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Abstract Protein-protein interactions are involved in the regulation of many biological processes in cells, and the mapping
of protein-protein interaction networks is crucial for understanding complex biological processes. Liquid chromatog-
raphy-mass spectrometry (LC-MS) can identify and quantify thousands of proteins simultaneously in complex organisms
with its high sensitivity and accuracy. Therefore, after the enrichment, labeling or co-fractionation of target proteins, com-
bined with LC-MS technology to identify proteins accurately and sensitively, such techniques have been widely used in the
analysis of protein-protein interaction networks in the complex samples. There are LC-MS-based methods for studying pro-
tein-protein interactions, including affinity purification mass spectrometry (AP-MS), proximity-dependent biotinylation cou-
pled to mass spectrometry (PDB-MS), chemical cross-linking with mass spectrometry (XL-MS) and co-fractionation mass
spectrometry (CF-MS). This review discusses the mechanism, advantages and applications of these methods for the identifi-
cation towards the protein-protein interactions in cells.

Keywords LC-MS; protein-protein interactions; affinity purification; proximity-dependent labeling; chemical cross-linking

with mass spectrometry; co-fractionation mass spectrometry
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Figure 1 Experimental flow chart of liquid chromatography coupled with ESI mass spectrometry (LC-MS/MS) for studying protein-protein interactions.
(1) Extraction of protein samples; (2) proteins are hydrolyzed into peptides by trypsin; (3) peptide samples were eluted and ionized in LC-MS/MS; (4) MS,
mass spectra of spot-eluted peptides (5) tandem or MS/MS spectra of partially selected peptides. Reprinted with permission from ref. [6]. Copyright 2003

Springer Nature

818

http://sioc-journal.cn

© 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Acta Chim. Sinica 2022, 80, 817—3826



F F R

TES 2 A R I TRAC B 5 TH, T H AT T
JOR B FH 1) B 1 o - B A LA e R R TR
AP 58, DRIM R 1 P T A R B 2 9 2 A6 7 T 1)
A, AT R AR - A AR E E R,
AL FE KBRS B B K AR e D2, BT
BOKT 1 45 5 2 8 LA e e MR D) A7 05 1 B T
M B FURIRA YK AN IK BOR &9 (5 I B R
KRB R I ), BEAR S 00 K B2 I v A N 22 9%
VCECEIAHXT M & A . 78 XL-MS i, R & A
JR RIS R W I B S, e C K AN REE trypsin BV, K
T I AR 7 1S B A R b IR, PRI AR
TR % FIAR AL R, I8 RS A A4 e 7 e AR 1)
i . 5K TN A A BA TSR J& T A B DT %) 5 3 DA
INAZ BRI A7 5 %5 5 T 75 1, BANTE trypsin B 1) 2 Hi
FH H A AT S K AR BB DI (19): AspN, LysC, GluC), @it %k
70/ 58 1E A8 g V) 1 5 TUA e A8 B A A 1Y) E T
NT SR G R E ARSI S ES ST, &
L2 A T IR PR UK B RS £ o R AT 40 S DARE
CFE IS 445, TEBCH Mk o B RSHHE
BH 5 3% (SEC)« & TR #H (A (IEX) 58 FH & T (3
(SCX). TR Tl (SAX). LA A G 7K AH HAE 0 i
(HIC)Z5141, SEC/IEX/HIC W] LASZELAE A FIRZS T 20 58
A A R ) R SRR AR B L, DR T
CF-MS J5 37 3 b A 58 7 8/ FL A /52 AR PR 1 2 5 LA
DA - B TR EAE e 7 R DY, TR R -
A FAE A R XS AR S e ), R
e |7 A e, MET AR e &7k, TR ER
FRAC 1) 8 0 58 18 5 925 7 78 K BUK P B B UK P 3
AT S HER 1) [F) A7 28 b DA A 00 Jok B Bk 7 o A T
MR O] B AR AE KRS R (ON-26, B C-
Pric I L R ) AT AR R 2 R bRic, sR7E R DI K i
TR AL 180 FRid).

