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Abstract : CBL-interacting protein kinase ( CIPK) is a kind of serine/threonine protein kinase. By interacting
with different calcineurin B-like protein( CBLs) , CIPKs play important roles in response to various abiotic stresses
and the regulation pathway of plant growth and development. Although a lot of work of CBL-CIPK network is fin-
ished in Arabidopsis and some other plants,little is known in tobacco model plant. In this study,a CIPK gene Nsyl-
CIPK3 was cloned from Nicotiana sylvestris. Sequence analysis indicated that NsylCIPK3 showd higher identity with
PtCIPK3 and A:CIPK3. NsylCIPK3 contained a typical activation loop domain and a highly conserved NAF domain
at its N- and C-terminus. The phylogenetic tree indicated that NsylCIPK3 belonged to Group II of CIPK family. Ex-
pression analysis demonstrated that the expression level of NsylCIPK3 was higher in leaves and axillary buds at the
vigorous stage and the level in leaves increased evidently in the mature stage of tobacco plants. Real-time quantita-

tive PCR results showed that the expression level of NsylCIPK3 increased after high-salt, UV, and low-potassium
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treatments. Yeast two-hybrid assay indicated that NsylCIPK3 interacted with NsylCBL9. The results demonstrated

that NsylCIPK3 might be modulated by NsylCBL9 and involved in abiotic stress signal transductions pathways

in N. sylvestris.

Key words : Nicotiana sylvestris ; CIPK3 ; abiotic stress ;signaling pathway ; protein-protein interaction
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HEEEZAER" YRSz S A BN EE A i i
B Ot R IR R Y LR SR L Ca®t MR 4y
FEAE I A AR A, 3K AR £ AR ) 1Y) 5 B A7 2 (calci-
neurin sensor) J&AH!, IRHE 5L 4 T UFHE A,
M5 1 — R0 A A A RN, DLGE A R EE 2R
EEJHBEERRE B V& CBL( calcineurin B-like protein )
S AER R I AE ) TR A ) — 285 IR AR R
SiRRSE Y B E SR, 5 ¥ 25 IR OE
T ¥i# CIPK ( CBL-interacting protein kinase ) % £,
B3 o CBL-CIPK 15 % i B, 8 05 58 5 i £
HERER)

CIPK G e— R B WG 22/ 5 A TR R
I 1, FL AR 1 45 40 55 I BE T Y SNFL (sucrose
non-fermenting 1) X 3% " #Y AMPK ( AMP-activated
protein kinase ) FHBL5 o 1% 50 K (1 25 0 A R AR
SF T H B 2 AR B S5 R B N SO PRGS H 1
I C %t NAF 54430 ( FR FISH Z5#30) ), B4
WFFE R Lk WA 1 4 CIPK RN, B A 7
A CIPK B MY a BT A 5 4 CIPK B
DU TR I KRS Ak A b 23 A 26 .27 #1033 A~
BB FEAREIT A I R RS A5 A B 5T R B,
CIPK JE K ZEAE A w7 i 46 I | & TR AR (5
b & EEAEMY . Kb, I
AtCIPK6/9/23" 1) piCIPK24" ' 43 51 2 5 4 ) v
AR N R 0 15 5 5 Sl B M PLCIPK24
S5 48 W) e N W aa {5 S . KRS Os-
CIPK1/2/10/11/12 FE A MM AR G J5 3R ik & b
8, 0sCIPK2/10/11/14 Z 57K A0 i £5 W8 A1 ABA
fH5 S,

KT CIPK3 SRR Y b (W T 66 H il T i 8
NRA . AVEWFEIE AtCIPK3 TERP T & W B
B ABA Jilia " 58 4k o s i RT-PCR 86 R,
T8 K. & AR R i ABA R E S RS O
AtCIPK3 FNE K ZmCIPK3 83k | LeCIPK3
AR A FE AT R T LiEEs" . CIPK3
SEGRART ) 7 5 IR A R A I B A Y, H R

KA, TR CIPK3 SE R WIE, AT
FRAH H ( Nicotiana sylvestris ) 3RS — 14 CIPK3 2
JEXSHAEAT TAEWAE B 20 RIS A R
REII T o XG5 R N AT IR RE CIPK3 1) D Re S it
T IR UEE

