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Abstract: A previous report has revealed that AtHHR2 (At5g43200) played a positive regulatory role in
Arabidopsis thaliana in salt stress, and its homologous gene AtHHR3 has interaction with DREB2C
gene in yeast two-hybrid test. In this study, in vitro and in vivo protein interaction assays and biochemi-
cal methods were used to further explore the functionality of AtHHR2. And Pull-down result validated
the interaction between AtHHR2 and DREB2C in vitro. And the ubiquitination analysis demonstrated
that AtHHR2 acted as an E3 ligase of DREB2C, further confirming the interaction between AtHHR2
and DREB2C. Furthermore, bimolecular fluorescence complementation assay results showed that AtH-
HR2 did have interaction with DREB2C in vivo. In summary, the AtHHR2 interacts with DREB2C and
acts as an E3 ligase.
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kB FE AR 37 30 R Ak b i A 1 A 4
BRA L 8. 31 42 hm®™™, g & [ 3k 5 46 T AU AT
3600 J7 hm? . i B AR 4. 8806° . T4 Bk 1%
MRRZK b 10620, 76 N HH 253 £, 4 5ROR A8
B2 , B b sl /D IR K BE IR AN R I LT An fe] A
AR WAk 1 R — 38 U S e i R R PR O X
) it 52 M 43 T LR A 5 A4 R X 4t e R AR
Yy e i SR R i T A E A R L A
(BLAS PR S 10 J2 A ) 1 P9 A AR 22 AL A1 AT LA 7E T X 3
L6y 38 B AR BN 38 04 s 0 M4 B A B 2SR 32
) Jolp 380 B 25 7 A R L ) 3 B R IO 28 3L AR
FR 9 5 L A AR 2 AR0Z 3R Al e Herh 32 B — Fib
Bl

1Z % (Ubiquitin) & —/NEH, 255 40 il BT
oA R TE R P R 2 R S 2 BUE 2
MRS IZ R ARSF Y 76 Bl 2 IRAE A A ) rh 3k
e HEaRAE A EEENER . 2%
k& (Ubiquitination) 7 R 2 ¥ 5 AL i & 2 45 1 5
DNA 52 40 0 J] 42 ] DL R i3 07 2 55 B A 3
SO | AR R R Rz R AL 2 R A =
ANFEY 2 5 . E1 Cubiquitin-activating enzyme) , E2
(ubiquitin-conjugating enzyme) 1 E3 (ubiquitin
ligase). 7z & C i H & MR 48 FE ¥ E1 33 5 EL
S5G T MU A R 5 T B0 1932 3R AL 3 3 — 4
ZRBWE N E2 00— AL e 2 R ok
Sl E3 e AER . Z R 5 IRMEA D
T R A% L — A e R LR AR E Y.

AL Z B Arabidopsis eFP Browser Tl
MAF B = A WU MR & R R At2g24480,
At5g43200 1 At3g28620™7. H:r AtHHR2 fiE %
B —AHA RING S5 kg5 E3 420, H A A E3
BRI, A MR R T AtHHR2 18
T3 v R B OE AR 0 R L RS T —
RS AtHHR2 (et R T — R 91 9 AH 56
e, FEH AAHHR2 MEHE A A F—20F
58 AtHHR2 B3t 06 AL ] A5 4

2 HHRHS T
2.1 XIadwt

By A= BRI FE 5% (Arabidopsis thaliana ) Colum-
bia fif bk At - (Col. ) Fl A [C 4 52 i 52 46 %5 {7 47,

AtHHR2 3R 58 25 K f) F F (SALK _150860) Ity
FRIETIF A W % 5 Pt CABRC) , L Columbia A

SN R

KW #F B (Escherichia coli) B ¥ DHb5a.
BL21 AR R I i (Agrobacterium) F #f GV3101,
pGEX-6p-1-HHR2 #{k PET-28 ik i A 52 4 %
TRAE.

Taq DNA 2 4 . Primer STAR Max DNA
Polymerase, FR i ¥ N U1 B, T4 % 42§ 55 W T
Takara Y &]. E1, E2 4 F Boston Biochem 2 &),
2% Ub Iy T Sigma 23 A). Bk 4 B0 & 7
Omega 23 7], DNA Z{i 4638 5] & 0 T R AR 2 Al 52
56 BT A9 51 9 0 e A O D
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Tab.1 Primers List

A (Gene) 2| ¥ )% %1 (Primer Sequence)5'—3’

