BD, will
be expressed (16). If the ligand and receptor interact with each other, the production
of report gene could be detected.

The Y2H is universally used for analysis PPIs because of its advantages of easy
accessibility, low costs and it could detect transient and weak PPIs (17). However, this
method may cause high rate of false positive, as well as the false negative (17), which
fail to reflect the actual reactions between two proteins. And in yeast, only the fusion
proteins enter into cell nucleus can they activate the transcription of report gene, but
parts of proteins have no nuclear localization sequences (NLS) or have other
subcellular organelles localization sequences.

In order to overcome the disadvantages aforementioned, many improved



approaches and technologies are explored and that makes the use of Y2H in mammal
and bacteria a reality (18)-(19). Wheras, Split TEV technology overcomes the
restriction of false localization of fusion proteins (20).

The Y2H remains to be the fashionable methods for studying protein-protein
interactions and it has been applied universally in studying protein interactome in
varieties of species (21-25), such as yeast, nematode, drosophila, human, rice.

2.2 Co-immunoprecipitation

As well as the Y2H, a reliable approach, co-immunoprecipitation (Co-IP), is also be
used widely in PPIs researches. Based on the high and specific affinity between
antibody and antigen expressed in cellular or bacteria, two proteins interacting with
each other , one of which is combined with a tag, could be purified as a complex by
affinity purification and then their interactions could be confirmed by western blotting
Or mass spectrum.

Frequently-used tags , the monoclonal antibodies of which are easy to access and
have a high rate and lower time of combination with tags, includes flag, HA, c-myc,
Protein A, GFP, 6*His. Among all the tags, GFP is rarely used in Co-IP but frequently
utilized in detecting the expression quantity and localization in the subcellular of the
fusion proteins via its observability (26)-(27).

Few years ago, Qing Chen etc. (28) reported a technique so-called the visual
chip-based coimmunoprecipitation that could rapidly analysis PPIs which could
analyse numbers of proteins at the same time and that greatly increased the efficiency.
And Hong-Won Lee etc. (29) developed a novel Co-IP analysis called real-time
single-molecular coimmunoprecipitation that could observe transient and weak PPIs
at real time. Co-IP has its superiorities that it needs a few steps, little samples, lower
costs and could conserve the modification of proteins, and it also takes the ability to
detect transient and weak PPIs. But, generally, Co-IP has a low specificity that there
are lots of aspecific binding proteins in the elution. Therefore, potential
protein-protein interactions detected by Co-IP must be verified by other approaches
such as SPR, FRET.

2.3 GST Pull-down
GST Pull-down is one of the common approaches for studying PPIs in vitro. The
DNA sequence of bait protein is combined to the DNA sequences of
glutathione-S-transferase (GST) and a fusion protein is expressed in cellular or
bacteria. The fusion protein , which could capture proteins of lysate that interact with
bait protein, is fixed to glutathione affinity resin via their high specific affinity (30).
GST Pull-down has a critical application in protein-protein interactions related to
diseases. Lipoprotein receptor-related protein 1 (LRP1) regulates large numbers of
proteins in expression and formation of lipoprotein complexes, which is related to
Alzheimer disease. Using GST Pull-down to research the interaction between the
sequence Asn-Pr-X-Tyr (NPXY) of LRP1 in cytoplasmic region and the proteins in
brain of mice suffering Alzheimer disease , Guttman etc. (31) discover that NPXY 4507
interacts with many proteins through binding their tyrosine that phosphorylated and



NPXY 4473 just interplays with few proteins that phosphorylated on tyrosine.

Compared to Co-IP, GST Pull-down could detect more PPIs at the same time and it
has a high efficiency. However, the bait proteins of GST Pull-down are usually
expressed in exogenous systems and they may lack posttranslational modifications.
And, the combination of proteins is in vitro, as a result, the technology fails to reflect
the real PPIs in vivo.