TE B [0 - B 0 AH B/ A I 0 T, R K B
F /K BOREAT SO B P4k, Il i R & o A E 43 b
BT IR AT B (m/z)BEAT %58, EE A B O E
FH 25 (BSI) AN S 52 4l BOG AR H B (MALDI). ESI 218
IR “PEARERIE” Bk, v SRR T A
HAE A B/ BRI, MALDI A @it 50 bk A
TR A 45 A T R A R B A, T T AR R AL
B /AR R S R A e . T EA-E E A
FAE R TS s A as A DA TR T RATR
(i) 22 S5 1) R AT BT 8] 5 3 73 AT 2% (TOF), 2 T4 & Pt 75 ot
it LU B 008 B DU AR o3 B 2 pr e, 2 T i BR e
PR 25 (0] YI2 3l B8 B RS Tk, DARG s T8 S By A gy
T35 50 8 W ST A 4 25 7[R e SRR i JLH4ER, B
FVEACI R R, ATk BE AN 4 3 bk iy, DA
F AL Orbitrap Eclipse™ =& — RIS HI, i i
EE (/) 73 O B 1 000 T 505 1) o i 22, L DA = 0
F(m/z 200 T 9 1,000,000 FWHM)3K 45 57 & F{A.

Acta Chim. Sinica 2022, 80, 817—826

© 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

TE R [ - 2 A AR P s b 2R 0 TH, e
ZH N TSR IAT R R A E R R, M AR
B A R Ih RS A (19]: MaxQuant!'S!, SEQUEST!!6]
F ProteinPilot™) X} & 24 fh #H AT =il & o fr. KR AT
T H LR (A TR 2 85 UniProt B NCBI K15, X —
SRS T B 1T ARG 2R T AR A (B 23R4S, Tt 2k
FEAK R B Y Mitocarta3.00 718y 45 e AR 4 5 A 1)
Phytozom ¥4, #£ XL-MS H, EEARS 1)A8 EK H
AHEGHEEE . R G EEE R 2 ] iU K
MR S, — S B A% A SRR R K
pLink['8, XlinkX!"JAll Kojak2)Riiz A, @it HiE 4
JR U B35 VR AR 2 4 SR b 1 B 1 - 1 A ELVE
BEAT VA 2845 M, b oA EB/E R A B E b
(SAINT) Gt 7PV H T4 AP-MS SEEG ) 2
H -2 A B R BORE AT R . B, B E
SR AR LA FH R 28 ad B R AT T AL R, Cytoscape
A& B R - B 5 (R AR AR I AT A A O
xiNET?2, Pro XL®IPL K XLinkDBP4E #H H1F F 22 Bk
Tk I 8% 1) T RRAR 23 BT A

3 ETHEMANRIENERR-EARMEEE
R3S

S AR Al Ak J5T 1% (AP-MS) 2 H H BRIl 2 - A
FOH BAR R B, B AR e U T R B AR AR
FEE o ot Hodb AT e 0w .l A T A S
V) AR R RS R B, AU S E I i Ty
FAEEE A M EAEH A AT EEE 2). =I5k
HAR H bR B A BAE S Bk R SR A AL IRy A
MR 2 75 75 220 B b A T BME M, SXOnT LA 43
N BT RIRGURSERN AL A 1) G 988 T E A3 R0 15 40 A 7
% (Immunoprecipitate Mass spectrometry, IP-MS), A&
BT RALFRBERE AL IS AN Al T 1 73 b 7770,

