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RE FI AR AGRSER G, BRI (Hevea brasitiensisB I K 73k H REF [R1F 8 B L AE (ORF M -G 1 8415 4k 1y i 4
#ik#Etk pBD-GALA-REF, i i L) pAD-GALA-2.1 ZRIKMELMA B EH, cDNA SCHE, % BHHETEBER) cDNA A K- Bodk 17
W B YrE s BE AT . I R U AAc e , SR 5 AT BB 5 REF BEMEER FR, ©0 142318 57 % 1 REF WAL
[ ¥ REF 0L /IMRBERL 25 [ (SRPP). B 134 th 88 28 1 (TCTP) 3 & i B 28 [ R R0 il B2, ;X R BB At
KA F REF & 175 B 5w WS AR SefEAA BRI Z 40, 8 W BB TCTP Mk Ak FrNEASHEBARKLMAE
i o XEEE A B T s R B 7 (2R )24 T B

KA BB ; BURE K T REF; BB EYE L BEREUAE RS
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Screening Interaction Proteins of Rubber Elongation Factor (REF) by
Yeast Two-hybrid System

- - - - - - *
ZENG Ri-zhong, LI Xian-kun, NIE Zhi-yi, DAI Long-jun, LI Yu, DUAN Cui-fang
(Institute of Rubber Research, Chinese Academy of Tropical A griculturd Sciences, Ministry of Agriculture Key Laboratory for Rubber Tree Biology ; State
Key Laboratory Incubation Base, Danzhou 571737, China)

Abstract: The interaction proteins of rubber elongation factor (REF) were screened using yeast two-hybrid system. A
bait vector pBD-GALA4-REF without auto-activation was constructed by subcloning ORF ¢cDNA of REF gene into the
yeast two-hybrid vector pBD-GAIA, and the pAD-GAILA-2.1 cDNA prey library was prepared with mRNA extracted
from the latex of rubber tree (Hevea brasiliensis). The bait and prey vectors were then co-transformed into YRG-2 yeast
competent cells by two-step method. Five proteins interacted with REF were identified by yeast two-hybrid screening
method, including two of REF family proteins, and small rubber particle protein (SRPP), translation control of tumor
protein (TCTP), elicitor-responsive protein and ubiquitin-conjugating enzyme E2. The data suggested that REF could not
only interact with high homologous proteins, but also with other proteins, such as TCTP, and E2, etc. These protein-
protein interactions might help to revealing the biological function of H. brusiliensis rubber particles.

Key words: Hevea brasiliensis; REF; Rubber biosynthesis; Yeast two-hybrid system
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BRI T B NI TR 414y, BRAL 4N
A BB LE WA BRI BB — R ER A M B8 o R
YA U AE 2 R R B I L AR T o8
T, L 1A 4 B 2 S LR 0 B 45 8% TR (isopentenyl
diphosphate, IPP)" , fu%— R FA )3 1M & L (K B
HEAL LR , B LR IBE o T A R BB 7 2
Hil4, a4 NIk, BAIS SRR YA SR IR JBRL
FHH EZEA: R E K F F (rubber elongation
factor, REF)"*! 44 Jic %4 #4 Wi (rubber transferase, EC 2.
5.1.20)' F1/MGUKE R F % 11 (small rubber particle
protein, SRPP) 45, BRILZSb , A VELAR IR T
EE VAR EMEES , BRTLIEY REF Al
JBEHE RO TSR BB 85 1 e 2 5 B A 6 I
B IR IR I 2L ™ R FAR B I R 2% B0 A
S H R AR L A B A B N 4 T AL
BTS2 . BN T I 8 1 B T RBIE A
FHHAER, TE S4B A 2 I 3 1 i
AR, Pk, BFSE REF 25808 R 725 1 1A
HAERE S, RIS R CE A RE S
PRIALR, LA BRI E Y6 BB SR8 18 43 F PLi
HAREE L,

