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WE HRESAEANTRED TR IEEN 2NESESRE. DR IE 218 2(ACaM2) 1, 4Lk
MR IR T AR AT SO . RS8N TO . R AIIE R e M W, 20 B AR BH I e [ v A AN G A I 2
ZEA R AIQD26 1) cDNA F B, Bt he 7 76 segtidt— K M, AtIQD26 f£ 1 mmol/L Ca* 8¢ 1 mmol/L EGTA 451 F #1545
WS, VW EAAAEAKIT Ca> 1) CaM 555 . GUS B WKW, AdQD26 BAT Y (41 LU AR, JUHRAE
RGP RIE R @GP R AN BN, ATQD26 7E4N MUk 5 R I /041 . AtIQD26 5545 1 25 2 4] 43 A1 f A1
IPE, TR e TR Y AR KR B R v Rt [ A HE AR

KR PSHERLGGEA, B, T, BRES T, HPURIE,  WANRER

FRSES QI

459 25 (calmodulin, CaM)/& /N1 i & -
R STIES A A E, NS E R 2 T RE
ZHEH, RS HHRGE S SN2 .
HT CaM H &5 &AM, CaM A FHIME @1t
M T8 1 2 45 5 55 [ (calmodulin-binding proteins,
CaMBPs) 1)k H A E D, Ik, % CaMBPs
[R50 #8 78 CaM & 35 A8 3 D R AE FH AL I 1) 2 22
B, BRI B 7 (Ca?)-CaM 5 55 3 R
R

CaMBPs 15 CaM 145 & 7] 70 Mg T- Ca** 1)
FIARA T Ca* I FRZEAL, I3 SR 22 O 95 4 At
P CaMBPs H1 85 A #i 1 CaMBPs . 5 4 #i 1
CaMBPs 7£ ELAZ 40 g T &k % 5 B D gl AR,
CaMBPs 1 Ca* 4 G IFANE LT K, A HAS
P CaMBPs 7E41 il A H AT I3 4 Se B S . 45
AHEPE CaMBPs ¥ HF 5T 5 85 4O 1 CaMBPs (1)
WFFEIRI S T AN I i e, PRI, s e AN RO
CaMBPs [FfJT7¢, 178 F#-W] CaMBPs fE/EH) 4K
REPHER. XA E CaMBPs (1% & 5
I3 TR AT BT ) W) CaM 15 5 B S B4R IR Ry 5
SRR Z R

P B XL A A2 K R (yeast two-hybrid system) X F
AHHAE H B B (interaction trap), S 7 BR TP F BE P Aif
FUR B AR BLAE I —Rh AR A 250 7 7 A

Jiid, ATRRAy BReS — A AN AR FAH EAE )
AT g A BE R, IR REXU R AT 3R 40 I 1) 2 A
IFi) £ T2 RV 40 B N A AR, R mT 4560
HEAS cDNA CEMHAT I, HiEwkE 53 O mE
FUTAH AR I B R, (R R, ki
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TR R AT H AR SR 45 T R 45 &
AtIQD26(At3g16490) 1) 73 B 4w, WIS KW,
AtIQD26 fFAE AR T Ca®* 1] CaM 25 A5 FbE.

1 MRFITTE

1.1 ##

By 25 R P B T (Arabidopsis thaliana) £ 25 K
Columbia, E. coli DH5a, XJG# & pCAMBIA1300
FARFFE GV3101 BRI ALITE K223 1 4l 4
Wyof s i = ARAE s bl pGBKT-AtCaM2, 5474
R RIS N R B [ MW NE o e
J A= S A A AR R A

Matchmarker™ Two-Hybrid Library Construction
Screening Kit, EREXUARAE GAL4 R 458 M e B 2K
B e 556 W H Clontech A 7] 5 mRNA 73 25 171l £
3 Qiagen-Ambion A &) ;7.

