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Abstract

tion and functional regulation of organism. The structure of protein complex is of great significance for studying the

Protein complex, the functional molecule of cell, appears to play a central role in signal transduc-

molecular mechanism of protein-protein interaction, predicting protein function, discovering potential drug targets
and contributing to drug design. Three methods are mainly used for purifying protein complexes so far. One major
technique is to obtain complex components separately and assemble in vitro; another is co-expression of protein com-
ponents in the same host cell following by assembling in vivo; the third one is purification of endogenous protein com-
plexes, notably through the use of knock-in method. Here, this study summarizes three major techniques for isolating
protein complex and anticipates to provide reference for further researches on important protein complex structure.

Keywords  protein expression and purification; protein-protein interaction; protein complex
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N T AR AR SRR A AR AL 254
5Tk MR R R B g 3207 A2 A4
aifr, BIEEHMEAEREITE. MR, BX
Y SV AL sh P e i A5 E B AR R G R R IA P
BRAETE R HRESRAR KRB A, B0 T 518 4
ZUH ARS8 A, WIRAE S & iE. A
BTHEAYME, BOESYRNALE TR, FES
MEAMATHRIFE R EME G . BRiRE R
ORIt 2 M i B B2 S a5 0, WfEf
ZH 3 H3K 4 F EAL i N IR 515 2 H L (mixed-
lineage leukaemia, MLL) X &I R FE R AR
AR, AT 499 5 (hepatitis C virus, HCV)[) 45
MEAEBIE2E AR, T4HHR I 524K TCR/pMHC
HEW UL S Gy th )5t # %8 55 5 ) PBAF (polybromo-
associated BRG1-associated factor, PBAF)&E &4 "%
&, R B2 S A AT A 3RATT R % 42 5T
KT g 3 1 ) AE ELAR R LER, A R
I BT 50 LK Ja SR 25 ImE R et B % . SR E A
WA E AR RERT L3 A AR =Fh: (1) 43l 24k
HEHESWNH T, ERINE B AR T AT 43S, 7
BIEERENEARESY; Q) HEAESWR 2
Ho M N LR, A AR RGN, 7
Hika e BEYEHARSN i, (3) itk NIRE B E &
W), 40| F CRISPR/CasZ A i A (knock-in)F AR 131,
o 24 i 5 s ) 2 DR N Ak A 25 F DL B 1 44k, B
HEMNEA S h S HNERESE. AHE
6 8 A i B A R Is Al e T7 Som BLEE IR, LA
NG e HAb EEE ARSI IR IS %

1 HSMELE, SBUEEEAY

B RS AV AR S R S B A 4y F (DA B
fER. IRAFAIREMEEF R, &EH Rk ikit
SRAL ) SEPEAR S Ak B PTRE, B TR R
IER Y (T S =R v/ R AR S Tl K7
N, it Rk o A, SRR E AT S R
PR 1 5, AR AN B 2% R S — 5 5 5 TR
55 FLBIIRE R S AT, AR R
G JE, IR R P HAD 2 R AR DR S B AR
aifg, fEd RS H Ay EAR g, HERM4E
il 7 PR R R H 2L,

ik RN SR 7 Raifb R A B S, &
HEXNEAT AW S A E RS T, EH51

R, FER A RIA MW, 38 T8 32 40 f b 2R,
HEAWHIE R AR, FINE T HES9&E
45 4 E il 5 2035 25 . 20185 EHUGHES 25" ¢
FRe A KR I 52 4 FRLAT B 14 JE 5(transient receptor
potential vanilloid 5, TRPVS){E B% BE4H iy 1 3R 1A, 18
Kt i 18 R A 8518 & A (calmodulin, CaM),
Sy AL G P A iR R 120 BEOR LU, JF
010 mmol/L CaCLAEi# TRPVS-CaM&E A4 %<,
REFP[ESAEHMNEAZEGY. IVICE HHIT
oy Ak B 2 S A S B N R 1 7(importin
7, Imp7). ¥4 N & A B(importin B, ImpP) 2L H
1.0(histone 1.0, H1.0), JFRixX = Fh i L% BE /R LA
L2 HBIR S, HE TIK LS, BE ALK
FER0.1% L _E S G ahfe e EA g4
o 20165EGONGZE 2N N-bifi 15 5 MBP AR 2 (14 1] I
WA O AR A 1Y C-Ui i 5 48 (C-terminal regu-
latory domain of Srel, Srel-CTD)Jii i R IA/E K FF
rf RN G 10% Hishr 25 1) [l B 1 35 o0 ¢k 45
AR A AR EOE & A C-ii WD4045 1 18(C-terminal
WD40 domain of Scpl, Scp1-WD40) () i ki F ik 7 B
d1 40 g, Srel-CTDAIScpl-WD404% E 1:1. 2] JBE /K
FEAEAR AN EAT 2%, TR AR E B A
HAE GV EE RS T A
(R ZLA Y, AR B B A& Sy, fERSNE
B AT H2E T ida e i A X —alifk 7 A ffiig %
B (AR AR F 0 2 LA R B,k — T B
R AL T B3l T A Al A R R R, (HLI
Tl 6 B FH BTS2 0 B G & 40 ©F 78 2 A
Ft, BRULAAMEA 3 2 BRI, iR B =S 54
I3 E FRIATE IR IR A, T AR 2 RO I B AR E
1) Ty e ik A1 A AR B B R e M o, e AR R
AmEREE S ENENINER, UEEEMH s
b J5 M LA 25 TE il fe e ThRE &L A Bl R 2. [H] A,
T EEMAESZIR K TR, gt DR T
o, A DU A AR 1 4oy P A A ERR AR KRR 2B, 5K
36 A B K H SR 9k )

