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Research on the interaction between CPK11 and ABF4
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Abstract: To investigate the way that the calcium-dependent protein kinase CPK11 involved in regulating
ABA signal transduction, Yeast two hybrid (Y2H) assay and Bimolecular fluorescence complementation
(BIFC) assay were used to analyze the relationship between CPK11 and ABA-responsisve element bind-
ing factors ABF4. Y2H assay showed that CPK11 and ABF4 had an interaction in vitro, and BIFC assay
showed that CPK11 and ABF4 had an interaction in vivo. The above experiments together proved that
there was a direct interaction between CPK11 and ABF4. As a homologous protein of CPK11, CPK4 al-
so interacted with transcription factor ABF4 in plants. In summary, these results indicated that CPK11
and its homologous protein CPK4 may participate in calcium-mediated ABA signaling pathway by inter-
acting with transcription factor ABF4.
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crose non-fermenting-1 related protein kinase 2,
SnRK2)BEAR 1L, AT 383G ABFs 0 5% S5 36 2.
n CPK4 F1 CPK11 fig % i i 9 18 1k 75 =X i
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CPK11 5 ABF4 8 [ 2 [ 1Y B AH BLAE AR AL T
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Tab.1 Primers used in assay

i EILZERS

SIFESI (5> 3D

pGBKT7-CPK11-F

pGBKT7-CPK11-R

CGCTGCAGGTCGACGGATCCTCAGTCATCAGATTTTTCACC
CAGAGGAGGACCTGCATATGATGGAGACGAAGCCAAACC

TACCAGATTACGCTCATATGATGGGAACTCACATCAATTTCAACA

AGCTCGAGCTCGATGGATCCTCACCATGGTCCGGTTAATGTCCTT

[GIENESN
pGADT7-ABF4-F
pGADT7-ABF4-R
pSPYNE-CPK11-F
pSPYNE-CPK11-R
pSPYNE-CPK4-F
XTI A

pSPYNE-CPK4-R
pSPYCE-ABF4-F

pSPYCE-ABF4-R

CCGCTCGAGATGGAGACGAAGCCAAACC
TCCCCCCGGGGTCATCAGATTTTTCACC
CAGCAAATGGGTCGCGGATCCATGGAGAAACCAAACCCTAG
GTGGTGGTGGTGGTGCTCGAGCTTTGGTGAATCATCAG

GCCTGGCGCGCCACTAGTATGGGAACTCACATCAATTTCAACA

TE:F R B9 R FOR TS 4. BRI SE R RIZ 3R R IR 215 | R T Rl 2 #m.

2.2.2 RABFINLA Rt E CPKIL
IR R P4 1 2% T Tair MG, B Arabidopsis
Information Resource database(http://www. ara-
bidopsis. org/) , CPK11 ZE3 St H 1) [] Y5 2 S 1R
FF4 T 3 @ NCBIChttp://www. ncbi. nlm. nih.
gov/). CPKI11 W ZEEEMR 5 — 45K SMART
(http://smart. embl-heidelberg, de/smart/show _
motifs. pl) P T, A1 ] 1BS B4l 75 2 1 o —
sy, Il CPKs 2 i 0 2R 1 LR A
J DNAMAN #fF. AR s 2 A H] MEGAT. 0
B by AR I 2E $% Neighbor-joining 4 4%
B B A KA 1000, #8 F Kimura 2-parame-
ter Model, Hit 26 i b PHIE B350 73 Sl 2k, 52 48 B
ESHCH 95.