2.4 Tandem affinity purification

Tandem affinity purification (TAP) is a well-used method for purifying protein
complexes that was reported by Rigaut etc. (32) in 1999 for the first time. Whereafter,
using TAP to analyse PPIs on a large scale in different species emerged continuously
(33)-(34). What TAP differ from Co-IP and GST Pull-down is that the bait protein of
TAP is combined with double tags. Traditional tags used for TAP are constituted of
protein A, digestible protein sequence that could be digested by TEV Protease and
calmodulin-binding peptide (CBP) and they form up a complex. To reduce the rate of
false positive, two steps of affinity purification are needed in TAP assays (35). First,
protein A of the tag complexes are bound to IgG agar beads via high and specific
affinity. After washing, the digestible protein sequences are digested by TEV Protease
and the Bait-Protein A complexes are released. For the second step, the released
complexes are bound to calmodulin beads based on their affinity between CBP and
beads. And then, the protein complexes bound to calmodulin beads are eluted after
washing and are identified by tandem mass spectra or other approaches.

Compared with other techniques for PPIs, TAP has its special superiorities that
include higher specificity and conserving the modification of proteins in vivo.
However, though, this method need much costs and samples and it can not detect the
transient and weak PPIs (36), it is adopted in many research fields. To solve the
problem that ubiquitylation can not tolerate severe conditions, Tagwerker etc. (37)
reported a novel tag complex for TAP named HB, which was constituted of RGSGg,
6*His and BIO and could cope with violent circumstance and 258 ubiquitin proteins
are successfully identified from yeast by that tag.

In order to meet much more needs for studying PPIs, varieties of tags for TAP are
explored. If the proteins of interest have the low molecular weight and big tags may
influence their activities, small tags like SH-TAP, Flag-HA would be a ideal choice.
And LAP helps to observe the localization of proteins of interest in cellular.

2.5 Surface plasmon resonance
The application of surface plasmon resonance (SPR), which has the ability to
quantitatively analyse PPIs, dynamic characteristics and affinity, offers a powerful
means for studying PPIs. The principle of SPR is based on that the optical properties
would make changes that could be detected at real time when proteins of interest flow
through immobilized ligand and form a complex (38). The data and quantity of PPIs
could be acquired from induction curve.

SPR has a high sensitivity so that it could detect weak PPIs and little samples are
needed during analysis. And, associated with mass spectra, SPR could realize that



sequences of proteins that bind to the ligand could be identified at the same time (39).
No tags and stains are required in SPR approaches so that it could conserve the
modification, natural structure and activity of proteins that exist in cellular. It is
reported that some researchers combine SPR system with a newfangled active
nanolayers to detect and identify the concentration of Zi(2+) and that makes SPR a
more universal application (40). But, because there is the limitation of high expense
and it is time consuming, SPR technique is difficult to be widely generalized and
other methods for identifying PPIs like Co-IP, Y2H must be operated and potential
positive results of PPIs are detected before using SPR approach.

2.6 Far-western blotting

Far-western blotting, derives from western blotting, is frequently used in analyzing
protein-protein interactions. In far-western blotting assays, samples of proteins of
interest, also called the “prey”, are isolated by gel electrophoresis, transferred and
immobilized to a membrane like nylon or nitrocellulose (NC) membrane, and then
probed by the bait proteins that could be detected directly or are marked by enzyme,
fluorescein , or other materials that are convenient to be observed (41).

What the far-western blotting particularly differ from other approaches for PPIs,
such as GST-Pull down, Co-IP, and TAP, and so on, which may detect the interactions
between three or more proteins, is that the target proteins are separated and
immobilized on a membrane in advance and that makes the binding between target
proteins and bait proteins to be not affected by non-target proteins, which presents the
direct interactions between proteins and increases the sensitivity of probe. Thus,
Co-IP or GST-Pull down assays are usually used before the application of far-western
blotting to confirm direct interactions.