IP R H H p-H E A EAE - E T, i
TERAG TP 455 B 7 VA g N T & 2 i A
PR R 5T - 2 A LA A AT A
PRI AL k) B 400 B PN SR R - A SR ELAE A
P 2% 1) 75 B, Malovannaya 25 25M# ] 1796 F—Pratir T
3290 ARSI L, HAKKEALT —4EREK
B )5, FEEAE, FIH LC/LC-ESI-linear trap quadrupole
(LTQ)% 2 2% 300,000 1 H. AL AT IP-MS Hidfs
S0 1 R ARG 9 5 A 5 T R (B ZMYNDS,
ZNF687 fll ZNF592 R i) — MM 2%); —Lef ELAf:
FH W 2 v i 3 [ %5 58 10 2R A SR 1 20 J2 A ELAE
ME B, OFE 5/ AR s 4 8 4, %0
HERIE AN E &5 5 &AM AR M E R
=R RIE R BT A RAN TS 1A SSHE R 2 5 e S
WEAMNMT A, B ILEETEA S5 AR
Z R R R T ByE-F &, RE IP-MS

http://sioc-journal.cn 819



oF ¥ R LR

Targeted Protein Complex

100
Contaminants %
/ >0
D 0
Targeted Protein Complex § 6
/ =
Contaminants Qw0
/ =R
R
—— e 3

500 650 800 950 1100 1250 1400 1550 1700 1850 2000

m/z

(A) (B) (€) (D) (E)

B2 SRAAifb g & B BOR(AP-MS): (A)FFFRAIGERE S Hbr i B U A0 (s 212350 A0), (B)ilid #8 i) 28 1 o 4 & BR AL bR 25 A alifl
FEAR, ORI E AR, K9 BsEA R, (D)HEAREL E bR E AR, E)BHE A BRI SRS E. /TRIHT 23
TR BRSO IR 50 R B A BT & SR CLAR 2 RIS AN T), DA% E 5 R AARRE SR AL A ELAE I B 5. C3RASSCHR[OT AR 3P AT,
B 2012 John Wiley and Sons

Figure 2  Affinity purification mass spectrometry (AP-MS): In a generic AP-MS experiment: (A) Culture and harvesting the cells expressing a protein of
interest; (B) purification of the protein by an affinity reagent or an epitope tag; (C) washing nonspecific proteins; (D) digestion of the target protein with
the protease; (E) separation by liquid chromatography and identification by mass spectrometry towards the above mentioned resulting peptides. Control
experiments (e.g. cells expressing an epitope tag fused to an irrelevant protein) can be analyzed or processed in parallel to identify proteins that interact

with the epitope tag or affinity matrix. Reprinted with permission from ref. [9]. Copyright 2012 John Wiley and Sons
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Figure3 Several approaches are based on enzymatic proximity labeling of target proteins. (A) Horseradish peroxidase (HRP)-based method for labeling
proximal proteins; (B) the approach for biotin identification (BioID) using a promiscuous biotin ligase fused to a bait protein; (C) engineered ascorbate
peroxidase (APEX)-based method for labeling proximity proteins approach. (D) Biotin-labeled Peptide enrichment. (E) LC-MS/MS analysis. Reprinted
with permission from ref. [10]. Copyright 2016 Elsevier
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AT PN o P IS 1 03 LT ' SR RE 7. APEX VA MK
H.0, 54N F 2Ky = A8 E B2k, DUSTHLTE 40 i o 26 ki
R B A AR I A AR B B RS E, 2 H0,
A B AT — s AR FE R

TR R A A 5 1 B 4 B AR iC SRR, Bra-
non Z5B07E BiolD F LMY 1454 APEX2 FREEREETH
Ji& 7~ 7 1 A XA M 2 ' 43 3 7 75 (FACS), KIE T
TurboID 1 miniTurbo J7iE(F MRS HIIERERE: 35 kD
TurboID A%} F B4 BirA 45 15 AN2384%; 28 kD mini-
Turbo ] N Ui 25 3 M s, AHXT T B A2 BirA 45 13
ANFRAR). %775 0] PSR B 1 A0 SE AR ) A ) 2Rk,
REBELE 10 min N SCELAH M AL FEFRIC. Cho S5V 5 K
J& T split-TurbolD J57%¥ TurbolD B 43 & AN e id P 1)
Fr B XLy B AR i b LR IA, M B E - A A
BAF ) B4 A B/ - R R A NE, TurboID il i 1 4 B 72
TE A J5 - AR R B p, B 2H 1) TurbolD {44 73 1]
TR EE AR, RN E BT 100 M A TE
PR A, HA Y2 DU AW S 20/ 5 4 Jo -2
LA il AF 2 1) B 1R

