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Progress in methods of detecting protein-protein interaction
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[Abstract] The life activities of organisms are controlled and regulated by proteins, and the vast majority of proteins exert their

function through interactions with other proteins. This article briefly describes research methods for detecting interactions of proteins

based on principles of biochemistry and molecular biology, biophysics, and bioinformatics, and reviews the characteristics of these

methods.
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1.1 B #E 4 K (yeast two-hybrid, Y2H) # 44

Y2H & 4t #& i Fields A1 Song" ¥ & 11— F 41 ffl
PN T8 A% 77 i 2 A e Y A Ak TR R SRS N PP
A R B ek 1 GALA A8 N i Y] DNA 45
£ 3, (binding domain, BD) F1 C ¥ [ % 3% Ui 38
(activation domain, AD). FJR[] AD B¢ BD FEANGER
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ARG SR TG T iR 75 5 AT e s (BT 1D
Y2H R 4¢) 2 F T A [5) 40 Ao o A A o Ao
A 5 E] B ERAR EAR Y, B U
R 2. Sun SEMVAE ] Y2H R 404 E H 5P IR
A J W J5 4 i AH HLAE 1K) HeLa 201 i 22 1, Shi &1
W Y2H REU6EE 1/ TR AT 5 cAMP
58 PE B 1 P (cCAMP - dependent protein kinase,
PKA) #7575 T a(regulatory subunit I o, Rla) #H
A I 1 Omagari 56" {8 F Y2H 5 ¥ 1A
1691 R AL & W BTN HUR AR 32 44 (the human thy-
roid receptor, h\TR) [P 1% . Y2H R Gt — A5 UL v
S Y2H 53 [ ik 15 2k B (0 B shios , 3 280as R )
REAAAE R R B, D D 4 BE L8 B (T A 5 ) DAL
T Y2H 375 2 R e SR i, To il & A7 (EAT A7) PP, 45
SOUOEAR B FE IR, AT AR BA A R
1.2 %.7% 2L (co-immunoprecipitation, Co-1P)
Co-1P S 56 7T L3 o B 4 1 8] % 1) 77 30 R 5l
PP, Co-IP 2 MR 48 471 J5L AL 4 i 3t P 45 5 11 i
BT, 20 AR AR ARV SR T AR R Y, 4
FAERIVFZ PPLA IR B ok ISR T 2 A1 5 X 9T

Expression of fusion proteins

—

—

A TTE X, A RN S XARIR R A i Y
RERZUTUE T 2R, AT i i- 2 B i X-ER E Y 1
= E TCE A . VS R XA A AR
MWEA G, BHERE LEREAE SR T
(Beads) [ 3% it '~ 2k, {843 21 5 92 3 Ui vE 7= 4
2), FEWIBE AT F Western blot £ 3 & %08 H , 1 0]
Jo B A S T AR

Co-1P A A AR 11 77 R 20 ., 40 i A A7 AE
() PPLA e KPR M OR BE R ok B TR Hods B 2
(1) Co-TP i AR 7] LA Lb 5 v i A W 1 5 H (1988 (1 AH
AR R R, W0 Jia SEPECH Co-1P 5 G A
(Co-IP/MS) , %5 5E t} 23 Fft 15 B¢ B SLEL ) 1 FecB
R EAE R E AR . (22 Co-1P A H R BR 1%
JoiE I W PPL 2 BRI A2 (A1 42 1K), HLASRE 73 H¥ Wk It
YE AR SR A 7 1) PPL
1.3 Pull-down

Pull-down 5256 18 ] -4 25 5 Fh 4l Ak 85 11 i 2
(] (1) B4 PP I VPSSR A0 ) AR BER . 25 bk H JBk-S-
4 7 [ (glutathione-S-transferase, GST) £ [ & — Ff
J 2 A3 SR IR 25, GST Pull-down 52562 ) H

Yeast cell

Transeription

E1 EEENHRZRE
Figure 1 Principle of yeast two-hybrid
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Figure

Principle of co-immunoprecipitation
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GST 5 & & fEM I _E 45 Bt H K (glutathione, GSH)
S5 5 R B Gl A BORKS GST 5 R B Rl
RlE SR AT [ AR AR SR K GSH SRR ZE 5,
5 RE & A PPLIY & A E A el S e AH
HEVIREIS, AT, JE i GSH-GST-#R 4 2 1 -

