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Pk
W5 TR T AR
EEERARE RS

Fod AL

(BH I ARl b, il LR K st s, BifE 200433)

WE W79 H 4 (bimolecular fluorescence complementation, BiFC) 23 HTHiA, & i Hu Z54E 2002 i e i —Fh B
L PRI AT bR 2 1 7R S A0 8 8 S R B FH R RR . AR AR I b MR 5 56 88 151 731 IO N B By all 5 H b
TG R, RSO EIEERE RN B AR A TAHEAER. HG R EHR M2 656 T AR (multicolor
BiFC), AW EE[H] I A F 22 Pl S A AR TR A, IE BE 0 AN [m) 4 10 0 (0] 2= AR A0 BAE I )5 sg 04T Le . BT, AR T
MTHRNT, GHEE By WEM AT, IR A 5T R] = A A0 BAE F 8 99 1 st LR R 1 stz 2840 56 7 T R 9 1
E L.

KR X TPOLHANBIFC), HEFAHAM, WA EsL

FRSES Q6

175 20 B R 1 A R A A A AR I A b
A, —H R BT TR )z —.
M X 4> 1 %% )% H % (bimolecular fluorescence
complementation, BiFC) 73 #HrHiA, hIRATAEDE
WS T EROMSE A B A BAE A TR A
Ry agAen,

%77 15 A H &f 8 %€ 6 8 1 (green fluorescent
protein, GFP) [ 35845 A s MR A 0 4 5 L 1A
W 7O B BN A R A R CTE TR 21
B, W5 Bbni mEe. Wi Hbs A
MM AR ST, SR 2O R AN o+
JrBAE S ) EARE ENT, FOHE OSP4
MR G, AEFIGWAMEE T, W fe B W5 2 Wy
HArtE RS AR, I BRI s 40
Az PROPR AR R 258 T W0 55 381 JOAH B AR F R A= P N ]
. 59 PR A E S miet:, Bk
MMAE T 710 AT AR 25, X5 0T
W E AP EAE A — B X

1 BiFC RIE

1.1 RAEAMEHSHFE
ok {1 9 Ot 81 11 (GFP) K Ui T 7K B (Aequorea
victoria), T UEZIAN 27 ku, RELE STl &

K. ZBIWORN, AT EATATH BN 7, RE AR
b Rt g (9 6. 1992 4F,  Prasher 452y [ T
GFP JEI. Bl )5, GFP R4 — R o ik PR i A i
I SE 7 BTG A AT i AR bRl , (B & AP 2 40 i i
SRR T )2 R

GFP (1) — S8 5g il 54 HE W] b b 50 A8 FLPC
J. AR, B A A 2 AR REE,
GFP66 {7 1) s 2 B 5 AL Ky (0 28R I IR 7 (9 G HR
1 (cyan fluorescence protein, CFP), 203 i 1] 75 %
IR 98 A% O % 2 TR IS K BT 68 O B (vellow
fluorescence protein, YFP), 145 {v i % R 5 AL b K
W2 R 5 I 8 9¢ Ot B2 [ (blue fluorescence
protein, BFP)P. 2002 4= Hu 2 Wik e iE 7 H
BiFCEARAE 1 40 I 7L ¢ bZIP A1 Rel 5 8 11
MEAER, FA P Z YFP AEFRIE, 7890681
Bi N 525 nm K EHEAS I 1588

GFP Z i it A — = M i

fig 24 H 21

* [ 5% T SRR AT 9T R R (973) 35 H (2001CB510203), [ 5% i
RHFFE R T 1(863) 3 H (2002BA711A11), |8 KICKI H
& U 2R (41 1 RI(CNHLPP) (2004BA711A19)A1_E i i BH G157
BRI H 9 1.