ISR RN B EEA RN SHIHED
KAREAEM, FFAARNESLAEREN, 7EER; FH
9256 B P AR EAE S SR g B, E2,
EAREX o B EAE AR AR TR & )m,
B EAE & 5 0 RSSO R AR A AR e R
FR O s (B A ECE & H T IR SR WA Red A R
b, FTCIFAT I

5 ETUFEXRHKRIENEBRR-EARMEEE
R

PRSI T (XL-MS) A MR B 11 5 Sk i 2 8] FA
B2 LT 5 1 U A W 45 R O LA IS B 7
V5. 5 RIE A S SIS 2 ] S AT ) R 1 i
FAL R CIII BER R SR, 456 UGS E AT
WA 10 2 2k 1R P 2 RS A 1 B 2R A i (B 4). B
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XL-MS J5iEt s, kAN BESE T R A E &
YIS, W R T E R AR 41 p R A
W SEEEAN M a2 22T I AR, kT AT AR S A
- A AR EAE . IRk, BERS R MR IR IR i
H i 5 B AR A AL B i (In vivo XL-MS)3R 1S 1
]z Ry,

A

. L

Targeted Large-Scale
Interactions / o\ Interactions
),
O
< S,
%
“h 9,
& N\
~S 7’4—\/,\)\
=<«
SDS gel \.//~ ~o
-+
Interaction ID Cross-links
- | m &
-
0 -
l Digestion ) Exicencs
’\’-ﬁ/—/\ I Y oou .y MS Analysis
e
Pt ¥ TR AN
£y M “y MS Analysis m m’z m m
“‘ l Database Search
m/z m/z mz mz
| patabasesearcn mm

m ID Interactions

B 4 LA BRI A e A TR - A B AR RpE AR A B- R
B LA 4 5 AR R 2 A -2 A B LA 3 e . © 3953
HR[SATREE#R W], RRBUITA 2010 Royal Society of Chemistry

Figure 4 Identification of protein-protein interactions by chemical
cross-linking with mass spectrometry: identification of targeted pro-
tein-protein interactions and identification of large-scale protein-protein
interactions. Reprinted with permission from ref. [54]. Copyright 2010
Royal Society of Chemistry

2B AT TR SN R AZ o SE BT, AT 1) h e 2
HIEB WAL I S I K. 3SR AR SN
PRI TR B8R A I R R RAS BRI (1 V-
PR RPN AZHR) At X B 5 3 2 1 3 2 2R A I
(B WGUT 5 — R S0 e ) R %ot 2 1A ol 22 b 2R R L P HL L
A i R e BT B (] UGS BRI 1L & ). N-¥¢
BRI W B 2 A ) 2 H RS B )i A B,
B A RN g AR PR ) /0 1R R (f9]: DSS, BS3,
DSSO A1 PIR)P2. ZZBLFIVE K RAE “An)l” , AT
Tl TH e TR A R R IR R I 2 I FE 2. 235 Bk
VB AR 1.0~1.5 nm 2 8], EEEHKEBRK, 85
TAERCE S HIR B A R MAC AL i, BiE T A
-2 U BAE R BT (B B 4.3 nm EEE KR
PIR)[%2,

