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FEHEE CIPKO EEMEERKIESR
4 Y = Ih e B 0 40 Bel 7E 5L 43 #
AR, B e

( AL LR AP aeBe, WAL Bl 063210 )

W OE mUNEREERE N ZRESSHEBRYER, FEZMHGESES RGOk S Y 4015
B 85 BRSNS AR, AT DUE G 5 A5 B CBLs WO N U & 1S CIPKs 2 5 4% 4 i iy d vk &
W, WD CIPKO Wi e i 5L C o 54 9O 1 (GFP) MRk &, 3 i 5 PR H AR 7E Sl e
AEH Hh EAT BRI 2R3 | LS GT N7 1) S0 240 L 7 o7 S AR K A T i S R L, S5 SRR W (1) GFP ARic 9 CIPK9
FE LT AEN v i 3 2 i RURLAR A AL 2% , O AT B A BT PR U AT AL Y is g, D ik — 2D R 5T CIPKY (A9
SEINRE A TR B CIPK9 (CACIPKY) . (2) 542K CIPK9 #H L%, CACIPKY it/ C K o 1y 7 45
DRI, I S DI S0 PR TR R AT T AR S8 AR T R B AN 2 R i R S G L (3) Bib C s i 4 X
[ CACIPKO 3¢ R H AR 45 S (0 W0 20 B 22 137, B0 -5 GFP X6 A ] %) B P9 SR 15 A6, 16 CIPKO 1Y) C AR i e 2
DX T HAEAE R I T4 2 o & 45 2L 4R T . 5341, CACIPKY 2 3k ml LGB AL M 4 1) Bl Ak 2k
KRA, XRWY CIPK VERNEES TR — 025 TR EREA K ADCE R I Em 8 A K
HA—EWEEE .,
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Abstract ; Pollen tube growth is a physiological process in which multi-factors are involved. The entire growth process re-

quires multiple signaling systems to regulate plant cell growth and orientation. Calcium, as the second messenger, is
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achieved by calcium sensors CBLs, and then activates downstream target CIPKs to participate in the regulation of cell
polarity development. In this study, CIPK9 was identified as a candidate gene, and subsequently the PCR-amplified co-
ding region of CIPK9 was cloned into pLAT52-GFP vector for transient expression in pollen tubes. The C-terminus of
CIPK9 was fused to green fluorescent protein (GFP) , and the resulting constructs were transiently expressed in tobacco
pollen grains by gene-gun transform technology. CIPK9-GFP subcellular localization and biological function in pollen
tube were studied by transient expression system ( particle bombardment ). The results were as follows: (1) GFP-labeled
CIPK9 was localized in granular organelles with high-speed movement in pollen tubes, and shifted regularly with the cy-
toplasmic circulation. In order to further study the biological function of CIPK9, a constitutively active CIPK9
(CACIPK9) was constructed. (2) Compared with full-length CIPK9, CACIPK9 lacked the regulatory region at the C-
terminal and had a Thr-178-to-Asp point mutation in the activation loop containing conserved Asp-Phe-Gly and Ala-Pro-
Glu motifs. CACIPK9 thus had sustained high kinase activity without regulation. (3) While CACIPK9 lacking C-
terminal regulatory region evenly distributed in the pollen tube cytoplasm, similar to that of GFP control, suggesting that
the C-terminal of CIPK9 plays an important role in the correct subcellular localization of CIPK9 in pollen tube. In addi-
tion, overexpression of CACIPK9 could induce the depolarization of pollen tube growth. In conclusion, CIPK9, as a

member of the downstream family of calcium signaling, participates in the process of pollen tube polarity growth and

plays a certain role in pollen tube growth.