Y B XS AR 32 72 4t DA A% At M 2 s B R S5
B BB TR 25 1 R R Y A AR SR T
SEMEAEMEARA ) TR, g3 AW s
R, B R AZ RGECL V2 H0 FH T 4H d2E By
% R AR R AL AR 2 SR,
SR LIS IBEI FE B2 o AHOGFE 1 HbMyb 1 854, Fl
MERSRWE] T HbMyb 1 W] B 5T HF
REF &M H AU 8 H 585 48 H REF
PIAEAE I G Z WA BESE . AW 5% F FH 2
BEXHAE RS, LA REF SRR 1, 38 o 0 A e
RHBEEFL cDNA 3O, %52 REF WA ARG, R
HE—DH5E REF 18388 DL R s I AR W6 1L
3L B HE A
1 AR
1.1 #FFiFnEEi 7

FEIAR L R Flhe T v [ iy Al B 27 Be 1A
) BV B W [ Hevea brasiliensis (Willd. ex A.
Juss.) Muell.-Arg. ] G ¥ R M 7-33-97, 5 ALK
JBE 7 W S I IR IS L., O T - 80°C IR IR AR A2
#2Ho

VAR 432 R4 HybriZAP-2.1 Fll cDNA 4 1

WA & H Strategene 23 1] ; mRNA 43 B3 il ] &
(Oligotex™ Direct mRNA Mini Kit)I# | Qiagen 2%
] 5 FERE: TR A K M 1 B (Escherichia coli) Jii R (R
BRI G4 OMEGA 2w il @A R U
A VE T HER ARG TR ¢ ) S BUA A &
A R AR A7 R AR
(isoleucine)?F 15 R FLfR I H Dfico 2\ w] ; A0k
DNA. JR ® I (Uracil) R > i B2 it 11 (adenine
hemisulfate salt)lfi H Sigma /Al ™ it ; B P N DI
EcoR 1 F1 Sal 1 2814 B K% 58 ¥4 vl (TaKaRa),
PCR W) th SR ) o8 vl 52 0o

1.2 #RE R REF H{EE A REHEHARE

Hidii GenBank AR REF (& 3¢5 : AY120685.1)
9, B B [ R T s |9y 5, 535 2 5'-CG-
GAATTCGCTGAAGACGAAGACAAC-3' il 5'-GC-
GTCGACTCAATTCTCTCCATAAAAC-3', FRIZ
Kb53 3R EcoR 1 Rl Sal T WHEYINL o $5HERG H
2070 1 7 e BRSPS IS 2L P 4R BBURL RN, L AT
RT-PCR J7 155l REF [f) ORF H Bt(417 bp) R i
1o ¥&lifkit) PCR 7= W.3i e 2 pMDI8-T 844
W, 3K 15 TR 41 i hi pMDIS-T-REF, ¥ 4L E. coli
DHS5 o 2240 0, $E Uk I ] Sad T Al EcoR 1
VA I O SR T 2

B HEYL PR pMDI18-T-REF FlEH 44K pBD-
GALA-Cam 2331 Sd 1 #l EcoR 1 JE47 U, SR
Ji#K: REF 1) ORF F Bt .58 % £ pBD-GALA4-Cam
B, ##E pBD-GALA-REF BB EL 1R IBFORL,
FEIE DU R 3 25

1.3 BEEARIEENEER BRERN
PhIEAE Ura-/SD VAR 2 KW BB YRG-2,
Il 25 BURSZ S 4l M. ¥ pBD-GALA-REF i4H i
LA pGALA FEL(BH P B3 5% A e 52 A 41 i
YRG-2 , WAEEWE B} B 4% Trp /SD BHAFAR B IR K
Pk Trp /SD AR I 4E K R4 1) pBD-GALA-
REF 407647 55 3%, S IBURE P46 46 YRG-2 182
B} 34T pBD-GALA-REF [¥) H MG PER I, B 5%
AW R TF Trp /SD His /SD\Leu/SD Hl Trp™/
Leu /His /SD AR I, Jf: RA%%4k pBD-WT ) 1 R4
il YRG-2 15 B xf I, %4k pGALA ¥ B2 R 41
YRG-2 YEBHHXT IR, 75 30°C 4557 3 d Ji, it X-gal
KT8 1 305 [ B %5 pBD-GALA-REF #4074 6