IRER R AR R MEBK il fe, T 3RA =R 2R )
SEHRIE: (1) Inter ZYAZ IR MK (ST IR P o 2 426 A 2% K B );
(2) Intra BUEE Loop B A2 IR (5 B 77 19 i 14 22 [R] — 2% Ik
B); (3) Mono BUAZHRIKAZ A R —imiE B Ik BB,
HAV Inter ZUAZHRA SR AL B A5 -2 A BAH BAE FHRIE B
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BT 2R AR A B B A R F RS, Fr
P HTVF 2 0 78 AR TAC BRI DR i 1, LASK
DA 3= B A R ) v s o, X LR EL R T R bR
10~ SERIARZE AT B ] R R4 I A A8 116154, Bruce R
ZHI4LE 2005 R T PIR 28 BEF FH SRR 78 AE 04K P 1
A R-E A EAE . ZACHG B i s S T RE ]
T E R B SR AR 25 (AW 3R) Ak FEE AN S 8 B (e 4
TG (CID)BOGEUS R L. A, T &£ Abs
BRI, W AR R TR BT AR S SRR
FERIZBE Y, AR e B (— O R AR
P S T ), ) SRR T30 5 R 1 2 R DR R ot % 4 A7 i
B (SR IKORE UG W% B AR R bR 2 B R E B
BY), DA T3 ek vl 48 AR A R IR A AT 46

XL-MS C.) 12 N H T AWk P 8 A -5 A5 B
VB FHRASALIN 25 BT, B FETEBRE . 40 M DA K STV 401 i 2%
Bartolec %5155 J5g i m] W7 24 22 B 571 XN 335 F Tk S e 3P 1A
(DSSO) X 56 B 1) 1 BF 241 Mo k% 24T A2 Bk, R R &
MS2-MS3 JPiEREAT /04T, %05 1% 5 B A BAF FH 2
— SR W R AL AZ B AP-MS iR B, 1
HHEN XL-MS {FEA—Fl &M E/ERNE T, v
o} T BRE S 4 A8 AN S RN 4l Ak 5 VA 45 21 /AR B 7E A S 58t
1TANFE. EZHHR)ETH b, Wheat Z55HE 5 HAA 2 2 1)
AE S AT R 2SS HE ) (Alkyne-A-DSBSO) 5k il il 45 5
W AN A HER TS S AP &, RO 2 4 K
PPN B 1B SR ELVE R 4%, 036 2484 FhER A7
Z A 6439 MNMHEAER. Z TAEFRES RSk M E
10 -2 1 AH ELAE P S 7 v gt 25, JF BT DO 3
e P T 2 AT AT AR A b 1) R 15 - R 1 R ELAE
FwE, /e 4n 2% 2 1H L, Schweppe 057 4% PIR H
T B IR /0N BRI PP 2R 07 R B 1 R B A PR 8% 4 11
U e P 327 AMRRREE R 2 (811K 459 ANHHEAER,
XU BRI T B EEE A I A E Y
FLUEHE, JFRER TN &R R AL S X k. BEJS, Ryl
ZE 08T DSS ORI HAT WV i = — B g ) S8\ PR 4 i w4
B LR b AA AR LA FF X 2% 1122, Linden 259 BS3 5
I T T R 2 2% TS TR R R LR A 1 R 1 -
| AN EAERE R, AR R R LK BS3 X &
- B A A ELAE R AT E A A

XL-MS Ty E A A m A EEH, Al-
banese 2T P AhEE K B ANIAL2E A BRI EDC (1-4
Fe-3-(3- IR E LA B — W AR h) S DSSO, 45
HEAHEBEITIERA T AR AE T B 5T 1)
PSI-LHCIIsc 75 [A] BR i AH BLAE 405, figdk TR
B SR A P R A T A BT PR 1D 1) R, S ELAR i H X
3T E AR ) Lheb2 A1 Lhebl TE3E. %5 F (1)
LWk 23 & PSII-LHCIIse (IZRPEXE, H 35%~
A5% I3 AT T R R AEFE R ) LHCIL N 3R F, AR %5 M) Al
BN i 3R W 25 4 Lheb2 A7 F S-trimer N, @it b 252
A S A T B W 3 R LA S X R R 1 T G
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YT, A e B R 1 BUTR AN T R AT B R
5 HAMTTVEMLE, A AR T A R
o] CLAEAN M2 2 A, B I s R e B A - R
FBAHEAEM, fe—ERE R RIR . g9 AR A TR
H, FFaER e TR EA AR A, AR RE 240 oA
TERE ARG AL AL SIS . B AT 52k
Jiik J7 ik D e 5 KA T A M S &, AR A -
AT AR A R S A S

