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Abstract ; Calmodulins (CaMs) are highly conserved Ca’* sensor proteins and play important regulatory role in
Ca’" signal transduction. In the present study,we analyzed the expression patterns of AmCaMI in Ammopiptanthus
mongolicus ,a plant with very strong resistance to adverse abiotic stresses. We then cloned this gene and constructed
its plant expression vector. We also transformed Arabidopsis thaliana with AmCaMI and performed a preliminary a-
nalysis of its function. The results showed that the transcription levels of AmCaMI were rapidly up-regulated by
cold , drought and salt stresses. The complete coding region ¢cDNA of AmCaM]1 contained 450 base pairs and encoded
a protein consisting of 149 amino acid residues. Four conserved EF-hand motifs existed in the primary structure of
AmCaM1 protein. The transgenic Arabidopsis lines of AmCaM1 showed enhanced tolerance to water stress but had no
obvious change in salt and cold tolerances during their seed germination.
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BRI, v a] h— B EAT A JR P A9 MR DX AR IE
AR & A 2 DA A G’ [ EF - TR
J, 245 Ca® " 456 5 HA B AR AR A o S # A  45
B, PEMTSURE HTG 1 P4 B 2 5 09 A BEAE AR
WO, CaMs MBEER FIFN S 20 45 8 U 5
WERR N | B 7l s s 8 A A, s A T
ol REIH P RRE T ZAHLHZ S 5P
A2 Ny = IBUE RS

HH% T CaMs HIBFFE 2 DL T4 I KR LR
SLFMAR AL S FEA S AR MR A ), T 7E AR AR 20
Ui A ) b A B, 7D A& (Ammopiptanthus
mongolicus ) S5 A TN S FI T A EPELA X
Tty ME— A0 2R EAR , el T A XA 2
FE(FARIRE T35 -30 CLAT) , HFRKIRAD A
T VAT TESAL I T AR SR A T FE ML 545
U, RIS ) 00 M B BRI 42 0 30
PRS- RE T AT R AR ) 43 85 0 5 7 P i
HHIOCHE D] i 8 TR 22 (EL LRI i R DL 215 T
CaM MWFIEHE . A< PR ZH 117 403 2o 4 it V0 4 9
RIAN T S0 4 K cDNA SCPEP 378 T —4
it CaM 2 114K cDNA JF 4, i N AmCaM1
AW SR 2 AL R FEAT T 2R3K 3B eDNA b i K H:
FIE PR T HU I W) A0 S |, TR A2 BT Ho D g
FWEHIFLBEZEE T HLA

1 #MR5FE

1.1 REw#

1.1.1 #EYHRERF DEAEFEANZE A
IR DCE B LR T R B ROl SR B A 5 AR R AR AT B
GV3101 FIfE Y F ik # & pCAMBIA3301 ( p3301) H
AN S =S A ; Escherichia coli TOP10 BRZEWHE
E¥)/5 7l RQ1 RNase-Free DNase \M-MLV 356 %% 53¢ fifg
1 T4 DNA & £ B W9 F Promega 72 7 ; Taq i}
pMD19-T ZEARFIFR HIAFIA [ Takara 2 5 Bk DNA
PRGN S B BR BB S DNA [N & [ K
M2y H] ;BT B ( PPT, phosphinothricin ) 1 5 H 7 BY
EE I E2TY 7 SRy A

1.1.2 SI#ME%  AmCaMl .5 -GAAAGATCTA-
AGAAAAGAGCGATTAC-3' (il Bgl 11 i Y14 i) Al
5"-CATGGTCACCTTGGTGGACATGTTGTG-3' ( /il BstE
1A L1457 45) 3 AmACTIN ; 5'-TGTTTCCGGGTATTGCT-
GAC-3"F1 5'-ACCCAGAGCCATCAAATAAG-3" ; AtAC-
TIN ;5'-TGTTCCAGCCCTCGTTTGTG-3'#15'-TGGAC-
CTGCCTCATCATACTCG-3' .