2 RRER, AUERESY

AL R 1T A 5 — 1 2 R
I S, BB 11 L4 0 3% 4L ) I R ) —
T FATH R, B 2R (45 400 10 1 3 9 AL TR R
TE LA, T R ST KRR A U
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— A H R A E G0, LR IKFE 4
A TN SHRAMVE A4itb A, B T ksbal
A T4 e 28, SCRE I FH T 3 40 1) P R 85 R
H I EAE SN H BRI B f L TR, 5K
Perm T 2 AL BRI RR e MR,

B, LRE A7 N E AP, 55— Fb
NGB A B & U5y 53 i v B R TR ) Rk B A
b, BRI e H 0 3 DR A R [R] I A G %2 [
—1E EAML A, % 2H 5 B LR G M A R S R R IR A
AP R AEA EAE R, TERCH B R E AP, X
— SRR A LRB AR RS, M2 MR
IR EARAE A — 15 A LR R, A [R]85
BT HATHE, BARIE T B 5 B RT DA XA A7
Hby TE A 56 B SANB BRI R . (HIX PR 7 V2% i B
WA — B ER, B ILRIA i H B PR
TR G B A PN AP0, 24 A [ B M 1 R [ B
I, 22 MBI I AEAE T LA e G BEPE 2R . 2021
E WANGE: P 5 S W41 9) Epo 1 1) C-ifg #5707 5
F Bem3 ] N-3iii i 73 7% 5L 1] cDNA T 51 73 7l AL 42 &
pET28bHIpET2 164 Fits A A Rl B i B Ak b, [l
g2 KM A R, 33k 1 3R 79 Bem3-Epol Hx & &
Yo 550 ik FHAUA 148 DU AR ARL, I & a2 A
B DU 51 S 4% 28 A 20 2 3R IA 0 1 11 22 572,
20194F , DONG%5 P24 TCRAL %7 v % &8 v R IA B4k
pCAGH, [RIE K C-uii s 45 SBPHIFlaghn 25 [rICD3E 5
K7 A i & R IS A peDNA3 4h, BLAR
JI6'E 40 HEK 293F 4 i ik 1E &, ¥5H CD3M
TCRE A0 (10 9 ol i o [ s 2 4% 380 44 i v ok 2 1 3
ik o B =0 ik IR 75 R G B e 4t o i AT 2R
FIRIART, TG 7525 FE R 3R i 5 45 D13,
ZHUANG# P H I E A E &4 7 D1 2 B k%
{&(D1-dopamine receptors, DIR). Hll# 4G FIDN_
Gas GBIFIGY2FIFIRIE BEF IR 1101 1R B A7 (] B
TESTO B HUAH i Hp HE 380, 7ES pmol/L SKFREC A4 A
W B A7 1E 1) 418 7, DIR-GsE &40 /3 E4n ffa JiEE |-
WL R E DR E 5

