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11 #]%5 VaCIPK18 JE % K ik 5 £ wEHi iR il &

B OB kTR AR BRI pgg

(CTHEREARZG, TE AR 750021 ;2 8% S5HA W EE S TR PO, T2 BI1 750021
PP ERR OIS TEMEOSEE, TE AR 750021 ;¢ T R A SR AW TR
THE AN 7500217 FEARMEERE, TE 811 750021)

W T, E45ARREE B LAY (CBLs) Z4E& G (CIPKs) 44 % £ 88/ F 28 & Q% £ h
FLAE AW AT T ARG PR AT AR, AT ATHLL R B e R AKR A AR 4] B 45 R R IUAR R W
18 5] BT E RS B e B A B b W & CBL-CIPK 13 5 i@ %49 VaCIPK18 2k 2% Eifl, A
t—F BF %0 ) B (Vitis amurensis) VaCIPK18 B A 5K E M0 e hae, R AR R LB HEET
VaCIPK18 3 B | H A3 B3 4E 4 1 320 bp, %0 A 439 AN R A BE, & T 2T VaCIPKI8 & @ A W12 &5 o
M, SRBRL SN 45 My 3 T R R AL g 69 AREL, SE R L C 3% AR 4 3R (230~ 439 aa) MR RA R A H,
R pET28a-SUMO , ¥ & 41 & ik HAREAL £ K AT R (E. coli Rosetta) ¥, % 0.8 mmol - L™ IPTG . 37°C i
Fa4hAFEERIA R KkDaL @A ES, FEAZTOHEARRLAEDRAKRF G &, K/ anti-
VaCIPK18 % o4k, 24 A & M A 4F 5+ 1, Western Blot & R &M, AR TAS H & AR
CIPKI18 4114454, B A2 50 kDa 12 & H A5 FH — B eh &, FlBE, CIPKI8 EAKR it 5 #) & »F K
TEAORZKRFEEZETH—HK A2HARESTHEETRAOBFRLE ZEZNSMHAL, KARER

At —FHAR R VaCIPKI8 #9F & FAx R AR L A2 T Hhah,
¥ L #H 8 CIPKIS & il ; RAzkik,; % FEIuk; Western blot )

DOI; 10. 11869/j.issn.100-8551. 2020. 07. 1387

Hi% (Vitis spp.) & 2R T AR SRR R AEY),
Pz T B B R R R, SEERE R
B Mgl 4 48 (Food and Agriculture Organization,
FAO) ZiiT, #i% 2016 41, & [ A % Ak 1 i AUk 84 J7
hm? JE LA 2 47 7= 5 29 1500 T3 t, Ja ik 5 47,
H AT, 7 T S50 [ P ) A 1) 4 7 22 80 O o
(V. vinifera L.) , Fo i BUOE , (HP0a0 3 i 4 22, AIK
X T 2 114 0 T R A R v T 3 ) R, 7 e R
T R D R by A AR M X n g
A6 AACAZR b H X 34 g T4 B SRR X, i TR
i AT 2 HNEILN T, SER RN A KL,
PR, 55 B 7RI AL 7 b DX e 3+ BIVAT 22 4 A i it
FE LT A B i AR R R R v 7 A T R M 2 A

s B #A:2019-05-23 #3 HHA:2019-08-27

RO Ae , W2 42 7 R b i R Ak ke 1 )