B 5 Tl o )l R 30 e Sl . Taq 1
T4 ZH: M 54 TaKaRa. #2352, Promega 55 /A H]
Pl WA ATV EER. FIBER.
dNTP. fi:k; DNA. DMSO. B{IEERIE H Sigma 24
Al LB R FRILR T H Oxiod A 7w PR RER; 7R 3E
J§%73 W A Clontech vl 5 i (B 771 & 0 1~ L it
HEN s T AR A 1 11232 B 7 7y A 2
WA SR ERR I & U(PAGE 24, 411E 99%)
J% DNA Jp A 5E b A2 T2 ) 58 R
1.2 BT RIFE

IR T A RIM(T5% 20, 30~60s; oM
IKVE 3 VOMRIZ (2.5% X IR, 8~10 min, JoIH
IKYE 3~5 YOI )E, 4CHREPAREE 3 K, R
[l 4 MS 15723 (3% 0 1% B8R, 0.7%F 5k, 1x
Murashige Fl1 Skoog #hfil4fi4= 2%, F] KOH i pH £
5.8) b, HRDCIE AR IR, 22°C, 16 /8 h
I (L/D Y658 130 pmolem~+s™), 8~10 K%}
HCHE 2 IO S, R4l R AR BR B K AL
G EAER L EEATL 2 ENRE TR
J0), AHTEREEMOG R AR Se 15 9%, B R 1~2
oK.

1.3 BEERXINA SRR RIAT R R ik

WA F T AE O MESEAMESE LY 3 g0 WA,
% RNAwiz™ 17 & Ui W 3E1T RNA 193, 2
Qiagen /A ] Oligotex mRNA Spin-Column Protocol
HE AT mRNA ) 53 % . 4R J5 #% Clonetech A T
Matchmarker™ Two-Hybrid Library Construction &
Screening Kit ¥ F] J7 T W HEAT SCPE (R 3L e A VA A 4

RS2 . e L2 B0 mRNA AR 75 R
— #f c¢DNA, LD-PCR #" % ds cDNA, #| H
CHROMA SPIN + TE-400 Column #li{t, dscDNA. F
# dscDNA #f i 55 pGADT;-Rec fl pGBKT,-CaM
Al AH109 B2 A RERE, UILEALIR G iR
T H(SD /Leu Trp-, DDO)R5F:4E b, # sk
B EACHY A o % B 81 =B (SD / His™ Leu™ Trp~,
TDO)= VU H(SD / Ade” His™ Leu” Trp~, QDO):5 77k
b, 30°CHEIERIE IR E AR RHTE e b . KA DU S
W EARKBIBATE e BE, HEAT - 1 FLE T S VR
PENR YL £ 43 BT (X-Gal assay). $i& UYL €8 4 W €4 1) BH
P 5O BE B BE BB pGADT, JE KL, 4 Gl 5
pGBKT,-CaM Jii ki, —%f— 5 4L B AH109,
i 3%t DU i PR A K & X-Gal i ¥ 1) pGADT, Ji
K, WP E SR cDNA JF 4.

1.4 AtIQD26 ¢cDNA Hj RT-PCR ¥ & 55 %

U5 wg 68 RNA AH, DL 5" ggaatteatggg-
aagagctgcgagatggttca 3’ 4 BiiF 514, LL 5 cgggate-
cctaattatgaatctaaatcagtct 3' 4 FUE51HI(5'~ 3" 43751
N EcoR T 1 BamH 1 B VI47 £1), 4% M RNA PCR
Kit (AMV) Ver.2.1 Manual #t 17 RT-PCR #" 1 .
PCR 74T 1%35 AR AE R F vk, [FDIC 1 170 bp
JFrBe, K% pGEM-T Easy #0405 1E 7 1)
AtIQD26 cDNA FI# K pGADT, #EATi%H:, F i
ki pGADT,-A1IQD26¢DNA. T4 ki AL S E.coli
DH5a, “PHIGFRER, BREEIVE e, §KE57%,
DA 2L fif v 4 BUSURL 9 ] EcoR T A1 BamH 1 XU
DIssE, Iy 5 UE E A
1.5 AtIQD26 FER#Z R G R EHFTIX

¥ pGADTAtIQD26 F1 pET-28b (+) Jii ¥i £
BamH T F1 Neo T V), ayklmlfe. &, #1b.
¥ AtIQD26 £ [ 4 5 [X v [ 2] pET-28b(+) & 1k %
1, ¥4k E. coli BL21(DE3) &2 &S WAk, Ptk
(kan")*FHi ERRERATE e bE, BEDISE, sy
LA T S (K O 5 A1 (| A R A I G e A
pET-28b-A1/QD26cDNA.

