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Effects of calcium on content of calmodulin, activity of Ca’"-ATPase and
their gene expressions in apple ( Malus pumila Mill. ) fruits

SUN Jing-wen, ZHOU Wei* , LIANG Guo-qing, WANG Xiu-bin
(Institute of Agricultural Resource and Regional Planning, CAAS/Ministry of
Agriculture Key Laboratory of Crop Nutrition and Fertilization, Beijing 100081, China)

Abstract; Effects of calcium on calmodulin (CaM) content, Ca’*—ATPase activity and their gene expressions in
apple (Malus pumila) fruits were investigated under the hydroponic condition with 0,1,10 mmel/T. CaCl, and 5
mmol/L EGTA. CaM and Ca’* -ATPase gene were isolated by homologous cloning and their expression patterns
were analyzed by real-time PCR. Addition of 10 mmol/L CaCl, to the culture solutions with 12 h exposure signifi-
cantly increased soluble Ca’* and CaM contents in apple fruits. With the CaM content increasing, plasma and tono-
plast membrane Ca’*—ATPase activities were enhanced after 12 and 24 h Ca exposure respectively, resulting in the

* content after 48 h Ca exposure. In molecular level, the abundances of CaM and Ca’*

decrease in the soluble Ca’
—ATPase genes were up-regulated after 6 h and 12 h Ca exposure, respectively, in accordance with change of the
CaM content and plasma membrane Ca’* —ATPase activity. Addition of 5 mmol/L EGTA to the culture solutions in-
duced up-regulated the expression of the CaM gene, however, did not markedly change the expression of the Ca’*
—ATPase gene. It was concluded that external calcium might increase soluble Ca’* and CaM contents and the ex-
pression of the CaM gene to stimulate an intracellular Ca**/calmodulin signaling system. Plasma and tonoplast

membrane Ca’*—ATPase are of major physiological importance to expel Ca>* from eukaryotic cells and to maintain
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overall Ca®" homoeostasis by enhancing their activities and gene expression.

Key words: calcium; calmodulin; Ca’*—ATPase; gene expression; real-time PCR; apple
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1.2.2 SEEH(CaM) MiliE  SIRF % g
BRI o vk o FRER RAENN 1 g, LA 152 (gimL) fiI
AT R BOR VKT , 1R BB 445 : 50 mmol/L
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mmol/L DTT,10% §H #il1,0. 5 mmol/L Z B L5 B
MIEREHEL—IK, TR NER K, 2 mL &
W] FReE -80°C A, SRIERRLIA)S B L iE W
80000 x g 4°C Y2 B 4> 30 min, YTLIE A EHF, JH 2
mL BIF 1 B SG/N O E 0% ~ 10% ~ 22% ~
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1.3.2  CaM Fi Ca’* -ATPase 2N 3\ 15t M vk
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PAE BURER cDNA SN, 4 5 R JF 51 4
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~Down BiXf #E1F PCR ¥, 7if& CaM I Ca’* -AT-
Pase 2[R, 3% A Bio-Rad /A ] #) MyCycler %I PCR
1Y, PCR [Z % &&ft: 94°C 5 min; 94°C 30 s,55°C 30
s,72°C 60 s, fE5# 30 ¥k; 72°C 10 min,
1.3.3  CaM i Ca’*-ATPase F[H [ LB 98 Y6 8 B
ST RIBTEEBIMIER CaM T Ca®* -ATPase 3k
K3, i PerlPrimier A5 9EO0E R 519 (3R
1), ¥ H TAKARA 7\ %) B Perfect Real-time 32 77)
4 (4% SYBR Green I 725634 8}) , fifi F§ Bio-Rad 24
A B 1Q5 SEmf 5Ot € & PCR AUHITY 15, A TR
TE R 25 F— 3, % 45 PCR (R R i 5 I 3L R 414
ARG W, RIGMAZREA I, MR .
1%, £ & PCR TN 95C HE 3
min,95°C 254 30 5,60°CiB A 30 s, 72CHEH 30 s,
40 NMEFF . DIFFRER Aciin HNSER (5197
FIWFE1),10 pmol /L FTFIFF ¥4 1 wL, Real-
time PCR 58 BT , St 11" PCR 3T 5% I AH B 51 By %
RIAER ) SQ {H ( Starting Quantity ) . AHR#AR T,
FAY 8% BAREE A 1Y SQ {HBR LAY 18 Actin FE K 1) SQ
1,75 3 H b B AR X A b 3 h RB W AEX £ B,
M HE A B 2 DR A s A 3 o 3R 3K AR
FE,