*+ AR N, Tel: 021-65643023, E-mail: kkhuo@fudan.edu.cn
ek H M 2005-12-22, #:5%2 H#: 2006-02-09



- 590 - EMLFESENYRHRE

Prog. Biochem. Biophys. 2006; 33 (6)

(circular permutation). GFP. YFP. CFP fl BFP #{
& 238 AN S KRR 41 S P SR AR B 1 I, DG I e AR
FEETH TN 65, 66+ 67 T4 %R M
1R H2f A A B R Dk, Tz K
LATEE A UL )G 29 4 h 58 R0, AR S5 W oR, B
H T ot — AR R iR, 11 DNEZET L o
BRI BCPAT B T B AL PEOGEE BT B & A
XA TEFF AR, AR TS e 3 AN 2 5 Bo
i, MR EE A BOE R, WO R
FEAE A WAL T RN . Geoffrey 28 WHIFST K
B, 7E GFP WA B Y = Z A YIRS H | 4 /A7
10 A7 AT LU N A 1 AN GFP IR 2t
TEE, AR BUOR AT A P S A O 5
£ GFP [{155 144 A F1 145 AN SR 2 104 A\ A5

HEAFA, 487 nm K MOGEEOR S, 1h6Er
A K 512 nm 58
1.2 BiFC KB EKRIE

BiFC A 1E & F Al 1% 58 6 8 A KR X —HF
PE, FEIREE R R A A 98 6 B (DI RR N i B
BORL C i BEWIRB A e, T — N B E IR T )
(linker) 737 55 H b 8 (1 4. 20 I 1R 55 DR ARG N
Ak, ILEEYLAN B, WY B A L DN AR 4 P b il R
ik, HHPEANAZEHEER, @il linker 7425
PN I N iy Be 5 C i v Bt Be % AH L 5Eik,
T B R B AR L R Ak A, Rk, 7E
P BB PR HANOL 4, #in LAHE
W7t P H bR R R A T A EAEA (B 1),

HAPOEIER S OO E YFP

lnkcrE —b¥ N
1 2

YFP
v -*ll‘l
4

Fig. 1 Schematic representation of the principle of the BiFC assay
1 BiFC SR AREREE
I AR A 5T AL Bl — B SRR &R IR 7 41 (linker) 739 55 YFP 22060 A
RN Sl C S by BeRilGy s 2, 3. BEEIE A I B 2 i) i TAH HAR 4251 5
HAFB YN M YC ML SRR, JFREA G e YFP 701 4 BR BN
f5e 8 YFP 7 v 40 5 —BUN G, ARG RV IE A Ok,

2 BiFC #ARBE ARSI RE

BiFC BRI S0 # A i, dk ¥ H s A
PN JTORL, JLYRAiiE, B59E— e RS BT
R

K% GFP 4F, YFP, CFP #B ] ¥ /F 41 5 LK. )
FIN, AR RIFELESE 155 AL FISE 173 AL LR ab. H
HI SCHRARE (1) BIFC £ AR 248 H YFP /R4 2 2L AT
R A F] YFP I AT — N s K Ak, BIDUE % 40 it
iR, etz TOTO-3 I3 K 6 I K AE 642~
660 nm, 5 YFP (¥R P 515~527 nm 7 W] &b

ZE, T WL N LI AN S AR A B,
AR T 40 e A MR

JEUREL (1) 6 g AN S0 IR DG B AP B, L Hoff
IO BF 7 ik DR 1 400 IR v A B A P R 512 56K
. B 564 PCR 733 YFP1~154 {75 5 M2 1) N i
JrBLYN AT 155~238 A 2 FE R 1) C i v Bt YC,
FEHAGIN LRI Not 1 DI s 0 R F) Spe 1 1
VI gL RIS B 51 ) v ik 5] N 2 15 RSIAT
RPACKIPNDLKQKVMNH [#] 3% # ¥ 41 linker. /1T
linker [ B 45 A 70 2 (R B LA — 38 I e 6 175 20
PR & U LS /) oy 5 R o LE1 VATl o [ iy = o)
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B o EANEAE . HbREE B AP i i PCR 5l
A Neo 1 (VI 11 33 linker 344 ¢ 6 R
F B S AR, R AL R R N T
RIBBARI Z s BEAL 55 Hoff S EiZ SR T
) K 25 R (A spergillus nidulans) ) gpd i 81 A
trp C 2 bR B TR k. okl g an 14 2.