402 P AT P 2 it

19 %

SR e
1.4 B RIBETL cDNA SRR
14.1 JBEFL mRNA )53 85 24k SoB4E cDNA 1)

=y

JHl Oligotex™ Direct mRNA Mini Kit (Qiagen)
IAAJEE A 8 2L K B RNA W43 B Al 4li 46 mRNA,
Ji:FHybriZAP-2.1 XR c¢DNA Synthesis Kit (Stra-
tagene)¥f mRNA 5 N4 cDNA , T A #AE BH#A
il ko IR i
142 Mk cDNA 5#4A& HybrizAP-2.1 Wi & H:

IV R A 1) 410 20

H5H cDNA AR ik f74i46, -5 EcoR 1
Bk 8 ARG BB Y IR AL B2 Xho T BUITH
4£J5 , i CHROMA SPIN-400 A1 22 BR el 4k 823k
PR RN BEY cDNA 43 F, W BU4E cDNA F
B, I8 HybriZzAP-2.1 84k |,
143 J&F. cDNA YISO RIMEL A 1Y

X H Gigapack Il Gold Packaging Extract
(Stratagene) ) FE 82" Wy #EF 74, BN EFL cDNA
IR P A S22 5 3 R i i £ B XL1-Blue MRF'
XY cDNA SCREHEATY 34, KA W SO%, IF4
S e B R 1 SO T
144 B3, pAD-GALA-2.1 RSO IKEE4L

JoR| A Assistant Helper phage X HybriZAP-
2.1 TR RS TR N B W B8 S T I 1 B
PiEEYL E. coli XLOLR, JE i pAD-GALA-2.1 T4t
PSR, FEEEBOORE YR, pAD-GALA-2.1, I F
VREBE R4,

1.5 BB S SH N RETL cDNA TER Rk
1.5.1 BRI 2205440

FLBE RN s8I R A I BER R 4y 54640
I AL B R4 YRG2,, JG/H 5 ih: pBD-
GAL-REF #:4k YRG-2, Bk 4E SD/Trp AR LAk K
V1) BH P 3 o 1A 7 3 5, 8 IR 32 75 T R 41 5
SRIG , FHRE PR Y% pAD-GALA-2.1 T4 ok 4%
A0 B L 25 S R RS AN B R A1 M o 0 R TR
BATAE 40 A SD/Trp MLeu /His 5 ¢ Bkt b 78 1 $R 1%
FeHE b, ROPAR IR AR 41 U VR W 250 pL, iR T 1y
B SR , B B T 30°C IR A I
10 ~15 d K HZaRE, B His ™ 3l
1.52 BHPETIREN B-P2UBTT AT MR I

K2R KA SD/Trp /Lew /His 5 37 bl i U e Pk i

Fe3k LI% His ™ SaREIEAF B-21 FLARTY 1 15 P A 0 ,
BB A AR IR B R T A B, =
FAE3 ~8 h P X-gal A5 W) VA I I Sy BH 1 B
Bl lacZ * TElE, PR PEEEE X-gal 45 ¥ (¥ 70 19 72
SD/T1p /Leu /His VAR b RiIZk , 30 °C 4 JEL 4% 8] B 45 5%
3~5d,HmE FARMELLR, BEAE X-gal A5 UKW B
B Sy His * flacZ * BHE TSI

1.6 BBHAFPEARNYRIREXETERY

H
1.6.1 BEREERALF P B 41 BORE K X

¥ His " /lacZ " JHPEZEREAE YPAD Bigedkrh F
30°CETE T 5557 3 d, HE] ODgy, =1.0, FHEERE TR
PEIBGR F) A 58 B 41 ok, b 40 35 5 A 5Ok
pBD-GAL-REF Hl %4 i 7. cDNA i A 5 W7 i) 4
ki pAD-GALA4-2.1,
1.62 BERETRYL ORI AL K7 DHS