Key words: pollen tube, calcium ion, CBL-interactive protein kinase, polarized growth, signaling pathway

TEYIAERY B e S A K Je — N B A 0 8l g 2k
P BOIE BA Sk B ARy 2 A BRI 2 )5
RAVERK A S, Fil A AR T 5, 4
P 4T RS 20 RS i B VR S b e A R e R, R
AR KA TE MR 2 1), W R 2 AR S R
W, A ES N G EA L EEA (ROS) M
5 %5 ( Kolukisaoglu et al., 2004 ) . 4 g it A K AR
FE R I K (diffuse growth) 5 TS A4 K (tp
growth) WA AY o SRHEICAE 1< 2 B 20 i 1) 1 2 %
JH A R (e /D T e ) T T g A R ) S AR v A
20 R0 e — R X (FE R A T ) o AERY AR R
— AR B T A R R B, w2 TR
FHY) A0 M M P & B ( Yang, 2002; Fu et al.,
2001) o FER A Y T0 o A= 1< A 00 T 40 - 28 19 3
A HEAT 00 B o o 0 T ek A 5 22 07 L DA
W TR W R A A 6 e SR PR AR K B Jr e, H T
EHEMES TS E T /D GEE R
(ROS) FB NG 55 70 ALKy 4 TV A= 4 3 R vp 4
ZAEH (Rounds & Bezanilla, 2013) . H 55{5 5
ARSI A AL R AR U, IR SR — R T iR
156 K2 Vi ( Kroeger & Geitmann, 2012; Rounds & Bez-
anilla, 2013) . 2S5 I f 22 85 R B B W 2 ( calci-

neurin B-like protein, CBL) /F y— 2% B it 45 4% Jak
w5, W E] R i B AR O ( CBL interacting
protein kinase, CIPK) , i] LUJE U4 25 &2 24 1) CBL-
CIPK 4 % 145 15 5 M 2% ( Luan, 2009; Hepler et
al., 2011), HHT, CBL-CIPK #H X HF9¢ £ Z 4 h
FEAE ) Iy 36 v 5 AL D7 T, a0 AE R B GE R CBL4-
CIPK24 &2 & 5 BB 1 Na* /K" 3% [n] % 32 14
SOS1 PAHE: 84 B+, 1 CBL10-CIPK24 & & ¥y v]
i8S 50 Al e 09 18 % £F H (Liu et al., 2000;
Kim et al., 2007; Quan et al., 2007) , X} T4 i
3B ,CBL1 1 CBL9 5 CIPK23 A EAEM , #1845 —
AN B 718 38 ( Arabidopsis K™ transporter 1, AKT1) ,
DI AR B T (5 ( Xu et al., 2006) .
UTAEK , CBL-CIPK & & 9 76 4k A4 W W 3a (9%
¥ T ERAERE ) Az T AR E ek kg, H
X} CBL-CIPK 7E 76 B 8 M 2B 4 v i 4E FH BF 52 200
T AR, ASCFEBEIREE S TG
CIPK9 Z 5y A K, 2K CIPK9
B S 306 B 5 2 (0,0 6 3 [ (GFP) AH Rl &,
3 g PR A e AR A A AR A AT R I ek WL
G LV 200 10 72 o0 B A AR 8 Th i S iy R AL, A
MHRFE CIPKO ZEM M A 1 B vh R HE A . BF
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FEMRIRA A 7R AE R 4 AR AR P A SR AR 5
P R 4 B —E I BE R

1A S

1.1 MBI REKES

H AT M /B #F 52 9 4 9 # R b BB JF
( Arabidopsis thaliana , Col-0) 15 & £ 22 C Wi =
H, OEH 16 h, RIS 8 h, M ( Nicotiana tabacum )
KB 28 CHZED N 12 h/12 h,
1.2 B RIEHEEE

CIPK9 4K ¢DNA (#3150 U15436 ) 4 H
ABRC ( Arabidopsis Biological Resource Center) , &
JEEH SRS T PCR ¥ 8 CIPK9 H: 5 B
51 % ( TCTAGAATGAGTGGAAGCAGAAGGA )
#5445 Xba 1Y) 07 &, T 51 % ( GGATCCCTT-
GCTTTTGTTCTTCA) #5747 BamH 1 i Y] {3 o5, 97 4%
JiA% CIPK9 & B Be 4 A T 24K ( Promega 2
"l B AL K AT B DHS o, 3% 5 P 5 B IF 9k 47
JORE R I, B 5 1T BV 45 8 B 50 T 0T 50 K
W IE# 0 H B B g B2 A pLATS2 . GFP # A&
(Wu et al., 2001) , %} CACIPK9 AyH4%E  CIPK9
() C ST X8R (316 ~ 451 7 2 5L ) W VIR, Fifi
JE ¥R SF DFG-APE ASEAA (37 T 38 il 205 44) 3ol 1) 38
1% PR, activation loop) HAY 178 37 A% 75 2 ik ( THR)
KA N KL Z B (ASP) (Guo et al., 2001;
Albrecht et al., 2001) , &% & W 5 1565 /9 H 9 R Bt
PeHE A pLATS2 . GFP 4k,
1.3 EECE RIXILE