However, a deficiency inevitably goes with far-western blotting is that the target
proteins are often denatured during the procedure of gel electrophoresis and
transferring and the probe proteins are likely to be difficultly or absolutely not preyed.
As a result, it is hard or impossible to detect the interactions that require active, folded,
and native target proteins that exist in cellular. Therefore, far-western blotting is often
utilized to detect domain-peptide interactions. Sato etc. (42) use improved far-western
blotting to analyse transient and weak PPIs via the technique could enhance
observability of the positive bands. And this approach could test if the interaction is
direct or indirect, if indirect, candidate proteins could be explored for the next step.

2.7 Fluorescence resonance energy transfer

Fluorescence resonance energy transfer (FRET) was found by Forster in 1948 to be a
high efficient technology for detecting spatial distance of molecular, which now has
been a widely-used method for analyzing protein-protein interactions in cellular. The
theory of FRET is based on that the spectrum of fluorescent molecular receptors
would make changes when accepting optical energy from fluorescent molecular
suppliers closed to the receptors and those changes are associated with the spatial
distance between two molecules and could be detected (43). Combining fluorescent
molecular receptors and suppliers with two proteins in cellular respectively, if the two



fusion proteins interact with each other, the two fluorescent molecular would stay
close to each other and specific spectral changes would be probed.

Compared with other approaches, FRET has the ability to detect interactions in situ
of cellular and reflect real distance of interactions it could present the localization of
proteins in cellular intuitively (44). If increased the amount of fluorescent molecules,
FRET could detect direct or indirect interactions between more proteins (45). But,
because the proteins existing interactions with each other may astrict the contact of
fluorescent molecular receptors and suppliers, the spectra changes happen in a low
rate and that would result in false negative (46). And the optical wavelength of
fluorescent molecular receptors may overlap with suppliers, which will influence final
result (46).