1 B

1.1 R

LAY A L MO B (N, sylvestris ) | 78 5 [F
bl s = R R T N R W 73 E e A L
BigR o

I TR Ex Tag DNA R4 . DNA mark-
er . pMD19-T T4 ligase , PrimeScript RT-PCR Kit , Aga-
rose Gel DNA Purification Kit, MiniBEST Universal
Genomic DNA Extraction Kit \%ﬁ'ﬁ%%ﬁt?ﬂﬁ( SYBR
Premix Ex Tag™ ) %W { FAEY TR (K& ) A RA
o A I IS 2 AU 7S B AR BB Ay
AR E
L2 REFHZE
1.2.1 NsyICIPK3 BERERKRE AW LI ST
AtCIPK3 1% PtCIPK3 R il LeCIPK3 (W ¥4
SAAEAR , 7E NCBI /3% (http : //blast. st-va. ncbi. nlm.
nih. gov/Blast. cgi) B4 MM 5 E 48 2 ( Organism op-
tional ; Nicotiana sylvestris ( taxid: 4096 )) ' 3 17
tBLASTn F X, I8 ib Jik DR FoT3000 K% 295 440 56 55 A )
FRA R A U 4 IR 9 DNA J3 41 (NCBI
Reference Sequence ; XM _009774690. 1) R IR AT 3R
FEH TS S 519 NsylCIPK3 — 1F/1R (£ 1),
K A V5 B2 BURRE B 1 - 5L RNA, 22 B/ Prime-
Seript RT-PCR Kit #2/E 3] #1T RT-PCR K, LA
cDNA AR, 97 35 HF 8 %) 52 HE ORF (open reading
frame) X, SRH CTAB % $2 BUMRAH FE R I Z4H DNA,
DAFETRI 2 DNA Ry R4 e B3 R A5 19 100 35 PR] 17 s PR £
J¥3 ., PCR F=#14y M2 8 NS 3% A pMD19-T, #%
b5 345 PHAE JBURE pMD19-T-NsylCIPK3 1 pMD19-
T-gNsylCIPK3 F-0JF
1.2.2 JEEYNSEIEREALIE A b a0 R
PR P 8 v 1 v, T B b - L o o TR
o =71, BIEREAERE 4 ~5 Ak
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VLTS5 PR R PO NsylCIPK3 KEPH () 5 e 55 S BE 20T 635

JHEL SR B T i Ak A IRAT T 5 IR AR
6 LHPB AL EE . FrAg b BRI AL B2 5 X BE 2
YAy, ERERALFE.300 mmol/L NaCl /KW, T-5
AbFE.20% PEG /KW, 2586 &R (40 °C) FIfik
T (4 C) FAEN TR FRAR i AT , X IR 7
TEH WK W B R, R AL B, KT W
75 pwmol/L MBI EEFRM . XTHRZH Ry 1/10 #Y MS 35
TR, R ARER T R R DL O B 2R B
ZMFBEE N 16 h YGIR 8 h BBE A SR N 75%
Ay TEAL 0 h 0.5h 1 h3h6h9h 12h 24 h
AP EUCRE , SR A 1 3R BORE 4 0 B B RNA, 77 T
-80 C# M, AR ILBE 3 WY FHEA,

1.2.3 NsyIlCIPK3 EEM LR X EE PCR &
M ORI EL 125 FEHYTF NsylCIPK3 (41, o3
BT S 56 G 22 B PCR (qPCR) 5149 %} 125-F/
125-R , NsylCIPK3-qF/NsylCIPK3-qR ( % 1),

x®1 S|¥WBER

Table 1 Sequences of the primers

Takara SYBR Premix Ex Taq( Perfect Real Time ) A9J$5
VEULIA S A TARXT 2 2 B PCR RN, B ik
3EHR, PCR M AFR K cDNA 2 pL., E RS9
% 0.4 wL, SYBR Premix Ex Tagq 10 pL, Rox Dye]]
0.4 pLF1 ddH,0 6.8 pL, PCR 2 £5f:95 °C 30 s;
95 °C 55,60 °C 34 5,40 MMEIR, R HIARE L ikt
ATARXT 2 5 43 #r, 1% Bt A% i ABL PRISM 7500
realtime PCR system( Applied Biosystems) ,

