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Screening and validation of candidate proteins interacting
with AtTR1 in Arabidopsis thaliana
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(Key Laboratory of Bio-Resources and Eco-Environment, Ministuy of Education, College of Life Sciences,

Sichuan University, Chengdu 610065, China)

Abstract: In this study, yeast two-hybrid system was used to screen the target protein that interacts
with AtTR1, an E3 ligase. First of all, according to the domains of AtTR1, we truncated and mutated
it to some extent and verified their self-activation activity and toxicity. Finally, we selected AtTRI1-
A\ 119 as the bait protein to screen Arabidopsis thaliana Normalized universal cDNA library. As a result,
13 candidate proteins with potential interactions were obtained. Multiple validation with forward and re-
verse two-hybrid system revealed that diploid yeast containing AtTR1&CURTI1C or AtTR1 &.SWEETS5
grew on SD/-Trp/-Leu/-His and SD/-Trp/-Leu/-His/-Ade/X-a-gal minimal media and generated blue-
colored product. BiFC technique also demonstrated that AtTR1 interacts with CURT1C or SWEETS5.
All this will lay a foundation for better understanding of its functions and molecular mechanism.
Keywords: Arabidopsis thaliana ; E3 ligase AtTR1; Y2H; CURTI1C; SWEET5S
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MIPTPES 5 A i bk R R R B — 2 Y Al A2
PERT FEME B AR, Bn TR f9 % 52 R bk £t 35 B0 1 %t
RSP FEER , Bn TR (%5 3£ 7K
FEANA 3R B A X6 A Tif 52 M 48 8 T L™ o 45 3
THES AR BRI R ACTRL 545 8 75
53 % B IR L I HL T X A A v 2R e
ATz BB S AN I Rk Z R iE S0
ARSI G ACTRL, H S BnTR1 B9 1
i 5 90 AEADL M 5 ik 86 %, HLaE LW B 4 h &6 & A
—4 C.HGC, ) RING 58938 ¥ ArTR1 K %
ARG Z 5 7T A4 2 3 AR W 0 T P L 5 —
Uise 5 BnTR1 M IR 5 4F % . i 25 %00 5 34 Bk
AR T AR A K A2 ) R R R AE Y
A 7 T I e L 3 B8 0 7 Pk AR 48T TR1 it B A
AR TR A S PRI G A I A S B AR R TR TR
42 BnTR1 i & AtTR1, —H AR T HIME A
1N 2 BRI S DXL T PR DR T A PR O A AR
WHE S AtTRI BEAEM&E A EBIE S 505
WA B AR AN L AT H T Clontech 1)
MatchMaker 51| ¥ £E A% 58 2 40, LA ARG T 4L
AL SR T cDNA SCPE 5 ACTRI B AR
1 A B e A e L] B O 5 SR R i 2R

2 #MREIE

2.1 ## 5

S [ TR bR DHS o 1 T 0 5 5% I 2 16 AR s R
FFR GV3101 KA W A9 W 43 F # Ak pSATI-nEY-
FP-N1 il pSAT1-cEYFP-N1 ¥k 4 5256 % B4 1%
AR IT cDNA SR Rl RE XS4 58 7 50127 4 W 3K
H Clontech 2\ H].

Taq DNA polymerase, PrimeSTAR Max
DNA Polymerase. [R il ¥4 N D) EG#1 T4 DNA % £
fifg 5 Wy 3K F TaKaRa 2% 7] [ ¥ & 41 & 5 &
CloneEZ; B 0> A7 DNA 4l £k 71 i i 551 & ) 35 B
KA AE A FHE (b 50 A BR 2 Al AureobasidinA
(AbA) Ml X-a-gal M A WL 32 R B Clon-
tech 22 w]. AR TEHLFH 1 2l 2 B 47
2.2 XBAHE
2.2.1 BEHRER(Y2H) R A#ERiE ¥KH
(3 e 5] BD(pGBKT7) # 4k I )5, #5 L B2 1
AHI09 Bk, W A T 8 A 24 2 (SD/-Trp) (4 B Bk
WG FR 3 1, 30°C B 3% 3d. R K G, PR
T B BB R T R €0 2 IR T T B R A % 5F B (SD/-
Trp)H,30°C,220r/min, J& ¥ 5 3% 12~16h. H#

T 1 5l 55 7 W i T €8, 2 TR e 2 IR Tk i
1w (SD/-Trp/-His/-Ade) i = i [& & 15 5% 5 |-
PEAT B BTSSR ES L BE R 3d R AR A K YR L Ul
WIZ R A B B I .