HirEr A linker YN
p * :
Neo | Neo 1 Not 1 Spe 1
P Y T
HirdEH B linker  YC

Fig. 2 Construction of the plasmids in BiFC assay
2 AT BiFC 8RR HIEE

F A L (¥ JORL 5 G 4l . BiFC W] LATEIR 2
Wi L 2 P40 i R (CL Rk E 4T COS-1, HEK293,
HeLa, HeP3B, oTN4 I NIH3T3 %5). AH440 fum.
LR A A M (A Rl D A e ) EE O A A
(E. coli DH5™) b i 25 (= s AH B AE . 48 i A
37°C UM FEM TP R 9% 12~36 h Rl fEfE %% 2
B FIREAT PRI, TMAE 30°C, 5% CO, LS
TRIZE, HERefEdE s A B, WY
70, Hu SF0EAE 37°C R R 24 h )G, RO
30°CH;FE 4~16h, A e m 2R,

g B = AR 1 9 6 5 89 7] BL AT automated
feature-recognition A HEAT € & T, (HF=2E 9
[R5 559 AN BB 40T 0B G LA = AR AR, I8
e BLHE R e gt . R R IA K AR TR 2 15
mi. Rk, AT BN N 2. BIAE SR G (1 [R] B
PR Je— ANt KOG E A TORE, 1O
55 SR ACEC A MRS T P 2 6 B DG 1 e B Y i A B
ZE5t, BRI A AN HIUAR FL 520, 40 Hoff 71 ik
SEEG ] YFP e e H AR, wiE T CFP it 2.
CFPIW %GR E s 505 5, FH YFP A Kl
B[ 6 o0 IE 5 CFP I 21 1 9¢ )6 58 B (1) Lh A,
Tt e A SO B T S ) A ) i R A 2
SRR A RE A RRIERE F, M B 5% H AN
{107 230 L i H T — RO T I 2 R DR R s 3
W myc HA. Flag SEbric ok b, PRl fe
FEPE, R AT EN A KA o 2R (1 R

3 BiFC B9 F

— O 2 (RIS v AR R B 1 TR AR AR
PIRFFE SRt T A AR 4, R RN LA T
BABATAE— @ (W B a0 S eyie R B R 26 45
TR, H 98 G 328 A AR 2 0T 40 i Rl 4%
P, TRAAS H A L BB I 3 41 B AZ 1A 1) 8 11 5 AH
FAERT, XA ELAE FH 055 00 45 5 AR 75 2 24 40 it LA
FSE U 75 F DR (1) R AR 7K AT JE VA AR R A 7% 4
M AEBEAAE RSy BB PR X 4 i N B R
A EL A FHREAT B ST, BiFC AR IE I AR HMX
b, DUR 2 CARIE K BiFC BEARALE A A Ay
b2 Al Ry AR H
31 MR¥FEREFEEEERARETHMEERML

Bl 1k % % IR $ 4% (basic region leucine zipper,
bZIP) R —RE LW 7, S 5IERERIA
5. 24 CiE i N1 s K —RKEH
JF& tH—A 5 DNA 458 IR 25 f SR — A~ 2
PRACAE F 1 58 20 IR 7 B X 3 (bZIP) 41 B 1. bZIP [X.
BT e sk R R e e X, i DR
FAAALAE I RIEH R SR A iy, B m R X
B, X LEPR] - RE 08 T R R S U SR AR, A,
WL bZIP S B (1 REAH BAEF 2 454 5 I 8 (1R
SR A A7 R AR AR 2 R B i — 48
BRI G AR FAE FICBE S ATAE 2 40 e A7 2 15 X
2 RA AR ? BIFC H AR A filf i 26 n) i 42 it 1
fEF].

2002 4F Hu 555 Je i 1 A BiFC £ ARH 5T
bZIP % KR Fos Al Jun PN G2 88 1 5 8] [ AT
HAE I Zhfe. AR YFP 8 A MR FE i 55 155 AL
FEPR— HR X (B-barrel) FIFA G R AL VI TF L YN
(1~154 ZHR) M1 YC (155~238 &IEER) PB4y,
P4 95 Fos 1 Jun [¥) bZIP 45 14 38 J+ B¢ (bFos,
bJun) JEHZ L bFosYC Fl bJunYN, FFHEAT/AN . 14
AR, S5 R I, KA 2 bFosYC Al bJunYN [F]
I A7 A I A BeAS I 31 52, 17 bFosYC ¢ bJunYN
TE A0 o B AR IS A E 2 I M. 53 AMBATTIE K
L, # Fos Al Jun (K] bZIP 45 38 F B IL#E YL 41 iy
AT A BOH A GL A i 5 ' IR A7 A
). J #9140 Mk, s IR T 40 i
HMFIAR BT 5. T HEM /1 Fos AT Jun 1) bZIP 4544
B4k, 4550 bFos-bJun & AW 41 B 5 A7 11 X d8k A7
7. 1 BiFC £ KRB 41 M 52 17, fig i b 45 21
UL T Vi WA 1 25 L
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32 FIABIFC 5 G ERFREGFEMHEE/EAB
B Fny LE