6 ETHHREHKRIENEBR-ERREER
ERfAR

FEI3 A B i (CF-MS) & il i 43 B AT A AL 3L 43
SRRFAE )8 1 R DA F0 8 0 - B oA LA P B .
76 CF-MS 1, ZZ - A i = A e e AR T
MR ek Bk Tk E, R HHA
LC-MS/MS #EAT 40 B, % 3 8 5 20 1 20 st A7 14U
e . %7V AT REAE — VR S5 A 2 25T B 5
HEW, RITERE AT EERASHINE T A

CF-MS iz 7 & [ AR 2 Hr (PCPYIME S, 1%

Il T A A A S 2, AURAE )
AR B . TR J7 VA, o B R 0 1 i
HHATREARII 5, SR 40 0E %5 52 BT S0 40 i i 23 1) 2R
FHRY, CF-MS it &/ ARk 2 5%, %
AW Ak /A ) B TR AR AL ) B 1R AR A BEIRAS AT
Iy, WA AT RO S A e, I B
SE AU AT P () | AR E R RS Tk
PR i 2R, LAHE W 434 B - B TR ELAE A
Havugimana 55258 ] T R0 1% 22 55 89 722 ke iy RORUAH
R (IEX-HPLC) -5 BN ) B0 25 25 0 FH 25 i SR AR AH
A, Wadt 8 ANMZIEHUIAN 5 /N M A o HE
WIHEAT 0 B 5286, $R15 1163 AN 4y, 7 R Ik
LT 2 ', ZAERRGHEA T 3006 i
SEAADEI S ATyt N 288 A 2 18] 13993 Ffrpmy nf {5 47 2
MEAEH, & T 622 MR &EAREAY, HHHH
ZREG OISR %, RS T 5 1% 50 2 R AR
VR A R LU LS. BT B AT CE-MS X Szit 2%
PR 43 2% HIAE BAE P B B0 A gt SR 4 b i
A W] R B bR E, Skinnider 5 S JF B T T 4 MY
(Meta-analysis), & X 1 37518 o 1l 5256 W o8 A 4 5
M. W5 E FEH T TRE 206 X CF-MS 256 1 R 46
MS F#E, s 12000 AME, P T 1100 /5NE
€ &R, JF BRESE iR T ST
CF-MS SIS TR, S CF-MS #F 78 1% 1Tl
IYMTEESE T WA AR AE

CF-MS & —Fi7E RIAR BB KRR KA TR B
A AL/ A B R 0 B R (R AE ELAE R vk, R
FAZHEEH TAR R AR, (B2, A st
AR A B R R R, 7 B A VA
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PR PESE R AT S0

7 BESERE

TEIX LT LN 1), AP-MS % EEAR-E AR
FHHEAER M7, DA RAR A 558 8 B B
(A MEA. 1P 24 2R A B K ERIA R AR bR
105 1H B R SR AE YR 1 B 5 - B 5 A) A B AR A
T RARPUAR BFr R, RAAREFRCE A P)5E
ety SRR T — MR R E AR E SR TR
{BTESRANAAL Fe i i FE , — S5 45 A A ELAE A AT
fesxEk, WG KK TAP Angsal & Bee M4tk i 7
1%, i AP-MS SEHL 7 IE R AEMMERIE FHEAR-E
5 AH ELAE F 9.