GCGAATTCATGCCGTCGGAGAT-
PET28a-DREB2C F

TGTTG

GCGTCGACTGTAGATCCATGAA-
PET28a-DREB2C R

CATCTTTG

CGTCTAGAATGGAAACTGAATCT
pSPYNE-AtHHR2 F

TTCAAACTCG

CGCTCGAGCTGTGGTTGTTTGT-
pSPYNE-AtHHR2 R

CAACAG

CGTCTAGAATGCCGTCGGAGAT-
pSPYCE-DREB2C F

TGTTG

CGCTCGAGTGTAGATCCATGAA-
pSPYCE-DREB2C R

CATCTTTG

2.2 XBHE

2.2.1 3l4pi&it M TairChttps://www. arab-
idopsis. org/) I {8 %1 AtHHR2, DREB2C Ay %
K3, J5 B Primer premier 5. 0 %3151 4.

2.2.2 REERZEMAGMHME M Tar L TFH
DREB2C #y£ K F#81. B2it51%) PCR ¥4 3 4l fk.
HEFY) PCR 7= 9 fl PET-28 #ia . Wi glifb 5 H
T4ADNA % 2 B 7> 5 3% ¥ PET-28 # (K 5,
DREB2C % [, % 2 1k 2 ¥ b K i1 B R 2 &
DHb5a. %78 4l fil J5 #2 Bt PET-28-DREB2C #i4k , 5%
R BHFFE BL21 #3235, —80 CIRAFHFh.
2.2.3 mbETaWMFFRAAANL KEH
pGEX-6p-1-HHR2 #1 PET-28-DREB2C ) BL21
Bk 37 CHIFRE ODyoo 155 0. 6~0. 8. A IPTG
BN 0. 5mmol/L,# 16°CH; 3% 10h £ HFES
H 8 3R IK 8 7 Bl A3 844 4 i B L3 L SR FN 2
Brik M GST #1 Ni gl f %t & (k47 44k,

2.2.4 Pull-down Ni-NTA 5 His-DREB2C &
H7E 2% th & (50mM Tris-HCI, pH7. 5, 100mM
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NaCl, ImM EDTA, 0. 05% 2-Mercaptoethanol,
0.2% TritonX-100) F 4 ‘CH¢HF 2 h, g F &
AN W e TR ) il L 58 A 4 L % v R R R T Uk =
WE A AtHHR2 #4522 4 “CHEE 2 h, 2ol il
EVEEWR LB L, Western 6l 45 5.

2.2.5 4kshizE 4 GST-AtHHR2 fil 4 & F1E
Jy E3 4%/ 78 E1,E2, 4 His #8% 197Z % (ubiq-
uitin) 43 1. ATP YA K B vh AR A e 9 5 R 5
His-DREB2C K& 1 7E 30 “C M 5 hy im A 5%
loading buffer £ |k 7 i, /3 HIfER & A E1,E2,
E3 YE R %} 1R, Western 4 il 25 5.

2.2.6 RoHyFRkEAN HEI T ROLE A
pSPYNE-AtHHR2., pSPYCE-DREB2C, # k. ¢ ¥
WIRAZ A GV3101, i ¥E 45 21 4l F1 p& Fh. 28 °C 15 5%
RATEZE ODgoo ik 0. 6~0. 8, Ut £ T 1R J11 455 5 2% o
WL FRE L h R RS RS TR A TR R S
STy K. pSPYNE-AtHHR?2 5 pSPYCE-
DREB2C. pSPYNE-ABI 5 pSPYCE-RCAR . ##
AT AH BAE FAE S IE X R, pSPYCE 5 pSPYNE-
AtHHR2 fE R X BR. 2~3 d 5, MO R £ 98
2 ARUBE WL 5T AR

3 HRESMH

3.1 AtHHR2 5 DREB2C £ 4NEHEEH
ARSI 5 2 W ARAT = A R WA RS 79 0 iy gk
AtHHRI1, AtHHR2 fl AtHHR3. f§ AtHHR3
RV TR B X 24 A2 W 4 B 5 2 AR B AR A A
DREB2C. J5 FA145 M 5 AtHHRS3 [&] ¥ 1R & 1)
PN 5 2 AT e A A BRI LA 5256 DA
AtHHR2 H #f k. F Pull-down 52565 K i1 AtH-
HR2 5 DREB2C & & 7E S A B AR G &
Ni-NTA 1] 254 His Fr28 00 8 1, IF 7T e 2%
R BEIE T 456 i L FRATTAY Pull-down 5256 ] Ni-
NTA 5% His b2 DREB2C & 1454 Hdr AtH-
HR2 % 4. Western £ it 25 5 B = 76 R 7 AtHHR2
#H'5 DREB2C & [ Z M4 A BAE R (B D.
3.2 AtHHR2 ZE{K4MAT5Z =% DREB2C
AtHHR2 2415 — A4 RING %5858 1) E3 i
FG . H RING Z5M507E E3 3% 42 B % P v i 81 2
fEH. BE4% AtHHR2 7£ 144+ DREB2C A #H 5 {E
B2 Hd AtHHR2 2 & A i 2] E3 % 3 55 1Y
YER. AT 3 — 20 R SMZ R AL S5 AT T S0k,
AtHHR2 £ 7EZ £ E1.E2 f£FEM&MT
5 DREB2C % FI7E R W 28 th W IR 5 h Z )5