545 R 45 A& M 17 & [ (guanine nucleotide
binding regulatory protein, G & [1), 7Ef7 5 Fit
PG 7 FIFRIPERT, 25 41 i 2 Fi A= il
), N4 PRI R S N RN s A, NfiE
. BAAKSE. GEALM o B Ay W=
AT T A7 AE T 40 M TS . H AT COR B o
B 20 RF, SRR 36~52ku. G AT
B Ay WIETRAT e hl, (HA B o WIERIA L. L4
M, BRIy WL BB 4E 610 Rk, A
WA UR TSR R AR, B mT LAk e
hfie bR RRAA. B Ay WEE B BE 2 S o Wik
TE R A AR FE @A T N . U4 R AT T B,
G HEA oy B Ay WA T X v AR 7 U0
AL FME 5 21 1 A8 J). Hynes 5512 H] BiFC 4
ARAET 25052

LS AN AE 43S 5 Bl G BR 1 B WA
12 Fofr y EFED, BT Bt K 2 40— SR AR H A AT
AN RN Ay (s IRRERS ERAL G, BENIREE C,
G & B I Py 1) 32040 8 8 (GIRK) ) F3E 1. o 3
fF b, BRI y WEELE A G ARG AT
FI GOS0 R y 3RS 45 A 3 o B sl 2 R A
RS A B0, PR Hynes 25 7F HEK293 411 ifg o
JLEE N YN-B A YCy, B39 6 HI T Bl 15 ok )
BT T A 7 35 2 15 8 R S 1) R AR A AT P
FLEA b 5 A B WEES 12 A4S v I HEE P P AT
XS R R XL A AAE AR 3 ] AR
AL, 1R IE B RERE T By
AW 5 5 A TR 2 4N e P (5 B Bk B2
AT, & BS ME AW e
ML N D),y S SEARLT v A IR AR I ) &

B ERREE v 53 yT MEEY S S &
FREEZ KT v2). AT By —RMAIEX, SAIA
Mo WHEL A, TERSFN G E AT TIFR
Dhfig, SeOE 5 ik
33 fEEYIAME DN A BIFC AR

Walter %5104 BiFC £z 21 T R4 40 i .
b AT 5 5 ) B R T I 1 BE TR ) Y5 2R A4 bZIP
FK I bZIP63, KA BIFC Hi AL A1 F T A4
0 6. AR T A1 R A B B v 3R R Al e, Sk
ik bZIP63YN L bZIP63YC, W ii%¢), 1 bZIP63
I P BE A A R S SRR R AR 5, 98 HANRRPE
. LB 2O S ORI T B A Re R 4R
A EAE R (RP 2 2 R B 45 #4) 5 28 HLRE R % 157 )
RE) M. ZEIERT T BIFC AR BERS IR 40 B b
EE A HAE S, Walter 25 & Bl 14-3-3 A B8
TE 0 B 3 R 40 B b B FYR 2R A, T N v
R 5 AR ELAE T . S T EEfR B 1 LSD1 R
REAE A 240 P T B Rl 2R A
34 FIAZBRAEMNEARERENEZHERR
8] B9 EAE

2P R 502 R PR 38 8 T A B A FH AE A= o Ak
WP A AR . A T BiFC BAR L REA I
PIWS R AR WA EAER, 2 a9t BAMER
(multicolor fluorescence complementation, MFC) 5
AT EMA L. Hu 2500 GFP, YFP, CFP, BFP
Iy MAE 155 A7 8% 173 A7 2 BE /R Ab V) I 7= A 14 N i
Jr BRI C g Fr BUAT RO, JEAT 98 6 HAMG . 45
FAAL YN155-YC155 o K I 2] %¢ 5%, YN155-
CC155, YN173-YC155, YNI173-CC155 b [ k:
BEAT I 22, FF HIEK & 5. B T et B¢ s
HAMP BN 1.