TEARE A T Yl 5 o B A5 i T
SV AFIOE TRV W0 A5 0 A G BE D A R 3k
| R AR A A AR RN, % 4 I 36 AR A DG 35
N, o, Ca® VR 58 A5 MU a5 5 Y 2
B, 40 Ca™ WREERE KM, Ca™ [R5 Al A
VTG 1) ol R A A 27 B30 Sy TR 1 %) 8142 52 ) 40 G 1)
ARAAR RN Y FERAERYI TR E KB 4 A E B
THIRAZ f o8 M B OB M B O ( calcium-
CDPKs ), %5 ¥ %
(calmodulins, CaMs ) . 2% 45 & 2 25 1 ( calmodulin-like
proteins , CMLs ) FIZREG B R EE B 7 F ( calcineurin B-
like proteins, CBLs) , H:#f' CBLs #4455 CIPKs HAEA

dependent  protein  kinases,

ELWE X Pl 4T H (31560550) , 7 & 1% [ ¥4 X BHE # KL 0 (2016B206) , T E Mk A G X E A LR E K (EA)TH
(2019BBF02022 ) , iP5 4 46 5 Q87 5 SRR H AR 98 /R ¥ ( YES-2016-06)

TEE B 20, &, EEMNFERHE S FAEYF5E . E-mail ; carolinewn@ 126.com

CEWEE RS, T RIEER, EENF SRS T AW FEE . E-mail: xuwr@ nxu.edu.cn
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RETEN Ca™ M5 555 S0, CIPK 2K A I 2 ot A7 7
Tl A A A 3 A R Il R AR KA
BRISOT RN gyt SRRV A AR BT
W, CBL-CIPK & &5 5 K i 85 M3 &0~
ME S5, KR &0 TR M Eh S SR,
TR I8 22 30 3 AR 3k PR AR A A v ) S U R s
FEH IR, A S H R e i BLARML IR e b

A K CIPKs Z SR A (A5 1 24 P fERE
HE W) LR ot 5 K F8 b, 7E LB IT ( Arabidopsis
thaliana) W', AtCIPK3 Z R IR1%5 3 K1k, Hi¥E CBF/
DREB 8 3£ [ 0 RD29A F1 KIN1/KIN2 ff) 3% ik,
AtCIPK7 i 5 84 [ F AtCBL1 Ml EAEH = 54
Py 5t A IR R 15 5 % L K AE (Oryza sativa)
OsCIPK3 AR A [ Kk | il Rk 0sCIPK3 3
i I R TR K R 1 :ﬁﬁ%‘@m] o /J\i( Triticum aestivum )
TaCIPK14 W) I IG5 5 3R 3k, 76 00 & b it 18 R 3k
TaCIPK14 358 T 5% 3% RAE AR O HL 3R Bl AT FE 1
TEZKFG 2 & 3% 38 FE 7% ( Brassica rapa ) BrCIPK1 5
OsCIPKT ¥4 fE G0 IR IR A Tt 32 11070 SR, 47 4
4 JRAHY) CIPK Ik R 2 55 0 1 3 o) o £ 08
FEHLBE I AN 2,

1118 %5 ( Vitis amurensis ) &7 % J@ AE Y B BT FE
— AN A2 B A A 2 P B SE BRI R S SR AR
T8 ML A R T |, 2 38 A 43 T B S B Ak 5 A A L
FEVEM KA RoR AR, Xu 28021 6k b [ B A 4 FE AR
LA 2 AT SR AL T 0 A, R IS SRR W8 51 &
(1R L0 7 5 SRy B v kil 56 R v 95 B CBL-CIPK
HS I 7 A CIPK BB (CIPK3 ., CIPK 12 CIPK
13 .CIPK 14 .CIPK 17 .CIPK 18 5 CIPK19) , 2 5%
I aTE S Hid VaCIPK18 JE DR A2 A5 IR ik an 52 0 i
BRIk, A BE Y A W AR B 2 S B 3k i
VaCIPK18 ffl#MaFa sl it B 22 o7 = & 1 B Bt , F1FH 3E
N TR BB i 8 1 C ¥ 230 ~439 aa (3L
Bty 2 5% 2 8 84K pET28a-VaCIPK187* I
FRIRAA T, s S PR i A = AL
SR B, IF R 2 I 4 B AR R T 3 %
VaCIPK18 7E% M i iR iK sz, | 76 0 it
— 3 NE A KEf#HT VaCIPK18 2 5 #i A (K 15 5 4
ST REVE FH B8 LAtk