Western ¥ &5 | DREB2C D Mz . M gh BT
VIE#TE AtHHR2,E1, E2, 2 & (ubiquitin) &} £7
TEM T DREB2C H H#iz R AL (& 2). 5 26k
> E1LE2 8% AtHHR2 Wz R AL 50 B8A L
UK /b AtHHR2 5 DREB2C # H A A 5.AE
FI ., FL i 32 % 6 10 % 7. 1) DREB2C 2 AtH-
HR2 1) —"EHIEY.
LT ST S Input

Anti-GST | ¢ Lo lage

«—GST-AtHHR2

Anti-His

B 1 4k4F Pull down %%

Fig. 1 Pull down assay in vitro

3.3 AtHHR2 5 DREB2C =N EHEE/E B

AR FRAME &£ K iE T AtHHR2 5
DREB2C Z [b] B SE A7 46 AH B AE FH 19 ¢ & . H &8
7 RS, 8 T i — 25 UE B LA SE [ 2 ()
W S AFAE B A BAE A O R RATTR B+ 95k
AN AE R X AtHHR2 5 DREB2C 2 [H] 1)
VB & &R #EAT B9 E.

AT T WSy 9Ot H AN AR pSPYNE-
AtHHR?2 P4 &% pSPYCE-DREB2C. 43 5l # A 4 #T i
) SR A A S N A G S AN 3 B R i = B
pSPYNE-AtHHR? 5 pSPYCE-DREB2C. pSPYNE-
ABI 5 pSPYCE-RCAR 1 2 DL % 3iF 19 1E X B8,
pSPYNE-AtHHR?2 5 pSPYCE 1 2 i % #R. 2~ 3d
Je ol FH 2R £ ) OB SR O 2 SR

MASE G 25 IR AT AT LA B FE R ) AtHHR2 5
DREB2C #f 52 & 4 A0 B 8 I, B AH B AE F 0 47 &
JETE YA BT (K 3).

4 7 e

AHE ST SR kX AtHHR2 — 0125 58 2 )5
O — A — 25 1 WF 5. e AR 256 G O X
AtHHR2 2245 {k , AtHHR2 H #p bk 2 DL K BF A= 71
(B 300 1 e ORI 5% 75 31 AtHHR2 (1 2 248 (4 % £ Jilp
0RO, BB AtHHR2 76 £5 9k 36 1 28 v v 3%
AEEZEMEM. TRBIMERE ActHHR2 7248
Wy 3a v B R 2 — AN BRI VE H.
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Fig. 2 Ubiquitination assay in vitro

YFP Bright Merged

Positive

Negative

YFP -AtHHR2
YFP -DREB2C

B3 WaTRALAN S
K43 F 9 56 G b S oS W0 A A A 5L PR T S RORH BT I S 380G
LI A N BUOBE. I X IR AL 9250 & TR A7 pSPYNE-ABI &5
pSPYCE-RCAR. fi %} M % pSPYNE-AtHHR2 &
pSPYCE. 52 ¥ 41 & pSPYNE-AtHHR2 5 pSPYCE-
DREB2C.
Fig. 3 Bimolecular fluorescence complementa-
tion assay
The bimolecular fluorescence complementation assay was
performed to detect the interaction in vivo; photos were
taken by laser scanning confocal microscopy. Positive con-
trol: pSPYNE-ABI and pSPYCE-RCAR; negative con-
trol; pSPYNE-AtHHR2 and pSPYCE; experimental
group: pSPYNE-AtHHR2 and pSPYCE-DREB2C.

RING 254 38 5 7 4y tH Freemont A1l (1) []
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W2 55 W ia . DREB2C 2 5 # 1% heat
shock factor A3 (HS{A3) W) 5t 78 4k b & W) T
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Z 5 an i = A~ EZ T SOSL, SOS2 Al
SOS3 FATd A il i & 5 53 A1 AtHHR2 £
AHEAE 45 5 s B AT 1 A B VR D 4 D0 AT fig
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