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i (Nicotiana benthamiana)lt i ik KRG K ZBEE AN LI (LCA)E G W . REL. WE. SFRE RE5MmAa, Hag
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EE AR A AR R A 5y, R R
WAPATH . WHFLE B -HE B 5 TR A 2 B AR A
G s AL . BAr, TR EA R EERNTERT
&A1 ) Pull-down$ AR A, AR W 4k P A W 8 1 B A
() 77 1275 T B XU 44 %8 (Yeast Two-hybrid, Y2H). %
7 3913 (Co-Immunoprecipitation, Co-IP). X4 1
2% )t H %k (Bimolecular Fluorescence Compleme-
ntation, BiFC) A % J¢ L 1R it &= ¥4 # £ A (Fluores-
cence Resonance Energy Transfer, FRET) %%
(Morsy et al., 2008; #:E 75, 2020). ANFE A H
TERE RSB IR A BRI RS & AT
il B E R BAE R L, (2 SR R DR &
2 18 BB BE ) AR, AR T 1% 41 8 3 BB 5L
(Fields and Song, 1989; Causier, 2004). #£ T #i Ji
-PUAR S R B 2 T E R B AL ER A BAE A&
W7, AT EEREEaE G RN E
FIZH 58, Bk m2 P FR R 50 45 5 AT R AN 2 LR Ah
G, HSied R LR A BB, X S I B RO E
Ko F ARG F 9 S HANE AR T B, s A
Wr B b 85 A AR VS A B i e A AAR BAE A, (R
B B K HoAN 2 S U AR BE P & A2 (Hu et
al., 2002; Bhat et al., 2006). It4k, I IRAE &
FEOR) 2 FH T WA B 41 1A I EE RS A HLAH BLAE
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L, AR T T e HAMER, G RRE &
MROR T E R s, HIREE R A (Ha et al,
1996; Bhat et al., 2006). 7 K Z i B #bh 5L % (Luci-
ferase Complementation Assay, LCA)I & R
B wE AL HRAE R B RO N T
R E) Y 2 & E B EAE AT 5T (Fujikawa and Kato,
2007; Chen et al., 2008; Zhou et al., 2018).

T K R G H A S B ) R TR LBl A A0 i
A AR (Luker et al., 2004), &>k T4l
TR A 5 -5 E 5 A AH HAE ) (Fujikawa and Kato,
2007; Chen et al., 2008; Li et al., 2014; Zhou et al.,
2018). s Ji B DL K K (luciferin) A IR K ks
W= K Z W (luciferase)igtE. BRI S, AW1AK
TR RK R B R g KR R AL, R AR R
KAES60 nm/c A A4 %4 ) (bioluminescence). H
A, BN T2 R K 3R Bl A R R T b e ag ok i
(firefly luciferase), %3 P 4 A% 550 > 2 5= R 4 B 1)
K RE (KN A62 kDa). SEi, KRR
FI 4 ) BN 3 A1 C i 24 Th e B, BPNLuc (2-416
aa)FCLuc (398-550 aa) (Luker et al., 2004; Chen
et al., 2008). 7E—ASLIGRR T, FRRGI 24 H br
HE 57 5NLucHICLucRl &, 424y H s & A4
HAER, T K EBEHINLucH CLuctE 25 1] 43 2 %
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SEIT IR IERALAE, AT R FERE KRBT, R4 R 1 SCISHARL
Y7 42 6 (Fujikawa and Kato, 2007; Chen et al.,
2008; Zhou et al., 2018).

7 S U6 5 B B (Nicotiana benthamiana) i i)
KIERGE, ¥EARE E A R RIE BRI AT R
# (Agrobacterium tumefaciens) )& v 5 M 5 1 A . 2 WAIRAR
24-48/NB G, MR BIERE K ZR, FIHBEYEER o HirEAREREF
7 F1% £ 41(CCD imaging system)dfluminometer e pCAMBIA1300-NLuc (pNL)J5i Kz (EI1A)
R M B AT O G IRE, PLFE HFRE H A 25 e  pCAMBIA1300-CLuc (pCL)JFi ki (/& 1B)

SIS B RE R4 JE T ) A I H B (Nicotiana bentha-
miana L.).

