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The research on interaction between Arabidopsis Calcium-dependent
kinanse CPK12 and bZIP transcription factor ABF4

LIU Ying-Ying, LIU Yu, HUANG Kui, YAO Run-Dong , WANG Jian-Mei, YANG Yi
(Key Laboratory of Bio-Resource and Eco-Environment of Ministry of Education,
College of Life Sciences, Sichuan University, Chengdu 610065, China)

Abstract: In order to analyze the sequence similarity of the Arabidopsis calcium-dependent protein kinase
CPK12 in different species and the function of CPK12 in the ABA signaling, this study carried on the a-
mino acid sequence alignment of CPK12 among different species, and focused on the direct interaction
between CPK12 and ABF4 in vivo and in vitro. The amino acid sequence alignment was conducted to an-
alyze CPK12 homology among the Arabidopsis thaliana , Brassica napus, Capsella rubella , etc. In ad-
dition, CPK12 and ABF4 were co-transfected through the yeast two-hybrid system. The result showed
that yeasts could grow normally on SD (-His/Ade Leu/Trp) agar medium, indicating that CPK12 inter-
acted with ABF4 in vitro. In the bimolecular fluorescence complementary assay, the obvious yellow flu-
orescence signal could be observed in the nucleus when CPK12 and ABF4 were co-transfected into tobac-

co. The result also demonstrated that CPK12 interacted with ABF4 in vivo. All these provided direct
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evidence that CPK12 was involved in the ABA signaling.

Keywords: CPK12; ABF4; Sequence alignment of amino acid; Yeast two-hybrid system; BIFC
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Ca” VE Rt P EZ MW (G5, = 5HY
AR B SR AR YA . R g
Ty Ca™" % 38 AL 45 TR0 2 1] DL 43 R 45 98 3
(Calmodulins, CaM), & 45 & 4 H (Calmodulin-
like proteins, CMLs) , 54 ffi & 19 4 fifF (Ca®" -de-
pendentprotein Kinases, CDPKs) . 45 i # 2 i
(CalcineurinB-like proteins, CBLs) F13 PN 5 5. 4E
1 B 2% B ( CBL-interacting protein Kinase,
CIPKs)', ik 26 Ca™" {5 3 K Hy 22 3 R 5 15 G 1%
FER IR N BT B 2 IRAE 5 Mg oL 3K
1, CDPKs @ 3L &4 PUASZE a0 A 46—~ 2 ik ity
AJARIX , —A> Ser/ Thr i HE 45 H 380, — 4> B F A il
FR 3T DL B — NS RS R 25 44 458 ( calmod ulin-
likedomain, CaM-LD) ™. ‘R[] F CBL Fi CIPK 2§,
CDPKs Aifs 25 HAl 8 A 45 SR S T 5
JEW) KA EAE T NIRRT A K R A ST
W B AE IR I AR B IRE .

14 Rk BRI ST A 34 AL 4y
4 SN, R IT CDPKs Ji 51 AR 2, 75— 1Y Ak
FEJEIES 5 FASFA CDPKs ELA #L A D 6E .
Hrp—46 CDPKs 2 52| | ABA {553 . 4l
ST CPK3 fil CPK6 1E#H#% ABA /-3 fLIF
M%7 CPK32 jl st IE 845 ABA 5558 2 5Fh 1
mEE &0, CPK4 fil CPK11 [6]Jj& CDPKs W% %
LAE R R GRS P CDPKs, 7R R B &
KA ZALIE AR ) R R T sz B S S
ABA {55 38 % 19 IE 4. CPK12 )8 W K ik
L, 55 CPK4,CPK11 SR G MEARE (B AE S 57
Fh¥-1 & R & Ja B9 A2 K b 0 4 ABA 55
ﬁ%[lsj.

Wi 7% 1% (Abscisic acid, ABA)VE N —FP B Z 1Y
YR . Z SRR R T RS IR
IR A B A AR 0 A R v R Tl 30 A G Sk R 1 %
BN TERS ABA BB R AT E il i = 2k
1 ABAGEER 55 M 251 ABA {5518 #% 2 8 i
ABA 3 {& (PYR/PYL/RCAR) i1l ABA {55 JF
LAY, IR OLT . ABA & B AIK. PP2C 5 SnRK
454 PP2C 4b T LR LIRS . ABA {5538 % %
M52 ABA & THE, ABA Z K% (55 RCAR

55 PP2C 2545, Bl SnRK2 S 1 I # iR AL &
i ABA 5% [H - ABF/AREB B 2 ¥l i . 5 57
ABA AL » DT S4B 4 5 AT AL S 3 s AR 0
BT W A0 3E R ABA i R 25 A T F C
ABA-responsive Element Binding Factors, ABFs)
VE R & A 5 R IR TLE 5 s I WK 1 2
PR ABA M SCSER 235 ITEXT ABA {55
PR AT ABEs 2 AR 4B AR A oE H
BEF A S 5IZE 5l E LS H R .