1 H#57%

1.1 ##E5iH
P AR A AR AT A LA A 2 =1 (V.

amurensis cv. Zuoshan—1) | F H SR &4 T IR = it
FiRE% . 4°C IR 55 77 46 [ LT-BIX120L, 7 f8 2% 52 /1
(L) B AU A R AR AR B 2 d e R M 4
2L IR SFE T it i HZUWES X I (CK) |, A
U, BT -80°CIRAFEHI

DNA Marker ,pMD19-T Vector, PrimeSTAR® Max
DNA Polymerase , B2 il 4 P9 VI | S e sl ) & L 8
FE RN & B 5 H EAEY TR (RGE) A IRA A
JrokE/ R & R RIS @ 24 B L KRR 2w
ClonExpress® Il One Step Cloning Kit W4 FH Bg 50 i ME
A RHEAT BR 2 ) A ol SR e AT
A A TARA PR B 5 BRAR A ALY HRP ARiC Y
FHURPUAN H R 2 s YR A R A H 5
Y& AN Y i Ab s BB AR 28 W SE
1.2 BHEERE

PARRIM #8285 VoCIPK18 ( VIT_06s0009g01840) "2
Z 75, R 5 1) VaCIPKI8-F (ATGAATCCACCT
AAAGTCAAGCGTCG) #1 VaCIPK18-R ( CTGAGGATGA
CATGCAAGAAACGAAATAA) . PAILIFG I - ¢cDNA
i, i PCR 9734845 H#Y Jv BL, #5725 pl PCR
SRR Z : ddH,0 9.5 wL,cDNA B 1 L, B RS
¥)(10 pmol - L") 4% 1 wL,PrimSTAR Max Premix(2X)
12.5 pL; .0 A J5, #8471 PCR W, PCR & b ##
¥ :98°C A 10 5,55C iR & 15 5,72°C ZEA# 10 5,35 4>
E#F, 72°C ZE A 10 min, PCR ¥ £ B IR A 5 I v
kI H B9 BE S pMD19-T 24k 7 32, 1k K
FFE# (E.coli) Topl0, ¥ PCR %58 i, BHYE va et db
HURBHG AR YR FRA RTINY
L3 ZE¥MERESN

A% VaCIPK18 &Ny 51 221t nt B} i B A= 1
FHEA IR~ w10 J5 , #8228 2= NCBI ol 1. >R
ExPASy (https : //www.expasy.org/ ) 7E 2% 73 M1 2 FE R 1)
AT s MEGAT. 0 #0414 205422 ( Neighbor-Joining)
Pty R LR, 15 1] SMART: Main page
(http://smart.embl-heidelberg.de/ ) #4178 H 45 #4358 43
Hr; i@ i IEDB
immuneepitope.org/main/ ) #1726 P e 2 M, 12
TMHMM Server v.2. 0(http ://www.cbs.dtu.dk/services/
TMHMM/ ) #F 17 5 JE5 2% #4) 700, 3 4 SignalP 4. 1
Server ( http;//www. cbs. dtu. dk/services/SignalP/ ) #£1T
& AR
1.4 FiRREHEHE

R 2 1 e A7 F00I 25 5 | e % 111 ) % VaCIPK18
230 ~ 439 aa AH N X B, BIH RS 51,

analysis Resource ( http://tools.
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VaCIPK18-SUMO-F : GAACAGATTGGTGGATCCGAATT
TACTTGCCCACCTTGGCTCT 5 VaCIPK18-SUMO-R ;T
GCGGCCGCAAGCTTTTTCGTTTCTTGCATGT, Lk
VaCIPK18 20 v B ik A 4, il i PCR 974 4k 15
Bk B, R A R 44 N VI8 BamH 1 /Hind 1l
XU JEAZ 263K 34K pET28a-SUMO , il i ClonExpress
® I One Step Cloning Kit( 7§ 5t MEHE A YR A R
ONED) AT RNR A B E T T AL E. coli Top10 J8%
AN AR, PR TR I BRI 14 h T TR
PCR 5 Y1 %52 . ¥ 16 8 1) S50k £y 45 4 pET28a-
VaCIPK187"**
1.5 BHEEARBRRIERABYES T