SV E A, T4 8 SR B A A AR
55 & A (E 3), 7] i@ id Western blot B 15+
REEEIEH,

GST Pull-down S 56 ] LG IE 2 1 )5 2 8] ) FL
FPPL, R B R B 5 MHE H LA PPLI 451
BRI AT LA L, 4R AR H ] GST Pull-down
RGP B i 146 2] 39 M5 HTNO M0 2 85 37 s 2
(avian influenza virus, AIV) ¥ BEAFS TS 25 H PA-X H.
TEMMBLE 1, IR AR PA-XTE ATV AR i i i
(RIVE R 3452 FE Al . {H 2 GST Pull-down #2& 7E 14
AP BEAT AR AR S N B8 AIE £ 5 A ELAE L, AN RE
AR WA N E A EEH EAERES, Hata &
FH ) GST AR 48 W] g 2> e g5 10 2 1 R A 3 &
I

Expression of fusion proteins

A=

o

Cell lysate

1.4 $IKF A4 (tandem affinity purification, TAP)

TAP $ A #5514 F Rigaut 527 % B, I £ %
JE BRI B A 8 h 3RAT DD, B8 S AR T3
A R S Z . TAPHOR 1 e 7 i i 3 R LR
2R K N 3 B C 3 Il — > TAP AR 22, TAP
PR B S 1 2% 11 45 A K Ccalmodulin binding peptide,
CBP)- TEV tE F g V)7 sl - s (L & SR B R A
(¥ 1gG 25 G 25 A3 e 55 TAPARZE IRl 2R
R IR U E L 1gG 2R AT IR AN I e, K280k
S EMEERSE N EB PN, gG R
R T HE A A-TEV 8 A BEY)IA A-CBP-FH A -
BEYEAREAYE4 A . IINTEV &AM E A
EEVH I ERE PR E A A, PP T
CBP-FHEA-FHMEAE S4B . FRILE
I 5 2 A B T AR B RS, AR AT
£, CBP L= S5 1 R 4 &, & A EGTA
(8 B B0 AT IR A e Mot , BV RT 45 31 1 40 FE 15 1 AR
H-EMEAE S (E4 0.

TAP HAR G I W B i, Jeksb 1 R S V1) 2R

— @ MK.H e

3 Pull-down LI /RIE
Figure 3 Principle of Pull-down

45 E, R TR DY, LS @i TAP-MS B
A, % 5E T HE AR AR ARKT K PPL. TAP 5
REMRLZHRE, Gz H PR, Berneking %5 F]
F CBP FHE % 5% Fll & 45 & Ik (streptavidin-binding-
peptide, SBP) FR%% % 7 5 HE /R AR B AN 25 YopM AH
HAFFEIH R 1, Tani %M 3XFLAG(DYKDDDDK
O ARZE 5 N B 53 11 5E 2 (human-influenza-virus
hemagglutinin, HA) A3 %5 3F i i 5 i ik A 45 &, DA
SE SN EAMCED Ap2 G BN ES
HEVIHIEY . TAPHOR K RV 245 T TAP bR
G NTT BE 2 s M A H I MR AL 45 &, 44k
I FE R TEV & A5 EGTA s HAth i 77 i 5 FH vT A
RTIRE SV BT .
1.5 B4k & = (phage display technology, PDT)
1985 4%, Smith "> ) B 22 4R % B 1 2 34 Hh 5

R, & 2 T PDT MR . PDT Y J5 382 AR
5 DR o R DR T AR B AR N B e R I R A 41 5 B
F1 PR 25 IR B H AT 7 66 T A ) 2 THI 3R 5 (1)
AMIEE D,

PDT /& TEWR W A4 F R IR R B S 2 Ja A iR iz
N7 B8 (A A BLAE T A e AR R
B TTRRAE T S N R S R A KR, R
JREEDRIH PDT fifi ik 5 5 0 [l 0100 25 VP39
FEAE 2 Ik, 453 NCBI b 5 & B0 5 40 52 ]
W 7R S0 R 2 KR R, R
Al RES VP39 fETEAH HAEH o
1.6 &aBRLA

A S R AR R B T B K A ]
TESCREA R, IR AE 5 2 5 e M 45 & I A 2
F1 s FH TR b B o FVER (1 03 2 A0 A LA R ) o0 T
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TEV protease cleavage

Mj o —> - * mm  Calmodulin binding peptide (CBP)

C
o— :+EGTA Q

== TEV protease cleavage site
Protin A

Jm IgG beads
Calmodulin beads

e (Ca”

A: First affinity column, binding of TAP labeled fusion proteins on IgG agarose affinity columns. B: Second affinity column, binding on a calmodu-

lin agarose affinity column. C: Mild elution using eluent containing EGTA.