1.6 SDS-PAGE ¥ CaM SRRZZEHT

B Bl & pET-28b-At/QD26cDNA . 5t [ (1]
BL21 Wtk T 2~3 ml LB ARG IR, 37°CHEsS
A, ARG 1 050 Lel g R TR i Ry R,
37CHEK S Agum=0.6~0.8 (4 3 h), BE W T
EP &th, R 1ml, {EFHSANE. N IPTG 2
RN 1 mmol/L, TS5 1. 2. 3h 2l
FE, FESARDG 390 10 000 g 2500 1 min, 35 L35,
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W B R T -20 C AR A7

% Laemmli® 77 7%, H4 250 WA 11 Ta AR 2E 4T
12% SDS-PAGE. HI% 4 NC i, (L2 gL
SERG IR AR A R 2 IR 7 55 (Bio-CaM
overlay) 4% 2= B ZE0 ks S bric 45 1 2 G i 7
75 (PS-CaM overlay)#% 42 2 15550077 74
1.7 #EITHEEREK

Jit ki pCAMBIA1300-GUS il pCAMBIA1300
35S YFP Ay inf JB IS K27 75 -1 40 Mo A2 4 2 S5 =
{47 #k ) pGEM-T Easy %44 L] Hind 1 -BamH 1
AtIQD26 Jii 2l T F Bi 4l N pCAMBIA1300-GUS Jit
ki, 3kf3 pCAMBIA1300 At/QD26::GUS XUIG#E M
¥ >k B pGEM-T Easy # & b 1] BamH 1 -Bgl 1l
AtIQD26¢DNA i A pCAMBIA1300 A:IQD26::GUS
JRRL, k73 pCAMBIA1300 A:/QD26:: cDNA-GUS
M ICHEAR: K AtIQD26¢DNA #fi A pPCAMBIA1300
35S::YFP Jiiki, 3k#3 pCAMBIA1300 35S::41/QD26-
YFP XUt # k. F 4 4 if (1) pPCAMBIA1300 35S::
10D26-YFP J¢ % M 35S:YFP Al pCAMBIA1300
AtIQD26::cDNA-GUS J A1lQD26::GUS ) KI5 {4
Oy WAL AR AT GV3101, TR R AL AL L
FrRERRM. T2 A B & =PI s 3 D1
1.8 #HERVIFEITEKA GUS HALE

EUAN [R] bsf 3% L [R5 4% Jefferson 25025 VA BEAT
GUS AL geth, AR MBI (H A e A w],
5 C-DSS230, Fik% SMZ800)4r1 .
1.9 FERABRIENE

W10 RAA L T8y b, W b
K, MEE B, B TEE RO WAL (H AN e A
H], A5 TE2000-U) BT WSS, WS4 h: LA
450~490 nm W% YFP %¢J%, LA 330~380 nm M
%< DAPL. Bfi#l Nikon ACT-1 #Aic 645 5, Aab#
K.

2 % R

2.1 PASSIARAFIEIRIREEE WNH R E

W SGHEAT I TR AE S RNA 32 EL. mRNA [
Iy B . cDNA &l 88 Kaith, REH
ds cDNA £f 5 5 pGADT-Rec #1 pGBKT,-CaM i
AL RE T AHL09 B2 R4 L, 6k DDO
% A pGADT M1 pGBKT,(AD #1 BD) i ki
EELE, e =8 TDO sk VY &k QDO it —25