2.2.3 BEEMERER  MURERENZRE I
BE(Clontech) , FI ] AH109 [ R ik ] 45 17 BF %
245 F T4 TR AD-ABF4 +BD-CPK11 L%
A7 BB AE S I A, LI E AR R AD-
CARK3+BD-RCARI2 JFihi 5% AR FFRZAE R
BHAEXT R 2, # A AD-ABF4+BD Ll & AD+BD-
CPK11 21 Bk Y 1 BRI SZ 2541 O B 1 ) TR
BUS pL PR TR T2 B2 8 77 B 1 B S 57
3 SD/-Trp-Leu FF 30 CE;FRFA PR 2~3 d,
It Hil i i % per %06 A FAPETE VR BT SLEE A R
TEH. ZJ5 4 B S sw B 3 Fh 7 SD/-Trp-Leu i
PREE SR 3L 30 °C.220 r/min R 15 5% 48 h. 4=

FHERACKAE B OD600 18 22 41 [F]. 1L Jim K & 4331
i B 10 4%, 100 45, 1000 f%5 5 HL 5 pL 3% T SD/-
Trp-Leu 1 SD/-Trp-Leu His 1 NS 3 - W T
30 CHEFE 4~6 d MELSLI 45

2.2.4 BHyFREZAEE  RIENSTIOLH
NI A R (Lee) ™™, 4 BH 4 Xif i NE-CARK3 +
CE-RCARI12, [ 1 % B8 41 NE-CPK11/CPK4 + CE
Pl &% NE+CE-ABF4 #1525 20 NE-CPK11/CPK4 +
CE-ABF4 43 5% s RAT RS2 8 B R A T
TR RK R = FhdiA R B YEP A ER
R AR KPR, PRI o 5 1 B s B P 7% T
AR KK N =Fhbrd: R YEP Wiks:
FrHkrh 28 °C,220 r/min R % 3557, BUA AR
AR B TTIE B RS, TR Gl v J A R A, 1
W 4000 r/min B.0> 10 min, E UL FAEBILKG .
FHIZ e i 2 AR, 7 W ODgoo BMELFE 0. 8 BT
BF AR IR R 2 h 5 SRR A TSR
A AR B TR G AR A TR R — Y P 1 S 3] A
i, 48 hJE I SO SR AR I OB A — e U
KR 6 ISR I G BE 20 LA K S 56 40 B 96 '
T L.

3 ZERaoWH

3.1 CPKIl 5EREBRERF I L3 K %%
KRG
MRS CPK1L LR P4 T 8 H TAIR
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100
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A1 CPKll &%& R =% %# (2R K ALK A7 st (b) Z R E CPKs #4L% & 247 (o)
()RR I, 3 EF-FH: (b)memme /R 58 4 DU L i) 2 L 1R )7 91 1 43 VC C Y BB A1) L AR SR B L
KB C 3 355 T FRR %Y EAE 1000 YCEE A5 IR (9 AT AR BE 5 h R L BT R &R R 2 e 6
Fig. 1 Protein secondary structure of CPK11(a) and Alignment of CPK11 homologous amino acid sequences(b) and Phylo-
genetic tree analysis (c)
represents the kinase domain, and

represents the EF-hand domain, (b)) represents the fully matched amino acid se-
”represents the missing site. (¢) The number next to the

(a)
quences, while
branch represents the credibility of the node after 1000 repeated verification. The number on the scale represents the amino acid replacement

1 represents the partially matched amino acid sequences; “.

rate
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BEGETE (B 2 20, W] 30 R DL S BAE IE . R
M RE A RKAB I R AL AD+BD-CPK11 i Bk
A ATE = a2 B R ARV . UL BD-
CPK11 HA A #OG G, lre = B g2 3 Hhom A
0.5 mmol/L ) 3AT #IHIsL B L. A 3AT 1) =
Bk 3L BHAE X B 40 DL & 5% CPK11 5 ABF4
525 A Rt FL R RE R O HLE & T R:
RSO3 T TR 7 320 W /b o T S M X R R
R (8] 2 49 IEB] CPK11 5 ABF4 B3
Z AFAEARSMEEAER.