3. Conclusion

Interactions between thousands of proteins exist diversity that we have not known and
every method for analyse PPIs has its advantages and disadvantages that result in that
available approaches fail to accurately predict interactions at a 100% rate. It is
particularly important to combine different methods to identify PPIs and the in silico
methods would be a complement to the experiment approaches. The unknown
interactions may propel new techniques to be developed.
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FABP5 7E LDL AL YEH KR H
W L5 bigR: bS50 7 CaCE
2015203010024
WE.  ZCOEFERIAL Y25 (Atherosclerosis, AS) F& /U ILE R G de i WHTHR « 4
WABIRIL S EERR 2 (Oxidized low density lipoprotein, ox-LDL) 7E3 Ik i FEAEAL 1K) & A= A
R R A EEER o EJ2 H T LDL 4 ALt FE M AN A . AR SO0 A0 S50 45 R A TR 3
filh b vE X AT FABPS FEANME PN (KIS, #0070 e 5 S A IRIIR 1 ¢ R M7~ LDL
RS, i AS IIIFSE 5 BT VA Te pE BRI A B o
R« AS LDL [f1%E1k FABP5 Jig i HAHEH
WHIUES 5 OO0 BAT R R — . SRR —. JETRE— S5 5, R
P B A G 5 (1 O iU B 4 s b O U R IR A /D 2.3 44, BRHAFOLAE
FIRFIET: 300 1, XA IR HOH 736 LI A0 OB I 3k A R R Sk 5o~ T,
HAEE . BUER O M LR, 75%LL 2 30 ik o £ 48 4k 4 %< 9 (Atherosclerosis,
AS)(Lewis 2009). AS st ZH 2 Tk AT A4 L5 v i L AR e E B 1) — B, FLRE RO 2 R Bk
A5 PR BT U3 o — M 56 AR JBORT A2 A RSB SR © HE I R AR T i, T4 A 2308 A R0 S LA
HAT Bk P2 B A AL, AR 2R R it B R P S LS ik, — FLk e 31 J2 LABH 28
AR, TSN T AL R PR 20 20 B B Bt M BN BE ™ ol T 7 3D bk A JRR 58 (1 i T A 0
FOBERE, AR A s KR AEREL o SRR PARREIR 35 B e T M AR J 52 B B IRl F 258
[3]
S ik oA AL AR 5 T R A S SN, WP BB 1 DA B B R
ICAM FII VCAM 31K IX AP BUBKH S (1) 140 0 (- 2EE RAZ )i 2 & BN R, fEiX
B E RGN . S5 ICRI, LDL BEAE 4R S ¥ M2k 0L BE (1) Py B2 40 P J2 98 N 38 3 ok if 35
BERINZ G FER R IE LR, LDL FR8adE NP R, 17 LDL PR3 B st Szt A
EBIER, HERRIY LDL 4% A AL AL I I A 4 P AR ) ROS Ak, A4S LDL ol
O #5E CA AR RARE, BENE M I 40 I L AR BRI RE, INEE P i, B K R
W44k LDL (oxidated-LDL,ox-LDL), & FEUMLAKANMIFINESIN LK. DL 7 AS FHH
AR, (R AL RTIE AN 28" o 5 sl Rk RE Rl A 05 25 F) 4 PR Y, e
P T IO A 5 I B AR AN . RN S e U W e e A MR AR il A
BT AL (MPO ™ [ SR I AR 3 B IR AR 1 484k o T S U IO i AR S A L A
FEFRAT S5 % 2 AT IOAIF 5T R K BUR) R AR 1K) LDL 385N BRI Raw264.7 411 15min 1] AL 3E
NE TSR EE, B PIR S AR, I ELBEMS R OG0 i v A 5 e 22 (1 i 6 T8 B kA, )
IR A RS AR 1 200 A AR, 3 — AR B IORT X 4R s SR T3 I My 12 A B A0 10 55 8 i e B
BCAREK, NEA o] fei ok RIAHOCHE AME 2 5 DL AR 20T [ Y., K TR 4l 2 i Uy
IFR 3 B A R R R A TR AR A, T 6 D 8 7 I A s R A 28 ok S AR A i R A o
) S IR -
SEEG LA FRATCZUEWI KARIK LDL 75 LDL Ak Fe v ids S S B A (TR i,
LDL P40 15min J&, RIREEE 410 KB, fEfR SR E R A 4le5did, 34
RIUNEWT R 45 G AHOCER 11 (FABP) AR TR &5 il (FASN) £ LDL Hl¥JS 1 Brdén (log: ratio
>0) HIEUG A T IN MASEE % 5 — A HR T Raw264.7 412 LDL 5T 15min Ji5 IG5
B B TR AR, SR RALAIEL, £ LDL 5311 Raw264.7 40 i flig 4% h ANy
AW (MUFAs) 15 n-9 ANEREIIR (UFAs) L0038 2 AERENTR (PUFAs) Fl n-6
UFAs 414398/0, o078 T4 MR MR T oA EE . IREE P ERMIIR . T NIRIR . IR, WHARIR
A DUE IR B T, IR . A DU R AN i — I 1R W5 B A GMy 1 s R IH ]



Wi e B R v . BRI, 4 LDL % 210 Raw264. 7 41U R A Hh 1A G280 Rt s
AT AR, TRORBN K FE AT BGOSR R IR B A T AT o I e S A O, AR T A Tk —
AT LDL A R R IR 2R i i FH A S s A i AR BAE L, AR — 225 LDL
AR IR e L S B A AR

e 45 655 H (fatty - acid - binding protein, FABP)J&—FMEAHNS 437 i & I i PN g ot
Iy AR, FE R e R I e s B A 2R e 44, BFS IR 402 (adipocyte FABP, A -
FABP/FABP4/aP2) . #J%7%!(epidermal FABP, E - FABP/FABPS/mall). JHAF%Y Cliver FABP, L
- FABP/FABP1) . Ji# %Y (intestinal FABP| - FABP/FABP2). LvJJL%  C(heart FABP, H -
FABP/FABP3) . [nlfi 74 (ilealFABP, Il - FABP/FABP6). fiiZi!(brain FABP, B - FABP/FABP7).
HaENETY (myelin FABP, M - FABP/FABP8) F152 4% (testis FABP, T - FABP/FABP9)%:, Jf H.
HAAGHE R . S TS DL AL FE TP G2 A R S | A R B, 3.
ATEREC T — AW S (1) 3 I — R TR 45 5 2 11 FABPS S0 FLEAT 40 BUhH 51