4 BEFRMALEREE

Figure 4 Principle of tandem affinity purification

JRFRER 0T RE 51 5 AR S F 2R 1 S
R HR GG 2 AR B M 0Tk BB B LA 2 )
AR BEAT HE T I TR HE T .
1.7 4F % & &AM bimolecular fluorescence com-
plementation, BiFC)

BikC J2 il 1 1) 1 5% ' 2 3 R 8 A 0, T i
A G N-3ii A1 C-3i , 237 5 FRAIE 8 H b £ A it
HRIE. HHWEARKEHMBER, BAATE
18 5% 't P B D) AH HL 5 30T T 1l 5 8 1) A s ME IR Dl
B, MWTEESOR O N R 586 . BiFC g & —
Tk V5 4 i PPL AT RRAL IR 7595 e Feng R H
BiFC £3 A G i A ic A IR 1 B 50K 75 N B A 4 i
HH ) P YR S A T R4, Don 2659 1 BiFC 5 38
Tt BB R GEAR S &, B FT UL 4 N 2R AR AE Camyo-
trophic lateral sclerosis, ALS) 71 [ &5 [ 58 SEAAR T i A
TENL
1.8 AR 4EM) € (proximity ligation assay, PLA)

PLA t#% 4 Duolink PLA £ A, foVFfE U1 £
FTKCSE AL (PR B < 40 n) & J0 PPIHY . %07
MR — P 5 AR B A AR B E
B R RS . — P R A ARE . &
A E AN SRR B A AN E B U A AR —
P bo A R AR LR AR H Bk (AT RE A I AH B AR
R, BAMERZH R AT LLR K, O HR T B A
BADNA RELTRA(ES . ERME T, XK
R 7R A RUIR ZEOGBE i, W] PLA SRy, I3
7N T R L B 22 T A7 AE PPI7 o Jang 25“S'F A Co-TP

I € A Duolink &% 3 3% # I 7€ & I H-FAH R A
TMEMA43 Fl TASK-1 28 (A A7 7E BELHAH HLAE I

1.9 ARUTARRME A A R A 2 5 R 8% B (proxi-mity-
dependent biotinylation coupled to mass spectrometry,
PDB-MS)

eI 210 F o, BEA 5 19 AR I Fr i (proximity
ligation, PL) $¢ AR T i A 75 1% 40 M v 5 o7 2 1 Jo Al
RNA 3 K LR fEIXEET VA, TR ERE € I
IR S Ui 1 ) QA i A N e A TR Nt
B R, Bl 5 3 BOF 5 8 B/ RNA B AR
Hpirbric™”

BOR i AP Chorseradish peroxidase, HRP)
TE 55 5 B B - LW R R AFAE N 237 A — i
Pk B 1 FE 5, A I B I 200~300 nm VEFE A (¥ R
FRE (B 6) .

U IR IR 1T A A 4 B (ascorbate peroxidase,
APEXOAEIL AL EAFAE T, R SNV N A= 2% -
ARy (W RR 9 A 3R F IO B Ak v S L AN AR
SE HIAEZR -y 288 1 b 3, TR L B ) 2 B A
WEAE (& 6).

BiolD J& 3 T K W AT 1 o HO TR 2% A W) 3 i i il
BirA* (R118G I s ¢ R A2 Wy it & 5 1 &R H, £ )
O N E A R =R IR A A — R g
M (4 A= ) R k-5 - AMP (Bio-AMP) H [E] {4, Bio-AMP
AU AR 1) 75 25 A T R 1 o B RS A i
IR ) s T, A AR A B A B AG T (B 6)

BiolD S AT £ 3 iy U5 5 A7 ] L L JC 35 1Y
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Protein A+B 1" antibody

complex
) >—> —>
. &
Fluorescent
Fluorescent probes
foci in cell _7 o’
A LL]

