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Effects of calcium signal system on anti-oxidant
enzymes and membrane lipid peroxidation
of citrus under low temperature
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Huazhong Agricultural University, Wuhan 430070, China )

Abstract: Effects of calcium signal system on anti-oxidant enzymes and membrane lipid peroxidaton of citrus
callus under low temperature were studied. The results showed that exogenous Ca?* (5 mmol/L) could
markedly decrease membrane injury rate and malondialdehyde(MDA) accumulation during low temperature
stress. Moreover, it could raise the content of soluble protein and increase the activity of superoxide dismutase
(SOD)and peroxidase (POD). Exogenous calcium could strengthen the cold-resistant of citrus,compared with
Ca-deficient treatment. But such effects were inhibited by addition of Ca%* chelating agent EGTA or calmodu-
lin antagonist TFP in the culture medium. Taken together the results above,it is suggested that calcium signal
system may be involved in the membrane lipid peroxidation and protective enzyme system of cold-resistant of
citrus under low temperature,
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Ca* 20 4 47 40 B8 Mt — B S5 19 IR K B A1 1
S5 A R BL A AR A, EE Y XY
FEHRMMENFEEEREM. EHRER
SUnfhsh KRB OA HYBE.FE KT A
EO)MB T HHMRA Ca BB TR, &8 HBUE
Ca®* —PMEE Z K45 18 % (Calmodulin,CaM) , &
BAEESES (Ca-CaM E4) , RE R T E O KE
REOBRAEEE, AVHXRERE, HIHN
RO 3 A 4L b (BB BA %5, 1990; Yang %, 2003;
Medvedev, 2005) ,

A YR - EEEBE NG R
M EACRIBEALS . YIRS R B S 1Y
MABE _FEAERBRR(FRME,19962), |
ARIERAGESRES SHBRBEERANT(ED
4,197, ENRABEEFSRERTELHEA
VLR E MR, AR ERARGHARN
B, RENRGAASHAMRHL, R A —
BLEAM A ARES - RIIRPAL  HESI RAHE
BAE A, X & F R BB BUR B4R R (Recio %,
2003) . AR AR BB KR T HBERGAH
AN EATM AR E, FMERITEES £
G MBREATNSNE, BEIMBESEL
AEZFEYHEREMTET HRUAIBKE.

1 M5 T *

1.1 ##

HA R R B R ME T M PO KRBT
EWEFB IR BE (Citrus aurantifolia) MIPLEREK
K1 BEBMNEWHCC. reticulata cv, Guoging No. 1)
P MERMAGHR, BEFTFT MT BiEEHRE
£,110 rpm, 2641 °C, & H L IR AT [E 16 h, Y R
BE 80 pmol/(m?® » s), BHBALEEHR—K. WLk
R7TAERHS - ARAENAGHEEHR
A AL,

1.2 418

(DARFHEE Ca?t b8 R E 0GBt MT-Ca),
5,10, 15 mmol/L A [E ¥ B Ca’* §) MT 55 %,
MT EA#EFFE Ca MK E AN 3 mmol/L. (2)
Ca* fEEMHI AL, 7 MT-Ca 355 2 3
0. 20 mmol/L EGTA (i€ fff MT-Ca + EGTA) #
MT s 3% 35 % 3% B0 0. 20 mmol/L TFP (32 i

MTHTFP)Bfp AL, P EARFE Ca AL B E#
Ba5ET 3 CRARTRRLE 12 I, RE#TT
AEEAELNE.
1L3IBEGERNNE

FZREAKMBERKEREE 2~3 KEFAG
HE, BRFAKS-FRMO0.20 g, 2EZTE
(1998) W75 &, Al DDS-11A e U & B F &
(membrane injure rate, MIR) ,
1.4 £ ELERONE