Ko & A B R Br AD(pGADT7)
AL A LR T & A BD (BB R A B =R
Brrs & R (SD/-Trp/-Leu) M5 B [ 14 £ 3% 3 F,
30°CHE R 3d FFEREK )5 . BRI T/ V% T SD/-
Trp/-Leu W4 i W 4 35 3% 36 4, 30°C , 220r/min, §F
DR 12h J5 B WA B B Spll 43 BE 7E SD/-
Trp/-Leu Wit .SD/-Trp/-Leu/-His =kt 1 SD/-
Trp/-Leu/-His/-Ade/X-a-gal /1 & [ {4 £ 3% & -
¥3% 3d J5 . BBAHIC %, bait &K pGBKT7, prey
#HAkH pGADTY.

2.2.2 M@ EE ARk sk PRk 2-
3mm K/ 5 I I RE BB (BD- TR1-A119) 4% %
F 50mL SD/-Trp WA 35 72 3, 30°C , 250 ~ 270
r/min 33 % § 3% 16 ~ 20h, H 3| ODyy, 35 # 0. 8,
4°C 3R J5 1000X g BS.0> 5 min, & ;& 4~
Sml SD/-Trp ¥ A % 37 Jk 5 2 B B 240 . % I fil
b I BEEESCPERN 1 — 20 45175 15 9 BE TR R & 7
2 L M HEIZ b n A 45mL 2 X YPDA (% 50pg/
mL Kana) ¥ & 3% 37 3, 377 1mL 2 X YPDA & ¥
WERESCHERY EP A5, 8 A — 0 B AR i A B HE B
i »30°C ,30~50r/min ¥ %% 20~24h. 20h J5 , T B
— VB 5 FEWTE B 40 X S5 TR WL EE L LN Bl R
AT Ak s T — 2, RN B 245 6+ W 4k 22
3% 4h, WA MY, 4°C L1000 X g B0 10 min. F [
B S EE, A 50mL 0. 5 X YPDA (% 50/ mL
Kana) ¥ 55 F2 505 Uk 2L TR 2 YR RUEE [ 1Y
A R R ¥ T FH O VR R R R R IRAR A L 4°C
1000 X g B .0 10 min. JiJ 10mL 0. 5 X YPDA (&
50pg/mL Kana) # 1A 3% 57 3 8 B4 M. F 5 Bl
%A T SD/-Leu/-Trp/-His/-Ade F4R (24 60 4>,
ARG AT 15001 ,30°C 15 3% 5~7d.

2.2.3 ®HH% PCR % Pk 2~3mm K/
B B 1 R BE T 5 20 0. 02% SDS Y 1. 5mL B .
B, W BE 30s, A 180pL ddH, O WATIR 2J,
120001/ min ., B B 850 155, W H F 35 W 2l 7B N
PCR #i#z (20pL K ).

2.2.4 RHyFRIEELANBIFC) H¥EKAK
FORLEE A RFF TR GV3101, 4R J5 4k % 15 58 = ODyqo
=1.0~1.2,3000 r/min B.[> 30 min YT &EF &, H
LM Z& i (10 mM 44k 8 .10 mM MES.200 M
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BT &) & & ZE ODg =0. 4~0. 6, pl9 1
ODgpo = 0. 8~1. 0, JHTE S g8 X5 4 Jal K HHF it 7y
T 3R B AT VR S R TS R e, PR
SERE IR SR 3d 5 OGS 5 4R W R e L g

3 MIRER

3.1 AMTRIAEYEEFP MR BEZEANE
BUE 1A

i# i+ SMART (Simple modular architecture
research tool) [ ¥ Fl 7£ £k 11 U % {4 TMHMM X}
AtTRY ST A5 M G AT T A0 A0 T 25 R 3
WitE AtTR1 ({8 N 3 & A — 4> C, HC, A
RING %5 #4488, C 3y A7 P A 85 RS540 38, — N 7E 220
~240 Z (], 5 — 7 180~200 ZE (& 1 A).
1A FiR ) TRI-A119 £oR 48 TRI #8245 119
7 88 FE R &b s TRI-A181 FR 8 TR1 #4821 4
181 o7 & L MR &b s TR1-A 181 (PM) # /R {8 TR1 #
FERN S 181 7 s B FR AL AR EE 98 7 iy e 2 2 ]