WAL B 1 K AE A0S (8 6 I AL A/ AL I i)
HAb) & M, i if Plasmid Mini Kits i 7 &
(QIAGEN, Germany) $2HUH 15Uk DNA , Fifi J5 4841
GGG EE TN E AR MR e BRDUAE Y BRI R 56
HAEE AL A S22 B8 (Fu et al., 2001) , R4 55452
g 0.8 wg MUK DNA | FE 4L IS 08 5548 K 72
28 C R SE 3~ 4 h, SR A58t W s ul
AR AR BRI T T R Y 4 L 6 R
1.4 EHERBSH

i i e 8 B B MU (BXS1; OLYMPUS) W %2
AL T B AE K, I LA cCD B& AL (DP70 &Y,

OLYMPUS) #1148 AH v B Ji-, fifi ] Zeiss LSM K%
WIYERS (3.2 ) H A I = T RE A AT T 3R AR B IR A
430 e AE A K BE A Ry A T S e i Ak A L
1o BEFP I PR RS 0 HEAT 3 UK B ST R B AL SE
— I SE 80 MR AT ALK B K 5 Y, LI AE
kR A A R A LA oA A K SR BURRE
1.5 F 28 B ZE for W 22

AR O 49 4 573458 ( Model LSM 510 ME-
TA; Zeiss, Germany) WZ% GFP #rZ5fb 1 CIPK9 ( 5
CACIPKO) 76 A8 445 v 1) 37 41 B 5 7 175 10 (8K %2
Jg 488 nm, KGN 505~530 nm) , i [ Zeiss LSM
PRI D0 B 4 (3.2 i) HEA T AR R 1 R G340

2 HERE A

2.1 CIPK9 HY3IF 48 B 5 fi K2 i R ik R B

JAG R PP 2 R B V3L (CBL) J& T HI% it
FA R — RSB iz, NI A e — 4 HAE
Y & F 388 ( CBL-interactive protein kinase, CIPK)
(Luan et al., 2002; Shi et al., 1999) , AW 5% $k
e CIPK9 1F g foe 1k B X, o H 5 4k (52 6 A
(GFP) MHR & , 7 AL 15 53 3 3 1 LATS2 3K 3
T, R PG 5 A L AR ARy rh R AT BRI 2k
&2 STRURTA L €U =D ON VAN E i DS At i DK AN
SR S5 R R T B R IA CIPKO 1A i 46 4 45 )
PEAER G B ERNRAZ(E 1.B) , WA E
FL45R s GFP B R 35 (O B S50 ) 7EAE By i
TR IR BN A T CIPKO-GFP U5 1 F 46 ¥
rh ) BORLAR 48 A A B (T 1 A) | 3 28 URLIR 4 A
i ) B o B AT B A AR A R A IE )
R 6 A6 K3 45 3 I 3z 3 380 Joi JE T i, AR 5 DA AE
iR BB (8 1.0) .
2.2 #FHEHE R CIPK9( CACIPKY) 5| @ REU K TE
fLRE

Mtk — L WE5E CIPK9 76 #4548 K h 1 3
A, AT T CIPK9 1Y HF 228005 TE X ( constitu-
tively active, CA) . I 2. A Fr/n, &K CIPK9 £
T2 A EER SRR, — > 2 O 25 H 38 (Kinase
domain ) , % — 4~ & W ¥ 45 # 3 ( regulatory
domain) , CIPKO W JE¥EEEF N TR H ) C K,
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pO:
GFP

CBLE {EZE B #EEY
CIPK9

B E KE Length

B FEE Width

400

300

200

100

K
Pollen tube length (um)
Pollen tube width (pm)