fiiik, 337 54 QDO A H X-Gal Hefi B 5 (4
(Y BH P 5

BE—20 53 BB 5 AN G R 1) BH M 5 1 B
i AD kL, 4355 pGBKT,-CaM ik — X
LR R, 0% DY P B AR K S X-gal assay
FHYER) AD ki, MF43215ME cDNA ¥4, I
I NN R N <0 7 I S 9 A 0 7 el |
GenBank (http://ncbi.nlm.nih.gov/blast) % 3t #E4T 1 LE
X, g RARE, o ANk v B A K cDNA
J7BARTR IR 2 3 B 4RI R 400 g I 55 BT at3g16490 (1)
TF IR 52 HE (ORF) 286 ~859 A7 4% F1 12, 4w ih 1)
B AT HEN Y AT3G16490 45 28 1 — ¥ 4
AT3G16490 # Abel F53r 444 AtIQD26.

2.2 AHQD26 HwFBX 24K cDNA 18 & F il 4w 73
E=1:0ks2 i

FH 1 3T 1 0 228 21) (1) B P 5 % AL B AdlQD26
ORF 173 v Be, Aili— Pk AtIQD26 &K 5
CaM IIAHEAER, FRATAHE 0L B 7+ Mk 9 3 TAIR
(www.arabidopsis.org) & ff: 1115 B, wib54, ¥
T AtIQD26 cDNA iy X A Ky B, B ILiE A
pGEM-T Easy #Ak, &y, 5™ EAEMER
SO NTITH 8. AtIQD26 ) cDNA gifihIX 4> K
1170 bp, Zwht 389 N IEMRA B 1) AtIQD26%K [,
o Ala(A, 11%). Ser(S, 10%). Arg(R, 9%)#
Lys(K, 7%)(F 1). B — %8 ok,
AtIQD26 #1177 F i &k 43 661.0 u, 55 HL A
H 10.6.

TR R . ALIQD26 1 106~172
REE A —AN 67 N2 IEMRIRFEA ) . WA
[ 5 CaM 4 & 1 K I 45 1 ——1Q67 45 14 15k
(BRI 1QD), 1% IQD % 3 AN Ca™ B i 11 1Q & /7
(E Ry 7)1 4 [ILV]QxxxRGxxx [RK]), H[H]
FEAP I 11 A1 15 M2 SRR AL 4 1Q K7 X
[ Ca M1 1-5-10 A1 1-8-14 FE/75 7> B
A 1Q FE )7 55 J37 41 v 3 A5 AR < 1) 8 7K R
IR HL (K 2a).

& B Http://calcium.uhnres.utoronto.ca M % X
AtIQD26 & [ 135 ~151 3£ 17 4> 5 5 i ok
(LQALVRGYLVRKRAAET) #EAT T %R 40 M, &5
REW, 17 ANEEERIE KT — AR P
o BBRE,  JTAALHE R 1R OE A () SRR RS, T
£ CaM 45 &1 (CaMBD) i) iU R4 HE D4 91 [ 2b).
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Fig. 1 Nucleotide and deduced amino acid

1Q2
ERWAAVKIQSVEKGHUARK ABRALK GLIKCOATRIRGYTVRKRAAETBHSMQ

sequence of the coding region in AtIQD26
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Fig. 2 1QD domain and CaMBD analysis in AtIQD26
(a) IQD domain 106~172 amino acid sequence in AtIQD26. The 3 boxed amino acid sequences are the 1Q1-3 motifs. The 1-5-10 motifs and the
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1-8-14 motifs are shaded in grey and black respectively. Underlines indicate the putative CaM-binding domain (CaMBD) analyzed by helical wheel

projection. Hydrophobic amino acid residues are highlighted in bold. Basic amino acid residues are written in italics. (b) The helical wheel projection

of the putative CaMBD IQ2 in AtIQD26. Hydrophilic residues are shaded and basic residues are depicted with a positive charge symbol.
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2.3 AtIQD26 £EHE5 CaM HIE S

S o S 1) BV v L 2t L AtIQD26
EEME SN B, NEE— K UF AUQD26
(At3G16490) 4 15 CaM A HAFH, AR
F T WEREXUZ AT FIFRAC CaM IR 7S 76 Pl 7 k.