AWFREERY] CPK12 i Jd45 ABA {55 i,
238 T W R A AH G B ) ABF1/ABF4/ABI2 523t
1 B A BRI IE W U R o CPK12 5
ABF1/ABF4/ABI2 4 B4 0 AH BAE . A G o
Xt CPK12 5 ABF4 )RR XUR S 525 LK XU
PG H AL IR TR I A AR R R
FAAE HAEA EAE R it — D WS A e DL K
ABA G Sl PRI B B T HEA.

2 MBEFE

2.1 # #

KIAFF R # R DHS o BERF R AR AH109 AT
WM GV3101 DL I B XU 52 i 1 3k PG-
BKT7 . PGADTT7. W73 55t H. b 5 56 i i 244
PSPYNE.PSPYCE ¥t 7 52 46 = {5 77 ¥ 5 7 5F
& FE B AR B CeoD) Bb - A S B0 = ARAE 516
JSC SN E A8 R PR 5
2.2 /7 &

2.2.1 FAI st Rt feat e M SR T AR
T H AT CPK12 A P4 F# 8 Arabidopsis In-
formation Resource Database (http://www. ara-
bidopsis. org) . ALY F CPK12 £ H ¥4 N2 H
NCBI (https://www. ncbi. nlm. nih. gov). AN[6]4)
TR 17 8106F He okl DNAMAN, 3EAEA 4 1R
Mega % f4:.

2.2.2 B&REG LEAESGHE  NEFER
AR IT R BCE RNA, [ (DNA LU, PL
RN vE TR F) CPK12 FiI ABF4 447 51 DNA
Bzt R RNA SIS i sl & 1
Wy 8 Takara 23 5], #84F 3% A 57 B VAl AR 1 1R
a6 AT AT, 38 o [R5 2y VA A R R AL 2
ik AD-CPK12,BD-ABF4 LK W41 5€ 6 H kb
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#H Kk pSPYNE-CPK12 ., pSPYCE-ABF4. 41 i} Iy
H Vazyme 28 A, R ¥ A VI B Fermentas
YNGR

2.2.3 BEEERERER  EEREAUZRCLK SR
Clontech 7w [ £ B 4% 38 1 F W} 3L 564k pG-
BKT7-ABF4, pGADT7-CPK12. [w] B 35 & FH 1 %
1 pGADT7-CARK3AN, pGBKT7-RCAR1217 )
K B 1 %t B8 pGBKT7, pGADT7-CPK12 #1 pG-
BKT7-ABF4, pGADT7. & 4k J5 0 B B & A T
SD/-Trp-Leu #i I, 1557 2~3 d JG YRR %, &8
PCR %7€ J BHPE RV 5 #2280 T SD/-Trp-Leu J{K
KR erh R 2O B 20 R 0. 6. MRIBUE 2 S
15 s TR E AR, FRRE LG, 1%
10 %, 100 4%, 1000 15 L 451156 BE. 595 B S5 A [\] ok
BB A 3 T SD/-Trp-Leu, SD/His-Trp-Leu
J SD/Ade-His-Trp-Leu [# A% 35 5, 3% 3% 3~5
d. PR Bl TR R R 3 [ b Tz SN F.

2.2.4 MHyFREZANER CKEAHN P EA A
2 PSPYNE, PSPYCE 75 # 4% Wil &% A 4 #F
GV3101, BRI FH M 7e b F 10 mL YEP &K F5E
(% 50 mg/L RAFEZR .25 mg/L FIfE V-5 R & 50
mg/L R KEZ)F, T 28CF,220 r/min $& R %
FECHEESEE L WHE® T 1. 5 mL EP 4
H ARER ES.C 10 min SR, 7 LW AR G52
PR AR AN P, - HE A B0 WSO PR 3
NI YLZZ MR, TR S 2 0. 6~0. 8. = Jfh ikt
JeErIE 2 ho AR IE 1 s 1 eI CE B BOR A G L TS
A S TSR NN TF AW NG il W L1167 N 581
MHERE 16 h J5 IE % 3595, 2~3 d J5 59 B 5
RSN RS