$ pET28a-VaCIPK 18 5 2 Jifi ki % {1k E. coli
Rosetta I8 %, Pk BCHL T P 42 AP G 5% 12 h, 3047 R
PCR %57 , IEBA A B R FH T %5 5 381k . 37°C \200
remin” ¥ E 0Dy, N 0.6 ~ 0.8 B, fill A 0.8
mmol - L' 59 3 - B-d - it 18 2 ZLBE ¥ (isopropyl — B-d-
thiogalactoside ,IPTG) , %55 4 h J5 , U 1 mL F# , £&40
PR AR AL 3 30 min J5 B0, R AR AR L
T B LN RS R UUTE DL R R A R AR
() pET28a 25 A T, HEAT + ot 6 B 198 44 2% T 0 Tk
JHz ¥ 2 L, 3K ( sodium dodecyl sulfate polyacrylamide gel
electrophoresis, SDS-PAGE ) 4341, #fi i T 4H £ F A 3k
B,
1.6 SREEBLE

VaCIPK18%™* H 21 2 [ LM I A A , 2K
Wi EFRIB)G,5 500 romin B0 20 min PR,
50 mL fJ 1xPBS Z2 by, B R A, 7 A 50 mL BEAHF
H IR 50 WL B-$idk L BE, UK 8 75 A 40 g
9 000 r-min”' > 10 min, K75 FIGW 1 FIUIHE; [
¥ 2 50 mL .08 W, 4C /77, DL 8
mol -1, ﬁ'(%%ﬁﬁ?:ﬁ(@i%l‘ﬁ 000 r-min " Z.L> 10 min
PR3] g L FDLvE, I 1T 50 mL B0 E
4CIRAE . DITESEH 258 /KPR 2 i, A 6 mL
ddH,0, &P 5P 0 25 4 4 2 mL BB L&
12 000 r-min”" B0 2 min, 7 EWEWR., W& PIA
1.5 mL 8 mol- L™ JR R M ILVE, 12 000 r-min™' .0
1 min, EYEWRAAZHAY 2 mL #5084, K1 BCA
VR R R I AR (VR B 1EAT 129% SDS-PAGE Hi,
TKEEE
1.7 BEZFAMNMENH & NNUE

TN R SR — R R AT G e R
VaCIPKI8* R G H TG , 2 Rk g 2 R
KEART LT A kg (KT 1 mg (7], 535

FESR 1 50 12 55 26 3 40 RyEST—Ik, Hefni 4 1,56
4 YRS T d JE R KA R R, SR TG 6328 TR ok
557k (enzyme linked immunosorbent assay, ELISA ) il &
PUARSEM > M AR I, T4 52 Ka shk—k vk
SR,
1.8 GREFEMENHFNH& EROLENELEHR
P4

W8 mg Z Bk, Fi1 2 mLL {1528 #hif (50 mmol - L™
Tris,5 mmol - L™' EDTA-NA, pH {8 8.5) I fi#; %
Sulfolink {8 E B ¢ - 5 22 2536, B 2 mL A 2 B AE
HOTERERE IR 2 b, RN E TR, R
5,539 40 mL 1xPBS 30 mL 1xGly .30 mL 1xPBS
AR, R AR A SR P TE A 1/20 4 mol - L7
NaCl %, 224 2 ¥, SRJE A 40 mLL PR ZZ vh i ( 1x
PBS,320 mmol-L™" NaCl) YEM, FF A 1xGly UHERE
i, BRI VR I A B2 Gly (pH A 2. 2) PR bT
T, IxPBS A, FFUEE PR E TiENT 4 1R
S)ZJRH30 WL A FHuAHR B AR E T 1x
PBS A H I s 7 v 4 1 9, - 20°C PR A7, KRR
HEHAEIESFRIEMWEEL 12% SDS-PAGE Hik, 7
BEIT S RABTRET YERBE(NC) b, LAl AL i Sl vs i
—Pr(1:1000) , AZEEARE M LB s bl — e,
AT F ENE ( Western Blot) £l | {8 FH Azure 25 FH A%
1% C400 Z 5t ( Azure Biosystems, JE[E) FI4 NC 5, it
A7 38 50 1k 2% & % ¥ ( enhanced chemiluminescence,
ECL) Y€t , >R FH HL Tk R G0 e bk UG T
1.9 Western Blot 4 %7