FEH B U e W B TR 4 BB 5% 4k DHS o S22
Y, WA T LB-Amp” AR L, % T 37°C AR
FRSE 18 h, B TR pAD-GALA-2.1, -4 71l
ISR & S

1.7 PR BE AR cDNA KBTI F B EWE

BEaH

PRIAE LB-Amp ' AR L2 K ¥ DHS o FHH: 52
W, % F & Amp ) LB Broth 1, £ 37°C T
300 r min " SEFRANTE 8 ~ 12 h P 1Y T4 ok, 48 H
kL, - JH EcoR 1 1 Xho T X ks gE4 7 BUAGL %
R, KR WA DNA R Wi K/, oA
cDNA i A F Wi i) F 41 i b pAD-GALA-2.1 17
WF, 51920 Bk L% 3 AD F15'AD J¥5, Bl
P R E4T BLASTX WX J#r, i H I 341K B
R I A 1 S L A TR

2 G AT

2.1 iR REF F{EEAREHENAE
IR ZLIY cDNA il , 2 RT-PCR §"
WA BEZ 400 bp IARIBEREL T I LK REF
¥ cDNA F Bt(Bl 1A), Hob 17T 5| ¥y 43 54 F
REF JFJ8( B B2 HE W Wi fll. REF ¥ ORF I8 K &K
417 bp, WIS Y LR T HPREREHT
ATG, Fitk, G , REF If) ORF 32k K
414 bp, Bty I 7= P A 1] 3L E 2 pBD-GAL-Cam
R L, IS E YLk v 4 & pBD-GAL-REF,
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JRRi2: Sal 1 7l EcoR T BUFEI IR &5 5L 2 W, # A A
Bt cDNA K JiF 5 RT-PCR ¥ 34 7 ¥y K /N 2% (1
1B), J5¢ i 1 P03 4 2 TR BRORO T 4 A cDNA A
Bty J 1) S HRFE P9 IR

bp

1500 —¢

1000 —

Pl 1 ARIBH REF JEH ORF [MIEREA) A FR BRI S 2 B).
1. W% AE; 2. REMY); M. 100 bp DNA marker.

Fig. 1 Cloning of REF ORF of Hevea and identification of REF bait
expression vector. 1. Digestion by two enzymes; 2. Without enzyme
digestion; M. 100 bp DNA marker.

2.2 ¥ EA pBD-GAI4-REF XK A &M

i

FFBERE B BRA YRG-2, X B #R RBAE Ura'/SD
AR A, i Trp/SD His /SD Fl Leu’/SD 3 it
BB AR EATEAE K. ¥ pBD-GALA-REF i
P BEREAT pGALA JHRE (FH kX ) 2 B e AL 2 7
BEREANML YRG-2 , I3 A #E Trp /SD [ 44k 5%
F%. pBD-GALA-REF %4t F A1 BH ¥4 XJ |t 2 Rk ¢
Trp /SD AR FIEH AR, R WIBE M REF ) %
BRI YRG-2 BeAy Fitk

BE ML Bk I AE Trp/SD 4R 2 K i) pBD-
GAIA-REF #4LF, /3 BRI T Trp /SD.Leu’/SD
His/SD Fl Trp /Leu /His /SD 4R |, £ 30C 15 3%
3 dJi, 7F Leu/SD.His/SD Ml Trp /Leu-/His/SD ¥
M BCE AR I, i 4E Trp /SD SEAR L Hy B
WEAK BRI RERE siRE(E] 2A), 28 B-PELBHT
ifE I 1 A% 9 32 W, pBD-GALA-REF F1 ] #: %)
pBD-WT #44L FEI i 76 1% X-gal ) whatman 3 4%
BB B BN, TG BH PR I pGALA (WS
AL T B 96 0 A8 A 5 45, (B 2B), 1X 3% 1] pBD-GALA-
REF 515 ki A B IG His-3 A1 B-2F 2L BT il 3

LS| RS2 HER ¢y 8

B

B2 Pk pBD-GALA-REF i H ¥ FEMT. A, ZEARE
HigrEk LA B B T B R BTG YRR 1. Leu /SD;
2. Trp™/SD; 3. His"/SD; 4. Trp /Leu /His /SD,

Fig 2 Auto-activation analysis of pBD-GALA-REF. A. Grow on different
mediums; B. B-galactosidase activity detection of the transformants; 1. Leu™/
SD; 2. Trp™/SD; 3. His"/SD; 4. Trp~/Leu /His™/SD.