DNA oligos

:|~PLA probe
2" antibody Connector DNA strand

Ligase

-
RN

El5 SRLERNERE

Figure 5 Principle of proximity ligation assay

¥ . HRP.APEX 5 BiolD /74 BiEME 1t 3t ul s
RE7r T2 FEUIR K M bRid 42, BN il 4
FRAR BE It 45 S5, I 4K, PDB-MS IE7EAS WA A6 A
BT, 491 201 Kim 255925033 BiolD 75772, BL BiolD2 Jyh
O, BERE I P14 S it A M R B 1, S AR R R
SRBEAR, FER I H XS A0 8 [ AR e 3G 588, $2 5 1 7
% PPI & . Larochelle 225938 3 TurbolID 4§ 1
ARSI A A, 45 5 T BE AR 1) PPT 4%

BT HEMNT S 5 T EY S W0 5T LR
B2, 1 O AN PR A A [R], MO i s v T
REEGER D,

2 ETHEMYBEFHMRTE

2.1 % K4k A = 4 4% (fluorescence resonance
energy transfer, FRET)
FRET Ji B K B3 18 o B ME Y 82 3 70l 5

Biotin-arylazide
R —
°

[ ]

- -
[ ]
APENEERT  eO-QH APEX[Bait=
,‘” HzOz - ,ﬂ.

BoDmmE e AT oD
p_ = A

PRI 2 R 1A, 17548 B AN P B A A BLAE
FH T SE T, AR AR 32 44 1) 52 ' 141 0 7E 25 1A) b AH B
AT, 2PN B EE B TR 1~10 nm B % S FRET 13
55, FRET 2 P71 B 7 EAE P 2
Fio PR T HOR RS, FF It 1 (A B B 45
WR-AE AR &K e B e A% B M (¥ 3244657 . FRET W]
FE V5 4 H DL B2 B 7 P A ) B BB PRI, B
EEDVEE FRET AWM i /N8R A77 28 AR 4 R
Kt ASTE S LA RhoA 54 (R 3 /F F , Kondo
SR F FRET R VEN JE i B e ¥R 7 1 25 ) U
PEIG , ) G BRI FRET BAR AR 5 52 14 5 g
HMECARI AR ELAE A
2.2 R&\FHT LIRS (surface plasmon resonance,
SPR)

SPR & 1) o [ AH ELAE FH BT 35000588 v 2 1 ot
RARLTT = A — Pl 22 IR, RE % 18] 5 L U | HE

Biotin-labeled LC-MS/MS
peptide enrichment analysis
[ ]
—_— > e f _—
m/z

6 ETLPLRBIE SR WNE S BB AN RIE

Figure 6 Principle of proximity-dependent biotinylation coupled to mass spectrometry
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Table 1 Advantages and disadvantages of research methods based on biochemistry and molecular biology

Method Advantage

Disadvantage

Yeast two-hybrid (Y2H)

any two proteins in different species

Detecting physical interactions between The automatic activation of reporter genes leads to

high false positives in the results

Co-immunoprecipitation(Co-IP)  The detected protein interactions are Unable to determine whether PPI has a direct effect;

formed in their natural state

Pull-down

purified proteins

Tandem affinity purification(TAP) Increased specificity

Phage display technology (PDT)

Protein chip
Bimolecular fluorescence comple- Visualize PP in living cells
mentation(BiFC)

Proximity ligation assay(PLA)  Visualize PPI
PDB-MS(HRP)
PDB-MS(APEX)

proteins

PDB-MS(BiolD)

Simple and non-toxic

Tightly linking genotype and phenotype

Microization, high-through put

unable to detect PPI with instantaneous action and

low affinity

Detecting direct interactions between two Inability to fully reflect the true interaction state of

intracellular proteins

TAP labeling and eluents during purification pro-

cess may interfere with PPI

Limited by the capacity and diversity of peptide
libraries

Excessive cost

Temperature sensitive

Cannot be used for living cells

Identifying PPI on the surface of living cells Large marking radius leads to false positive results

Strong labeling specificity for mitochondrial Large marking radius leads to false positive results

Large marking radius leads to false positive results

TS o3 184 F A s FEREAT B & . SPR i
[ 5E AR 70 5 A o 7 ROE R B 3 4> 32 24
TR BT S AR AR R WA A,
BB AN G A < Je JE o F HL 1, T R T 45
BT, M 1 G v ORI AR IR A S R
I, 7 e o 1 45 A B E A 1, sl R R e R
T 37 5 3 (R T4 A%, o A A Ak BRI 645 5 AT
BT S, SPR I G R HG R i 47 5 %
AL R B T 32 2132 %3, W T AEYIRR S
F14 v R BEORE ARG R R A
2.3 3¢ KAk (fluorescence polarization, FP) R
FP I B AR 38 3 73 B A 2 b 96 70 0 1
PRAB S AR ZE 5, SEPUXT 701 1B AH ELA FH AT 78 A
KR ide B BRI o 5 bR iC 1) /N o T AR
YO PR T, R IR RGO I R A6 PR RE &
TR I = AR FPE 5. BERH RN T 5
EAS SRR TREEY R EEMNEs=
g, BN E SR RIROCER R, T ES
R IE 3, KB R CHAm IR o ST =
FOU IR 2 5 5 H R AR R )T sl i e
' R JEE AR s R 2 1) A A it 4, el T DAREAT E