1.2.4 BEWNHEZIRE AR EIE (pCADTT
1 pGBKT7) H1 NsylCIPK3 A% ¥ 51 A B b7
A5 IR NsylCIPK3-2F/2R, # NsylCIPK3 3% A pG-
BKT7, I 2 Y187 BERE TR Mk, AL EC A MY
NsylCBL F&R % A pGADTT , 454 L 2 AH109 %R} i
PR B TERRIE T BRIV S5 5 5 TR A & SD/-Leu-
Trp 1 SD/-Leu-Trp-Ade-His ¥4 I, i & 30 °C fei ik
BEFphRIE R R 3 ~5 d, IBEEARSE R,

GIE BN

Name of primers

51973

Sequences of primers

Gl ibes

Amplification

NsylCIPK3-1F
NsylCIPK3-1R
NsylCIPK3-qF
NsylCIPK3-qR

5"-ATGAATCGGGCAAAAATCAAGCG-3’
5'-TCACTTTTTCTTTTCCATGTTCTCTTC-3’
5'-GGATATGATGGAGCAACGGCAGAC-3’
5'-TGGGCAAGTAAATTCAGCAGCAGAT-3’

NsylCIPK3-2F
NsylCIPK3-2R
125-F
125-R

5'-CAAAAGTTACATTCCACCG-3’
5'-TTTCTTCGTCCCATCAGGC-3’

5'-CCATGGAGATGAATCGGGCAAAAATCAAGCG-3'
5'-CCCGGGTCACTTTTTCTTTTCCATGTTCTCTTC-3"

P8 NylCIPK3 SE3TT R BHAE ORF
Amplify the open reading frame of NsylCIPK3
P18 137 bp B9 NsylCIPK3 rhia) i B, T o6 e i
The middle fragment of NsylCIPK3 with
a length of 137 bp for quantitative real-time PCR
P48 NsylCIPK3 F T BERE DU 38 2R i i 2
The whole open fragment of NsylCIPK3 for over expression
POLE R NS ENNERE A E N Nyll25

Internal reference gene NsylL25 ,a ribosomal protein gene

TSR 5 Ay R P D

The underlined nucleotides represent the introduced restriction endonuclease sites

2 #ER5HH

2.1 NsyICIPK3 EEHIRE

AWFFE R R 5 M5 ) NsylCIPK3-1F/1R (%
1) DOBRAR BE op 35 A5 — A4 ORF 2K A 1317 bp Y
CIPK HTEIN 125 D9 4 B — 1 iy 438 & L iR 41
WA, A & B, 381 CIPK 3L 5 %
i LeCIPK3 F1# A5 PiCIPK3 [ IR 1 K 87. 7% Fi
87.5% , 5 FIF KRG A CIPK3 3 [N [A] R 1 4
B 68. 4% 1 70. 1% , A 3L H Ay 4 8 Nsyl-
CIPK3 , ZHERIT 507 32 H , NsylCIPK3 £ FH H
A CIPK ZJ7 (i i 70 25 1 FRAE | N i B A 3180 1y
OIS PR AR, C i B A BE AR ST Y NAF 548 35
(E1),

A PES 9 NsylCIPK3-1F/1R (3 1) AR
B SE PR A rh iR A9 4 K 5475 bp W SER 4L )75,
F A AE 2 3 (http://gsds. cbi. pku. edu. en/) ¥
NsylCIPK3 ) CDS X 55 JE R 20 J 5 £ 47 b X 4347
S MM NsyICIPK3 $54 13 NN & T H1 14
Mo (E2),
2.2 NsylCIPK3 EEM RSG5

PR IT CIPK MG AL I ) 1 Ak it 82 v o ¥ 4
FERL2 N3 T/ PN EFREREE T (< 4 W
FPOMEEHNETFHEREL (= 11 ~HF
T 120 S BESE NsylCIPK3 5 HoAb Y Fheh CIPK
MR FR K NsylCIPK3 5 HAB M 975 CIPK K
LGS R G kB AR A s Nsyl-
CIPK3 PtCIPK3 .ZmCIPK3 F1 AtCIPK3 ¥J& T 1%
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(K 3), CAHEIEW PCIPK3 . ZmCIPK3 F
, NsylCIPK3

AtCIPK3 LN 0 75 24 5 & N & L)

NsylCIPK3 ------ IN-R

WHSCGVILEVLLAGYLPFDDSNLSW

SWSCGVVLYVLLAGYLPFDDSNLSR
OsCIPR3 SWSCGVILYVLLAGYLPFDDSN:.
LeCIPK3 SCGVILEVLLAGYLPFDDSN.

