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The research on interaction between the protein kinase CARKY7
and the ABA receptor RCARI1Z in Arabidopsis
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Abstract: The ABA receptor RCARs play a key role in ABA Signal transduction process, and research
on the interaction proteins of RCARs has great significance in further understanding the molecular mech-
anism of plant stress resistance. The yeast two-hybrid assay showed that the yeast co-transformed of
CARK?7 and ABA receptor RCAR12 could grow on SD/-Trp-Leu-Ade medium. Then, CARK?7 and
RCARI12 were constructed into prokaryotic expression vectors pET-28a(+) and pGEX-6p-1, respective-
ly. The fusion proteins were expressed in Rosetta (DE3)and purified by affinity purification. Purified
proteins were used in downstream GST-pull down assay, the result demonstrated that RCAR12 could
pull down CARKY7 protein. These results indicated there is a significant interaction between CARK?7 and
RCARI12 in vitro. Furthermore, the biomolecular fluorescence complementation (BIFC) assay showed
CARKY7 was associated with RCAR12 to generate fluorescence in tobacco epidermal cells, indicating that
CARKY7 can also interact with RCAR12 in vivo.
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i v& 1% Cabscisic acid, ABA)YE N T R ZEHE ¥y ik
RZ— EREEY AR KT R AY KA AY)
2 P N7 F T T A A T EAE L R 9 ABA 7R AR
PIRN RGBSR B BB . &t 247
%571, Bl RO Sl i T — 38 U4 1 ABA
{55 . XA E Sl FEEHRILNZONA
PFHG 1 A 45 B R ABA Z AR 5% PYL/PYR/
RCRAs, {1835 K+ PP2Cs, IE J8 4% K F SnRK2s A
K T bZIP % 51 T ABI5, AREB/ ABFs 25081
R 30 112 A7 5 T Ok PR i ABA R 2 3L R Y
Feik , PTG I 22 45 [ PR

e AR IF 58 h & 4 K 9 SCik il T &
13T A B R Ak e R R AL AE HT7E ABA F 5 7% %
(9 s b e EE AR . PP2Cs 3l 2 % B R 1k
SnRK2s & #) fil SnRK2s #Y #4 B§ 7 H DA i 41 6l
ABA 155 (15 3% . SnRK2s 38 3 [ 5 2 16 ok 48 45
A & e #E ABA {55 A9 4L ki T
ABA () AREB/ABFs [ 7% {6 W &3 i ABA 5%
() SnRK2 (45 R 10 A FI R S8, 15 A6 i) SnRK2 B
M2t AREB/ABFs | Z A4~ ¥ i SnRK2 5] {37
HORXXS/T, i fff AREB/ABFs i JE 1% HE AR 25
AR R TG MEIR A  E TUR AR R Ui ABA R 2 5E R Y
FERE AN, PP2Cs i AT 5 SnRK1 AH B AR H
I L Lm0 2 0% . S ] SnRK1 A£E B 38
AT B 5 5 4L 3. SnRK2. 6 3@ i B iR 1k
PIP2; 1 20 g Jou IR B i 121 o 19 22 20 IR ke B 3 o
PIP2;1 /K %% 32 fE 1 1 1 2 b S FL A 26 B [
i, SnRK2. 6 3 B 2 fk AKS1 19 bHLH 45 #4 45§
B IEE Y = A 22 S R A% L S AKST /Y 7% S 1 1
AT AKST A2 28 £ 1940 A A 40 2 3 18 % 3k
[ BE 77 LAIK B 26 ALY B B9HY . SnRK2s 38 1] 3
R L CHYRI 9 178 {3 5 24 5 2 5k 25 o>k 1F
% ABA 555 5.

WAL R A K R R i A 2 S B
ABA {555 5 1y . o, 8 JF SnRK3 #Y 2
BT PKSS 5 it B2 /b ABIS 42 ABA {55
%S PKS5 it Bl 1k ABIS (9 42 {37 22 5 FR 7% K&
P ABA R 2 3 R B 260k KR T G B R
BINZ 3 1 B2 1k SnRK2. 2 fil SnRK2. 3 5
ABA {5 5% S AR SO 5T A9 40 R T R R
fitt CARKT 22—~ 22 2 1R 73 2 W2 £ 11 B i s . & T
20 6 I 1 2 A2 AR B . 3 0o R R DL 2% 58 R GST-

T

pull down Pl & BIFC 5Z 553 52 CARK7 5 ABA
Z Ak RCARI12 TER S A P 34 47 78 5 32 9 A BAE
oAk — 0758 ABA {5555 5 49 98 # LT 25 2
TR