BHEBLEZEWMEAGAR, BTEFR
H. R 0.50 g 8. A 5 mL 0. 5 mmol/L pH
T.OBMBMB (T INRZIF WL E PVP) Tk
BB ,4 C 10 000X g B> 20 min, FER &
M. BEYBLE (SOD) & 8 0 & , R A8
Mk (NBT) 3% Ul & (ZEA 4,2000a) , KAl NBT ¥
HERSONFTBNBREN —NEEEERN. S8
16 B8 (POD) 75 1 1 W %8 R &1 4 K B a6 0 8 (B
B%,2002), PA7E 470 nm F&4-4p254L 0. 01 fT
FHBEN —ITBEERA. 8B (MDA) KT
EFARRELZR(TBA) L EENE (REH,
1992) , 4> BIMW E 532 nm 1 600 nm & Ab K B 6
FE{H, Ll nmol/g 8 MDA & &. TRHEASE
KA ERAEDHEE G250 W& (44,
2000b) , LA4 I 75 A B (BSA)FERRHER 4% .

UEHBHRMEEE =R, JEHRERTEE
PRI LSD ZEH 8447 .

2 GREAH,

2.1 FEAMRE Ca* R BXEEBETHERGALRE
{5 EEM MDA S EBAIR M

T BRI B 455 T 9 54 N R R B B A
fRE AR RS E BB, ARBERB R, &
Bohn, e S BERE N . 40 B AY BEL 45 S SR 08 i BT DA R Bt
i 12 B 38 X A 3% S F R 1B LN B (R4 AR, 1983)
ME 1A LAE N, ER—WE Ca* BT, P H
FRRBEAGAA L EREBNER 1 SEGEXR
Ko XWFRE—RFHTE, AR Cat o B 4L}
HEZEZWERMB K, 3.5 M 10 mmol/L Ca’* 4
Bk, BN ESGE RS H B X B mmol/L,
CaHNBBEHMBERBAT 12.0%.18. 3%
#8.6%. B 15 mmol/L Ca®* 3 B 4b 38 & B2 £55
ERGHBHEAK, R 1 SHEABRHM


http://www.cqvip.com

£ 000 http://www.cqvip.com|

4 FEFEE: C 55 REM TR T MHFE RS S AMT ALY m 645

#,3.5.10 #1 15 mmol/L Ca®* 43, HpK 1 EMHE
BERSBHITE Ca LB T 25 2%.
29.1%.,12.2%#1 2. 9%, {2 Ca** ¥ B R 15 mmol/
LG ERSMBZEZRAEE. HEEE
) Ca®* AL FH W] B B s AR IE T g B E =,
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B 1 RETAR Ca’t weBExt
MBRGHERGERNR
Fig.1 Effects of different concentrations of Ca?* on
membrane injury rate in citrus calli under low temperature
BT AR « F « « FR AL HE 53 (0 mmol/L Ca?t ) 2Z[H]
#E P<0.05 f1 P<C0.01 ZRE¥¥. THEHAE.
* and * * on the histogram mean the significant difference between

the treated group and the control group(0 mmol/L C&+)
at P<C0. 05 and at P<C0. 01. The same below.
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B 2 R[E Ca?* ¥k BEXTR IR T A%
AHHE MDA SRHZ
Fig. 2 Effects of different concentrations of Ca2* on
MDA content of citrus calli under low temperature

MDA R Y% 5ot R G 3 AR RZLE D
=Y, B 5 R BB A A R SR B R R A R
shiff B, B AR EE . REBENBR, LS ET
AR B Y 2 W5 4 F B E (R, 1991),
2RULREMEKX 1 56 MDA SBES5BRGEF
ROFNRAAEFE N EE. REFEREZE, BIRIE
=9 MDA BIREEK 1 5%. A 3.5.10 M 15
mmol/L Ca™ ZEHERf R4 E MDA 4351 bt 3 FRAL 3