SCGVILEVLLAGYLPFEDSNLZS

FRINAFET I SMS!
FSINAFET I SMS|

NsylCIFR3
RtCIPR3
0sCIPKR3
LeCIPR3
SbCIPK3
ZmCIPK3

ALKILDRERVLRKHRMAEQTRRETEW
ALKILDKERVLKHRMEEQIRREIH
AIKILDKDKVLKHEKMAEQIKREIH

I KRRVGKYENGRTIGEGTFAKVRFARNSETGEH
TRy KRRVGRYELGRTIGEGTE‘AKV‘RFARD’li‘I‘G B
. ARNTED

SN EA 14 DN E T (8 2)  HAA WA T A
R, EEE AR SR AT SE RAN

SR, TRH LYEVMGSRTRIE‘IVLE F

BLYEVMASKTRIFIILE 94

NLRVS DFGLSALSQQVRDDGLLHTTCGTPNYVAPEVLN
SMGNLEIS DFGLSALSQQVRDDGLLHTSCGTPNYVAPEVLND

NLRYSDFGLSALSQOERDDGLLATECGTENYVAPEVLED
HGNLRY S DFGLSALTEQVRADGLLETECGTPNYVAPEVIEDE

NELGEVVWAN

LEKSKGGPFEFPQFFRKLF

AW g A AR M Nyl URIIT , A KA, Os; Tl Le; i3, Sb; Tk, Zm, R IR

The species are indicated by the following codes : Nicotiana sylvestris ,Nsyl ; Arabidopsis thaliana , At; Oryza sativa,Os;

Lycopersicon esculentum ,Le ; Sorghum bicolor ,Sb ; Zea mays,Zm ,the same as below

Bl 1 NsylCIPK3 5E 44 CIPK SEEF 5 HEE M LB
Fig.1 Amino acid alignment of NsylCIPK3 with other CIPKs in other plants

NsylCIPK3 -
5

I

I

L L
0 kb 1 kb 2kb
Legend:

@ Exon — Intron

3 kb 4 kb 5kb

2 NsyIlCIPK3 BEERAEFHINBFHIAE
Fig. 2 Exon-intron distribution of NsylCIPK3 gene

2.3 NsylCIPK3 BIRIEEKX D7

3 B SRR 0 B A6 191 45 ZH 2 1Y) RNA DL K2 %)y
BT A SRR B 2 R AR RT3 RNA, #8477 qPCR
G3HT. A5 AL TR AR MR G AR 0] Y 4 4 21
NsylCIPK3 TEW UM 2F Hh i) R 3k & AR B, 76
MR R Z, MR 25 AEIEFN = Fr g 3%
K A GBI (E 4A) , FEAS TR B3, P Nsyl-
CIPK3 WFik @@ T, EMEARKEEN 3
B (I 4B) iR MiCIPK3 f9 F k20 8
A, i NsylCIPK3 1) a7 s 20 B el T 5
BT BAEE R 2 A5 (K 4B) o 40 NsylCIPK3

Al REZE MO B RS 5 iy it R e I R VR
SEARUR B LB AT T 6 FPAS [ (4 A 9306 55
AL FR X358 NsylCIPK3 155 s 7K S i A8 fb e 47
qPCR #3253 R, ZE R W id (300 mmol/L) 4k
PR, NsylCIPK3 {EALTE 3 h ik & i 2% B Ay
4.9 15, B 5 Bifi A 3HLESE 1] ) 9 < 22 38 B 52 T A 3
(K 5A) 5400 aa A BEE5 L 7R | NsylCIPK3 7 4b
FE1 h B EVE X IR 2.5 4%, 22 )5 B Ak B A
BN e I8 B W N (B SB) IR AR PR 1 h B,
NsylCIPK3 [k 5 52 b3, 2 5 bifi b P[]
B3N, Rk m R T EERE (K S5C) ; TRBA T,
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HRLT S MR TR (I NsylCIPK3 R:R (K va e S5 ZhRE A