RING TM1 T™M2

- —p— B

ED-TR1-/:119
BD-TRI-4 181
BD-TRI-~181(PM)
BD-TRI-/ 181(DM)
BD-TR1.FL
BD-TRI-FL(PM)

Yeast two hybird

SD/-Lew/-Trp-Ade

AN E R s TR1I-A181(DM) 4t TR1 # 4
FN5E 181 L2 FE MR Ab IF 25 98 17 Y > Jhk 2 R 28 %
BN ZR 55 95 7 1Y 41 2 IR 5 728 J I 22 5 TR1-
FL %78 TR1 £ ; TRI-FL(PM) %Rt 4K
TR (55 98 {7 i 2 bk 22 2 28 722 W TN 2 1.

PEAHR ) AtTRY f Bt v B ) BD(pGBKT7)
B EJE L E =B AR 8 IR R B AT B OO A
¥, 1F X8  AD-T/BD-53, f %} i %5 AD-T/BD-
Lam. 25 5 W8 fE 76 B TS 09 Be i TR1I-A181,
TR1-A181(PM) fl TR1I-A181(DM) (& 1 B); %
A SR A BA TRI-A119, TRI-FL fil TR1-
FL(PM). iX A g A}y # W7 5 30 AcTR1 (% %5 [a] 25
AR HAT T e ST T M. 3 Clontech
1) MatchMaker Z 41 i B} 4R A8 2R 55 52 3 T BE B
SR F GALA, T LUZ 5 Go il A 0 3 2 15 76 200 Jifd
SRR R B L T ACTR &4 A 15 B 4%
Tyl s 2 — > B o %) B 1 5 B DA TR AT B 4R
TRI-A119 FE47 3CE i 1.

SDF-Lew/"Trp m mm:r

S ool 0

B 1 AtTR1 &5 B & RE
AT FERE XA AL 0 g vh 1) ACTRT @80 7 B s 20 B AcTRT U - B B B0 Bk iy 45 28 SD/-Trp RR
B (2 FR (Trp) (9 85 77 3 s SD/-Leu/-His /-Ade 7R 58 & MR (Lew A &R (His) F1IR S (Ade) 1915 77 3
Fig.1 Test TR1 for autoactivation
A. Schematic representation of TR1 deletion constructs used in yeast two-hybrid screensB. The result of TR1

deletion constructs autoactivation SD/-Leu/-Trp stands for synthetic defined (SD) medium lacking leucine (Leu)

and tryptophan (Trp) ;SD/-Leu/-Trp/-His stands for synthetic defined (SD) medium lacking leucine (Leu) . tryp-

tophan (Trp) and Adenine (Ade)

3.2 PCR ¥ . F K F 5 EE 3t

¥ pGBKT7-TRI-A119 BEHEH: Ak 5 5 40 g I+
cDNA SCPE 7% 58 Ja » Uk A 1 B 3% 5% 5L CF AR B 42
150mm) | ,30°C, 3 5% 5~ 7d. PRI #4584 i 3
W% RS AbA (DY B ks 35 & F 5 HF.
H Taq DNA polymerase %5 #g I i) BH ¥4 72 B 1F
AT PCR k. & 2 B 75 14 02 35 43 I B BH M v
BT V& PCR ™I S5 5 9708 ok iy 2%l L BD R FH
PESERES prey HAA MR AR B ¥ PCR 7= ¥73% 1
HREEBL A MR A RS /100 43T, I 45 SR 8 i
NCBI #1{ Genbank 347 blast 43 #, blast 4% 5 I,
1 RBCH SRR o0 U > B E A s iR

F e sk I K Ja g iF — 2B WF 52 i) CURTIC Fil
SWEETS5 4.
3.3 Y2H I$iF AtTR1 5 CURTIC = SWEETS
HEEH
WA H# 47 19 pGADT7-TR1 % F 5 pGBKT7-
CURIC, pGBKT7- SWEET5 #: # 4k & AHI109
Jo o WRAT T T B AR RS SRR B30 CCHE SR 3dL
T B G M IS Pk B TR R 7 R R A 8 3R R
30 °C220 r/min & 3% 1 9% 12 h, BB HL 5L 43 9%
TE B = BRI 40pg/mL X-a-gal (1 PY Bk [F A B
FEHE 1,30 CHEFE 3d. 7 . = B g BoF Al
BIE R A, HAE PO B s 77 5L v 9 B (R 3D,
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B AtTR1 5 CURIC 5t SWEETS5 777 #1 H {E
Fi. AD-T/BD-53 Jy IE %} i, AD-T/BD-Lam Jy it