IR R A SPSS11. 5 4% 1 40 B I8 E 4T
T ENTMZE K,

*1 EERERIHRLESE PCREANSY

Table 1 Primers for gene clone and real-time PCR

HH Gene 2|45 Primer sequence
F TS |4 Primers for gene clone
CaM -Up 5'-ATG GC(C\G) GA(C\T) CA(G\A) CT(T\C) AC(A\C\T) GACGA -3’
CaM-Down  5'-TCA CTT (T\G\C\A) GCC ATC AT(A\G\C) A(C\T)(C\T) TT-3'
CAP -Up 5'-AACA(A\T) (A\T) (A\T\G) (A\C) (A\T\C) AC(A\T\C) GC( A\T\G) (A\G) AGGC -3’
CAP-Down  5'-ACTAT(A\T\G\C)GT(G\A) (G\C) (A\T) GAA(G\A)TT(G\A) TCATC -3’

LRt F Y6 E £ PCR 8]#) Primers for Real-time PCR

CaM -F 5'-AGTCTCTTTGACAAGGACGGC -3’
CaM -R 5'-GGTTCCATTACCATCAGCATCA -3’
CAP-F 5'-TCCTCACCTTTAGACAAGCAGG -3’
CAP-R 5'-TTACATTCGCTCCATCACCA -3’
Actin-F 5'-TCACAGCAGACTCAGGGATACC -3’
Actin-R 5'-GGAATCCAGCACGATACCAG -3’
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PEECRI, B GRS AL ) SRS TR Ca®t &
2 REAR , 7 ELFEE b 2 B8] 1) $E K T 2 0 T R
(Fla),

HX M (Ca0) ML, M54 (Ca 10)12 h
JRMERRL CaM FEBEH N, RIGLE(Cal)
24 hJE 3R RS CaM 5 BB E A ngh 4k
48 h J5 R CaM FEIT IR T HE. TEBREGAEHET,
ALH 6 h JESERR S CaM &R WE RN, A0 12
h )5 CaM & BIAENRAG, Z )5 — B 4ER5 B R 7K F
(B 1b),

MCa0 BCa1 Ocal1o OEGTA

wn
(=]
1

a

CaM content
BREASE (ng/g, TW)

6 12 24 48

B {A] (h) Time

1 AESLEMERELAHME Ca* 1 CaM SRHFIN
Fig.1 Effects of Ca treatment on soluble Ca**and CaM contents of apple fruits
[ (Note) : # EAFFZRFRRZERIE 5% 8. E K Different letters above the bars mean significant at 5% level. ]
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BT RE, FF PR ] B IER B TR (B 2a)

FESESRM P A AL T 12 by, SR SR ST R MR
Ca’" —ATPase {GPESAH B E 1L ; INH54LHE 24h )5,
TR SR, I B 2 5 BE PR3 A0 LA % A B TR
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Fig.2 Effects of Ca treatment on Ca’**-ATPase activities in plasma membrane and tonoplast membrane of apple fruits
[#E(Note) ; ¥ EAEFEFERRZERFIE 5% B E K Different letters above the bars mean significant at 5% level. |
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2.3 FERES CaM 1 Ca’*-ATPase EE N5 =

2.3.1 SRR CaM EFHTERE DA Adaptor-dT
FT1 ), LA ESR IR SE BT SR BCRY G RNA SRR #5417
FEE R S —4#E cDNA, DLt ¢DNA ShE 4R, A
CaM FEPR B —Xt & 351 ¥ #6417 PCR 471, 3815 450

1 25 50
125

Query Seq. w
Ca’* binding sﬁe“‘ ‘ “‘ ‘ Ca®* binding sne

EFh EFh
EFh super famlly EFh super famﬂy

Specific hits
Super families

Multi-domains

bp BAFE P51, RAYE B %Ik (NCBLTEL
iR % #% Protein BLAST, http: //blast. ncbi. nlm. nih.
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AL (B 3), UL BT e R i B R R R
CaM 2 , 3+9E GenBank 1 -5 HM369505) .,
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53 ¥R CaM EFMIHEELEHIE
Fig.3 Functional domain of CaM gene of apples by bioinformatics analysis
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1 25 50
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Fig.4 Functional domain of Ca’
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5a) ,iX G RRE CaM § BZER A —F (K
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FIESALTE 12 h J5 SR Ca’ -ATPase 2R IR
R R EW I, WRE5ALHE 48 h J§ Ca’* -ATPase 3

*—ATPase gene of apples by bioinformatics analysis
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3 SR S T DL SRR ST AR, 4R
MG NAA, T 35 4 75 SR S0 T, IR 508 e
RRRD M GBI R R, R R
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FARBHE AT, AT R B, 3R SR
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Relative expression of Ca**-4TPase

Ca* -ATPase gene R FXT REE

A 7E] (h) Time

5 FEFHETERRE CaM 1 Ca’* -ATPase EE KR IEHHE
Fig.5 Expression patterns of CaM and Ca’*-ATPase genes of apples in different Ca treatments by real-time PCR
[ (Note) : # EAFFZRFRRZERIE 5% 8. E K Different letters above the bars mean significant at 5% level. ]