- S 16 %
1.2 REHE
1.2.1 bESHMEAE  HelE g ok,

RUHVb R e b & B — 2k 1 R e AT IR
(4~ -6 CHLEERFI) . T 5 (25 C BT ) Fig
££ (300 mmol/L NaCl %W GE4 1 ) Ab 3, 73 5 7 Ab
FRAT(O h, fEXTHR) FANALEESS 1 h .3 h 8 h f124 h HL
Y, AWM AEB IS IRAFET -76 C,

1.2.2 EERESH HF & RT-PCR ik,
FIFHECHE Y Trizol V4@ BUZRAEFE 5 (19 6L RNA JFH]
RQ1 RNase-Free DNase i#f 17 2lifk., LA 2 i 3 K 24
DNA 754 SR 5 FH F KRN 8 A0 40 606 B 5 4G
Hooesert e KA s, BAALAY A RNA 1.5 pg
YERIHR , Fl M-MLV 35 Sl 5 8 cDNA 55 —4k, DA
AT AmACTIN VNN S HE] WA [FIFE S Y cDNA
Bib AT —1k, 2RI 34 —1kiY cDNA ik Fil
AmCaM1 ¥ SEVES Y HEAT PCR V18, VAR R &
10 x PCR ZEM& 1.5 pL,dNTP(2. 5 mmol/L)1.2 pL,
FFRWSI 4 0.3 pL (10 pmol/L) , ¢cDNA #i4R
3 pg,rTaq M (5 U/pL)0. 15 pL, A ddH,0 #b 2
2 HRFI15 wL, PCR ¥ HEFEF 4 94 °C 3 ming
94 °C 30 5,58 °C 30 s,72 C 45 5,28 PMaE#H;
72 C 10 min;4 CHRAT, K3 5 =W 17 305 b
EE LK

1.2.3 EFERESEAFISN FHECHERA
RT-PCR J7, )W W AR & o 5 10 x Ex Taq 2%
2.5 pL,dNTP(2.5 mmol/L)2.0 pL,AmCeMI T
WE5144 0.5 pL(10 pmol/L) ,cDNA #i#z 1.0 pL,
Ex Taq (5 U/pL)0.25 pL,ddH,0 18.25 ulL, Mfk
25 pl, ¥ HFYFEE 1. 2.2, % PCR Pt 7508
WHEERCHLTK , MUk B i 4545 JF 5 pMDI19-T 8R4 4%
BB =W P 5% 4L E. coli TOP10 B2 254008,
FABETE LS PCR ASHIN Ay A 25 6 b st A R IE BR 2 W) )
J¥ . F DNAMAN A0 25 1 43 R0 A5 HL s, H
Clustal-X 1. 83 F GeneDoc B2 P T E A LT L
XF, YIRS 8, FT 2751 XY CaMs ( Gen-
Bank HE SRS ) S BURGIT AtCaM1 (NP_198594) Fil
AtCaM3 ( AEE79567 ) ; 7K % OsCaml-1; K & GmCaM1
(AAA34013) ; K ZmCaM2 (NP_001105547 ) ; 528 1
i MtCaM ( XP_003624801) ,

1.2.4 #YREHEHE KSH pMDIO-T-Am-
CaM1 FNFIEZRAK p3301 1) E. coli H 5 BEHE B  HEHL
JFki DNA 73310 Bgl IWFN Bstk TEA TR Bk
EERC LUK AN B BB v Be S 8RR IR, AR5 H] T4
DNA H#HpIs 5 I 7% AL E. coli TOP10 BR324
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Y, TR 5 PCR Rl B D) 46 18 AR 15 B 20 %
IREAR P FH R Rl R L AR R A AT TR GV3101
JBEZ AN, 2T PCR KI5 P TR