3 HBRS5HH

3.1 AE4F s CPKI2 [EiRE E bkt 4 4

FIFH DNAMAN #4444 0w 77 CPK12 2 Ak
2 F7 471 5 7 3 (Brassica napus) » 72 3¢ (Capsella
rubella) , BX YN #3 (Gossypium arboreum ), )| Z&
(Morus notabilis) , ¥ N (Raphanus sativus) » FruE
. (Tarenaya hassleriana) , 35 (Nelumbo nuci f-
era) FAM (Populus euphratica) i [E1IE 27 5 %
o, & Bx ey CPK12 [R5 2 2L R 7 41
LA B AR R ) 1 1 DR A DX s
(U7 CPK12 25 21~279 f s L) . Horp g
Ir CPK12 12 51 7 3 5 55 3 WAL B ey » 36
95.51% , 5. B N, WAL A 5 KRR

A1 2 o AL BE 43 ) ik 90. 22%, 86. 94%,
83.20%,77. 58%, 76. 28%, 75. 40% F 74. 76%
(B 1-A). ¥ L 7 I+ (Arabidopsis thaliana) 5
(Brassica napus) » 3% 3% (Capsella rubella) , KM
8 (Gossypium arboreum ), )I| Z& (Morus notabi-
lis) & N (Raphanus sativus) , {iEME K (Tarenaya
hassleriana ) s Y #5 ( Nelumbo nuci fera ) F 1 %
(Populus euphratica) W [a) i 3 K 3517 3 AL B 43
Fro Uil T LG 5T CPKI12 5532 iy [l YR AL A By
FAML . 52 575 LU 2 AR i ] 5 2 R 7
FUFARLBE A A8 w8 CRUBE R AH AU BE 3 4 7426 D) 1)
(& 1-B). X g 3 B ORFEFEA R P Fh CPK12 [w] 4
FPA I RE 22 AR A4 T B AR,
3.2 CPKI12 5 ABF4 B W # 3 K

TEWE R AE S BT A AL R B B R 57
2~3d J5, BIRETE R AL IR E AR k[ B SD/-Trp-Leu
B AR IR FAE G, VR A GO A AREE
i 2RV PCR SE5E B BHPER T DO EERER 2L
BRI, 78 SD/Ade-His-Trp-Leu [/ 5% 5
EEFR 3~5d JF . IEXS IR pGADT7-CARK3 AN,
pGBKT7-RCARI12 fE % 1< 2 ok . B ¥4 X% B pG-
BKT7, pGADT7-CPK12 #1 pGBKT7-ABF4,
pPGADTT 7351l A ) 1 ) 35 57 He AR BE A 2Ok, 136
BISCER IR R AT 5. 78 SD/Ade-His-Trp-Leu [& {5
3k L 528 41 pGBKT7-ABF4, pGADT7-CPK12
RERCER , BEH] ABF4 5 CPK12 fE BB h AE7E A
HAEH B ABF4 5 CPK12 FEARSMFAEAR BAE .
3.3 CPKI12 5 ABF4 B 5 FRAEEASEHE

XTI IR T JE R RS B 2~3 d,
YIRS AL RN 1 em® 19 R 2L FEHOE
IR BB 515 nm Uk 6N MR
B By 9¢ 6. 1IE X B pSPYNE-CARKS, pSPYCE-
RCAR12M pr B J 2 Bz 441 ff 5 B H 390 K 1T A
B0 98O0, 1B X B pSPYCE-ABF4, NE K&
pSPYCE, pSPYNE-CPK12 Hr o H B¢ 5 , 13 1] 52
iR &R H OS2 0] {5, 7E 55 5 41 PSPYNE-CPK12,
PSPYCE-ABF4 w1, fef WLEE 21 4 i 4% v o 20 v
Y, I CPK12 Fl ABF4 2 [ £ 4 5 b 47 £ A1
AR I HAR B Az 0 A0 B A O e A e A
(K 3), B ABF4 5 CPK12 7 (4 A A6 H AR A

4 i g

Ca " TEAE I A= KR T LA B %o 45 i fiy 3 i
HR A 20 A5 A9 ZhAE. CDPKs JE i HAUER
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Arabidopsis thaliana
Brassica napus
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Gossypium arboreum
Morus notabilis
Nelumbo nucifera
Populus euphrafica
Raphanus safivus
Tarenaya hassleriana
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Arabidopsis thaliana . .. EETTEPCESMNV

Brassica napus D o o FENBLPDESTNG.