FEEA AR F R BAE AR BE . o RIFEZEHM(GV3101)
A pCAMBIA1300-NLuc TGA
MCS
CaMV35S promoter NLuc —I—{ RBS-ter
EcoRl Pstl HindIll

G AGC TCG GTA CCc ggG GAT CCa aca aat gga cta caa gga cga cga cga caa att aat taa ctg
Sacl Kpnl BamHI

gtc tca ccc aca gtt cga gaa gcet cga gta GTC GAC- cag atc tcg tac gcg tcc cgg ggc -Linke-NLuc
Sall

B pCAMBIA1300-CLuc
ATG
| MCS

—l—[ CaMV35S promoter ]7—[ CLuc
EcoRl M

CLuc-Linker-cag atc tcg tac gcg tcc cgg ggc GGT ACC cgG GAT CCa aca aat gga cta caa gga

Hindlll

Kpnl BamHI
cga cga cga caa att aat taa ctg gtc tca ccc aca gtt cga gaa gct cga gta GTC GAC CTG CAG-
Sall Pstl
C pCAMBIA1300-HA-NLuc
TGA
MCS |
CaMV35S promoter NLuc RBS-ter
EcoRI Sacl Kpnl Sall Pstl Hindlll
D pCAMBIA1300-CCLuc TGA
MCS |
CaMV35S promoter ClLuc ]—'—{ RBS-ter
EcoRI Pstl Hindlll

Sacl Kpnl BamHl Sall

Bl REFMoRERE

(A) pPCAMBIA1300-NLuc (pNL); (B) pCAMBIA1300-CLuc (pCL); (C) pCAMBIA1300-HA-NLuc (pHNL); (D) pCAMBIA1300-CCLuc
(PCCL). HEMFIAFIAH IS5 pCAMBIA1300E 48, NLuchi T HAn#EHCA S, CLuchiT HARFERMINAEC K, JFoH SR
FIE RIS . MCS: 270N, L BT, RBS: #2171, ATG: fliFRIGZEIT; TGA: &L T; HA: A%
Es|

Figure 1 Plasmid maps

(A) pCAMBIA1300-NLuc (pNL); (B) pCAMBIA1300-CLuc (pCL); (C) pCAMBIA1300-HA-NLuc (pHNL); (D) pCAMBIA1300-CCLuc
(pCCL). All the vectors have a framework of pCAMBIA1300 and allow expression of the target genes with a C-terminal NLuc
fusion and N-terminal or C-terminal CLuc fusion. Unique sites are shown in sequence. MCS: Multiple cloning sites; L: Linker
sequence; RBS: Transcription terminator; ATG: Translation initiation codon; TGA: Translation stop codon; HA: Tag protein
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o HARNK

o BRI

o 1/2MSH: 7% % (PhytoTechnology Laboratories,
Cat No.M519)

o LT #MH(Sigma, Cat No.2478-38-8)

o &7 -k 2 (D-luciferin) (Biovision, Cat No0.7903;
100 mmol-L™" £ T-80°CHf 17, fi Flilk & A
1 mmol-L™")

e  Anti-luciferase antibody (Sigma, Cat No.L0159)

e  Anti-CLuc antibody (Sigma, Cat No.L2164)

e Anti-HA antibody (CWBIO, Cat No.CW0092)

o 1 mLiEHH

o /PBIZER(5 mL)

o  FTFLE}(E4£0.6 cm)

o 964LEEHRI(Corning)

3 WHEF

o EFIEUE: 50 mmol-L”' HEPES, pH7.5, 150
mmol-L™" KCI, 1 mmol-.L™' EDTA, 0.5% Triton
X-100 (Amresco, Cat No0.9002-93-1), 1 mmol-
L™ DTT, 1x protease inhibitors (Roche, Cat
No0.30827-99-7), i HI I .