Table 1 Complementation between fragments of different fluorescent proteins

R1 TAEBEAMEN

YNI155 CNI155 GN155 BNI155 YN173 CN173 GN173 BN173
YCI155 + - - + + + -
CC155 + + - + + + +
GC155 - - - - - - -
BCI155 - - - - - - -
YC173 - - - + + + -
CC173 - - - - - - -
GC173 - - - - - - -
BC173 - - - - - - -

‘7 AERA IO ORI A BERESS ] TRl B,

FEAYEG, R T BiFC B,

=7 RN BUAEAT LSRN AN Sy
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Hu%5 ) FHZ B AR T RN T bZIP 5 A K% 1)
Jun, Fos, ATF2 &[5 % 1) bZIP 4543 bJun,
bFos, bATF2. It 3% j& % & ) bJunCC155 Fl
bFosCN173, bATF2YN173, Fi=Af#E Bxt
JL 21K bJunCC155 Hl bFosCN173 #H2Y, 1 {6 2¢
)6 #0474 E JX bJunCC155 Fl bATF2YNI173
A # 1% . # A bJunCC155, bFosCN155,
bATF2YN1553 525, 3 B AH R 45 K. F k3L
bJunCC155, bFosCN155, bATF2YNI1553 A4 Jifg,
Hik ik blunCC155, #t At Al IR I 21 75 €19 e A
W EE. il bFos, bATF2 #HE S blun &K AAH
HAEH, JFH bFos 1454 BEJJ ik T bATF2, 1E

bFos F1 bATF2 [r] I8 47 #E I, bJun I 5% 5 bFos
YN

Grinberg %5 IR T 1% 4 AR HE— 0 WF 0 % A
¥ Myc. Max. Mad =N [ S 05 8 0 (B 7E TS
20 M TR TR R S e IR AR, K AT R 2
BiFC £ AW 5T 8 0 ) 1) 5 40 M AR FVE FAE T 1R
LF A RE . AT i S8R FH 290 T AN IR Il =/ =
PR E AP 2 A EAER, K Myc
Fl Mad F %R0 2 [AIAAEAEAR HAE I OCR, Max
KR 1R85 Myc FIl Mad 0% 10 T A 1% 2 454
110U R 1) B 1 A A AR Al B e o R A T e
Y YO IRy SR B R B P S DNA 454 45
P, FRREAT 9 HAMS I, R IATY SR BE 77 2k 5%
S, T HLDEEAE A0 I R A A O R R AR AR
IR T Ut B Myce-Max FIl Mad-Max & 45 74 1) F2 il %
VAN RE AL AN T S 45 4 DNA. 117640 i 25
BT M EAE, BT A RN e A R
B AE . T Myce, Max, Mad 85 11505 10 85 15
WA T4 A%, ME——ABIAE Mad S5 1)
Mad4 B[, ‘&E AL T4M5. 6F Mad4 2 (1% H %
PURIEAT R I, A5 % s Mad4 5 Mad 5% H Al &
AT EIERR P HI LT, B Mad4 (1 N i) 751 47
A 725 FR R RS R IL N )P 81 J5 . Mad4 &4
LT S, e 58 LT 4 A% X 3. TR b
SE T Mad4 11 N 3y J 3 91 2 —/MZE A5 5. T 2%
ZAE 52 A W Mad4 5 Max [ H] B A R ?
BiFC ¥ il & 7%, Mad4A-Max & & 44 1T 40 g
T, HE AT EAE RS2 205, BRI E R
A B AR [FIRE, B Max (0 C A%t S IKE S,
Tt HAMRT I B AH R 45 L. ki W], Mad4 5
Max (140 B AE F AN 2 s b AT 45 B A% 8 A7 A5
SIREIThEE, M Max A E L (S 5 50T Mad4

1R IA S

Z G T AMEARAN BE 775 41 M v B 30
SR AN EAE R B E, Th H A I
ioRlll e S Wr A QS WriE- i Pl i SR (S R DTS PS
R, AT S R A A e A A B A
(185 1 e,
35 KMZRERKER