Capsella rubella Z DQD) . va EETALPAESMNV
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562 Populus euphratica

Nelumbo nucifera

1000
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B 1 ARRAArF CPKIZ FlR & B 2R 5T 5 3 (A) Fe it LA 47 (B)
AIFEFp Y CPK12 ZAEMITFK A Tair #1 NCBL P4 Hxt f DNAMAN 58 A%, 17 Ak A% Fi Mega #4782
Fig. 1. Sequence alignment of amino acid( A)and phylogenetic tree(B) of CPK12 in differen species
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The amino acid sequence of CPK12 in different spieces was downloaded from Tair and NCBI, Sequence alignment was

analyzed by DNAMAN and phylogenetic tree was constructed by Mega
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SD-Trp-Leu SD/Ade-His-Trp-Leu

AD-CA§K3AN
BD-RCARI12
AD»(iPK] 2
BD-ABF4

AD-CPK12+BD

AD+BD-ABF4

B2 BARERXEBIE CPKI2 #= ABF4 2 [ #9485 &
1R
CPK12 5 ABF4 43 ##yat3] 7 PGADT? #1 PGBKT7 |
Fig. 2. The interaction of CPK12 and ABF4 in yeast
two-hybrid assay
The CPK12 was fused with PGADT7 and ABF4 was
fused with PGBKT7
YFP

Bright Field Merge

CARK3-YN/
RCARI12-YC

CPK12-YN/
ABF4-YC

CPKI12-YN/YC

ABF4-YC/YN

B 3 BiFC %3 CPK12 5 ABF4 /K J e 48 &
i
W R B RO L R AR BB T pSPYNE-
CPK12 5 pSPYCE-ABF4 1100 F- 35 K 28 it
FRORH ELVE T A IR e B3R 1 0
Fig. 3. The interaction between CPK12 and
ABF4 by BiFC in vivo
The photograph showed the laser scanning
confocal images of transiently transformed to-
bacco epidermal cells co-expression pSPYNE-
CPK12 and pSPYCE-ABF4

PERY Ca*" 15 ER . 25 TR K & & DL
AP i A HEAR. S AE R L R £ 1) CDPKs
BABEIEW] T2 5 ABA {5530 % X e 1 8 &
AR ELEP AT HE. 7E X CDPKs 58, 4
T CPK4 5 CPK11 2848 {270 H % ABA R
JE T RH 26 o R 3R bk 3R WU SR B0 40 X ABA S50, 15
] CPK4 5 CPK11 % ABA {553 B /& IE A 1
PERTY . 2RI Rt WL X CPK32 f) 3 R F 5%
Falo) g ik LA . CPK3 . CPK6 St ABA {323 %
WS IE R Y. i g JF CPK12 58 &

M, B sk CPK4.CPK11.CPK12 [Rl@ W % 177,
{H CPK12 7 ABA {5 % i i#  IE 47 5 CPK4,
CPK11 WA E AR S BT R . X s
PRI AE R ULHT, 7E LR JT CDPKs AR 2 5 1% i 5t
i1, CPK12 /28 ABA 5 57 Fis b —A4- A A
FAAE. X8 118 ABA {553l g, — 28 CD-
PKs Z [ W] BESTE BH 5 36, A 15 5125 ABA
T I ) I YRR T AR R AR 1 1A
T ER AR R

TEXT IR T CPK12 By o5 . o8 8 R 8L T
B ABA {553 B% 19 A 56 1 2L ) ABF1, ABF4 J
ABI2 gz 4 CPK12 R fb . HI& AT 5 B H2 1 Ik
. FATHIBFFE AT ABF4 F1 CPK12 gE47 T BERE R
A58 S 0 LA M W4y F 9Ot B L5 R T
CPK12 5 ABF4 2 [i] fff 55 47 76 B3 i A0 BLATE .
SRR BOEF L XL JF CPK12 78 ABA {7
5 300 % R e e 7 A AL AR TH A% B A 00
CPK12 7€ ABA {5 5 i [ 1 fig 4% 5 iR fb. ABF1,
ABF4 . ABI2, 5 ABF4 EAEHZEMBEAEH HESA
S5 A ABA {558 B SE R kA AR BLAE A 52
T U R R R K AR IH A REFR R,

FESEHTORFE g I CPK12 5 7 7% 41 i i
AN F R, ABF4 S 55 51, I DA — &
A A AR FE A7 A 20 A R0 200 5. {55 1%
18 pSPYNE-CARK3, pSPYCE-RCAR12 {3515
AR LE s SEI 20 9GR8 55 » ANTE 2t A% vt 3.
LR R AT X R R 1 A T A A AR R T
CPK12 BERSTE ABA {553 R SR M EH .
85 ABF4 1 4E R SCAS &R0 5 20 7 L4l g o
CPK12 75 ABA 5 538 i H IR PR FT e 22, 31X
JFA T — 05T CPK12 B THREFIE VAL Y
PRAL T S H KA.

H T % CDPKs 2 54 K & & U M
S 38 e 10 PR A R 5T CPK12 BF9E £ 1
CDPKs ZJi% 5L Dy RE I BIF 58 N 25 » iz B R 5 i
TEREFE R B Rl AV e N T B T Al A AR
B IS ORI FH AT

S 30k
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