EoMEATEREEMEARAHS T
cDNA g 2 [F] — M RB Bk b, b5 H 0 A 2 5
B R R P A ) R G B A R AN, %2 B
FIEA R N B S B0, JF Sl SR 43, TE R
SEM B I A B A ees, g 5k Bt R IE
BAR NP, B 285k 80 2 B R RIA Fi ik 5 B

okt 2 BN RIAEAAR. ATHEBRA 2 AL
o, BN R ITAEH MBS, AR
() 2B AH X ST, A2 HoAh B B B BR 1, H 2
¥ s BT 2 HE R R IA BUR AT pETDuet-1. pFBDM,
pFL. pKDM. pUCDMZE7381, 20234, ZAHMZ )
e U NAZ 73 24 JE 3 5 F180(nuclear division cycle 80,
Nde80) K 4 W (1) P i 2, 5= R ok ik 3k A7 %5 1 1 Ak,
R IANBA LA 3T HIpETDuet- 1814, [A
INFZE 7 3ty 7| NP JOE R e B A gk — SRAR T R, e 2%
15 23 7€ FINde80c loop Ui — SR, HZ Hsk HT
% B R R IE BAR WA 70 R, W& AN HoT
HEAKNREBEANY —, EARBHEAR, X9t
6] B4 3 20 1T g 2240 b )= A2 4, s 8 1 1 GE
W R SRS .

B 53 BT 2 FE TR SR IA B R R N 2
HHEMCDNAFI, (HE 37 RA —MREMA. Bk
TR R B S B B E — R B R, AT
BRLE B, F PR T 2 R R RIS B A A
PSTCm9. pETM-14. pRS42X-LNKZ%& 1, 20204F,
WUZE UORRT T ¥ W T3, — TR Al i A Ji Il o4 At 2
1 1(hydroxymethylglutaryl-goA reductase degradation
protein 1, Hrd1)iz FIEHME SYN 5 & A FEER
HEMasi . MHREN T HRSEE R Hrd1~Usal -
Derl-Hrd35 &%), 1EREMERIA 2 Fh 8 1 (1 )i KL 2K
14 Prs42X Hh 4 N 4= K Derl, @& Hrdl-Usal K Hrd3
B F A, X DR AR 8 E B 3 s BB GAL LA
BTG HRIN, FORLAE G NI BESE L INVScl 5 TT
R, BN AR R EZE &M, [FE,
GRABARCZYK ¥ Tof 1 FICsm3 P Fh 25 [ 1) 2[R )7
B 50 b 225 A 2 A va FE A s IpETM-14 35k, 2
B pETM 14-Tof1-Csm3 55 HAth 40 5 kL, 7 G2 N K
B G BEEH IME R EEERD.

T P BT IR TR 3R Al i b 3
77 3, B SRR B A A A 7 OE RS AT, T2
FEARAE B, Vi 22 0 9538 43X P b D7 vk 45 i Rk,
MUEmEAEAYREE e, 5SEAN
AN B A EL B, 2 b i 1 DR AR ) B AL R L i)
BRAESE By SEB. AR A Re M 1R AL S G A S AR
H AR B EE, A% Bl LA 20 L oA 1) [T R R 77
VIR RS N R AV H RS R L RE AN T . Bk Ak
P25 1 T2 20 M i 22 Phode 58t vl 3 R AN TR 2 3R
SR B — WA, MFE S RIES
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Table 1 Summary of in vivo co-expression vectors of protein complex components
WARRNE WA Meri i 1 RN G
Type of vectors Vectors Advantages Limitations Successful cases
Vectors for co- pET28b, pET21b, Promoters function exclusively;  Different antibiotic resistance; [29-30]
expression pFastBac etc the target genes can be correctly  similar vector copy number [32-34]

and independently translated

Vectors with multiple  pETDuet-1, pFBDM,  Multiple transcription units with ~ Uneven protein expression within differ-  [38-39]
transcription units pFL, pKDM, pUCDM  distinct promoters; independent  ent transcription units; limited diversity

etc expression of proteins of proteins expression; interference

among various promoters

Vectors with single PSTCm9, pETM-14, Same promoters; harmonized The order of protein expression may [41]

transcription unit pRS42X-LNK etc

levels

protein transcription-translation

affect the expression level of proteins

MRS E AN, SRR A RIE B Z R R,
R RIEBBAR, FHESWHIE ST KL
MEEWIFA R, TEREHNEAW, EAEE
Wt L R T 5 R E 1 2 A T 2% AR R, AL
CEL RN A R =R