Xf IR

B 2 PCR F 4%k & s eml
M /8 DNAmarker(DL2000) ;1-24 & PCR 724
Fig. 2 Gel electrophoresis of PCR product.
M: DNA molecular weight marker (DL 2000) ;1-24 . PCR products

x1 AUTRIBEMEZEREARERESE

Tab.1 Summary of AtTR1 candidate interacting protein basic information
EE A B YIRETERE
AT4G25150 HAD superfamily, subfamily IIIB acid phosphatase TR P 1 TR b 1%
AT2G37940 ATIPCS? JUUTE 8 P T Ao 228 T o 5 1l Tl 2
AT3G14080 LSM1B, SM-LIKE 1B N R A
AT5G28540 BIP1 456 8 A (BiP) & — R H B 5 FHEAR
AT1G52220 CURTIC EEES 1N INEiE=d
AT5G61250 ATGUS1 Wl 1 7K fife Tl
AT1G76440 HSP20-like chaperones superfamily protein 1R AR R #8011 HSP20
AT5G62850 ATSWEETS5 RERE SRS 18 B T R
AT1G71960 ABCG25(ATP-binding cassette, ABC) HZEARE  ZAERNRRNEAREZ —
AT5G61580 PFK4 WETR Rl e 4
AT5G42020 BIP2 455 E A (BIP) & — K HEBE M5 TR
AT1G50700 CPK33 A0 A 0 — S ABONS 8% 0% 1 28 1 il
AT5G15130 ATWRKY72 WRKY % 58 45 7 R it
3.4 BiFC I§iE AtTR1 5 CURTIC 3 SWEETS . .
4 i i

MM EEH

¥ F # I 9 pSAT 1-nEYFP-TR1 4 3l 5
pSAT 1-cEYFP-CURIC F1 pSAT 1-cEYFP-SWEET5
e [+ 5 o 2 A AR B PR 4 L, 48h J5 L 7E 515nm Bl
BRI 100 > W B 0O L 2R £ W O L 42 72
(3 ) 15 5, A B % ¥ pSAT 1-nEYFP-MOB1 5
pSAT 1-cEYFP-SIK1 iy fH 1 X} &, pSAT 1-nEYFP-
TR1 5 pSAT1-cEYFP, pSAT 1-cEYFP-CURIC &
pSAT 1-nEYFP  #l pSAT 1-cEYFP-SWEET5 5
pSAT 1-nEYFP [ X i 7EBOG LR AL BB T
K 2] # {65 615 5 . £ AtTR1 55 CURTIC 8§
SWEETS {775 AH EAE AT AR5 5 58 B W& 27 T A PR
HECIEL AA F1 B) it HL AT RARER 2 e AT 00 A8 B 1 =
FE A0 T 40 A5

Z R AL & G802 1 U0 AR S R R R ES
RING BiE . A N VF 2 8 B s vl iz Rk fe
WU AV . GL IR A R T 32 R A5 S e R B
FHT M50 X1 EA S Wz Z gz
QS E E Y VAR s AN DOV ER IR Sr AN
Sr A AR S 52 AR AR W I 3a A R R L 2 R
P ZR G I 4 1o A 1 0 3k L R ad i 26 & H
il A 1 A 141 132 2R A 6 0 19 K - R 1 A O ) 24
Mg RS AtRL &4 RING S48 250 B0, &2 — 4
C,HC, BB 3 F . 7R RSN B AT E3 32 3 I 1.
P, 2] AtRL B IRA) 3 sl A2 R AR G HE.
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P L BD-SWEETS/
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wmn BN . AD-TRIFL 0
BD-CURTIC/ . BD-SWEETS/ .
AD AD
AD-TRI-FL/ 5 AD-TR1FL/ 553
BD BD
AD-T/ =] ADT/ bt
BD-53 ® ¢ BD-53 -
Nl @
AD-T/
B BD-Lam Q

B 3 TR1 L CURTIC s SWEETS & # 3 4 & 447

SD/-Leu/-Trp /R it /> 78 5 2 (Leuw) Fl 6 % B2 (Trp)
Bk 3 K. SD/-Leu/-Trp/-His R Bt 5 4R (Lew) VA H
g (Trp) Fl 2H & /R (His) i 1% 32 2%, SD /-Leu/-Trp/-His/-
Ade/ X-a-gal TR B FZ IR (Lew) O BR (Trp) .4 % R
(His) IR EERE (Ade) B2 AL & A X-orgal (1557 5
Fig. 3 Y2H results show that TRI1 interacts with