W J5 K e ¥ PDB-MS J7322& % AP-MS [ —Fi b 78,
T 35 40 B R R FE B R AL R AR T R (T AT R A,
JE B BRI S . AR B B R A A AR IR
e BRI S Ak P B (HRP) A S 10 i JE Y5 3005
(EMARS)J7 1%, # F TR 50 7& 4 B 32 1 4 A AR .
A2 4 =5 PR ) BioID A1 APEX J5 ¥4 N T 2 F A4
A BRI 4 B PN B 1 - B A B A F B A B R
R AR - 2 A BAE R RIS, R BiolD ARic i [E]
AFH APEX M T 4l Hu A7 /E — B PEM Ho0o, #id
T T AN AR AR 25 M B 419 TurboID A1 miniTurbo J7

*1

T WUTP I BOR 0 8 B -4 A DU AR A T i SR R

ENIETAE, BETE 10 min P SEELAH M A SRR iC 4
T2 W 2 R ) AH LA F )t A

XL-MS St 50 8 [ 5 25 6 FIAH ELAE F 65K 7 V%,
AT DL I A2 655 5 A 1 T kA TR oAb 2 B e e B R -
FEAFAMHEAEH. M AT, XL-MS MU
FR-8 A RA BEAERE R, e abH BAE AL S E
B — MBS ARG, B DR r S B & 3
S AT TR IT &, XL-MS T4 2 B T A= WA )
A -5 A B A b 2 L R A
L (In vivo XL-MS)PH 8 5 it K SR ER 55 b4 Py (1)
EAFUE B MRS T T2 K0, RO U AR IR
PREE PN B - A UM AR A R B

CF-MS &8 AH 2% 5092 R (1 5 1 3 s 1o AL 3R 4
R HEWT 2 s AAH BLAE A, (RN SR (R B AR BLAE R )
BEEIEE. /£ CF-MS Hh, —S(RFFEE AN EA/ERAT
TERT A BN FIE S, FH B R T 15305 S o HE 2 A7 5
R, G TR BRSNS S8

AR RARRE T RIE A RE ST — B
ZRVE, WAEMIERS N AR R R, KRR AEA T
DA KRR AT R AT 22 I B, H AT T8
H -2 E SO BLAE B BEIE, AR T & AN TR K
Ji A0 ) T A AT R SRR T 1 B -8 1 TR LA
SE, 11 AP-MS ] TAP FRZEXF T RIRAEFIRAS T

Table 1 LC-MS -based protein-protein interaction detection method, principle and process

TR BRI & A -
R B SR AR A I 7 ik

A5 8 R ELAE)
EiEr NS

5%

B AR- 8 AU AR I At it

SFEANLAL 53 (AP-MS)

FE T PUAAR B G 25 L U1 E
(IP)4lifk,

T R ARSI A WA P ARAB M R R SR B T EEAT SR AN A4, &5
o H BT T PR AR - AR SR LA

HFRANIARZE(Epitope tag)
Fric B 5 15 2 1 SR A al
1k (AP)

I AETE LAEYR T RE LA H AR R A RAFRRE, X HAREA
BEATSRAAML, S5 BIBTOE, AT ST R B IEHE A AR AR .
HEILAETE EAEY R DORIRKT-ZRIE MR & F AR 8 A ) 8 R A AR 2
(TAP), Xt HARER A BEAT IR RIAlAL, 455 RIS, Wil RIA
AAESKCT {9 B AR d EAE AR AR AT

[9,25-35]

JEFEFRE % (PDB-MS)

JE T A Ak T R AR D SR
W (Y R E B
(BirA*/BioID), ¥ R il &
1k ¥ i (HRP) A 7% 36 11 1R
HI E P (APEX) Al &
KB IHE )

i HRP BRI HRP Rl & 8 A RIE T18 R s EM IR, £
T BB BN EM RN OUT, AR AELZ) 200~300 nm i
BN RS AR, *AEMRARE AR, 456 8 BT A e &
5 -85 A SR EAE .

IR I E R IELE BirA*E SRR E R, AEYRMN ATP 1746
THRE (29 16~24 h), X HABIEEAT L2 10 nm)EIAEEWG]: BE
BRIz Ak, SHAEMIERARI B A BUR Al L, 456 B BTk 5 e
R AR - A AR

8 TRESCE PR R A A MR 5 8 A R IA T8 AR A e
W, £ H 0, MM ZARBHI AT, AR R . =R
FEPERIAERS A 2R (CE YRS B mER) K4, 285 LA T min (I (8]
53 3SR K AU AR A AR Y (<20 nm) (AR 5T R s BT R R i
ITHEMEN, MEMRAREA TR, 4iaBRmilkEesEn
Jo -8 B ELAE .