4 UEE

o MG TR R SI(Night SHADE LB 985,
Berthold Technologies)

e Luminometer (EnSpire R_Multimode Plate Rea-
der, PerkinElmer)

o HEFIHIKkFRS(Bio-Rad) kG =

e 28°C#EIK(New Brunswick Scientific)

e 28°CH;7F#4E(Memmert)

e M6tSETH(Beckman Coulter)

e  E.LHL(Eppendorf 5417R)

5 SLWiERF

51 BMEEBRFTEHENE

(1) MY EE AN 1(A-D) . FH pCAMBIA-
1300-NLuc (pNL)F1pCAMBIA1300-CLuc (pCL)H K]
Y47 15 (Chen et al., 2008; Zhou et al., 2018), ¥

B BRI AN R A AR 71

H bRk N S R, SR8 H B AR EA
JFURL(Struhl, 2001).

(2) KAL) B LT 1Y) B 205 R ) B AL AR AT R 2 2 4t
(GV3101), 28°CHKk 153740541, T LB (%50
ug-mL™ R AR E: E M50 ug-mLT POk A EK), 28°CHi R
It % (Potter and Heller, 2011).

52 MEFH

(1) PRHUFE A A B TR A AT B RV, B EI2
mL LB 3% 37 3 i (£ 50 pg-mL™" - J % 2 f150
ug-mL~ K %), 28°C 220 rpmi Tt i .

(2) KAFHEREFE 2 0Dgoo N 1.0, 1 700 xg & 00558l
ER ARG, FRMSHAR: - LB R k20K, &
#7150 pmol-L™" Z 1k T F B 1 1/2MSW 43 77 38 K1 4
M I ODgoofH 1M 2 1.0. SEFREEMES, W] LLHICH K
REB1R2MSTHAR R 7R %

(3) K5 Aar N Fr) 2 b A AT B B AL HR A R AR L 2R A7 TR
£, fHAFRN R K ODego f 40.5.

(4) EHUAEK A H A4 58 2 R i = (B
2A), BB AR mLIE 528 (L3 43k AR
B AT RS . N PRUESEIG 5 R — bk, FRE
o X HE 28k A AN A A P 288 A 1 B R S AE [R] — P
Fr IS ERR A b, PAARIEAR [F] i A2 K 75 5 (2B, D);
A ] P TR 9 2 2 3 S 3B MU B i i DAR) T )5 R 1 S
(5) IEFREAKZMT, 24—48/Nif BV ] HUFE WL 2
DRPRAE B 7R R B iR R AR, AT DLd I N 75
BB TR IR FFESE

5.3 HANREGEMIWER

B K FR B P82 53 g e MR IR g B A, 43
FI PSR 7718 2 51(CCD imaging system)
Alluminometer>K AT R . HTEAA D TR R G
2 ¥ H A ) ELAE LR U R B Ok, T
B, BSE MW %2 (Lin et al., 2015) (&I2C); ifi
luminometerar il Wl & K it B T 96 FL Mg br i, il
I A DO IR R BE R K e R A 2 (A A BAE NCEAR
1) 5 i (I 2E, F).

5.3.1 HEWEHRRIGREE MR E N RIEEY
(1) IEHGEH R A W 2448/ NS ORI,
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B2 kR AN SRR

(A) HEERA S B 52 4 R I My AT AT YRS, 24—48 /N JRHURE L4 (Bar=2 cm); (B) #RHLSEBEM AT B VLT I (A2 ),

TR B, BT R IR T FL 23T FL(Bar=1 cm); (E) K B2 80.6 e E 5 F B T2 45200 uLICH /K 96 FLEFARAR F; (F) I
FHluminometerf il R F - B B2 6w AT . B b [ B s AR AT B VR S A o

Figure 2 Schematic diagram of the Luciferase Complementation Assay

(A) Select fully expanded young leaves of Nicotiana benthamiana (four-week old) for Agrobacterium injection, observe after
24-48 h (Bar=2 cm); (B) Cut the infiltrated tobacco leaves and put them into the petri dish (Bar=1 cm); (C) Use CCD imaging
system to detect the luminescence of the complete tobacco leaves and captured the pictures; (D) Select infiltrated leaves for
punch (Bar=1 cm); (E) Punch tobacco leaf discs of 0.6 cm in diameter from infiltrated leaf areas by a cork borer and place leaf
discs in a 96-well plate containing 200 pL sterile water in each well; (F) Use luminometer to scan the fluorescence intensity of the

tobacco leaves. The circles show the injection sites of Agrobacterium.