100 AtCIPK10
3360 AtCIPK2
e AtCIPK15
AtCIPK6
18 AtCIPK20
-AtCIPK16
1 —
99 AICIPK5
46 AtCIPK11
ﬂﬁ:mapm
AtCIPK22
50) AtCIPK19
e T Pl 14 O
97 AtCIPKI18

I:AtC IPK4
100 AtCIPK7

AtCIPK9

50

LeCIPK3
NsyICIPK3
A{CIPK21
AtCIPK]
AtCIPK17

AMPK
SNF1

100

0.1

I

Intron—less
cluster

1

Intron—rich
cluster

245 % F W H neighbor-joining Fi% %, F JE 1000 X,

W R BN AR

Neighbor-joining method was performed to draw the phylogeny tree. Bootstrap

value was 1000, node of the tree to represents numerical bootstrap values

B3 NsyICIPK3 5EA¥FE S CIPK EE M RFEHU DT
Fig. 3 Phylogenetic analysis of NsylCIPK3 with

CIPKs from other species

NsylCIPK3 W25 ik T 2 TR % (& SD) ;
FRARFE R | NsylCIPK3 1) 3 35 1 5L )k 3 728 1k 4 44
(E SE) ;K W0 4 B 5 7R | NsylCIPK3 W35 &
TEALER 12 h Z Pk 2B ETHE SR A 12 h

(A _40r (B)
=} =
.2 -2
2 30r i 2
A E as
K5 8
=20 P
X = 5.2
EE *F
b 10+ o
<ol i -
0 L Il 1 L Il 1 ]
0 05 1 3 6 12 24
TR AL IR ) (h)
High—salt treatment time
(D) s 24 - (E) -
o [}
B g1 1 3
™S12r ® S
= > re
oI = feea ]
m Q
4
0 05 1 3 6 12 24

TEALH i) (h)

Drought treatment time

637
@A) 12p
g of
0 4
H &
KE 6fF
z2
faa gl
B
& 3
0 | S Ij | m 1 | | Ij | ’—I—I |
Main Lateral Stem Leaf Axillary Petal Sepal
root  root bud
B) ar
£ 3f
i
X &
RS of
3
Q [
" BUOH
Root Leaf Root Leaf | Root Leaf
Seedling stage | Vigorous stage | Mature stage

(A) : NsylCIPK3 78 B8 MR B AN Rl 41 40 B 2359345 (B)
NsylCIPK3 TEMUHRAN R K & B BOR A ep (1 334534
(A) :Relative expression analysis of Nsy/CIPK3 in different tobacco
tissues, ( B) : Relative expression analysis of Nsy/CIPK3 in roots and
leaves during different tobacco growth stages
4  IRUEEL NsyICIPK3 HIRIE#EX D8
Fig.4 Relative expression analysis of NsyIlCIPK3 in N. sylvestris

ARkt PR F X IR 2. 0 F% (& SF) | =2 S RifiAs [a]
g nFs MR, R W], NsylCIPK3
AT RETEAA YR N e SN AR BB E Y A i

b k5 B AR,
20 © 5 60
15 2 45
10 230
5 FE s
I:I ~
0 0 1 3 6 I 12 0 0 1 3 6 12 24
SIS AL BRI ] (h) AEEIE A FRIN E) (h)
UV treatment time Low—potassium treatment time
40 # 24
.2
30 i £ 18
20 212
10 3
~
0
0 05 ‘1 3 ‘ 6 12 24 0 05 1 3 6 12 24
P AL B ) (h) AR AL 8] (h)

High—temperature treatment time

Low—temperature treatment time

5 NsylCIPK3 TEAREFEMB &G TRIZKEHTH

Fig. 5 Relative expression of NsylCIPK3 under different stress treatments
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2.4 5 NsylCIPK3 E{EH) CBLs 875 i%

J T 0% 5 NsylCIPK3 HAE K CBL 3 ¥k
JEL NsylCBLI ( GenBank 1D : KM396650) | NsylCBL2
(GenBank ID; KM396653) | NsylCBL3 ( GenBank 1D
KM396654 ) | NsylCBL6 ( GenBank ID. KM658160 ) |
NsylCBL9 ( GenBank ID: KM396651 ) #l1 NsylCBLIO
(GenBank 1D . KF667488 ) 3 K 43 7| 7e [ 28 g £ 175 1H