1.2.5 HERPEFTHRESHEEEE KHE
ARG R A BRI, Fr g i A O 4 8 il a5
PFT AL TR, P AE X b AT e Al B e A
PRIEA WCF AR 1S T, Fh 7, 4 T, 7EE SR i 5: 3
Jil 11 0. 5%ol?) PPT W B R M55 1 I, B 4EmE 3 d,
BUEI AR A 4l ] SDS 12 $2 BUHE (K £ DNA 4T
PCR Kl REA I 2 H 5L PR 45t BOAE AR SRR R
PAG T, Fh . ¥ T, SALES 6.5 mg/L PPT (1 1/2
MS FEIfREFEEE B3R 12 d, NSRS TR 38 30 1
IR RIEL G A B TR ab e 52, WNBAHRR
BRI RNA I #E174li4, SR J5 5% s A eD-
NA, LMUIRIIT AtACTIN VE NS IE N 78 i RT-
PCR A5l (] 1.2.2) . % AmCaMI 3585 bk
REFHT, , 4 T, 5 RS T, RFERY PPT fifiskhy 77 3%
I SR MAEAR B T A AR WT i
FEFFHII NaC1(100 125 1150 mmol/L) 5% H #5H% (250
300 F1375 mmol/L) i) 1/2 MS EIAREFHE | 484 C
FL3 dJ5HE T 22 C AR 16 h JEHEAIS h K51
TSR BB T S AE 172 MS AR IR B &
4 CHFA3 dJ5HE T 8 C K 16 h JEHAFI 8 h &K
4T 1553 (7EBD-PRX-1000A {KIEDGIREE 46 ) |
NI T8 & (LARRAR A H R bm o) Angly i A ok
B, RRUR PR 20 20 k7 IR B /D EL 3 K, P
T K AN AR A LA 3 A A S 24 B D s o 22
(SD) FrR , 25 57 10 25 I 3642 R SAS FC v 1 2L A
F student’s -5 74T,

2 FHRE5HMH

2.1 AmCaMl TEAEMME L IE THIRIETZN
D4 i A TR T S alcER Mhan b 3 43
FIAEALFRT (0 h) A B 5 A [R] B (] s BORE , S B
ARNA JFgkfralifh, Bralifb iy RNA gE47 e Bkt
FEHAEA R KSR AN B OD fA, 25 5L H: 28S Hl
18S rRNA 2% 47 1 W B 5% JC Hi 2, 0D,/ 0Dy, £
1.95 ~2.19 .0D,,,/OD,,, £ 2. 01 ~2.28 Z[a], W
FTHR A RNA (58 3R R4l 440 B B RNA 3
B L cDNA SB—5E , LIV AT AmACTIN 1E N
SN | 2 E & RT-PCR 73581 AmCaM1 7R
[F e A RS i SRk ABMk . 25 R R W 78 1E# 45AF
F(0 h) AmCaM1 F5 55 KR Fefli 235 | 7R MK
FEAER AL B 1 h 5 H Rk Y I W 7E

AP 3 h i, HERGA AR T R e R A BT i
TEAGIHR AN S ER 8 T A BRI FEAL I 8 h J5, HR
INEET S8 T B ARANAR | 1 26 AR A £ i aa
N XA B FEAL B 24 b S, SIS R IR, Am-
CaM1 Wik 34 1% B3 X BEACE (K 1)

0 h 1 h 3h 8 h 24 h

AmCaM1

= = == == <=

AmCaM1
TR

AmACTIN
AmCaM1

AmACTIN

[N

E1 AmCaMl 7ERE, TEMEPE THRETHER
Fig. 1 Expression patterns of AmCaMI under cold,

drought and salt stresses

2.2 AmCaM| WRESE B &SN

PIVPATE cDNA FERAR, Fl AmCaM 1 4t X 4§
SPES| Y Ut 4T PCR ¥4, 159 3 — 4 5 #i 19) K /D
(505 bp) FHITHY B (B 2) . #ix v Bl ot 5
pMD19-T #AK &Sz SR AL E. coli, Z2 TR T4 PCR £
DUARAS T BHPE v e, K BH M vd BRI ), SIE B T 9 34
W Bl AmCaM1 451X ¢cDNA H /¥ %1 1E 7,
450 bp AL, it 5 149 AN IEIRRFE MR, o
TN 16. 85 kD, S5EHL S A 4. 12,