12 % (ubiquitin, Ub)J&7 76 M2 LML ILN 2
Bk, 0 FIRERL 8.5 ku, FEMT, AT R
Pl ZTAZ 40 f b, e 32 B 2 DL 2 R 1 )
TEREE MR E A LG, NI bR id iKY &
1. Muller 55058 I —FP 2872 % 811 SUMO, &
WAL, AHAE LR AR

—ANEREAZ FZTAE - RYIIER N 5
fb i B L TN S B AR iz FE . R
oz mg e B 1 VTR P S A R P Ay Al N VR 2
AT RGP RE, R4k
AR, 59 SED. B8 254t
MM 2S5 IR RN, 1558, 76 ATP
W25, 2 RZB05EE (B1) 1FH 12 2 BRI 1)
BRREIE, JEBHLBGS. 5, WHTRZEE
FIRH SR s B i 532 R A GG (B2) 1R It 2 2
RIS G e h, B2 HIEEUCE I RGN (E3)
Wiz F M AER:, i SE Gz FE R 12
FAG IR ) A Y 26 S B R AR R
AN TR L e A0, H R 2 ORI, 2R
102 G5 1) SO R A B IR A 5 IR TR A A p R
FTPESR . o3 R AT I N S5 A 2 V) K AR

BiFC £ AR Jy iz A& ARG W $2 it 7 — i fj {8
J7i%. Fang %PV YN bridiz £ 1, YC Anidiz
Z1/F H JE Y Jun, pFLAG-CMV2 (y)-YN-Ub il
pFLAG-CMV2(y)-YC-Jun JL 440 s COS-1, 37°CH:
524 h, T 30°CHFE 4~16 h JG BT, #5
WIS, WRWZ RGN TIEYEA L, BT
YR (192 240, 00 3KIE YN-Ub (7 Flag #xic)I1)
0 o 42 B AN 2% 3% HA-Ub 40 I 325U A 25 1 o
BRIy b, B LUK G IR R 4 i 5 P R R B
DUEEAAHIE, AT BT YN 20 TR HA K 5]
AT AT e, XS R U, fEZE T Lt
HRIE-BIFECEAASASEMZ EZ LXK M
a4

BiFC $ AR FH GFP 9% 6 88 171 05 (14 5 5 A
FEPES JLRRRR I 2 T S RN 2 (oA IR P, Tl
FERFRT IR B (0 AR 0 BEAT 2GS M 4R 2 L A
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FBL SRR IR, R A AT 9
ot H IR SE 1 o B AR AR A AE S 1. S
fa iy PRBE. EOW, JFEM TR HR. Y.
PELZ IR M. AR 56 5 KR AL AR
SNEAFA A AR REBUE iy
KAE . AR, R ERS K2R & A T AR
MR —HE, WAEAEAE B TEA BB PR (),
SRS I AT 0 il

£ % 3 Wk

1 Hu C D, Chinenov Y, Kerppolal T. Visualization of interactions
among bZIP and Rel family proteins in living cells using
bimolecular fluorescence complementation. Molecular Cell, 2002, 9
(4): 789~798

2 Prasher D C, Echenrode V K, Ward W W, et al. Primary structure of
the Aequorea victoria green-fluorescent protein. Gene, 1992, 111
(2): 229~233

3 Abedi M, Caponigro G, Shen J X, et al. Transcriptional
transactivation by selected short random peptides attached to
lexA-GFP fusion proteins. BMC Mol Biol, 2001, 2 (10): 1~10

4  Geoffrey S B, David A Z, Roger Y. Circular permutation and
receptor insertion within green fluorescent proteins. Proc Natl Acad
Sci USA, 1999, 96 (20): 11241~11246

5 B, OUE, TR, A SO E A ML B LR
HERE, 1999, 19 (2): 56~60
Zhou S H, Meng F G, Huang D N, et al. Bioengineering Advancing,
1999, 19 (2): 56~60

6 Hoff B, Kuck U. Use of bimolecular fluorescence complementation
to demonstrate transcription factor interaction in nuclei of living
cells from the filamentous fungus Acremonium chrysogenum. Curr
Genet, 2005, 47 (2): 132~138

7 Drori K B, Shichrur K, Katz A. Detection of protein-protein
interactions  in  plants using  bimolecular  fluorescence
complementation. Plant J, 2004, 40 (3): 419~427

8 Tsuchisaka A, Theologis A. Heterodimeric interactions among the
I-amino-cyclopropane-1-carboxylate synthase polypeptides encoded
by the Arabidopsis gene family. Proc Natl Acad Sci USA, 2004, 101
(8): 2275~2280

9 Hu C D, Grinberg A V, Kerppola T K. Visualization of protein

interactions in living cells using bimolecular fluorescence

—_

complementation (BiFC) analysis. In: Bonifacino S J, eds. Current
Protocols in Cell Biology. New York: John Wiley & Son, 2005.