WAk LI A AL 2 4C AL B 2 o AR O i 4
SURE RO IG A, LA IR A1 T I 412U R X IR
(CK), WA #AT1E . B 200 mg B3 A, LA 300
wL 2 H B [ 100 mmol + L™ Tris-HC1( pH {4 6. 8) |
2%SDS 10% H il 1 0. 5% B-3iFE LWE],4°C (10 000
remin” B0 10 min, W FIE W, HE 1T 12% SDS-
PAGE Hi3k 2 Western Blot 734 .

2 HERESWH

2.1 LF% VaCIPK18 5EIE 5 EWIE RF ST
WL e BEHAT I LI A ZE 1L - 1VaCIPK18 K[
JFH14K 1320 bp, 4l 439 AN EIERE . H 451
TR 128 O 4 2 SRR S5, 73
S N 59 S_TKe J4H#45 3K (kinase domain) Al C
it FA) 1928 45 #4358, ( junction regulatory domain) (& 1)
RIS R, IR TR 5 1A% VaCIPKI8 R
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()R 1 AT SR AT AR Y 5 B AR w2 (b A
HsAMPKalpha—-2 & 1 H 7N ) ; VaCIPK18 5 BRI ) 4
VvCIPK18 3£ %% 5 2 e iT (FHATE N 99. 8% ) , If 5 4
B IR K SR I R — 38 Al i A o —
W ILSER HARRE MRS5S REAL T HEY)
K(FE2), &5 KM %, VaCIPK18 155 K/ H

S 41 ( mean S-score) <0. 5, #HH A S IKA
Bo, NI, B ISRy B 1 3R W, VaCIPK18
PN Eziat DN SN T VAN S S i N L 1 B VA
T EEPETIEE LB, C o B BRI AR FREE M
PEBUET N i e B X, (R, B4 230 ~ 439 aa $T
JRIX FEATHUAS A (1) o

12 153 178 256 312 421439

N S IKc CIPK € C

Activation loop
> P

A

kinase domain junction regulatory domain

1 . S_TKe : 2 (M EEZ5 H 38 ; CIPK_C.. C S B TR 4 M 3 41 6 B4 . I T IS Fak i IX BBt

Note: S_TKec: Kinase domain. CIPK_C: Regulatory domain at C terminal. Red line: Region used for prokaryotic expression.

B 1 WEE vVaCIPK18 & A&

Fig.1 Prediction of VaCIPK18 protein domain from V. amurensis

61
84

0.1

W L E % Vitis amurensis VaCIPK 18 (MH922023) —
@ X EEY Viris vinifera VvCIPK18 (NP_001268179)
284k Prunus persica PpCIPKO03 (XP_020422009) Dicots
100 L #4484k Prunus avium PaCIPK32 (XP_021812888) RF TR
KT Glycine max GmCIPK3 (NP_001242682)
YRS 7 Arabidopsis thaliana AtCIPKO03 (NP_850095) —
ZTEI@E Brachypodium distachyon BACIPK32 (XP_003577877) —
LIZEE Aegilops tauschii AetCIPK32 (XP_020198391)
B ZA&#E Oryza sativa Japonica Group OsCIPK32 (XP_015619859) I;O;(S‘S'-$E%
B3 Sorghum bicolor SbCIPK32 (XP_021316919)
A F Setaria italica SiICIPK32 (XP_004978441) —
A Homo sapiens HsAMPKalpha-2 (NP_006243) ?{ig%r oup