1 M

1:AmCaM1 () RT-PCR F=4J ;M ; Trans 2K plus DNA Marker
1: RT-PCR product of AmCaM1 ,M: Trans 2K plus DNA Marker
2 AmCaMI1 §J RT-PCR 18 E i
Fig.2 Amplification pattern of AmCaM1
by RT-PCR approach

B AmCaM1 S5HIRIFA/KFEERE YT 6 1~ CaM
HEFTZ2 P et R I A AT s Se B T A Y 4 4>
EF - TARISLY 7E54 EF - TRILFEh RS Ca®*
551 6 MR SFE LR AR H AL S X B R — B (M-
CAM 7E55 1 A~ EF - FRUSLP g — NI 5 Al
FEEARR) (E 3), % AmCaM1 H £ B2 filfg 16
Ca’ " 5 S HIZEBERT, LAl AmCaM1 51X 2825 &
FEIR AN —BE =58 97% ~99% .,
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16 %

AmCAM1
AtCcaMl
AtCaM3
MtCaM
GmCaMl
OgCaml-1
ZmCaMz

IDFPEFLNLMAR XDT N g0
GTIDFPEFLN : g0
IDFPEF LNLM/ : g0
GTIDFPEFLN : 80

AmCAM1
AtCaMl
AtCaM3
MtCalM

GmCaMl
OsCaml-1 :
ZmCaMz

)SEEELKEAFRV
SEEELKEAF
EEELKEAF
SEEELKE/
JSEEELEEAF
ISEEELFEHF

AHTR] 19 S BE MR AR FE ) B FROR AR SRR AR I T R (3R
AT IR = MR R Ca** -

IILI-vEl' LTDEEVBEMIREA
NLG E}LTDEE DEHIREH

;149
: 149
: 149
: 149
: 149
g : 149

T T SRR 2R 5 6R 4 A EF — T RISE T A fe (190
- G A RSP S R iR

Identical residues are highlighted in black ,and similar residues are highlighted in grey. Locations of the four predircted EF-hands are denoted in black

lines above the sequences,and the conserved residues involved in Ca®* -binding are shown in closed triangles under the sequences

B3 AmCaM! 5EMEH CaM EHHIZ 5 LL XS
Fig.3 Sequence alignment of AmCaM1 with other known CaM proteins

2.3 AmCaM| EHRIZBIEHBE

h Tl R A S5 E AmCaM1 WY I RE B
HAIHIX cDNA Fr Bt S5 Y5 804K p3301 & i
e (th CaMV35S Jash Faksh ) , SR 551k E. coli, 4
P4 PCR I A A5 BH PR T R, DA BH 4 e B v 412 B
ki DNA #EATREGY) %8 15 8 5 R/ h— 30 4%
(K 4) B B B3 R B s o i dE 3] p3301
AR b HoAr 4 4 p3301-35S-AmCaM1, B % &
HEAREEAL AR FTE GV3101, 204 7% PCR K 3545
T B TRE i — 2D AR AR T R TR

M 1

10000 bp

750 bp
500 bp

M:D15000 +2000 DNA Marker;1 ; JFokifgH) =9y
M:D15000 +2000 DNA Marker, 1 : Enzyme-digested product of the plasmid
B4 AmCaMI TR FrhiEeY] & E Bk

Fig. 4 Restriction analysis of AmCaM]1 expression vector

2.4 AmCaMl1 BEERETHRE 'ﬁé:\%k’*,lﬂll
FHARKFF A T 3 5 AL W AR R RS 9T (WT) L, 4
BT, Tl R HARER G S FHBR R PPT | Jﬁ?ﬁ,ﬁ
F) 18 FRPUHEAERE . K 10 BR A& WT $REUE H 41
DNA, H AmCaM1 F¢ 57519 64T PCR ¥ 34, 45 2%
A9 BRI E] B i 455, TS B WT A A I 2 AT fa]
gty , A H AL B B E 28 A 2 g IR 6 41
i, R TG AmCaMl 25775 R OF b 3
ik 1E T2 B RT - PCR JF ikt Ho 5 Mk &R