3 @kRIREEREESY

PL At aiiqr 7 03 8 T = A = E 0 i
FKiks, EH T EAPAE SWH i€ HRHHE
EH. MYFEEOEAGYRENE, EOES
WA 3 At e DL I R Il R s 1 7 RS AR
JE [ RSN G A5, T ELAE A4 A S YRt 3 S b
BRI LC I, W] RE 27 AR R R AR B R AH B
YE RIS, S S0 5 I wERf . i oT DUE IS i
At i 77 20, A b SRR SR 8 L, ndt T
EHAEBOR & E 56 Y W% L5 A P (nuclear
pore complex, NPC), RJ DL E.#2 M4l g Hh B 47 7 25 4l
o T — 2 P AT DA E ek O 53 H 433 28 VIEA B BF
B, 7E 51 B2 o 24 B R — 0 T FLKE I 48 A% RN
FIE B MR, IETEZ N B A T HEM
JiE %A LE G, I T H BCAH B BT 3 (cytoplas-
mic ring, CR)SCHELH 5y, Hi7 T NPCHr 451 [PKG
AN T FIRE 2 2 2, BR b DLAN, B BRI KR,
1F 7t #1145 77 LRI F CRISPR/Cas9-knock-in A [
e N IEE H R E AR B T EA
AEAIIPRRE, EA T B A B DY R IGO0 T, i
eS8 H AT BRI B R R H &
LS B E AR E A S MY ae st . X FhJ7 20
PR E B PG RRE, el UB RIS H &

E P A AR A AR R R B 5

X IR AL SR U, mUN AR RE B R R
B PRI ] — B R 2l Ak B B e A
Wi Ak, 1645 1% F AR REAE A 40 Hh e ke 5, H
T LA AN A 205 X L FR 2 R B R A R, 2R
KPR LI/ 1E T H 5 H E R A S R, [F]
I RN BOFR B2 AN NEFZ I H B A S5 5 Thae. 2
16 40 T 2K 0 40 B g BRI, R i A
SR A5 & S LU AR, R T S R
B B2 AR . Ak SR A TR A
11120 BT L1 Hisfil AR 25 . 20184F, YUSE WIFERE
LR T MW 04 14 58 Hh 1) S0 URE A0 B &5 5 &AL
fiff (Hydrogen gas-evolving membrane-bound hydrog-
enase, MBH) & &%) '] MbhJ V. 2 N-Jig— D R\ His9
SRAFRZE, MR 23RS A EPEMBHEEH B &
Yoo 2430 B4 T B D v S5 1K) T SR A L A D i
TP RE A, Jy 1 S I M2 R RS R 2 B R R
PE, ARG RAF R A, — B0k A A R A 44k
(tandem affinity purification, TAP)®™*175 7%, RI7E H 1
i H Abknock-in P Al AN [F] (1 fil -G bR A, I P GE A
JENT SRR BBy A4k, 20204, WANGEEPE
i 1) REST AR B R CBO10 Spt20 25 [ C-iti s A TAP
B2 1T 2E A 15 380 A VR A e S5 Al B TR0 525 ISAGA
24, 20174F, KARUPPASAMY 2/ Bit2 it
T B B i 6] B 0 25 25 (target of rapamycin, TOR)
G B 2k [A] Bit6 AT TAPRR 25 AL, iR SRS TORC2
HEE AR IEE . BRTAPARAES), Flaghs %t
W T REAE I A R AR D B BB, WANGEERS
0] 52 G4 5y 2 — HISNF63E A C-iii A 5 it A\ 3-Flag
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A A EWA L WA F S LA R AB AU, SRR RSN B Y AR LAY B R A AR AL R B e = 2 R
BB — BTRL R, R IR ORI N (R i AR A, 00 B AR AR A LR R RO B (i S B AR A s Al R LA € M
CRISPR-Cas92 [l g 45 A 7 /1N B BRI P9 45 (o B RN BB bR A8, WL AR/ B AL 2R B e, 880 I H A b 28 P SR 160 B R AR AT AT, AL 3R
HRENREASZEY.

A: plasmids containing the components of the protein complex are transfected into distinct host cells separately for expression and purification. These
protein components are then incubated and assembled under suitable conditions in vitro to form stable protein complexes; B: multiple plasmids or a
single plasmid cloned with protein complex components are co-transfected into the same host cell, enabling the assembly of proteins in vivo. The mo-
nomeric proteins are subsequently removed by size-exclusion chromatography to obtain pure protein complexes; C: the fusion tags knock-in mice or
mammalian cells are generated by CRISPR-Cas9 gene editing, by which a specific tag is inserted at either the C or N terminus of the protein complexes.
Animal tissues or cells are collected and lysed, followed by purification of the protein complexes of interest using appropriate affinity chromatography
columns based on the protein tag.