2 #MREIE

2.1 #% #®

K FF B (E. coli) 5B Bk DH5a . 3 35 B #k
Rosetta(DE3) , Jii #% % ik # /& pET28a,pGEX-6P-
1 W4y 96 H AN A& pSPYCE,pSPYNE Hi A&
SO ARAE. AHL09 BB TR AR S I B R 2% 58 24K
I A Clontech 2 wl. 519 & WL S 7 fy 1 #5 % Bt
o B8 A W) B AR AT BR A B 58 AL
2.2 /5 &
2.2.1 Falwesr AR A IR IF
CARK7 BB HFEF Y F# B Arabidopsis Informa-
tion Resource database (http://www. arabidop-
sis. org/) , HAh ¥ Fh g CARKY [ 3% R 0 25 (A ot
FF % F 2% B UniProt (http://www. uniprot.
org/). AR HFhth CARK?7 [a) 5 & K 89 & [ Fi ¥
FI XT3 o DNAMAN 5¢ i, i A6 A i # 5 o
MEGAS. 1§ NJ 533 58 1L
2.2.2 B ARAMNSBSEAMHE LIRS
RS ABL R I ) cDNA SRR L 38 i & Ok 5 DNA R
A T SO 0 51 ) AT B B L AT A B 4 K B Y
DAL H Y 5 DR B PR 9 UG D) . T4 DNA
T 42 Tl 3 AR AT B AH B 1) A A PR A R
K # AR (pET28a-CARK7, pGEX-6P-1-RCAR12) ,
T B W 2% 32 #% 4K (pGADT7-Rec-CARK7AN, pG-
BKT7-RCARI12) Lk & R 43+ %% 6 B 4b 52 5 484K
(pSPYCE-RCAR12,pSPYNE-CARK7).
2.2.3 BHEREXFEH BHUEZTLESH
Clontech 28 & BY W% £F XU 4% 22 fff F F M, 3L 5% 1k
pGADT7-Rec-CARK7AN, pGBKT7-RCARI12 fi
[i) A 34 5 BHPE XF B8 pGADT7-Rec-ABIL, pGBKT7-
RCAR1 K B ¥ xf B pGADT7-Rec. pGBKT7 #i
pGADT7-Rec, pGBKT7-RCARI12. % 1k J5 1 % 1
% T SD/-Trp-Leu W 1A 1% 5% B v, 220r/min,
30°C, B AR 48 h B ODy (HZ94 0. 6., 4%
W3 0 B B 10 4%, 100 435, 1000 £%. $5c J W UK
s g S s TR IS B R 45 Sl 43 513 T SD/-Trp-
Leu & SD/-Trp-Leu-Ade ¥4z | ,30°C {3 B 5535 3
~5d, W H A KA B 40 BRI 5
2.2.4 &8 R E GST-pull down £ HE
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HBR B SRS % pET RGEHRE TN HH 5
i 4ifk 2 % GenScript 22 1] GST #)18 & Thermo
scientific 2y @ Ni-NAT # g f# /%t . GST-pull
down 5286 )7 ¥ X 20p L 50% % GST # g & 5pg
MR GST-RCARI2 11 BT (8 GST 4 H 5D
Spg Atk ) HissCARK7 % 1 F 1. 5SmLEP 4
L JRAMINGE E buffer LR 50014 C R
IR4A 2h. R J5 500g,4°C , B .0 3min, 3 E 7. inA
ImL &% buffer,4°C %8 & 10min, 500g,4°C,
B0 3min, 3 FIEIFEE AR 5 W AT
SDS-PAGE HiJk Fl Western-blot 432 #1l].

2.2.5 MHyFREIANER K AIRAY A K
Iy e ARAF B GV3101 v, P IBCBH 1 v e B A T
S5mL LB ¥ & 1% % £ (& 50mg/L Kan, 25mg/L
Rif), 28°C, 220r/min ¥ 3% 3 . B 1mL B W T
1.5mL EP & 7, = K, 1000g, & .0 10min, 3 I
T . R Y 22 P W I TR A 15 ODgoo fH 2 0. 6~
0.8, Z il E 3h, WEBW A 500pLl, 4% 1+ 1 19
AR G 35 5 S Rt 35 5% 2~3d J5 85 B
W R A I 28 A 5
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3 ERERWH