SD-Leu-Trp-His(0.5 mmol/L 3AT)

AD-ABF4
+
BD-CPK11
AD
+
BD-CPK11
AD-ABF4
+
BD

B2 BEERER RN CPK11 5 ABF4 4R 24

SD-Leu-Trp 7R 58 4B 72 5 v it/ D2 SR A8, 24018 , SD-Leu-
Trp-His F7R 58 4 5 75 3k vp /b 58 2008 A 66 20 R A2 240 0R s SAT
TR 3-8 1,2, 4- =M ; AD-CARK3+BD-RCARI12 £ 4 1E X} 1
2 5 B2 N B AR UK S T BRI 2 25 W R 1 A% 10 A%, 100 £ LA
J& 1000 4%
Fig. 2 Interaction between CPK11 and ABF4 detected by

yeast two hybrid assay in vitro

SD-Leu-Trp represents the lack of leucine and tryptophan in
the complete medium; SD-Leu-Trp-His represents the lack of leu-
cine, tryptophan and histidine in the complete medium; 3AT refers
to 3-amino-1, 2, 4-triazole; AD-CARK3+BD-RC-AR12 as a posi-
tive control; the sample is diluted by a factor of 1, 10, 100 and
1000 in each expriment from left to right

3.3 WHFREEAZWIIE CPKI1 5 ABF4
ERNHEEEHR

CPK11 5 ABF4 BRAFTEARSMH EAEHISb, 2

SUAERNAAEEAER? T kX — 5 A FRAT

Bl HEAT T R4 T 298 e H AN S5 45 B X iR 41
NE-CARK3 + CE-RCARI12, [ ¥ % F8 41 NE-
CPK11+ CE L}, NE+ CE-ABF4, DJ % 5¢ % 41
NE-CPK11+CE-ABF4 B4 AT T W 1 S 4 5 40 i
2 d Ja R LS AR U AR T O T WL B 4
. DL R s, BH A X IR 4 NE-CARK3 + CE-
RCARI2 7= H: 298, 1fif B XT i 4 NE-CPK11 +
CE Dl J¢ NE+CE-ABF4 77 A4 %' , vl B 52 55 14
AU R IE ). 5280 4 NE-CPK11 + CE-ABF4
TEVCR T EL 2 2 5, [R) B 2 A7 78 4 i A% Hh (&
3).1580 CPK11 5 ABF4 FELEAR A H /e .

YFP Bright Field

Merge

CARK3-YN
+
RCARI12-YC

CPKI11-YN
+

ABF4-YC

CPKI11-YN
+
YC

YN
+

ABF4-YC

B 3 BiFC #4E CPK11 5 ABF4 tk A48 24 A
& R R n i e L SR AR S i B T I B A
)H\R 25 pm
Fig. 3 The interaction between CPK11 and ABF4 de-
tected by BiFC in vivo
Photographs show fluorescence confocal images of transiently
transformed tabacco epidermal cells. Bars: 25 pm

3.4 CPKIl1 EiRZEH CPK4 5 ABF4 - W E
1EH

AL 1A L DL R R % 06 & A A ml
CPK4 /&5 CPKI1 = B[RV () 8 1 it 85 45
My 8 Re s AL O R AR B A AR HA
AL T BE. PRI CPK4 A vl fig 5 ABF4 78
FE AR Y B B A BLAE . B S R WU Fo%
SEH AL IR UE B S AL BIFC SE56 25 2 R - [H
PEXTIEZH NE-CARK3+CE-RCAR12 = A %85 , i
FIPEXT e 20 NE-CPK4 + CE L)}z NE+ CE-ABF4
KPP D YL LI AR R IER. SC8ed] CPK4 5
ABF4 7EWHOG T fe 98 77 £ 9%, IEW] CPK4 5
ABF4 fEPEAR A EAE T BB AR A 78 4 i %
(| D.
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YFP  Bright Field Merge