T SER B R A 7, YT AQD26 42
WA ACaM2 2 HAMBEAEH . ¥ EH ok
pGADT-A:IQD26 cDNA % 1L | & 4 i H
pGBKT,-ACaM2 [P EZRFR AH109 1, ¥ A 71 ik /b
Trp Al Leu ) &kt DDO [l #& R 773k I, 30CH
2~3 K, FrmEvaKHh, R R S B 4 3 DU e B IR
QDO I, MEEMAERKEN, 4RER, Lk
AD-At3g16490 Fll BD-CaM Ji i (1) % BF 7 e A= K [
Uf, KR DUBICP AR EA K R, 34T B- 2 FL
BB A I, &5 RO BRI (] 3a). T AdQD26
H1BD-CaM ) HAREEAG T, B- P FUBE AT G PE A
DRI ABAYE, T ELAE DY BB IR ERREA K, X
W] F T HEEE (A 3b). Rk Rk, &K
AtIQD26 5 [ g% 1 ACaM2 15 % REA P A2 A 1
YEH.

h T B AE ALIQD26 5 CaM 45 &
Bk, MR T RRC CaM eSS 6 925, KA B
P 541 pET-28b-A:1QD26 cDNA 1] BL21 P £k ,

Transferred NC membrane

37°C#£47 1 mmol/L IPTG % %, % SDS-PAGE 4}
MW, IPTG 5% T 4 T4y 43 ku 14
IR, X5 T AtQD26 41 i & 3%,
T AER FER AR AT e B Rk . AR ==
1k, CaM(Bio-CaM) } ¥S-CaM 4 5% 7 5 1 4 3E4T
THEGRN, 2REY, FFREAEOTEA Ca¥ 4
fF 5 CaM &5 4, RIA— 40 W1 2 a4k,

7t 1 mmol/L EGTA f7 754 T A Bk M 45 &

(H 4).
(b)

Positive control

Negative control

AD-At3g16490
BD-CaM

AD-At3g16490
BD-CaM
Fig. 3 AtIQD26 interacted with ACaM2 in vivo

by yeast two-hybrid system
(a) Growth on QDO medium. (b) X-Gal assay.

Transferred NC membrane overlay by

stained by Amino-Black Bio-CaM+Avidin-HRP Avidin-HRP ¥S-CaM
+Ca? +EGTA +Ca* +Ca* +EGTA

ku - + -+ -+ - + - + IPTG
97.4 st
66.2
43.0 - — = W AtIQD26
31.0 s
201 m—- Ny T «—Nonspecific band
14.4

1 2 3 4 5 6

7

8 9 10 11 12 I3

Fig. 4 Recombinant AtIQD26 interacted with CaM in vitro by CaM overlay

2.4 AtIQD26 By £ B E L

9 T WS AUQD26 119V 4i i 5 47, FeAiTH 3%
8,5 Y 5 M (yellow fluorescent protein, YFP) i g 4l
HEE, % T pCAMBIA1300:35S::41/QD26-YFP
SRR 35S YFP IRUTCRIE Bk, £ ad Ik B

PESURIER. BRI 5O BB ¢ Bk
DI AA, [N R 4l AR 57 9 Gkl DAPI %
o, SERR], AR YFP 755U 41 A% AL I
FIBEWI &, RAE N AT A R 3R (] 5).

XFE 45 R 5% ATQD26 H 1 8 7 N (¥ £ ) 4
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KA 8 RIEAR— 5, £ AUQD26 7 fE 2 Ik
IR, B A A A A% B AN PRI

Bright field

YFP DAPI
.__'- i "zl..