B2 WHEZE CIPKI8 5EMEY CIPK RS A B

Fig.2 Phylogenetic tree of CIPK18 amino acid sequence of V. amurensis and other related plant species

2.2 VaCIPK18 RiZFEFHEHE

L pMD - 19-T-VaCIPK18 Jfi ki A B4R, PCR 4 34
630 bp M HARF B, 1 BamH 1 /Hind Il X E§Y)
JF% 22 35 # 1K pET28a-SUMO, 18 i 7] ¥ & 41 3k 15
pET28a-VaCIPKI8™ (& 3) , £ i PCR, XL 1]
S5 R PR S B AT I 1 | T A 09 e R 2 Ak K AT
Rosetta T,
2.3 VaCIPK18 & EHRZKRIEURAIA G
S

$45 T 20 32 35 FORL pET28a-VaCIPK18™* fit) k
KT Rosetta PEAT/INIIAERE SR IR7E 37C /4T, &
0.8 mmol-L™" IPTG i% % 4 h &, B0 B K 2410
#E1T SDS-PAGE HLUKAIN , 25 REBH], = ik 5 R &
IPTG i 5 /) & 4 i ki pET28a-VaCIPK18™"* fy

Rosetta BRI A A 2] H bR 557407, M4 IPTG 5%
Je P TRAAR T AE 42 kDa 224740 B B ARSHT , [R] F0000 ()
VaCIPK18%"** jk B /3T 24 kDa 5 His-T7-SUMO 43
it 18 kDa ZHIK/N—F (& 4) , FRBIFE PTG 55
TEMAEAIT T RE,

WUE 2 AR RS T R EE %, WOAR TR A 20 P I
e B0 BV SUTIESEAT SDS-PAGE %55E , 455
FH FAL AR 1 R DO AT 0 AR S A T
PRDTYE R, T b3 AR ) 41 2R 1 4k (1S .
2.4 HiiFE ELISA 1)

B AL AR A7 I 22 SDS-PAGE A6, 40, 76 4 25 14
AEREIRE] 90% , H Ar iy i i, (AAT5 A 2> it 244l (1 6-
A, ki, R EHAE A LWL ER 10
mg-mL™" AR BB oR , e KEARSE , Hil &bt
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VaCIPK18-C

630 bp

In-fusion

pET28a-SUMO-VaCIPKl8

B3 REEARZFKIEHE pET28a-SUMO-VaCIPK18
HELEREE
Fig.3 The construction process of fusion protein prokaryotic
expression vector pET28a-SUMO-VaCIPK18

KDa 1 2 3 4 5 6

116 —

66—
45 —

35 —

25 —

A o om—— - -
18 — Rexs
14 — : anm

TE 1 AR IMEH 152 Marker; 3: pET28a-SUMO 25 2 /K 15 G %3k
4, 5. pET28a-VaCIPK18¥ Sk i & F ik; 6. pET28a-
VaCIPK 1820 2%f S %1k
Note; 1:BSA. 2; Marker. 3; Induced expression products of empty
pET28a-SUMO vector. 4 and 5; Uninduced expression products of
pET28a-VaCIPK18%%72*_ 6. Induced expression products of pET28a-
VaCIPK 1830724,

B4 VaCIPKIS®" P EHEARFESRKIE
Fig.4 Prokaryotic protein induced expression
of VaCIPK18™"**

M7, 38 3 ELISA S8 4 300 1 v 4G I 40 4k 1t 7 AL
i, EE R R Y PUE RS B LB 4 K R 512 K5I,
afifb il W5 PriR S M E SR HE OD Hh 1.983 5 5
0. 040 7, L4l LM IE TR A 0. 034 1, 6B 528 1)
A TP, R Fe s AT A E) 1:512 000, AT i

116 | 3
66| - -

45| .
E—— “—
-

35

25-

k4
v

M Marker; 1. 25 Ifil 15 & (15 2. pET28a 5 i ki 5% 4k 49 BH 14 X
M8;3~ 5 ARIK 10 1755 A5 2 R R ; 6 BIFATAT
Note: M. Marker. 1; BSA. 2; The negative control of empty plasmid
transformation of pET28a. 35 Inclusion bodies of 10x, 5x and 2x

diluents. 6 The supernatant.