(C2.C3.C4.C5F1 C8, Hggt i M T H:fﬁJi’Ji%J_
S1) HEAT T 43T, A AR AR I B B Y H R 4

1M WT JCAEf 25445 (K 5) , Z W AmCaM1 163X ﬁb*ﬁk
F P R KR R

C2 C3 C4 C5 C8 WT

AmCaM1

D T

(2.C3.C4 . C5 Fl C8: T, R F ; W ARFL A X i
C2,C3,C4,C5 and C8: T, transgenic lines, WT:
5 T,%&™ AmCaMi HIEEE

Fig. 5 Detection of AmCaM]1 expression in T,

Untransformed control

RT-PCR #l

transgenic lines by RT-PCR approach

2.5 AmCaMl BEEAPETHFEHLEE
B BENRR R €3 .C4 . C5 1 C8 Y T, i1k &
WT EAPTE 172 MS Fl 12 MS B IAS [6] e B2 NaCl
ﬁﬁ%@?ﬂ@iﬁ?ﬁgi WLEE AT 1 ke Fgh i A R
W GEERTE 1/2 MS Bi3R3k b R SEAR R WT
IEHF W A A e T I 22 5 (] 6A) s 7E 2
%ﬂlﬂ%;ﬂiﬁ%gﬁﬁ?ﬁ FhF-H e & Al i AR K 3852 )
PO, (EAE BRI NaCl (35 3 56 TG JL R R 2 WT
SN AR E T S 22 51 T AE BRI 300 mmol/ L Al
375 mmol/L HE&EENREFRHL I 4 AL LR R 240
AT T WT(JK 6B Fl C), 1ERFRH 4 KRG
T4 AL RR 2 AE RN 300 mmol/L A1 375 mmol/L
HERRER 77 5L R & 0 TE 75.0% ~ 82.3%
F143.2% ~55.9% Z[6), 310 79. 7% #1 50. 7% ,
M WT 43054 61. 1% 1 19. 4% , 25532453 01, %
HEEERRE WT ZRIMESASIEE L, EiHEA
957 K, 4 DNV REX 2 %ﬂlﬂin?%ﬁtiﬂﬁ
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MWK HAE6.1 ~6.7 mm 1.8 ~2.3 mm Z[H],F
¥IN 6.4 mm A2, 1 mm, i WT ARKATHH4 4. 4 mm
12 mm, R RS WT Z R 2 7 0H ST
FREL(ET) , R R T A K AR SR R A
PRTF WT(E 6 B), LA, IBTES CAM T LI T 4%
FRERRE WT R 3 G0, R & IA U] 22
5o IXEELE R R AmCaM] V] L)L A R
FEAEA 1 AR 7K 3 Folb 30 (R TP T %o JE i
it ¥4 1 G BH A

A:1/2 MS H37%E;B:1/2 MS + 300 mmol/L H 55l 45 55 5t
C:1/2 MS + 375 mmol/L HEEREH IR AL ; D A RBPRHE RS I 5 L1
i, C3,C4.C5 HI C8 Jg e B MR R, WT Dy B A XS IR, 3l
22 CHIRH T R(A) 6 K(BHC)AM

A: 1/2 MS medium,B; 1/2 MS + 300 mmol/L mannitol medium,
C: 1/2 MS + 375 mmol/L mannitol medium, D Distribution of the trans-
genic lines on media,C3,C4,CS and C8 stand for four independent trans-
genic lines respectively, WT stands for wild-type. The photographs were
taken on the seventh( A) or fifth day(B and C) after germinating at 22 C
6 AmCaMl BERE KR FEMINHFE2
BREFRBERER
Fig. 6 Germination of the seeds from AmCaMI -

transgenic lines on the media supplemented with mannitol

[y}
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OWT HEC3 BC4 @C5 OC8
100 - z

¥ ox
*

o
(=]
T

HE gk

=)
(=}
T

A

3]
(=}
T

T

% % (%)Germination rate
N
(=}
T

1/2MS+300
HEREAL I (mmol/L)