Fig. 5 The subcellular location of AtIQD26 in root
of 35S::10D26-YFP transgenic Arabidopsis line
Bar = 10 pm

2.5 AtIQD26 RULRLA R IAE %
FH B- %1 %5 Bl 17 B3 (B-glucuronidase, GUS) K
WA FEN, K AQD26 1) )5 8) 7 5 cDNA 5 GUS

Fey S il R DR R0 0 W P UE B R 5 . R
F GUS 4L 22 Yo 73 T AtIQD26 2Ll Kk, &5
BRW: FIH AQD26::GUS [46E AR RRAE h b
BHN, P ORI b2 Bk ge . MR
FE, 6. fe2z. ekl AESRSEAATIN 2] T B 2 1)
GUS #£ik, UiW] AtIQD26 7 iX L& ¥ £ vh 45 £ ik
(Kl 6a). FIH AtlQD26::cDNA-GUS [#) 4l & 1A fH bk
VERMEHI,  AtIQD26 11 A B ik 5 i m H
By, (ABEE B X Em R, B B i
EHRMEREARPE TR, U FEe2K NG
AtIQD26 IEAALAEM AR, MK FIL T, AR
(1) 23 2 SRy BT AR A A (AR v 0 i 41 21) HLAH
MRS, AT AAEACAE B AL (R BR) A 2] T GUS
1R IA (K 6b).

Fig. 6 Spatiotemporal expression of AtIQD26 gene by GUS histochemical staining
(a) AtIQD26::GUS transgenic lines. /: Seedling; 2, 5, 6: Leaf; 3: Flower; 4: Silique; 7: Primary root; §&: Lateral root. (b) At/QD26:: cDNA-GUS

transgenic lines. /: Seedling; 2, 3: Leaf; 4:Root; 35, 6: Flower. Bar = 1 cm
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Isolation and Characterization of Calmodulin-binding
Protein AtIQD26 in Arabidopsis thaliana

WEI Hui-Yan'?, GUO Zhen-Qing"", WANG Zhen-Jie", LI Zhao-Wei"", WANG Zhi-Juan", CUI Su-Juan"™"
(" Institute of Molecular Cell Biology, College of Life Science, Hebei Normal University, Shijiazhuang 050016, China;
? Department of Physics, Chemistry and Biology, Jiaozuo Teachers College, Jiaozuo 454000, China)

Abstract Calmodulin (CaM) is a ubiquitous, multifunctional calcium (Ca?") sensor that exists in all eukaryotes .
Calmodulin-binding proteins (CaMBPs) play important roles in various signal pathway of calmodulin. The finding
of new CaMBPs will be useful for illustrating mechanism of CaM implicating in plant growth and development.
Yeast two-hybrid system is an effective method for studying protein-protein interactions in vivo. In the study of
plant signal transduction, many important signal transduction molecules were obtained by this system. Here,
Arabidopsis flower were used as the material. The Yeast two-hybrid library of Arabidopsis flower was constructed
by co-transforming yeast strain AH109 with ds cDNA, pGADT,-rec and pGBKT,-ACaM2. A positive clone was
identified. DNA sequencing and analysis indicated that this cDNA clone encodes calmodulin-binding protein
AtIQD26. The AtIQD26 protein contains a plant-specific domain of 67 conserved amino acid residues, referred to
as the 1Q67 domain(IQD), which is characterized by a unique and repetitive arrangement of three different CaM
recruitment motifs, known as the IQ, 1-5-10, and 1-8-14 motifs. Yeast two-hybrid analysis and gel overlay
experiments demonstrated that AtIQD26 interacted with CaM both in the presence or absence of Ca*. A striking
feature of AtIQD26 is the high isoelectric point (~10.6) and frequency of serine residues (—~10%). To uncover
potential roles for AtIQD26, a series of expression vectors were constructed about it, and the relative transgenic
works were finished. Using these transgenic lines, the tissue expression and the subcellular localization of
AtIQD26 were studied. Fusion GFP reporter showed that AtIQD26 was located at the nucleus and near cytoplasm
membrane. GUS histochemical assay showed that AtIQD26 had characteristic of universal tissue expression,
especially in the renascent tissue. Interaction of AtIQD26 with CaM and the presence of predicted CaM binding
sites in it suggest that AtIQD26 is a new member of CaM targets. The basic isoelectric point and its potential
nuclear localization suggest that AtIQD26 links Ca®" signaling pathways to the regulation of gene expression.
Expression similarity indicates that AtIQD26 combined with CaM to regulate plant development and growth.

Key words calmodulin-binding proteins, yeast two-hybrid system, Arabidopsis, gel overlay, tissue-specific

expression, subcellular localization
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