BESREEHB A 12. 7%.22. 6% 11. 8%
14.2%. MEK 1 S A 3.5.10 i 15 mmol/L Ca*
4t 3 B MDA 4y 5 He Xt BR 4b 3 W 2> 14, 5%,
24.0%0.35.3% 1 6. 7% ,18 15 mmol/L Ca®* b3
X RZEZFRAXBEEKT. XURHAKKE
B Ca A HBB AR FRBE THERBEN R E
Mg, B BETEUBEE, A TRENE
,t_to
22 AERE C* BB THERGAKLTHE
EARSEXW

HYHARATEEEORSEEWARARE
BRIMMEZBRZERAYYRZ—. B3XRABR
ISHATESHERRSER TRE., BE CaT ik
EROAR . TESEEOREEThE AR TR,
MERAHEMMEAGARTAEEARSERNK,
F3 3.5.10 #1 15 mmol/L Ca®* 4b 38 i} e 488 i o7 i otk
BEREES X RAEE ERKEE M
17.2%.26.8%.36. 4% 1 30.3%. MEK 1 SH
3.5 1 10 mmol/L Ca** AL HR}, AIBEHEAHR S E
A RAHEEERREF B M. 6%,
17.3% %1 10. 3% ,{/8 A 15 mmol/L Ca?* H %t B
BMINT 2.8%, HEZAZREAEE. XUATH
WEC RETHBEARES R EMTAHEEE
HEANEE.
2.3 R[ERE Ca™ 3 {18 THF R AL SOD
POD & 1% % M

SOD #i POD RHEYIEANEBEMNHREBHE L
MFMRTE, KEESHEEEDHEX. BK1
8 SOD =, POD E #4518 F R, R EE
POD FE#HALIEHER, WEZRMEERELR. H
MFR—-mMmE, BE CSREAR. HEHN
SOD =, POD A2 EA EREMHHE. REE 10
mmol/L 43/ SOD # POD &8 &, 4 3l e xt
B inT 51. 1% 1 51. 8%. MEK 1 B S
mmol/L # ¥ B SOD i POD 7% & &, 4 3 e X
MRIINT 20.3%H1 13. 4% . XULBIMEHE E A Ca?t
fE% S MG P A L’ SOD.POD 5 H: /Y3 i, LA
MR T IHEFOEE.
2.4 Ca** £ —% &% EGTA 0 CaM ¥ #i7 TFP 7
RETHHERGERAEGEZ MDA B . THE
EAREE.SOD f1 POD F{ /% 00

EGTA feE S BE g Ca®, B IE M 4h Ca?*
BEA R, WA A TE R Ca® W BE, e Ca®t
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HFEREEIRBMERM. B 6,7,8,9,10 R,
MT-Ca+ EGTA b3t MT-Ca 4038, SR8 19 BE 15
EXHM MDA EBEAFIHMT 4.8% 21. 4% (P<
0.01),ERK 1 E4JNEINT 4. 3% F 4. 8% (P<
0.05), H—HE KRBT BEEELREE.SOD M
POD 4> BIW /b 9. 0% (P<C0. 05),13, 5% (P<
0.05)#1 9. 0% (P<<0.05),HK 1 SE4 3BT
14. 1%(P<<0.05) .12, 8% (P<<0. 05) f1 13. 7% (P
<0.05),
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Fig. 3 Effects of different concentrations. of Ca2t
on soluble protein content of citrus
calli under low temperature
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Fig. 4 Effects of different concentrations of Ca2*+ on
SOD activity of citrus calli under low temperature