Mannitol treatment

(=}

1/2MS 1/2MS+375

3 it

3T DR (1) 2 8 AR T DRGH AR IO R ) ) A
B ARAE B xR ST RUK RS AR CaM FR Y
WFSE, AT Lk T 5 AR TR 42 s 55 2 Fi
AW S MHE ¥ S — 2 CaM SEH 1Y R
K BE R S ) T e AR B RE, Qe
P IFIE A A 7 A CaM FEH , Hirh AiCaM3 2
PPOFE T I ITAT 5 e  A T A ol G B A
FHUBLAEKREI 5 A OsCam B, OsCaml -1 %
5% i W aa A e f i s A KK Gm-
CaM4 W] HERSHUHE RN ERPE T 0 AT B R A3
Prii M V> & F b o BB — A CaM A
(AmCaM1) , gt H 5 HAWAE Y C AR CaMs
FPol—BbE Rk 97% VL b IR & 4 NMRSFI EF -
FRILFAE NS Ca G54 R PR IE MR,
FWIHE 2 CaM ZE0RAT (1 DI 8 (1 43 F 45 # B il
FH2E € # RT-PCR J ik i A7 KB o, KB Am-
CaM1 [5G K- AEARIR T 5 A3 a8 F 34 ms
U B e A S ) A L SRR AE T S
TR YRSETE AR 2R R AR R i E T
W 2 BREAR - T — BRI AR (B 1), Xk
W] AmCaM1 AJ g2 V0435 i AR T 52 A ER i aa
(B9 5 AR L —A T Z Y 414, (L AE A [A]
R TRMER AT REfAE S i — il 3L
PR ITHEAT DRI AIE , AR HULAEHEHT K 43 e o
—EVEF TR 52 AR AN ER W aa v JE B A

VAR S THIY CaMs HOAE FIHLEE E B s B 2
WFFEHE R 4 38 1 Ak CaMs LA Ca® " 4R34

10 OWT EC3 BC4 @CS OCS
= 9r
0 8-
57+
3 6
£ 4r
E 3t —
oo ke
L 5
0 | < { I k L
1/2MS+300 1/2MS+375
HEREAL L (mmol/L)

Mannitol treatment

FIA BBUE A £ ARE2E (n=3) 5 " AL 435 FORAE P <0.05 Il P <0.01 /KF EAEIEIBR RS WT (928 57 5 1

All the values are mean +SD (n=3) * and **

represent significant difference between the trandgenic lines and

WT in the level of P <0.05 and P <0. 01, respectively
7 AmCaM1 BEFERREM M REIEFE LN FRHLEMIRK
Fig.7 Seed germination percentages and root lengths of the AmCaM1-

transgenic lines on the media supplemented with mannitol
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X5 2R 45 G T S0 s v, 808 LB #E R
()4 14 77 2CPPE AR DG Jk R i e 3k, AT T2 2 S 4
Yy e A AR R B R Bl R T
AtCaM3 38 L I 15 AR S5 TR 7 B 3% 1 A A B
(1 32K T X 0 AP RS TE IR 1 /R 215 K G-
CaM4 38 325 9 PR ( pathogenesis related ) 3 K 1))
IRFISRAR 15 B I 1 SR BT 1 , 38 PTG 3o 9
B SR PR 7~ Miyb2 f189 396 A T 8 5 56 17 2257 6 A ) 2 5 1
Mif$h ks WIRE T AcCaM7 FIAE R SR T BLA% -
PO S A5 A R0k, R TR Y 4l i RO RS
SR s B AR GhCaM7 SEREHE NG PE4 (ROS) B4
IR SRR EF A 7 5 — 28 CaMs 3 W] 38 48 174
TSR R 5 A KRS SR ok A )
[ 2E K K B a6 B B AR SR B Y
AmCaM1 W] REE S AR B HALAE 7 XS 55
BEDRHUN R TR 7K 23 iy 0 8 107 225 B B, AL H: B AR A
BILBE 1 o5 308 AR DGR A TR A T

S Z 3K
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