[10,36-51]

b2 2 BRI 15 (XL-MS)

B TR 22 AT DG AN
EREA RN AR E

I A 2SI AR 5 I P S S ) A 1A S £ T PR 2 S R A
HREIICOEE, S5 R IE UL 2 R S IR ) B A R B AR W ) B 2 o

[11,52-60]

Lo AR BRI 3% (CF-MS)

AR A A 1 2 (1 2R 5
FE S A L, 3 T A R
MRFENEA R E
(ORI & =5 €Tk T 4=
Ji- 5 U LA A

W TR SRBUKEIZE S, R AR Y VB AR A
AT A BR AR AT 0 B, XM AT B BRI e, SR
Pt s w45 RARUMEREAT VR0 (), SR s . A
Vet i £k), foeJm HET 7 A 8 F 5 -8 3 SR LA .

[61-63]
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559 8% (A A AR F @ AT, PDB-MS & 1) TurboID
Al miniTurbo 7732, AT 41 M A7 7E 30 1) HoOo ML,
AT DASEEL A P AR 5 I BRGE FR i XL-MS H L PIR J7i
RARER B, XF T 40 M R TS SR SRR AR AT
CF-MS HF RAREFZIT RIR KA T B A/ v
156 8 1) 8 -2 R ELAR A IS AR T

BP0 T8 R - 5 DA B B e
BATK, Z2MOEREE G BCONE AR -5 A A B
FEMTIIEE . W Lin 0554 AP-MS K35 Fl4lifk fi
Bio-ID [f1— & 25 [Al3E AR /M3, KIETHER
FREE(MAC)Hil%, did 18 MaZ s HH 4t 17 1911 4N 4H
HAERMEAE, % MAC 5KIgET AP-MS Al BiolD 1)
H A o3 T AT LAHE T A A B T A X s TR B
Leissing S5 1901k Ji& 7 22 BRI Hf G5 A 4tk 15 5 1% B¢
(XL-TAP-MS) 5 %, #H5 FH T e 5+ i MKK2-
22 Z4JE 35 AL R A (MPK4) 15 5 1% 5 B E (1 1 70 .
XL-TAP-MS J5iES230 17 MWAEYIRE S p 4l AR F R R
HIBEE AW, FERI T HrEAR-EERAAELER.

1REBN

MRE%, S FEMGEEA, 201757 ARELTFRAR S
KPP EME L, F5REE P EHSERRERSYEH
AT, MMM BRWEARR. EE2HRATEA: FaR
T M JRAL 5 M HT BARAT 7 k.

B, b AR R R AR, W
ARIF, PERORAFEFERRLEA ¢ E LD
FAf A A 2R R 2ER. 2017 FARS LA
B ARG AT &R A8, 2021 SR P HE HE
AFREL RELR. BRRARELFLNU. BRHR
AP RA A R(363 7Ha)) ER B A AT RAE T,
AR A AAERA@ LR A FHFAR. —EAFEORM
FHAAMN 7 6.
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kmie, PEAFRRELEDEFRTHARLR, HE
AR, 1995 £V FERRXPAZ R ASENTEHFER
KA T W B P Sk AL, P RTK B A TR . 1999 F
AMEDBARARLSERAL T CHERERR, TN A
Kettrup #4%. 2000 £ 3£ /258 2 W L4345, 2001 £ ~2003 4 3
A, 2O AEH X2 LY ELHBLAREMIELE. 2003 F 4
A& EAS R KGR E YA R T, 2005 S5 9 A A
R, BAAK REAERAARMF_FL, ITEHARAR
— &g dE 5 MR KA CAIA —% 2 fed @i L H 5k
F LR 2012 FARAHI T F RO IR EAST
(FAFXD. 2017 FHEBERABEFFALALTA T8 22K
TEA RO RA N TR I RAFHRARIFT T ERAR
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