2.3 BB BT cDNA XENHMBSRENH

B EFL cDNA. SCHE FAS S AR , A SC
JEAWSBRASCE , 280 HERE R 19 x 10° pfu mL™,
HYLF N 98.5%, cDNA #i A i Bt K/NR 750 ~
2000 bp, £ Y WG, WHCIEWIE R 5.4 x
10° pfu mL™", JJEIASCRY 4 T 2.8 x10° %,

2.4 TEE U R B EI R L B ST EE R H 4L

FEHE BB /E FI R, Hy briZ AP-2.1 TR 4110
BRAE XL1-Blue MRF' 41l Jfd v v HE47 ki 16 1 3h
NI, JE RS pAD-GALA-2.1 T 20 Ji b 1) Ik P
PR 39 x 10° pfu mL™ KT EIUSTE BN
WP RiEG YL E. coli XLOLR ,JEJi, pAD-GALA-2.1 T
YL BERESCIE(E 3A,B), A Bk A T 41 kL pAD-
GAL4-2.1 [HF/NE 3C),

2.5 BREAME S REF B EEEHEERER
ik
BRI IR ZL cDNA 3CJ% ki pAD-GAL4-2.1
AL B A 75 R 15 BUbL pBD-GALA-REF [¥) B Rk
B2 A MU, % A5 T SD/Trp /Leu /His 5 3 il I
RIGEPERE AL I, M AT RE I P V& EAR3A 2 mm
LA, HE B AT Rl F B %) SD/Trp /Leu His B 3¢
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19 %

Ik bR X BT B R AL T R AT Bl LT Al
TR, AR N, JE I e 2 12 IR R
£, W I BH P T e (] 4)0 3% 12 A B 3 o s

CHEBERESA B cDNA v BUITXT REHE D ) 4ifith 2
LB E REF Z W iR A EAE

bp

15000 —
5000 —

1000 —— B

250 —

B3 HybriZAP-2.1 WA SR A8k pAD-GALA-2.1 Bk SUEB) B L 3k I (C)o 1,2, #5846 T-BURE; M. 100 bp DNA marker,
Fig. 3 Electrophoresis detection (C) of pAD-GAL-2.1 plasmid library (B) transformed from HybriZAP-2.1 phage library (A). 1,2. Plasmids from two

transformants; M. 100 bp DNA marker.

B4 BERLALT PR R RS m . 1~ 12, MR IMEEAE
HALT B, CK1. ¥4k pGALA BRI FH #EX) | ; CK2. #%4K pBD-
GALA-REF [RIIHER

Fig. 4 Screening of the transformants through blue-white detection.
1-12. The transformants showing blue color; CK1. Positive control with
PGALA; CK2. Negative control with pBD-GALA-REF.

2.6 EARANF R E IR 247
A B R pAD-GALA-2.1 £ EcoR 1 Fll Xho
T DUEE) % e S A A R BG40 A5 0 ), Of:
75 1E GenBank $#i 4 P i/E47 BLASTX Jr]¥gi4:
Xt oM. sy 5 Rl B REF A HIHAE
FAMRALE R, A THIN LR 1% cDNA J¥5) E %
3 GenBank, % 5225 HQ640230 ~ HQ640234 , it
3 it REF H.AEZR [ 3% K3 51 -5 4R 19 B i &
X REF.SRPP Ml TCTP (GenBank %% 3543 5 K

AY430052 ,AF051317 Al AF091455) i[RI, HAx
2 i B BRI 8 & 7 0 2K 1 3k R RN 2 R
Fifi-h: N (GenBank % 5% 5435128 XM _002509707 Fi
GQ455410) FEITECE 1)o