FABPS J& T- IR M4 &t B KK — 01, 4r T K/NR 15 kD, ‘& S IR R AIAH ¢
KGRI R R YEAE 2 a) 45 G 1R R, FLES TAMRIIRIARN . iz, ik
SN DR AOBREN . 32 B AR R 5 AN JERE S W rp R 45 T B T . FABPS 753 Bz 41 i
WML g fo Rt b i rp g 258, HEEIR I, FABPS URIA{EHE T
JHG I £00 MR R 0 40 i e 60 8 95 s I R AR B s 9681 2 3 2 A Tl LBl £ 2 41 40
v A gs 2H 20 2 G0 R I R TR REAS T FABPS B e 68 - B i T4 s ™. 75— A
I, IRDTRR 45 & R aP2 (TR TR 45 5 (FABP) 4) Ml mall (EFABP) s % UIAH K I, M
GHGEACRITAuRk . By T 5 HIRNIRRES G AHOC, = EFABP / mall i& %) PBURGNEE
By 2 BUBNMERG N 1507 40 B 73 25 mal1-6 822 ORI H B om i A 2 i s S Re o . AL
T, BRI AR R mKF B mal 1 Bos RGEMEIE S R IDEsl . E AR RAEAH ISH N Al
KB FEAEAL (atherosclerosis, AS) H LR FITIE 05 S5 AT i A SR BREAE FH ok ik 5 [ A 5
FIER

SEG WU AT S T R
¥ Raw264. 7 4iiJfiZe LDL 73 53]i%5 5 1h, 3h, 5h J5FIH] Qper HARN) FABPS PR )ik AT /& fE
G387

(/MR Raw264. 7 B4 AL DMEM B525E, 0 10% 2B 2R s A 1% s 2%, BT
AR TR, A8 5% C02 T 3TCEHAF T HFR. 5X108  AN4I/EJC i DMEM £ 530k
AL, F LDL (2495 100U g/mL, & 2R E A Ty M (1) Cu2+) 4375 fI ¥4 il 1h, 3h, 5h.
AR, b tritol, A VRN RNA. FIF) RNA S 6 SRF dk Tii  s,  3R45
ZH Y cDNA.

@it yl¥), {t pubmed 153/, FABPSmRNA @41, Wil Wxf5|9): 1E M 5149):
ACGGTGGCCGAGAGCA. [ 514): CACTCCTGGCAGCTAACTCCT; 1E[A)5|4): AGAGCAGTGAAGACGACTG.
JIa1514): AAGOCCTCATTGCACCTTCT. %ot 5 |47 ATl 5 Th A 1E 4 .

OF FH B LT 5 34T Qper SE56, /N FABPS LM RIB BTN 2, SN SET
pEE, g5 R, /N FABPS JE R R IA BT Hr .

2.%% Raw264.7 412 LDL 235155 1h,3h,5h 5 A WB $ AR X} FABPS JE A (I7E R (14
AT 38 B AT

@/ Raw264. 7 ELEAR L DMEM 5 7R3, 00 10% AR S A 1 i ks, BT
AR FRAE T, 7 5% C02 F 3TCH&AMF FRFR. 5X108  AN4IHUAE LI DMEM #5573
[ A, ] LDL (B2 100y g/mL, & 2220 Ty M ¥ Cu2+) 23 sl 40 i 1h, 3h, 5he
WCEE AR, K 4 B SRR AN I DK E 2% 10min, B0, FHWe S LLFRIEH) 1. 5m1EP
B, AR B O D



@7E 96 FLB P BT 40 3 4, A ALAL 3 41, RISl 3 4LHEA T ik E K
5, BOPIREE, Ky KR 5%SDS _ERELEMRIIAKE S VR G o TN K rh A 2
AR, 54T Western Blot.