AEFhh CARK7 BiEEE L3 247

F 40 T CARKY? 1) 2 2 72 )5 51 15 W0 R 5%
(Camelina sativa ), K 5. (Glycine mazx ), £ K (Zea
mays) L K e hn (Solanum [ycopersicum ) [ 5] 5 %k
K22 Ty 9 A7 L X, & 33 26 4 Fp by CARKY
[Fi) 5% [T 11 2 KR R e 91) B A A0 v ) ARLBLEE R 1)
TEHE LSOO A AL 2540 SRR 7 Caa 74~343). Horp 4
FiIF CARKY B 28 5 R 17 51 5 2 JfR 5% 1) A {81 2 #
1IN E] 96 0, 5 K K E L F Al 0 [ R 3 PR A
2 PP 41 9 AR BE 43 590 35 ) 67 26,8190 K& 67 % (&l 1-
A) BT (Arabidopsis thaliana) , B bk (Ricinus-
communis) s K 5. (Glycine max) s 3 hii (Solanum [yco-
persicum) » WKW I 32 (Brassica napus) , % 24 (Vitis
vini fera) s IKFG (Oryza sativa) , fif 3¢ (Beta vulgar-
is) s WK% (Camelina sativa) , 6 $: 45 (Populustrich-
ocarpa) » B (Zea mays) H 1 [6) P52 K E 17 3F Ak AR
AT KRB 9T CARKT 5 K 52, WO 9 =% 3 4
SRR H R[] 058 PRI R b A AL (8] 1-B).

3.1

JSOLFEARAPAEES. . . 361
NAHARATNEGEEAG 361
FREVFS........ 354
RSPAPAFAEVPES. 366
EEEAMMARESFATE 364

100

94 Arabidopsis thaliana
100 ,_|: Camelina sativa

Brassica napus

100
68 |
44

Vitis vinife
—1UU| Glycine max
100 | Zea mays
Oryza sativa
Beta vulgaris
Solanum lycopersicum
Rici communis

008

A1
Fig. 1

R #Atd CARK? Rl R A E R L8857 e sf (A) fe it
Sequence alignment of amino acid (A)and phylogenetic tree(B) of CARK7 in different species

Populus trichocarpa

fe w2 H7 (B)



1080 Wl K FROERAFF )

%54 %

3.2 MEEAR4L

1 3 o3 AH 5% FNZ AT 2l Ak IS 1Y & 1 iE AT SDS-
SRV T fg 5 H Dk 5 DA 2 B A %S VK 43 il AR
4 Jit Marker, HissCARK7, GST-RCAR12, GST.
GST ¥R & 1 K/ k 26kD. GST-RCAR12 K /)
254 52kD (GST #5: % 26kD fin I- RCARI2 H &
25. 4kD). His=CARK7 fy K/l 40kD(PET #;
TR A5 75125 6kD fin | CARK7 A& &), e Pk 45
Ui I BT Sl Ak 3 /N RS B RS AT
— L Bk, #f PAGE & L %W A B B i 24
i (FE 2).
3.3 {K4MI&IE CARK7 5 RCARI12 Wit E{EH

TEWERE R A A, A S A i I RE 34 7T LUAE
K B2 Bk B B P Al SD/-Trp-Leu E & H A%
T DR B RCIR A9 T T L 3 10 W BT A Y I B R R AR
V02 M By, 7E B R B B ALl SD/-Trp-Leu-
Ade [, PH M X B8 52 55, pGADT7-Rec-ABIL,
pGBKT7-RCARIT # Ak iy BBk E A2 4 L i B M X
HE 52 865 th pGADT7-Rec, pGBKT7 #l pGADT7-
Rec, pGBKT7-RCARI12 73 5l 5% A (%) 1 B 15 Jo vk 2k

AD-CARK7AN
+
BD-RCARI12

AD-ABII
+
BD-RCARI2

Ko, UL SE 00 IE A L 25 0T {5, #E SD/-Trp-Leu-Ade
VMR b S K 4H pGADT7-Rec-CARK7AN, pG-
BKT7-RCARI2 %k iy 1% £ F1 BH %k B8 b i — 4
WHETE % 4= K, 3B CARK7 #1 RCAR12 7F % £
H J A A HAE T 3-A).