CARK3-YN
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RCARI12-YC

CPK4-YN
+
ABF4-YC

CPK4-YN

+
YC

ABF4-YC

B 4 BiFC %4k CPK4 5 ABF4 4k A8 ZAE
& R m 1 R SR B AR 51 i IR T A e 3 S 4
PR 25 pm
Fig. 4 The interaction between CPK4 and ABF4 detected
by BiFC in vivo
Photographs show fluorescence confocal images of transiently
transformed tabacco epidermal cells. Bars: 25um
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iV E V& iR ABA TERE YL K A B i
Hl 2 SRR VR HT ABA 55 W 4 & &4
A AN S X ABA 5 0B 5 AT LB B
43 5 A AR 1O R 8 T 1 R 4% ABA {5558
%, OB CPK4 #1 CPK115%7 2L K CPK6M®,
BIRGFFH CPK4, CPK11,CPK6 [flJ§ F— W&
TS FLA DR ST ) SO 5 R B, 2R 4 06 R A (&
D. BEANTE ABA {5538 #% ol IF M #E/E -, AT LA
MR 1 E AR A AT RS

TR SCEE iR IR AU A8 S5 CPK L
5 ABF4 7E P4 g 5 44 K5 5% & (SD-Trp-Leu-His-
Ade) RFI HEAAEAERSY. BT EAK
fi 5L A A 0 454 B 8 I ] f 2 CPKIL 5
ABF4 (2557 55 F T 238 U6 40 ) 25 4 3k
FEAETTAL T H ARG MR AS L PR T 2 80 4 55 AR L
VEFH. DRI o AR SO B 52 30 v (o P — e [ R 35 5
3 (SD-Trp-Leu-His), X 8L ¥ &4 CPKI1l 5
ABF4 5120 J5o 1) I 1B S2 500 B A [m] vk B2 I T
TE =i R R th A AR T %, UL P 3
ZIRIAFAE AR SN AR B AR (R 2) . B 2 A B R 3%
55 » DR IG5 J00 ™A% 1 07 6 2% A0 PR 22 () A ELAE
FHA By w4 0 2. 38 2o [ B X4 52 52 5 ik B
CPK11 5 ABF4 HA(RSME ARG A SCE
X5y 29 B AN L 5 i — 20 uE ] CPK11 5
ABF4 TEAEYIR N AAAEAR BAEH (BT 3). [RIE A%
I ER] T CPK11 Y [A U5 & 1 CPK4 v] DL 5

ABF4 LEREHIVR P % A8 B M B4 (BT 4). 4
A2 W 0 BF 55 3B CPK6 W] L5 F A 5 A T
ABF3 ) J& ABI5 A1 B 4R FM , §il CPK %K % h
CPK4,CPK6.CPK11 5458 F45 &4 2 5l it 54
[ 1) T 9 45 DR - 2 A7 A AR AT, DA O 4T Ui
ABA {7553 [ b 56 3 PR B 2 36 (8 1900 R 5 3
7 B 858735 (3 LU A4 1 (1 5).

Ca*
ec@ooovmmmswmsedacommum QRO000000000000
Cytoplasm / i ~

Ccpka | [cekn| | cpke |

ya ABF3/ABIS

ABA-responsive genes / !

Nucleus

B 5 CPKIl ZH& R R%E@E ABA /5@ % 69 TA4F
A

B B3 R MR A P A 4R e B P 0. CPK4 CPKILT,
CPK6. ffiJ5 _Eidt CPKs #EA AN b 5 5% K T AT AR EAE A . B
J&i e S B0 T ABA {55 R A N
Fig. 5 The working model of CPK11 and homologous pro-

teins in the ABA signaling pathway

Ca”" enters the cytoplasm through carrier proteins and acti-
vates CPK4, CPKl1land CPK6. Then the CPKs enter the nucleus
and interact with transcription factors. Finally the transcription fac-
tors activate ABA-responsive genes

ACHF5E CPK11 5 ABF4 (4 A T AR R
R B P O A R R S OV TR IS AR Oy 1 L S
Zral A — B ik 5 CPK11 25 (A BAE 9 H AR
Y. A0 ABA {553 B 43 AL A A 58 BA Ab
o5 F AR IS BFIT S R I
Z SRR K R B B 5T 30 S ik 2
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