OLEL WA HINS, vk 3, FEMh LRE, B, B, M—d WPl B8, Bh
BT M. 5SS EE, S5 5R T, /N FABPS dE A&k E T

3. T B A B v M 2 R A £ M /N B Raw264. 7 B4 IS IS h s E e AL, A2,

Bl, B2 iEMAE A A, SEET0N, B Raw264. 7 BN s S b i sl A1, A2, B1, B2
T

WHE; FFFTIR L, FABPS (K& IAMEIE T IR 40 B AT I 40 it Hh 11 28 0T S o R A A Gt
S5 FABPS 5 AS BEYIAHC, HIRATTIIZ LDL 75 511 Raw264.7 40 JfIE ST 45 1¥] FABPS
RSB R KA B T, (E LDL MU, I A vh g D e Al FABPS [R5 T, Sk
— DA T RATTHIHEN FABPS FAR TR A ELAEH 2 5 AS P LDL ALl FE, FrbAFRAi Tt R
—3E 34T FABPS FENG A LAy, HE— 9T FABPS 5N [RI NI IR 2 1a] 1A A FH 45 4
R T AT R S S R E MR TS5 DL AL 05, K875 LDL AL ML I (i 2 3 g 5
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EHTRIEH 2 BEARZ RNBMHA LR

Femhp Bt ZA& 2015203010023

W ZRWBML AR Z ORI R B R, BokBZE TR iz
FABHRE W S 5 A I A 2 05 Sl s AR BT RE . TR, UG EORR K
Mt ZMARICEOR iz B HUAE R Zia M, Z = B 508 8
S A R R TSR B AN SO L T O BOR K € R 1 iz AL B M
N 2AE T IR SBT3k

KR ZE, TR, T BRI,

1. ZERS5ZERLB

72 % (Ubiquitin, Ub) /& MET 2 AFAE T FUZ AW b 1) e BE DR I 2 T
1 76 NMEIEMRA N, 7> T RZ14 85kD. FEIUZANMIM, 2 2AE ATP U] Fil
AR RN, SRR A A S, Bz F-E AR EY, SRR
Z# M (Ubiquitylation) . 72 R RE T2 = 2RIGZ Sk, 7002 = 0G
(ED. ZHm4GM (E2) Mz RZIEHM (E3). Bk, £ ATP WS 5 T2 £%
TIERR EL, RS TG, WS, BOSINZ = TSR 2, B2 iz E
Gy T4y B3, E3 ATLURFSRIEIRSEAN R IRY), BeZAliz 55 IERRI ) i A i
R E BRI L

B oy =N FEIZEEY: a2 24 (monoubiquitylation), B LA™
ZESTHRYEREMBARKELS G, 21802 7
(multimonoubiquitylation), B FANZ 2075 KM EASE W = IR YE FEAH 45 5 5
Z 52 %A (polyubiquitylation), RFHHZANZ 70 vl id I B 5 11 -BAN I iR vk
e (Lys6, Lysll, Lys27, Lys29, Lys33, Lys48, Lys63) EEH % — M2 E0 T a-
ZABETR (Metd) R S FHIZE B R BCIK) 2 32 5 I i 1 4575 (Swatek and Komander,
2016). ZHRMWBEMATUZ HIHEMMA LR ELD R, OfFE SRS HAR
BEfF . DNA 1B 5 LU R e sl 55



2. ETHUEREREARBWMAEI R E

B R 2 5 A KA K P BRI SE 4 i N 3 A AR A a1 SR F ) 18
TR — 1158k, NI AEREAARIKPER AN A AR 3 BEAAE T 4 9 2 s e
AR, 5 s A U U AR B 4 A s B TR R AR