CURTI1C and SWEET5

SD/-Leu/-Trp stands for synthetic defined (SD) medi-
um lacking leucine (Leu) and tryptophan (Trp); SD/-Leu/-
Trp/-His stands for synthetic defined (SD) medium lacking
leucine (Leu), tryptophan (Trp) and histidine (His); SD/-
Leu/-Trp/-His/-Ade/X-a-gal stands for synthetic defined
(SD) medium lacking leucine (Leu). tryptophan (Trp),
histidine (His) and Adenine (Ade), but containing X-q-gal

MOBI-nYFP

SIK1-cYFP

cYFP
+

TR1-nYFP

nYFP

+

CURTIC-cYFP

TR1-nYFP
+

CURTIC-YFP

SWEETS-cYFP

SWEET (sugars will eventually be exported
transporters) f& T JLAF 38 1 9% )6 2L 4R B8 £ % 78 1% sk
T BB e S B0 — 2K S 5w AR R DL
A2 iz i 7 Y SWEET 4 4% 7 YRI5 B o 12
JHE s P A~ H 5 1) 55 T 235 4 3ol 5 I ELAT IR AR XL ] i
B (1R R A T EL R BE R A pH A R P A AR
SWEET "Iz 1 T HEEAY T SR Ay . &
SR M5 B ST R I TE A A Y AR A
SemiSWEET & H , B & SWEET #REEH. I+ A
HAMMMDIRE " . Br T 25 0328 LU BF 58 38
RIAE 45 8~ Bl o th AtSWEET15 £
SxRAE FURERIE s 76 T 5OR i 0 30 85 k3 ) %
Al T DA 35 S 32 3k . Klemens 26 A R WLE N T
WL ) AtISWEET16 f1 A:(SWEET17 3R E R
[ 24, 3R 2 5 i) Bauer %8 A\ W55 %
WL IE T2 4 F . SWEETS 75 44 T.48 i v 1)
FIKEWIN T 2~6 %, UiW] SWEETS 7] fg )& 5 #%
Z 5HE B SR Y s 0 L R s R R
R B A5 S5 AL 1 — B 43 5 5 4 e A e 4

YFP Bright Merge

MOB1-nYFP
+

SIK1-cYFP

TR1-nYFP
+

B 4 AtTR1 5 CURTIC 2 SWEETS &4 5 & Z Ao #F
Fig. 4 BiFC results showing that AtTR1 interacts with CURT1C and SWEET5

o SR L) B — B S ol Y I S R B 3 Y — A
R 0 2 26 0 AR U5 i DAy R DX D o 1.
KL IR A5 I 2R A v B e B (Y AR 23 L 5 B
T BRI S B 1 I Dy 5 A AR A o T 5
AR BIE N — A~ 1 2k 1 IR R 58 Y e KR gt e
TE L RLAR AT BEA A 651 B EAT . i e RE
N RIS OGRS RN (EPES S SoR e I DR

BEXHERS X LE MR — B R, R
MEBEDREZ —. & T Xk 685 B . Ute
Armbruster %4 A F B CURT1 (CURVATURE
THYLAKOID1) A, B, C, and D i i CURTI
B RBE I Z RS EE R 205 ak v 5
DA ISR 52 i 25 A A 45 4 1 s

FATE WE M AtTRL 7] PL Al CURTIC &
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SWEETS B 40 5 AE M, M AtTR1 /E R —A4> E3
CEREEM. XA 252 25 A AR R-E AR
fiff 1) — T LR AR, BB L 1R 1 b R A A0 L o 2 R L
AEYEERE B . Pl E A PR GE TR
i 3a L AR R Ok DAt SWEETS 3 (K 3% 5k
I, AtTR1 5 SWEETS f£ 76 A0 5 AE . I8 4
AtTRI J& 2l of Bz KA B SWEETS, 8 & £
2 RZAREff SWEETS? 3 86 A2 AT i 45 0l
PRI e T R FRATTHG 38 3 AR Ah iz Ak ARSI B fife S 56
AR N 2 F b FAR N B i 52 56 DL & curtle I
sweet 5 T A 28 A5 AR Y 2= AL B 5T 4%, Ok B8 4IE X Fh
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