I IE] P9 B 3 AT Ca® " S B BRI, 3R AT LA
FEHEIN CaM & &, HFE TR MALE 12 h 53
(B lab) o HESE T RAMGREME, 7T LK R
PR SRR E S, Kim Z°500E
TR, CaM 5 Ca’* 454, i) B 50 . 2 A%
MRALEE PR H T4 5 O FRBER FKF, T L
BB R SE TR SR I E Rk . XHLTT LA
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e RIR AL , Al HE 5 M A 0 AR B PL IR . A
W FE ), PR R L RES AL (RIA S mmol /L
EGTA) , [FJFETT DAt BRI 52 CaM & & B35 31
(B 1b) . TEREAIRSCRIAE TGS, R R 58
AP CaM & R B E NN R A T Ca™
RBE T, CaM REESHIEAREM Ca’ &5,
MNTTAS BB B8 5 2l & P A 25 7 480 2 1, m 26 A 3
R,

SESRSAN A B Ca® ' B R IRIFR AR YR
BRI, AR FH LR RN EE, TE4ER:
JEBE P Ca®* e BEK V- I, Ca®* — ATPase R EHE
YR, E B Rl LA Ca® £ 3his H 40 fu o iz i 41 g
WA MR Cat W EN T, AR A, R
SEY) R ANEAMT , NG ALFE 12 h JFR Ca®* - ATPase
TEPE R E R AN (& 2a) , WL N CaM 5 £ 5 40 3
12 h e 8 35 B4, 5 AR Al F— 2, 10 B R R
Ca’*—ATPase J5 2 40 A CaM BT 45, Axelsen
F1 Palmgren'® BFFSTIFSL, i 7 Ca® " —ATPase 7E %,
HIRFPFIAR NG &H CaM 256 Xh, R ILREREH ¢
CaM ¥i&, TEABF P, NG AL2E 24 h ¥ IE
Ca®'—ATPase J5 1 @21 N (B 2b) , 5Hapy CaM &
B E R A —20 R G 12 h, R E

Ca’"—ATPase JEEARZ UM A CaM Frif$s, AT HE2
H AR E TR, ABFSEE B, BT R
AL 24 h 5 PEREE TR LR Ca® - ATPase
TR A (B 2a.b) , ST N W] Ca®
SEDE TR, IESE T REA L Ca® - ATPase
FEAFFE RN Ca™ W5 F iR FEEEA,
JRHE Ca®* —ATPase G ML B AR Z MM CaM FiifE#,
{HRTER LB ATAL T , JURE A CaM & 23 0T i
fit Ca®" - ATPase {14 5 T 8.2 T [, RHA ML CaM
FIHEXT it Ca’ " —ATPase T 1 67 P42k 18 7] BEAF
FEHAh N ¥ A #E 3G 4 . Tidow ™' 534 Jly, PMCAs
J: Ca® " —ATPase B — 1 1, 3T 45 & X FE Y
N >, Hf B Ca®" -CaM AR S 553 A 3
I Ca®t —ATPase JEME,

ARFGEFRIA, NEGALFE 6 h SER CaM HFE KR
REPEWICE Sa) , AEAETAKF IS 12 h
CaM A B E SN (& 1b) , & 1 ZIFA—
U] CaM F2 K W] BB AFAE BT 1 08 (B
BIEK ) . H4) Ca’* -ATPase BN R—4%
TR, 0 NI I T RE 2 ACAT LACA2 ACA3 F
EACI %57 Simi 3L 8 F IR Ca® -ATPase
FEH(Z CaM W), FEWAZEHE T N R K A
Ca’*—ATPase B[H (A% CaM J8#:) , AR P, H
MIER B Fi 3] — 4 Ca’* —ATPase 2 M, % E N
WA BRI AL 12 h S Ca® -ATPase 3
(23R 5 B G (&1 Sb) , T X R 7 A B AP
FEAMEE 12 h CaM & B K JiE Ca®' —ATPase J5 1 &
ER i (E 1b FE 2a) , B8 R4 —30, B S
RTEMEN Ca’* —ATPase 3N W] fEJ& T FRIEES Ca’* -
ATPase Z:PH (B 32 CaM 4% ) . AATIER L) F ik
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AR ,SER Ca®' -ATPase JLR R IBBRE A
WEZAL(E 5b) , 54K R Ca® ~ATPase i
MAEAR —BU (B 2a) . HF R Ca® —ATPase
HEAFTE CaM KRB E TR & 685,
H I, 3ER Ca’ ' -ATPase SR IR IKTFFE—BIR
JE AT X AT RE S 1 B Ca® ' —ATPase 3R £k 5 H
EHEA—EHRE,

B2 R AN RS v] DL A A BEOKOF B3R
B AT Ca ' & CaM & &, DL RTET/KF
275 CaM ZF PRI R , ARG I EEH RS ; &
BRI WO I Ca®* —ATPase ZJHTE ML Ca®* S5
it , 300 5 R 0 O IR R W ML Ca® " — ATPase BT P I
CaM M Ca®" -ATPase 3L R ) K B , FERF 40 HE MG
W Ca’' IR KF
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