Commassie staining
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116 w—

66—
—— <4— GST-RCARI12
45 - - <4— His-CARK7
35 -
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25 -
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Fig. 2 Protein purification of HissCARK7,
GST-RCAR12.GST
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B

B3 B R 4R (A) K GST-pull down(B) 4k 34 m CARK7 #» RCAR12 Z Ja) 49 48 Z 4E A
Fig.3 Interaction of CARK7 with RCARI2 in yeast two-hybrid assay (A) and GST-pull down assay(B)

T8 ok 2y i W Gy e n] LU B B GST Fi
GST-RCARI2 %% LA B 34 55 19 Input HissCARK?7
ZM7 UL GST-RCARI12 FI GST ¥ 1F % 35 F1 W [t
2 GST i 1. SDS-3 15 4 Bk Jie i 9k I B 2 1 5 75
FIBERR LT 4E 2 B 1,38 5 His AR 45 S PE B R R 17
Western blot 4 ], 45 5 i 7~ , 78 % BE o, Rl GST
TKAE B A K I 3] HisCARK? B9 4775, i B GST
WAEE I ALY His CARK? &AM EAEH. Mife
GST-RCARI12 Jk:E A nl LB 248 ] His- CARKY7
(AETE , 6B GST-RCARI2 fil Hiss CARK7 2 [8] #%
TEAR B AE (K 3-B). DL L &5 B E B CARK? 5
RCARI12 7EAR SN BA W] 0948 5 AR .

3.4 {KHIEIE CARK7 5 RCARI12 HHH E1EF

BEES T IR AR AR S R 57 2~3 K, 35 LTE
SR DX SR A3 00 i T O I R AR R T W ER. 4
RN FEBAMEXT B4 b, 46t pSPYCE-RCARL Al
pSPYNE-ABIL 1B & v 43 J5 0 08 Bt Jr ohoal LU 2
B 1) 200 T % B2 AR ) 2 506 T AR 9 1 X B2 s
pSPYCE-RCARI #l pSPYNE & pSPYCE #i1
pSPYNE-ABIL 435118 & 1 5 J5 0 40 5 rrp #0O0L
FERFNH IR 965 5 Ul W S8 50 TE A . 45 R AT AL
T S 30 2 3 S A 0 R o v s AT AU 8 38 4 i 5 R
TEAR B %6 A5 5 . i CARK7 5 RCARI12 ¢l &
W 26 K A0 e b B AR BT (BT 4D,
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ABII-YFP®
+
RCARI1-YFPC

CARK7-YFPY
+
RCARI12-YFP¢
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.+.
YFP€
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+
RCARI12-YFP¢

Bright Field

Merge

B 4 BIFC %3 5 # CARK7 #= RCARI12 #94k A 48 2 4F A
Fig.4 Interaction of CARK7 with RCAR12 in BIFC assay
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Fili 26 A ) 38 3 VR AR S 40 F ABA SRR il AE
YR K SEIF R ALY 0 & E SRR AR 2 8 BR
BT BT m k%, ABA BRI MY
RS S FIIRIR S8 R MR ERK S K
FERERSEMAERYEEEKILNEZ
#H2ABA & PYR/PYLs/RCARs & 1 5 %
MR, J& ABA F 5@ gty — 41"
TR,

[ 2009 4E LK% T ABA 324K 450 X 4y T3
AE 7 TH Y B 5E © & UM T 3E A ek, 48 R
PYR/PYLs/RCAR £ 4 PYL-PP2C-SnRK2 i
BT 14 A% o A A B A 5 O o A R R R T
PYR/PYLs/RCAR (¥ 43y fig 09 97 45 & A1 1475 4%
HZ L X T BE 2 R BRI AT F ABA {55 19 %
5 L BAE Wy %k Pl 30 B 45 3 07 AL %) BE A

R T HRGE b AR ) A S g DA T

ABA SZ R Ay 175 0 8 1 A g 44 A8 0 1E 3 T
—A5 ABA SZ KA W AR AR AR F 0 L i R
U553 A1 e B % T O 3 6l vh PTTL 5 A ]
AR IF R 3 11 AR RS N L A 45 2 4
ity PTII-1 (CARK7), PTII-2, PTI1-3 L) K&
PTI1-4, H i PTII-1 f1 PTI1-4 2 504 A4k Ma
(15 5 2 A0 2L A 5% 3 o B LA 58 L GST-
pull down FI X2 Y B AN L 46 9F ] CARK7 5
RCARI12 7EAR S8 R4 py ¥ B oA B 589 AH B AR .
CARKT 1k 8 11 ot 8 i B A 0 e Ak &5 11 BT i fig
Ji R AT RUFT ABA Z & RCAR12 A B4 A L A
HEFRATTAE I CARKY 0T fig 38 i 85 ik /b RCAR12 1)
J7 e ABA 5 il B REEH. B4AC
Z3F W] CARK7 5 RCARI12 89 #H H 1 A, =
CARK7 2755 2 b ABA Z{k RCAR12, UL K& #
MR A AE A 38 2 o] #7520k 4% RCAR12 X ABA
14 IO 25 34 5 it — AL i 5
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