B 5 VaCIPKIS™ ™ R&EARAMES
Fig.5 Analysis of the solubility of VaCIPK18*'"*”

fusion protein

T PR e T )£ Western Blot FOLHME (& 6-B) .
A EE A TR 2R AN [0 B B 148 12% SDS-
PAGE HLUK 5 %% 5, LA & 0 S i i b — e, 547
Western Blot 43 #rll, 10.5.1.0.5 ng SOET WSS RN
DUE] 1 2%ke 50 457, BRI 5 9000 25 SR M A (42
kDa) , £WIH1 55 anti-VaCIPK18 Hiik 4 k454 (&
7)o
2.5 anti-VaCIPK18 % 52 & Hi ka4
IR A VaCIPK18 2 SR IR B 26 a1
= RBOLA A A 2 = IR S IR A T A
MR, YEAT 129% SDS-PAGE ik, i %5 1Y anti-
VaCIPK18 LML iE 31T Western Blot 7304, Z5REH,
FEE IR SRR AT YRR 225 1 5 T R/ —20
2541 (50 kDa) ; 52 AR H  (RIR 15 5 %) VaCIPK18 &
HFEIA LR EZER, BT 50 kDa (I4F 540700, 8 &
PRS2k 1 AL 3 A5 A (| 8) |, ]
fie5 VaCIPKI18 & [ FH B2 1k | &5 1 1] i 8 1R Tk 55z
RAURA L

3 it

GERY/ D NSNS 7N ) 31 WSvi C R R LR R VI ]
BEATAR SR 5 5 5, TR AR A Wy i ae Al — ZR 501
RO 07, LA % i XA A A OB B 7 AR R R 0
CBL-CIPK U2 RE AW FRAT Y Ca® A S 1 A AR
PIME A5 5 Sl AT MR AZ AR, CBLs 1
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Awa M 1 2 3 B
164
2.2
2.0+
664 - 1.8
1.6
45400 5 1.44
'. e 2 121
a
354 S 1.0
0.81
L —— 0.6
25

0.41
J— 0.21
0

18— & & E

o & & F 8 5§ \,\c/gk' & 6@%’ é@'
14 T N NS NS N N NG @{Sy

G MR R AL

1+ A VaCIPK 18230~ 4 A 25 1 ¥ f# )5 i SDS-PAGE A& ; M ; Marker; 1 ~2; 5 #B4> 10 55 BB A 2 f5W B ;3: 0.4 mg-mL™' BSA,
B:ELISA 24 I I anti-VaCIPK 18704 ZFT i IAZLH
Note: A: Detection of VaCIPK18%0-4 protein on SDS-PAGE gel. M; Marker. 1-2; Supernatant 10x and 2x diluents. 3; 0. 4 mg-lrnl_f1

BSA. B: ELISA competitive inhibition method was used to detect the titer of anti-VaCIPK18%%™** polyclonal antibody.