El ZERRESMI=MAELRAR

Fig.1 Three major purification techniques for protein complexes

PRAFAIRIERERESWUSNFRE &4, FFFHMRIE  IWEARE WAL, X —BoREEARE

* ng,

A UR AR IR B A5

X T B A M B W AL B ) PR A4k, T
2 ik HIGFPARZE . HARRZE . Flaghs ZAIGSTHSR
A, — M FI e F P A RS bR A, i PP Atk 3R
PRGN HREREAY. —RIAE20224 K
LT Nature &[] 3 % P 18 H | H CRISPR-knock-
inF A, 1)k BRORE 7 FH 25 F-Jl 1 (the cation channel of
sperm, CatSper) & & Y1) F %205 CATSPER1E H
(¥IN-J7i 48 A\ 3-FLAG-EGFP-TEVHr %%, M 3k75 P
P CatSperE &4, HiE LA R B E B SRS
Iy HE = AEEER(EI).

&7 b, 383 CRISPR-knock-inds A i 14 5 H ) 8%
I H S IRl S PR A AT B B AR — J7 VAR T

D& U RAPHIRRIEMFEEEZNEALS
PRI ZEAL RO RT RE, HH TS PRl A 2 RN
SE RSN AR S S NG e S N NP
MR, BORIREEMRE T B AR N AT IRES -
(B i knock-inB A P IR B AR 22 4040 B 1 th AT R
i, dngRAFknock-ins ) B4R K . H A H
A 1E 5 A A A 1) R KT BRI, SiA A
ORI, A A v A DL O A A i R
HEZ, B AR G T I5E(ER2).

4 ES5RE
7 FIl 9 55 40 2 BRI, 2R (A L
A LB — 3, RasE Ky — R AR ARG
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Table 2 Comparison of three purification methods
WARES s i3l
Methods Advantages Limitations

Assembly in vitro

Assembly in vivo

Endogenous purification

Easy and efficient; mature technology;
stabilized protein complex components

A relatively natural environment; catering to different
protein expression preferences; multiple proteins can be
expressed simultaneously; low cost; easy operation
Applicable to protein complexes with unknown compo-
nents; proteins obtained are closer to the natural confor-

Requires adequate knowledge of the target protein com-
plexes; difficulty in harmonizing experimental processes;
longer experimental cycles for complicated protein com-
plexes

Protein expression level may be different for respective
components; uncertainty about the stability of protein com-
plexes; possibility of impurity

High cost; long experimental cycles; low expression of
protein complexes

mation

DU R 1 EE A AT R AR (0 R R A B 3k T Rb22 AN
M F 7K R 7885 1 TR AH ELAE R AL AT A= Pk
HRE T MR, maPFRNEASHN— 2
WEFT AT H AR, 10 2R 4546 10 775 B 2 5 28 R AR
M= VI C. 4T, EERE S AT
YFZ M, B E A S AR M. 4500
FEAE D 55 8 as A I . A oy S 4
BRI, X R RS e R E A E AW
13 5 R A

AHMEE R IESRIUE A E AW 7 Ak
AN 3 5k Py AL B o, A o 2 25 1 T Y TR B R K
EA TR e s BB RIENZ LR S
VIR sk, (B NS S PI0 A3 R AELE RSN, IR
S F B KA BSR4 3
LB R A B R G N RGP, A
A AE P IRIREE X — 5 R AR A A 2 (1 et T
TAMEE N B 0 A E ST B AR R AR
MRS TR, BE &Y Aib R A 7E 4 3%
J&, X R T R AR E A AR E
Y. (B ARIEN, REANSER—E TR
BRRAES, EEHRENE S @S AR, X
SR KA R E SR . T I X e R 5
MR, BEEFATRH T 5 —MEaait ik ——
WIRSEAL, BHEG IR O A IR G 1 [E
LB AR, MR R R RAMENEAS
EW, BHEFATF A Z AR BITIZILE &5 5y
REMIK S FREWE AL, #3074 R %
TR . BIXFh 7t alifb H R B R e, glifk
M 1 2 PR, Sl AR R .

HEAMMMBEAK RS, CABUBZFAA
WRERT 1 2 R AR E SR S5, SO et 1
SERL LR S ORI R R AN o TP SR
L IRLAR ELAFE B 23 LA o B 1 D BEIR AN 5
I B AR TT SR BEILA, O e S 2 W REAR BT A B At
BRI, HAEOR AT WA — L RR, &
Are5es, MEERE TEENRILFRS T, Al
SE BE S FEE G, BT SRR AR A o
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