73HT. FPRVER A EEE T An BT
T AN T O iR 1 5 8 2 7 I Chigh through-
put screening, HTS) F 4t K % %€ flf £ # A1 Caspase-4
FHELAE B0 4 1) 751

24 FiR A2 2 KA K (isothermal titration calori-
metry, ITC)

ITC A J5 3 3 o G P00 73~ AH B A FH PR T8 ek
WA F) f 2, e B T R S RV AT R A e A
;M E R, BRRES SR iR AR
82 I A, 45 7 £ E 5 23 1 TR S M A ELAE T
T TE AT A PR R 8 A s R i Vi AN 2 B ) 1Y
TRV FEAR A, P E i e A B R T . E1E iR
FE S INBEET PA— 8 il B2 [ A it it rh i it s 5 2
RIS #EHE SR VRO N RE it ), TRLRE i it
R B AR S 32 AR AR A ELAE R AR R AR AL
Aol A 2% RO T 8 R A A3 DT S BBORE it vits 15 2 B it
Z I A 2T ITC G 7 38 3k % e b 5[]
5 M AN G5 B B AR HEAT B i, SI2 56 I TR 5 e £
VR 5, HPT 5 FE it &/, RO SRS e
Matilla 5575 F ITC 8 7~ 40 27 I R GE 1[5 5
YEFHLE, H A A ITC & 0F 7t 45 & i 72 10 3 & s
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. Wang 57 AN ITC RE W% 52 % G0 A= Al i
PASRASH B PR A5 S5, JF058 F ITC e ) 5 g 417 1) 7]
OBy B W2 F ol e P AL
2.5 t%E # K3 (microscale thermophoresis, MST)
MST & — M RAE LD 5 THRAPE RO 7075,
BICRL £ OV R FE A6 B2 v 1 5 1132 3. MST A
M5 % B Nano Temper 2 &) & B, H T AE i £ 2 A4
Yoy FAE B R A RIS R, KA BAEH
WA 53§ B KA S 231 RIS i far S 1 o Kk A
AR, BRI 51 AL S AR 28 985 40 An B AR 4K, BAASE I
FHELAE B AES 2 F TR R SR AT . MST v
JEH /NIRRT RS FED 2EAT =l & k™. #
VKBRS IT J@ 1 U N A U &S T
Jt KL ~ /Ny 1 R0 1A 22 ) o A B A R
o Asmari S5 T MST 5 AW w2 B8 & 259
HIABRE ARG RNy, T EEAL 8RS 245
F 73 o

3 ETEMERFNMRAE

A B BAE S SR 2 A% T2 BCE R PPL M
%, B WS B HORGE B AE PPL A A E % &
%o Chen SPHR I T —Fp BT 5 51 B B4 By
%, #X N DCSE (Double Channel-Siamese-Ensemble)
ST LE (1) PPL. BASE A0 55K F T H AL, 1
T3, 6F 2 S R FG e A 2 A S R B R D
Mlo-5L 8 H WAH BAE FHEAT 05T, 33015 HAH |
VE B AR K B

4 RESRE

PPI i 50 77 ¥ AR 40 I BE KB n] 20 W BA R 3 F:
O3d T PR BN IR AL AR 2SR Aty , 73 21515 25
H5EMEONEAEEY, BEd k& a Wik
BT B T AR S A S B Qi B R TR
LT BOIMAR & B R 8RO 5 5, RAE PPLIY R A s
()3 i Ao W & A A ELAE FH IR B R 43 1 I R A
RS WA AN R T G I S 1
PPL. A HI LR OTE S AR SA L, AR
JIER HONSSE, HoOFh 78 . AH1E BEE BARE AR
AN R, 23 77 AR o e HE CUERA IV PPLAIE 2 58, N
NBIRZ A fn BAME LS ek i) T A .
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