B i BOARAE B S A ST BT, AATTRT LA P 5 45 AR 4 i Y
A AR S B M AT Rl TS 2 M o A SR T SR SRR A AR
JUAS P BR: A2 s W RE S B PR, Bl A, (s B IRBL il AT,
P AL PR o AR TAL G800 it SEEG A, T BT (1) 5 B A 1 BB I 4 2 SR IR
FEEZERIN T AR el R AE S B Ik B e S A2 4 o AR A B R A At
T ER H Re TR Z A IKEE © -K-e-GG” 45 M IR I BT UEAT & 4 (Mertins et al.,
2013), MRYEAFIRIWTFTTHZE, AT LR IAN R bR i 7 M08 108 Jo B Ik B
T3 IR AT — b e 22 A sl Ao I -1

BT TR ) 8 R BB R ZH S T 5T 7 VR ) P KR M E T AT
HNZ 0] 58 FEWTTTE . AN E i H A U A A IE 58 T AR AN [F] A 3L 5 A A
B2 BIFERNRIS AR B B AR ARG O, (BARER L A AR S
S T e i E BB AL “E A ST 0 AT LLER BB S B T A A AR S o R B A
Ko HETARXS 8 EVAAE R B BB R A W 5 o s, MR AR AR il 15
AP R 2 A VB MR 20T 98 51290 J - AEFR (Label-free) & LA
PRI . BUNR LR RATN 5 B B B4~ 5 Bt A T 4
2.1. JEtr (Label-free) EEIE

AEFR (Label-free) 5E FAAH HUARIC & FVE AT ASZAREARZCR IR FEATHE
Iz SERFETARGE A LA, Label-free VATE & (A TUIEAL =W £33
BOL N, TR T 2 R R B E . 1052 A R SO A IR B
X i EEAT TR S B M IR B gt AT & A, T RS T HEAT A S A
(Swaney et al., 2013). Label-free 3 #7122 T LA RN FEAR 1) o8 /28 1 i B 1 2
FHEIT, IR LB B SRR R bR, BT DU OT v 1) S 56 Rt Ao i,
e R SR S5 SRR A T2 N
2.2. fridERE

MRPEFRIL T IATT AN, AT PUR AR IC i fv2s o A AR AR I v 2



I E BRI BEAA 5 bR g k. AREHFR G : PR an ik R B b oI A
FES AN AT AT IR G s A5 hRdid: AR id e Re 3 Ok T B iUE DI IR
RS B bRiCis: FRidWIFEre ah 2 0 IKBUG SINTFEATIR &

H B FE T ARACEOR PR 2 B 8 A B MR AL 22 E 5 v R T Loy O B
TR B S FRIC (post-trypsinization labeling) A4 3% 7 1 F5 vh () 4 52 [
fi7 ZFrid (stable isotope labeling with amino acids in cell culture, SILAC) (Cox and
Mann, 2011; Ordureau et al., 2015; Shao-En Ong, 2002).

WA Jo AR ACVE T DU T AR e AN BRI AR I R SRS, - S350 A i
FrZ53: (tandem mass tagging, TMT) F45E 5 [6] A7 2 b ic AH X 5 46 06 5 1

(isobaric tags for relative and absolute quantification, iTRAQ) (Dayon et al., 2008;
Ross et al., 2004; Thompson et al., 2003) . 1M 57 7 ¥ A 0 1 25 B AR id ik 57 (i TMT .
ITRAQ 45 ) B ic kB, F A A3 BB for 41 o 15 7 R o R AT 2 1 DA TMT
SGFEARICAA G, SEATHIE BN, TMT 5T LLSE I H 5 o B TR Be i+
Hhrid (McAlister et al., 2012), FFANFRERSEAT —MREE T REEHHN
126-131), 75 B FREAE T ) i RERIL A 15 3 A 12 (HCD) T A FEARSE R
FEAE R ARG, RO ] LLE IR IN HCD 0 AR IR B R o v 1t
17 5% (Thomas Ko cher, 2009; Wu et al., 2013). #R10, T E A AR5 b IR EE
SAE— TG AL 23 E K, A2 ZUT0E T AR R A T HE S S A A
W& BT SR A PUE R AR AMER . AL, XA )R DA S I = 2
BB R, TS HCD W it — DA AR A (CIDD, fE =4
bR R 5 B 75 AT 34T 58 & (McAlister et al., 2014; Ting et al., 2011).