STER CBLE{E&E HIHEE9
GFP CIPK9

. AL BREFFR3E CIPKO-GFP MYAEME WA BN, Al ik GFP BAEHE IV 40 it 78 7 9 AR ST IR (ZE R 378 A GFP) |
FRIRK 5 wm; B. CIPK9-GFP i3 Fik s ALK 4 I B oAb 0T o AR B = 3 oA 25 IR 22 R bl 22
C. CIPK9-GFP Froric AV 404544 ( %5 Sk Frdg ) BISh e oA, A% 0.7 s RE—RE A 43R K 5 pm,,

Note: A. Representative confocal images of pollen tubes transiently expressing CIPK9-GFP  Tube expressing GFP alone was used as a control

(GFP). Bar=5 pm; B. Quantitative analysis of pollen tube phenotypes induced by overexpression of CIPK9-GFP. Data=xxs,

error bars indicate standard deviation; C. A series of time-lapse images track a CIPK9-GFP-tagged granule

(arrow) moving to the apical PM. Images are collected every 0.7 s. Bar=5 pm.

K1 CIPKO fEAERYE F (101 ek 3 10 55 30 20 a7 37

Fig. 1

AP — AN BE AR ST 19 NAF B4R (NAF motif) , i 21
AN IERRAL A, & — B CBLs BAE M X5 (Kim et
al., 2000) ., BR UL Z #b, NAF £ K 7] 38 of 45 &
CIPKs P45 #4355, %of HCOmeHS PR HEAT 30 i 7F
H ( Kolukisaoglu et al., 2004), NAF F {4k 5% i &
— Bt PPI #& {K ( protein phosphatase interaction
motif) , CIPKs 5 & F W B B 2C 2 [8] (19 A1 54
A] BE A 1 13X — &5 4 X 3k A5 DL SZ B (Ohta et al. |
2003) , CACIPKY F #5811 M Es Fa 8, i 25 Bk
T H SR (S AR oS3 AR
i 235 #4355 P 9 4 2R (activation loop ) #4715 58 A8
OB 178 RLA IR & R 78 I R A AR ) , iE— 4
5 CIPKO FA B G 1

I B CACIPKY Ji BOREUS 2K CIPK9
ARBLY SR W | 308 ok e DR AG: 7 S0 R 46y o E 4T 1% 1)

Subcellular localization and overexpression phenotype for CIPK9 in tobacco pollen tubes

Fik, BB SY CACIPK9-GFP (R M 55E 7, 45
7R CACIPKO HYWE I 2k nf LU S A8 45 10 25
WAk A= K, B AR B A8 4 BE AT BT 46 (N R R Y
381.67 wm W8/ 3 335.41 pm) , 1M 4685 45 14 98 )
A R (AT IR EY 8.74 pm BEME] 10.11 pm) .
X040 M E A2 F 5, 5 CIPK9-GFP (1% Uk AR 40
Mo 8% E AN A], CACIPK9-GFP 26 B M AR 45 55 v 1
WA E L, BN 5 GFP X HE AR [R] f4) 46 49345 v ok B
SENL, X 45 N CIPKO (1 1E W 5 1 5 High #y
1) S B DI AR G

3 Wik 5 4

MM Rk BRI EA S —, B
PR B 40 45 48 55 21 B o3 1Y AN X BR 4 ( Yang,
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HEEX Kinase domain

p 37 Activation Loop

Ac&ﬁﬁﬁﬁﬁ%9|
CIPK9

DFG-APE #8{f DFG-——FHTFCG——APE

1B#F[X Regulatory domain

O]

t

ZEE Joint point

DFG-APE #%{& DFG-—-FHDFCG——APE

BHEHGERICIPKY
CACIPK9

BRI

o

POy
GFP

BHEHERICIPKY
CACIPK9

Pollen tube length (pm)

B KE Length

400

300

200

100

Pollen tube width (pm)

FrREBICIPKY
CACIPK9

XFER
GFP

. AL FFREEIE A CIPKO ( CACIPKY) MR B A ; B. WA 235 CACIPKO-GFP 97BN W 40 H 2 7, B35 GFP 1Y)
AER A5 0 A0 7 A AV SRR (FE B R R R GFP) L #RJUA 5 um; C. CACIPKO-GFP i 6 1k 1 hL I A6 13 &
R, B5IES GFP BRIk o A7 A B35 25 5 (P<0.01, T /258
FRAR BB = AR 2 IR B L FRbRIEL,