HAK pGADT7 |-, ¥ NsylCIPK3 FEH 3% A B REfl AR
AR pGBKT7 , HeAbBeE: Kl BAETG L, 2455,
Jirgk CBL ZE PR TC A MR G . WEBE AR 58 45
W, NsylCIPK3 7 5 NsylCBLO H.4E, 14 ¥4 Al 75 Bkt
PRI AL OER AR (B 6) , MM n] fgiE
HAETE U e, R 2 5 0 e i A A= 3 4
e A5 S et R

pGADT7—

%)
X @Y*
A\ R x (@C
170000 s g S
1~ e \Yay
QGPc%éS QGE;‘%{" %
¢ o N
==
pGBKT7-
NsylCIPK3

SD/-Leu-Trp— e -
His—-Ade . e ] ‘

E 6

NsylCBL1 NsylCBL2 NsylCBL3 NsylCBL6 NsylCBL9 NsylCBL10

SD/-Leu-Trp

e D
ESEEE
5 o His—-Ade

B W 2L 338 06t NsylCIPK3 5 NsylCBL B E I EE

Fig. 6 The interaction analysis between NsylCIPK3 and NsylCBLs in yeast two hybrid assay

3 g

VER— PP AE ) v 45 5 1Y) Ser/Thr £ 11 34 B A1
CBL Ay 2400 8 (1, CIPK & AR RTE BN 8515 5
FI TR S B i o B rp R EBE 2B A
Ty il 56 5 2 W A AT R [ N A B R SR B A IR
PR IT KA A IR SR ) T S T B R, B
REMZEGS S THYNER KRS & FEEMN
RIS A A N A AR i B, R A, AATTXF
CIPK FIGAEM G R DI Re T 20+ A R, A SC
SMAREL ) CIPK ZE 52 NsylCIPK3 4T T 33K
ST AR I BEAERFSR
3.1 NsyICIPK3 ZE1E ¥ 0m 5z E A 4 it FE P 19

e

SR PENERE E PCR #BH , ZFPEE AL Pt 5% i ae
Bl NsylCIPK3 W) 33k & A R, Hr i
FEHTEER A 5T, Fe 3k KT 78 J i [R] N 42 30 B
L BV BB I AR P BE S 5 M R X AR i 45
P 7 Ao AR L NG A i RT-PCR 56 & B0,
PIRGTF AtCIPK3 T E K ZmCIPK3 185 ih 4 N %
AR BT (R S5 3 A0 ] 2 5 A i R
ARG R U S R LA N R, CBL-
CIPK M43 i | e RARIE 2 53 a5 5 7%
1 A5 Y 3 % 2 SOS1 (AtCBLA ) -S0S2 ( AtCIPK24 ) -
S0S3'2 %! CIPK3 5 CIPK24 = AEAE e X,
S5 W N R Wi TR CIPK3 it %
TR R AR RS e I AIER . H B AR RS
C 200 3R A5 R IH B NsyICIPK3 193 26561 8 18
5% NsylCIPK3 58 38 () OC R0 75 3F — 22 i 5

X SEAR TR 5 ST dE s [l A & 1
NsylCIPK3 TE T FRIAFE TGS 5H
FEREY T RRIAAA , R AT R A B a ) 25
o | FEC 40 ) 9 425 Pl 30 DA TG 5 50400 R 2 K | 8 2 A
S5 TN 2 FE A 1) S S L PR 7 i 7 R R R R A
LR AR Y I R e A A R B B
it B R E R AR YA R W Nsyl-
CIPK3 R 5 hamAkS 5 T 2, Hikr B E
Eih 2 S e P AT i, 90 26 M 0 EC A R 0 B SRR R T
PR RERIE T B TR EER,

FERIR T 1, AtCBLY A 5 AtCIPK6 | AtCIPK16
F1 AtCIPK23 H {E, AtCBL1/9 i 11 7% AtCIPK23,
PR R We B B Tl AKTL XF 80 (0 W2 i g 7t
e VT KR Hh s S8 S k — VR sl B A A A, R
WG KB NsylCIPK3 FEARER P38 T RiK K LM,
[l NsylCBLO F1 NsylCIPK3 w] 7 bk h 5 A, W
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