1 mmol-L™"% 4K 2 I 4 D-luciferin ) J5 52 3 548 I
T, R SR AR AR R BT

(2) BHUIHE A, R 3 ) b TR R A (]
2B), B NAEYDIE R RS R SR R 6 L (E2C) .
WA R, BRI A 2 AR AR N TR
UE S0 AR 1 A — B, TR — PR R A D ik 3 A
HE AT RN, HEEREEIX.

(3) MR HiE S0 45 SR R ' 0 1 R (BIBA)

5.3.2 luminometer &M N E

(1) JEEUE S AR AT #4048/t J5 B & (1612D),
RATALER(EAR290.6 cm)fTHL, FMHE R fy #4215
F200 pLIE B K B 96 FLEFAR R 1 (KI2E) . A T 1R

UESEES R HERAYE, [R]—JHELE A 22 D W8 AN H A
(2) JHHFEH E96 LB IR A BTG /K, INA200 pL
A1 mmol-L7 4 K HIEMI R B, B H5-10%
Bl FEERAE TR AL A DA S R B R B AL A
TE A SR Y o

(3) 1 A luminometer it 17 5 Y63, 145 8] B i (7]
NO.5F, 25-404E3K (K 2F).

(4) MIEARMBAE L HIATE K], DUE RS KRB 5
fR IR 5 = HE OGBS, T B AR R 2 TR ) BLAE
FEEE(KI3B). MsLa B A 3K

54 ZERAKN
(1) SRR E A B T1.5 mLE.OE R,
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B3 5 OsXLG2-0sBIK1 H E S 4

#5354 45 CLuc-OsXLG2 F1 OsBIK1-NLuc i 7 i A& AT B4 3 1:1 7 A L VR & J vE S 4 R S S s, 2448 /NiH JE kAT R i, LA
CLuc-OsPPIF1OsBIKA-NLuclE A it i (R k). (A) FI AW IEAK SRR R GCREMRE M F 1R 6 E B (Bar=2 cm); (B) [
luminometerf I3 k R BEIFR M, 52 TR T FIFR MR 2 (n=8); (C) Western blot# il CLUcHINLucHl & & H ik, BaEH
435 H anti-luciferase fllanti-CLuci &l k6l .

Figure 3 An example of dynamic OsXLG2-OsBIK1 interactions

Four-week old Nicotiana benthamiana leaves co-infiltrated with Agrobacterium expressing CLuc-OsXLG2 and OsBIK1-NLuc.
CLuc-OsPPI and OsBIK1-NLuc are used as negative control (unpublished). (A) The luminescence images were captured using a
CCD imaging system (Bar=2 cm); (B) The luciferase activity measurement using a luminometer, the error bars represent the
standard deviation from the mean (n=8); (C) Western blot analysis of the expressed proteins of CLuc- and NLuc- fusions, the
fusions are detected using anti-luciferase and anti-CLuc antibodies, respectively.