3 i1

M E A R F REF &R ORI E 2 41
43, BEBRIESFIIHIA 121, BRI YA B
XHEOEFZ ", BBIEW REF # S
W18 15 TR AR, LISy A I D LAR A 3 A 2 M
RIS B REF (32351, X %] REF
AUBH AR A YA R, i HLIE SRR AR
JEe P B YIAE . HHT, X REF 7EMURE Y6 B0
RN FORARA TR . A5
FIBERERZ R GRS T 5 Rl 5 REF kA=A
HAERWE S, B8 2 28, —RESHRIEA
Y6y B VI MR I 36 14 %, 4455 REF Al SRPP; 5 —
RN e AR, A5G TCTP R TR A
FNZ ZREKNE B2, X 458 1 -5 REF Z (A /A A1 &
YEF , AT BT ili— 2 P AR AR I A 6 B 2 F
BB, 10 R AR OB T2 4 S B B 9 2 s —
SR,

BRI REF J& T 2 3L R K, A WF 55 R W,
AW B REF Z [ W] BEAEAe A BARE A, O LT REJE
BRI R A BT 4 P F ik BR
T Wl —E: R K REF 2 [A) 7] BE &2 R 1T HARSL,
J3—A~4 REF W B RAEMEAEHIES SR BAEY
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#1 RETEKETREF EEEANEEER
Table 1 Homologous proteins interacted with REF of rubber tree

I H

Homologous protein

GenBank accession No.

GenBank #3535 EIp/ 3 Lhx b

Homology (%) Alignment species

H35E-K: T- Rubber elongation factor (REF)

/MRIBERE-F 2 1 Small rubber particle protein (SRPP)
B R 2 1 Translationally controlled tumor protein (TCTP)
Y& -FW1 % % 1 Elicitor-responsive protein

ZEHEE Ubiquitin-conjugating enzyme E2

AY430052 100 BRI H. brasiliensis
AF051317 100 BRI H. brasiliensis
AF091455 98 BRI H. brasiliensis
XM_002509707 85 Bk R. communis
GQ455410 94 HWK R. communis

B B B 1 /M BORL 7 75 1 (SRPP),  SRPP,
REF AU B4 B AR B AR W5 B K 3 Fl 2
BIBER T I 1, SRPP H ¥LIL R 4%, 5 REF H
A B R UREED  /NRBER T SRPP 1R 3K B
KFRBIBRF ™, SRPP ZEM A W 45 1 1Y
YERRA - 2E , B v 885 REF HAT A4
B FRAVER , B BB A BRI L)
A1 AT 55 REF —RSL AR I 2 5 1o
TCTP 3 & FWi i 85 [ FE R ARG B2 J& il
1L R AR A2 0 1 B W v B 5 REF R AT A HAE
R —RIEE . TCTP | ZAHE T sy
At 76 S AR 41 e AT B T S
PR Y B R, % TCTP 78
H AN b PR TR A 2 AP W TCTP
FERAE B LA R A S0P A R R, T H .S
RRIBOT 3 R e AR R P i R R AR, i,
TCTP ZEZLF 4 P W B R —FifE 5 r F5 5
IR AR W PR . kb, o EE R A Z,
TR R BRI SE R I8 AR, BRI 2L
MR SE R 2L 45k A B 5 R WIAR B 5
B TR -3 R W, TCTP
S5 B PL A5 AN 1 IR T RN BE 9 2 ) 1 O R AE
R — g . HHG, AERR B A ST R 7 i L
O ANZ Z R B2 P ss iR et W AGE . MR T
Wi 0 26 1 J— 287 CalB (protein kinase C conserved
region 245 A4 35 1% 25 11 B , -5 4 A0 44 b s DAk 1) Bl
A0 S A SR AR 543 IR e A R T2 i
FIIR L UE W12 175 AR 2L 45 41 M o34k R e
BB YA BN B R U R, B
FLE AU K F15 5 5 3 v BEXAR B 7™ I B S
WA L B N, TR B2 28N
Rz ZALB R SR 22—, 25 REF 2
WA EAE FE S 29| A2 REF 4544 R85 M 1iij 52

M AR S 6 1 H BT IE ANV RE o

BB SE R K F REF Z 0] 2L & 5 SRPP.TCTP.
WRR T VR T FZ R AR B2 SF 2R BB
JE R R M EAR L, 35 R B s B A Y6 )R 43
FHLBR LB B LR et T — e MR K. A,
REF 538628 11 I HAE & A2 1 Jr X L4 BT 6B
WA T U2 W R TERIEE
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