B 6 VaCIPKI8 ERANL S EREmRMAKF&
Fig.6 Protein purification and polyclonal antibody preparation of VaCIPK18

kDa 1 2 3 4
70
55
) — -
35

T 1~4 415128 10.5.1.,0. 5 ng B alifb iy
VaCIPK182 9 F 1
Note: 1~4: 10, 5, 1, 0.5 ng purified VaCIPK18%°~%%
protein, respectively.
Bl 7 %1% 5 anti-VaCIPK18™"* &5 &
& Western Blot 547
Fig.7 Western Blot analysis of anti-VaCIPK18%"**
polyclonal antibody

WIFLES Ca® BTG 5 1Y CBLs 5457 50 CIPKs ¥4 fig
HAEERE AW %A AR i A,
n PP2C WA B FRs DY FERHE T L
& NADPH E Ak RBOHF > &5 | 4k 1 545 4 1y i 17 306
Belbhie, SR, A A 4 JE AW CBL-CIPK I 45 i
RS 5 a5 5 5 A 1 D RE i e DL GE

A 5T AL FE LA A4 0 5T T s B AR A — S 25 A
EBUREAMEAMEENA VaCIPKIS, 5 EMRE Y
LR ST 0 3 L PR AtCIPK3 75 1 5 3 [m I, R I
AIRETEARIR e P R EENEM ., A TIHRA T f#
VaCIPK18 754t H (1) Th B LA Kz i 1o 396 355 3 i v A9
PR AT 1 Je il A M5 B2 T 22 B i T

M 1 2 3
kDa
60
— — —
45
35

45
35

: ' Poncean S

M Marker; 1IN SR (25°C) M A
H 52 F13: 1A 4°CRIR AL BE
2 d IR,
Note: M: Protein Marker. 1: Protein isolated from leaves collected
at 25°C from V. amurensis. 2 and 3: Protein isolated

from leaves collected at 4°C for 2 d from V. amurensis.

E 8 anti-VaCIPK18 7E LI E M/ & Western [l
Fig.8 Detection of anti-VaCIPK18 in V. amurensis

AR ARSI 5 Sk RPE R SRk S R
FFRN 2 5 PRI AR BRI B 1 230 ~ 439 aa IX[H], R
BUFRZF AT il 4 T HOIG , 1E 5% 3 1k A b 7
o, % BNz R A B M) (small ubiquitin-like
modifier-1, SUMO) #5325 HA BT & H K, 22818 &
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Prokaryotic Expression and Polyclonal Antibody Preparation of
Calcineurin B-like Proteins ( CBLs) Interacting Protein
Kinases Protein Kinase VaCIPK18 From Vitis amurensis
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Abstract ; Calcineurin B-like proteins ( CBLs) interacting protein kinases ( CIPKs) act as a class of serine/threonine
protein kinases, which play critical roles in response to abiotic stress signaling in plants. Based on our previous RNA-seq
data that Vitis amurensis responded to cold stress, seven CIPK members were observed to be involved in the early injury
and perception phase of the CBL-CIPK signaling pathway, among which VaCIPK18 was significantly up-regulated. To
further investigate the function of the kinase in cold stress, VaCIPK18 was cloned by homologous cloning. The ORF of
VaCIPK18 was 1320 bp in length, encoding 439 amino acids. Based on the bioinformatics analysis of VaCIPKI18
protein, the peptides rich in epitopes in the extracellular domain were obtained, and the C-terminal regulatory domain
(230-439 aa) was constructed into the prokaryotic expression vector pET28a-SUMO. The recombinant expression vector
was further transformed into E. coli Rosetta strain, and the inclusion body protein of 42 kDa was expressed under the
condition of 0.8 mmol + L' IPTG and induction at 37°C for 4 h. The recombinant protein was used as an antigen to
immunize white rabbits, and an anti-VaCIPK18 polyclonal antibody was obtained with high titer-specificity. Western
blotting indicated that the antibody specifically binds to grape endogenous CIPK18, and the band was coincided with the
50 kDa position as expected. The results showed that the protein expression level of CIPK18 in grape leaves responding
to cold stress was consistent with that at normal temperature condition, but there were possible phosphorylation and
ubiquitination under both conditions. The current study provides a basis for further investigations of protein localization,
expression, and function of VaCIPK18.

Keywords: Vitis amurensis, CIPK18 protein kinase, prokaryotic expression, polyclonal antibody, Western blot

detection