21.3.1~21.3.21

Foster R, Izawa T, Chua N H. Plant bZIP proteins gather at ACGT
elements. FASEB, 1994, 8 (2): 192~200

Niu X, Gegg L, Miller L. Bipartite determinants of DNA binding
specificity of plant basic leucine zipper proteins. Plant Molecular
Biology, 1999, 41 (1): 1~13

Hynes T R, Tang L N, Mervine S M, et al. Visualization of G protein
By dimers using bimolecular fluorescence complementation
demonstrates roles for both 3 and <y in subcellular targeting. J Biol
Chem, 2004, 279 (29): 30279~302864

Iniguez-Lluhi J A, Simon M I, Robishaw J D. G protein beta gamma
subunits synthesized in Sf9 cells. Functional characterization and the
significance of prenylation of gamma subunit. J Biol Chem, 1992,
267 (32): 23409~23417

Simon M, Shizuya H. Genomic characterization of the human
heterotrimeric G proteina, B and y subunit genes. DNA Res, 2000,
7(2): 111~120

Walter M, Chaban C, Schu K, e¢ al. Visualization of protein
interactions in living plant cells using bimolecular fluorescence
complementation. Plant J, 2004, 40 (3): 428~438

Hu C D, Kerppola K T. Simultaneous visualization of multiple
protein interactions in living cells using multicolor fluorescence
complementation analysis. Nature Biotechnology, 2003, 21 (5):

539~545

Grinberg V. A, Hu C D, Kerppola K T. Visualization of
Myc/Max/Mad family dimers and the competition for dimerization
in living cells. Mol Cell Biol, 2004, 24 (10): 4294~4308

Hicke L. Protein regulation by monoubiquitin. Nat Rev Mol Cell
Biol, 2001, 2 (3): 195~201

Muller S, Hoege C, Pyrowolakis G. SUMO, ubiqutin’s mysterious
cousin. Nature Reviews Molecular Cell Biology, 2001, 2 (3): 202~
213

Koegl M, Hoppe T, Schlenker S, et al. A novel ubiquitination factor,
E4, is involved in multiubiquitin chain assembly. Cell, 1999, 96 (5):
635~644

Fang D Y, Kerppola K T. Ubiquitin-mediated fluorescence
complementation reveals that Jun ubiquitinated by Itch/AIP4 is
localized to lysosomes. Proc Natl Acad Sci USA, 2004, 101(41):

14782~14787



2006; 33 (6) FRE: W FRAENMSAREEEERMBEERARPHEA - 595 -

Bimolecular Fluorescence Complementation Assay:
Application in The Study of Protein-protein Interaction’

YAN Jing, HUO Ke-Ke™
(State Key Laboratory of Genetic Engineering, School of Life Science, Fudan University, Shanghai 200433, China)

Abstract Bimolecular fluorescence complementation (BiFC) assay is an innovative approach to investigate
protein interactions, based on the reassembly of protein fragments of the fluorescent proteins which directly report
interactions. The fluorescent proteins tolerate circular permutation and insertions of foreign proteins with
maintenance of fluorescence. So when the proteins fused to the reporter fragments interact with each other, a direct
readout of the association would be given from the facilitating reassembly of the active reporter protein. Moreover,
with distinct spectra difference of the fluorescent protein family members, BiFC assay is expanded to multicolor
BiFC assay which enables visualization of interactions between different proteins in the same cell and comparison
of the efficiencies of complex formation with alternative interaction partners. From it first reported in Molecular
Cell in 2002 till now, this approach has been used on the networks of protein interaction in mammal cells, plant

cells or even E.coli, and researches on transcription factors, G protein 3y dimmers, protein ubiqutination and so on.
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