TFP £ CaM ##H #, B Ca’t 5 CaM 4
&, Fi#T CaCaM £ %, ME 6,7,8,9,10 BT 41,
MT-+ TFP A B 1t MT b BB A B 5 F R A
MDA & &4 513 hn 6. 6% (P<0. 05)#1 20, 0% (P
<0.01),HK 1 5451840 7. 7% (P<<0. 05)
18.9%(P<0.01), B—FHE, RBEABRHEELR
&8.S0D #1 POD E 4 AW 27. 1% (P<
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Fig. 5 Effects of different concentrations of Ca2* on
POD activity of citrus calli under low temperature
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Fig.6 Effects of EGTA or TFP treatment on
membrane injury rate in citrus calli
under low temperature
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Ca+EGTA 438 Treatments
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Fig.7 Effects of EGTA or TFP treatment on MDA
content of citrus calli under low temperature
0.01).,39. 3% (P<<0. 01) F1 18. 1% (P<C0.01) , E &
1 543082 25. 1% (P<<0. 01),53. 0% (P<<0. 01)
M 13.7%(P<<0.05), XULHHEHEPIMA EGTA
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Fig.8 Effects of EGTA or TFP treatment on
soluble protein content of citrus calli
under low temperature
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Fig. 9 Effects of EGTA or TFP treatment on SOD

activity of citrus calli under low temperature
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Fig. 10 Effects of EGTA or TFP treatment on POD
activity of citrus calli under low temperature

B TS EE(EEXEME,19962), Bt FHREAMLR
GEEYFENDGBARALE  ACERNET THK
B E LB R (Allen, 1995), Ca®t BAEY+
BEENE _GE EEYRERN PR FESHE
ZEEBRIEREREAER. HYKEMAE. &
A E PR ES Ca® Wk BE RS AN, BB R H Y
HOME, A RENMEDRERL, BRIUGE
H KRB, 3 S P 60 25 R 42 38 A 1035 I WL R 3 5%
Y BT EaE A (Nisi 4, 1996, 15 4 B} %, 2002),
FIASME Ca®* AL 3E F 51 EALYE AR BEY R
NEREARE ARE—-FAEEY ELRERS.
B GRIRS,2002) F B N (E W ¥ %,2000) |,
FIRSME Ca* L34 /5 #9 SOD.CAT H1 POD %
RPBEETHREERRELENR ARRBE
Rk, EABLEIMNE CS A BRERBESE M+
MEE AL (GSH, AsA) & & i {7 17 B§ (CAT,
SOD #1 POD) &M, Wi M B EA R P EH R
EEARNER(FEFEM%,1996b), 7] it PEAK H A7
BB REM MDA & &, (R 17 M 48 (0 2 B0 (4 3%
SEWREHIN. B Co WKBHEERBE
T AR BRBHENER=E (RHAS,
200D), RIABUEZFEEMBIRXM, RHT 5
mmol/L Ca** fE7H % b 245 35 1 45 A 47 4R 4L 40 IR AR 19
REME, B> MDAMBR MM TIBEEEORS
B .SOD #il POD i, % T HAEM L EHE.
KRBT EBR,JWA Cal IEL AR, BIE
CaM,fff CaM B #Y5 f0 (ZF T4, 1997; Lin 4,
2002), 5l KGN —RINEBEMRI. WEH
Ca?* 5@ E il La*t .Ca?* 24 5] EGTA & BAP-
TA.CaM {5 i TFP.CPZ 5% W7 %35 #) 4t 5
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G B¥ T Ca-CaM 5 R G0, NI R L E S
% (Monroy, 1993; {8 4 8L %, 2002; B B W%,
2002;Krol %,2003), X L& BH B 1) 4= B R 2% 40
MEEFEER, DA ARE®RSOREESE&
BRI E W (FRHE%,2002), MR ABKRBLHEE
AFERTF EGTA #1 CPZ #A WA E . MEIHE
HOHAERBESHREREINER(EBES,
1999), ERE S,k A CPZ & H 8B % 4 10 il
Ca’* $£% SOD.CAT 1 POD {5 # 89 4E F (3 %%,
2002), WA M Ca* BRER FHYNBEBRE R
R MDA & B (RF%,2001), ABFA Cat %
47 EGTA 1 CaM ##i7 TFP [ T Ca®* 55
RGBS MEENESGEERN MDA § &,
BWLOTABREEARNE R, BT SOD 1 POD
B, RABESRESSHBHEPEEBIER
MRPUEBNANTER  IAREESHEERE
FHEMBRENEEE T HKE.
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