Note: A. Diagram of the C-terminal truncation and mutation for CIPK9 used in transient expression; B. Representative confocal images of pollen

tubes transiently expressing CACIPK9-GFP. Tube expressing GFP alone was used as a control (GFP). Bar=5 pum; C. Quantitative

analysis of pollen tube phenotypes induced by overexpression of CACIPK9-GFP. Asterisks represent significant differences from

the GFP control (P<0.01, Student’s t test). Data=x+s, error bars indicate standard deviation.

Kl 2 CACIPKO fEAERE T AY I A -5 A L 5 iz
Fig. 2 Overexpression phenotype and subcellular localization for CACIPK9 in tobacco pollen tubes

2008) , FE YA MR P 4 A ST 2 R K £ R A
SPGB TN M A B A e R
& SRS N TR EgERTER KT, CIE i E
B A8 K3 48 T 3w A K ( Kroeger & Geitmann, 2012)
B B e ) T R 4R A A A R AR A RS 1]
EEEREEMIEN, BT ERAPEE 44
TG B IR A AR, 43 0 RS TR (CaM) |
A5 P R (CML) | 2655 ] i 28 0 AR i B 2%
( CBL) DA B E5AK 4t 25 11 1Al ( CPK) ( McCormack et
al., 2005) ., H -t CBL 2 — 259y 4 A iy 25 [

K, FELEH 5 3h 4 b i w2 i BR Y B 3
F{l, CBL 9 F i 8500 F /& — 2% Ser/Thr 1) & 11
P (CIPK) , CBL-CIPK {& R L [R/E A, B f A%
A5 5 254k (Luan et al., 2002) . A 58
CIPK9-GFP & o T Fifi g S5 ¥4 i i 3y 1 UKL AR 41 i
b G2 3h O 21 o T 2 45 4 BT BE 2 A6 R A Y
2R G5 Y 4830, 92 0 45 WG /% CIPKO 1l B i 4
FEAE 0 45 i 1 B8 I R G5 ) A ) A M AR K
CIPK9 1) C K %y & A — B H 40l X 5 ( NAF
motif) , [A] I 52 — B 5 H E i &00 F (CBLs) 45
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ARXIR, CBLs 454 #IM N CIPKs L, i bR H A
TR AE NI 3075 CIPK 1Y 34 B 3% 75 ( Luan et
al., 2002; Kim et al., 2000) , ASHF5 44 2 B9 5
ZEIOE Y CIPK9 ( CACIPKO) 1R 3 1 4 [A] fih 350 51
FEESL LAl 22 b 3 A 2 28 Rl X3 R <7 45 4
E— 2D WOE T CIPKO MBI, SE 50 25 2R WoR
CACIPKY 7E B AL b (9 Ik IE 2R a8 431 1T 4640 48
MG A=A R E T A6 R A5 1R A ) 2R A R 2 3 AR
T UM B bR KA H AN, BT C o B
i T CACIPK9-GFP #3741 i /& v & 30 i dF
FE SRR R ECE 07, UL CIPKO B C ity 0 8 45 4
SR A AR A 8 TE i AL Y G B IR R TR I
20 6 7 1) S A T LA SE I CTPKO 7E 76 4 48 A 1
A K P IIRE I IEH R AE

A7 A (Quan et al., 2007; Cheong et al., 2007 ;
Xu et al., 2006) 3¢ F CBL-CIPK M %% iy #F 77 %
EhFhiaESEmE, AR CIPK9 fE1ER &
et A K AR FRASGH T 8T 944, S CIPK9 19 4=
Y2 Re$R A T 3 B9, {H CIPKO 7E € K3 45 h
S o7 240 L 7 04 HAAE BT (2 5 BEV AR R ) AR A
K A BARAE FHPLEE, i 1 Tk — 2
FIBFSE FIERZ . RSk CIPKO sl & 1 i B 8 M
FLAE AL 4 e WK 32— 2D 4R 7R CIPK {55 W 4%
FEACRY A e A A b i & PR I EBEAE

SE .
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