INAA00 pLEE ZLARHE, FITFBSHEOFIENE S, SUE T (A3C).
3 o B L
(2) WOHEREJR (OFE BI TG, WOE LI, AXE 6 SEEREETR

(1 EREZEIG, 100°C /M6, 50l EE EHEAUN. L S
(3) AR, Wit SDS-PAGER B E (1, we- (1) FISTURNIEI . R SR P AL 205 L Sk

stern-blot (WB)%L&U[]U% El?%li(Nl et al., 2016)0 /él\ ESZIJJEI‘J?Q’B%O E%, *@%E@Eéﬂfﬁ*ﬁ%ﬁﬂ{ﬂ!ﬂfﬂ%ﬂ
NLucififil & 2 (A 7 LA anti-luciferasefi i il 3 FIARIED S0 BEPRIAE ) — AN BAE; K, i T4
A CLucH fitt & & H 7] LLIE 1t anti-CLucHit 44 Sk 4 il IF) & 1 BT AEAT 156 Th B I =2 TA) A4 R 0 A2 A B FLAE 4 i
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HE LA, 752275 R 3 H Ar d IR — AN A g
ik E R AT RS, WNLuc R Bt T HAREE A1
CoRuii (EI1A), 1 ClucBE A Az T H A5 8 H N K i
(PCL) (EI1B), trr LA T H 58 H B CR i (pCAM-
BIA1300-CCLuc, pCCL) (EI1D). 1t4k, H T anti-lu-
ciferase $it #4 BE 7] DL A& 9 NLuc fr B, A0 w] DL A
CLucH B, N T E A % X 4> NLuc Al CLucqh & &
M, #1AHEpCAMBIA1300-HA-NLuc (pHNL)H 138
Y 3XHARRAS, W] B £ I HABU A KA TINLucl &
HHEKRIL(E1C).

(2) REBIRMME . FEAE B ROR AW e, 2
F br 3 R B DAL s (R B, 477 K 548 HH In-fusion ¢
RLEAT B i, BAKR T VRS B0 s U
(In-Fusion HD Cloning Kit) (Takara, Cat N0.639650).
(3) IEAXTHRWE. Hit b, B IRL N %% E IE
Bonf HE UK S50 44 & 1 T AT PR . R VGE R B8 kR
IR IFE A — A s B B A BAE R & B B AR
NIEXTHE; 23 ARpNLAIpCLASRENE Nt fR, KA
pNLHNLuc/F 7 fh v i A B e 45 % i 1, pCLHY)
CLuc)T FIl A sty A B B 26 11 25 G 15 FHRARL ) ffoxd L
%1% 1% F 5 455 Aar i £ B AT AR ABLRR SIE 40 B sE oz, (LT
AHEAERE AR, SCE GRS AR E bR
(IR J5).

(4) EORNFREMEZEM. HEEAZEEERZ
LA RS B E AR AT UE# RIS AL b, A&
RilE SR A A A A BE Rk H A R B 22 ] e A7 AE
FEAER . G R AR BB KA HAE, RIS IE o0
HRHR IE 1 20k, N SR FWB SR A il 457 0 H i 2
J X FE I N B AR R rpo B R IA MR IAF L .

(5) R F ot ELAER i GG UE . LCARS BLE 1t
oI s B Aer PN 2k )5 ) FLAE (L et al., 2011). I H
luminometer 2k AT ¢ A M i, 96 LB AR AT LA [R] iy
faril 120 8 1 BAR(BAE IR FOsIR), HAE— X FE
a8, [RIiRAE (A B | A, 45 IR AT R 4L,
FIH luminometerid 7] ARSI A [F] 4b 22 2644~ H Ax 2
FTUN R BRSO, nvd s SRR, 3R s J
IS PR 2245 5 0 F(Zhou et al., 2018).
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Luciferase Complementation Assay for Detecting
Protein Interactions

Yan Zhao*, Jianmin Zhou

Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing 100101, China

Abstract Protein-Protein interactions play important roles in various eukaryotic biological processes. Compared to other
techniques measuring protein-protein interactions in plants, the Luciferase Complementation Assay (LCA), based on
Agrobacterium-mediated transient expression in Nicotiana benthamiana, is a simple, sensitive, reliable, highly quantitative
and low background method that can be easily scaled up for high-throughput interactome studies. Here, we describe a
protocol that includes two alternative data collection methods to qualitative and quantitative analyse luminescence or
luminous intensity to detect protein-protein interactions in plant cells.

Key words luciferase complementation assay, protein-protein interactions, tobacco transient expression
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