FE LARTARARAN S AR A () 58 B A MR 2 2 T 5, R 40 M AT A FR i 7T g 2
AN TEAF R RE . AEFIBEST, SILAC ARidik il fE 40 iy i il fe b, A
H A A7 AR B IR (BRI, A AR I TR B 2 1) Joi 22 0l R A 1EE
PRI LEAR 2-3 /N0 HLRE Sh 2 [ 2253 (Shao-En Ong, 2002). AR, BT
R BE AR A N, 7EAESE SILAC brid vE2EA b oot b 74 t5 (neutron
encoding, NeuCode) SILAC Fnic i AR icye F A3 2R K 4T, nl DASEI £ dpf
fhbRic (Hebert et al., 2013; Merrill et al., 2014).

3. ETHENEREORZERMBIHENALRE



2 RZ WS SR AR A 2 R E g S, R T IZ LR R S
ARSI —, FeT B (1 € & 5 1 P02 RAE AL AR TR 2

FEAN I RERNE 5 56 SHLHIFEFT A, Silva ZEWF5T3 (Silva et al., 2015)% 1L
T B} (yeast Saccharomyces cerevisiae) ST R I, K63 2 Ak 2 — M %A
A SR AL ABATIRI T SILAC i fE B (1 4L 0, %t 100 A Ak
ARIRITETL I K63 2 mALHE i, Horh BRI AR A . JFEEUR I, W)
Pl T X2 EW§ Ubp2, MITITEL Rade 12 45 A S Brel 2 RIEHMILRI S5
FEL ) K63 V2 Z AL IR SR, 5 Bh 4N M %34 Trxd, Prxd S5 HUAAL R U EE R L
Martin Zoltner Z£H/F 713 (Zoltner et al., 2015)[FIFE R SILAC JE & 85 (U4 2% 7 v,
FERTARYNHE dU R 1 2 TS, B T2 RAAEARINHE R IS 1SG. VSG
PR T I D fe .

TEREPIF AR, Xin Xie ZEWFY 3 (Xie et al., 2015)i i 40 Hr /K A i 1 41 o 25
Uiz Z RS, KILT 861 NEA “-K-G-G” kM #BMINL A &id
JEEEYME BE 0T, I T 2Rz A B EORK ARG I 4H b 0 22 45 5 %
FEARSEIN, 2 B TU0S 4 I P A TR AR I A AR KR R AT R R,
TR I B RZ RABAIT T 2858 T At

5 2 SERE AN RS Wi 5T AT, Takefumi Kikuchi 2547974 (Kikuchi, 2012)
H Pei-Jun Liu Z-WF503 (Liu et al., 2015)#A 25 1210 212 J7 V6] /N4 i

(Nonsmall Cell Lung Cancer, NSCLC) 51FEH gl 23 (1) 8 3Rk 2= 5 AT,
75 T NSCLC IR AERLH, $3) NSCLC HIVRYT FE A2 IR S 4 . Minzhi Zha 45
(zhao et al., 2015)F H & B & 412 J5vk, ) Abraxane (—FP AREH. FE
85 A RURAZEE, T TIRYY NSCLC) RU R A 5278 NSCLC-A549 4l il 2 (14
P RIZ R i, o HEZ 2% 40 RNF139 Fl HMGCS1 45 I 3 7% e i
Flo AZBFFTHE 7R T NSCLC i 24 40 % h K 2 MR AR e 2 S o B T LB A
[Fl 4123 A d TR IA 1) 22 54k, BRSO TR AR B g BIUIRZS T 40 My B 7 s 181 DA
N ZMEMGZ [R) )G R A2 H AT — AN . Wu Quan 25584 (Wu et al., 2015)
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