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BBUE ABA LTI T KB R4k SOD 1 GR FEHER M A Hi4EH AsA 1 GSH HF
&, BETRERRER, HETHEGHSE. SaRMEKMTRY , WIRIEN ABA 4BY
nhigtk SOD =&FITE#f GR1, 2. 37 6 AIMHHAARBENHE. REMASE, LFN
HALFEHY SOD, GR HEHEH AsA, GSH A RIHHI T, EAEHMKFHERERLBEZ L.
TR E W A B ABA K INAY SOD F1 GR 1EHE, FFHEMA RMBUERMR. &R
BERRES B ABA FEKBHW RN AW, MHHBHERYRIPREFLDUNEH.
RKRT: KB BWERE: ABALE; BHRPEK

BN EEREBTINEEN ABA , TREENHREAENTRFUELTT20,
EEXRNEESTARER. YMEFERNEN A EEWFHRAEA, &R 1R
ERBEOHERSSENER M A b B RBETE IR R0, SOD HHEW S F
PR AR R O200 R T RITS B ABA SREHEAVLE , FXPRT % BHM ABA 5
SABHHRE AN R ERMESHBRPRENTL, #—FBATRERLSBR
PREELEX. '

PRI I

KTB (Orya sotiva) FrFHEF BT RAERGIEIEMA, 7 28'C. 50 pmol « m?s " HZET
Ei 8d,

ARtk 14K 8 d AILIEETEE] 15°C. 75umol « misTIEIRTALIE 3 d.

SR ABA LIE  ZERESOL. BAM T TR EMEEMAR 480 A 1. 5X10°mol/L
ABA B4 TR RALE.

Ll 28'C., 50umol » s T AR INAE fT AL ER4 B 9 34 R

(REEMELIE  EHFI2%8F. ABA LB BRAE GIRD EREFET 3'C. 210umol
- m?sERT 2d, |

M ASREL ., SOD & 1A e A% B IR 2 ST LAY T IR,

GR EMMIE  HWMWHEFENTE®.

HEAABRFESRBTE. .
@ SoD, MEWLLE, GR. SMERGEMM: AsA. PIKMB, GSH. HBEHE
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AsA %0 GSH SRME  BATOTED,

SHREBREAR SOD FHRE SEREFFECOHMEI. 104EBRKE,
2. SY LR (pH3. 5—10 71l pH3. 5—5.5, Hfid 1+ 4, sk Gw: BIgk40. 02mol/L
NaOHYEHK , B2 0. 01mol/L HPOJFHE . B BkETSE2E 450V FHIZ A 1h /5, 7E 600V FRA&
3n, METF LR ARLEERTHEFOEMEE, SAEYUSEEARAR.

GR EiEMERE  # Guy FHERIYHT

B R

—. AT ABA B AESHERERAEKEMRPREHIL

1. {R4PE§ SOD O GR fhFE{L  AE 1 TRERERBBAFN ABA FSHAKRBHE R
% SOD fl GR FHHEFRLHEY . RERFHHOXRABEED HI L REEH R 18. 42
1 23.16% , ABA ALZE #1451 11. 63% 71 14. 27% . RUKRRLI MBS BIRM ABA BUAL Y
AR B4 R ik SOD 1 GR AyIEHE.

BRI . ABA 4bTE AR AR B RN AR 3°C 210pmol « ms BT 2d, =HARLE
HGH RS SOD FI GR JE#EH B0 B T RE, (B ABA LLERW A9 T BEEH/NTRALEY,
SERMEERTME, SRAE. %I ABA LLYEH SOD FHESFITMT 34. 0924, 29.70%
1 24.71%, GR JEHEAHITRET 40. 11%. 37. 04260 37. 57% (& 1) KRR B ABA 4L
B SEERENE TR REEEORPBOEE.

BB ABA HSKBHB AR HERBEHBR N T SOD M GR YR L. FRRA
BT AR, ERRBESFT, ZHRRALLEAY SOD ALEHA=&HH (PLFE 4.6—5.6
ZIE). GR % 6 % FE TEHl# (PL7E 5—6. 8 Z[ED . KBLH LAWK ABA LB EHREL
HE M, SOD 3 £ A RRABENMR, 58 1 BHENEHR—H. OR BilHRSE 4.
5 R MESS, 1. 2. 370 6 B INA PR AVNIR, B EIFM ABA IR [H &R IR
mERAER (D,

;1 ABISH ABA LERDKIBLHET R SOD #1 GR FRNHEW
Table 1 Effects of cold hardening and ABA treatment on the activties
of SOD and GR of the chloroplast in rice seedlings

SOD % % GR % ¥
& ® SOD activity GR activity
Treatment U;i‘:t::-! % change “'::ﬂ'::-l % change
REMEE E 10. 15 7.08
Before Untreated .
chilling stress S ' 12. 02 8.72
Cold hardened
ABA 11. 33 8. 09
RSSO & 4 B 6. 69 -34.09 4.24 -40.11
® After Untreated
chilling stress % B % 8.45 . -29.70 5. 49 -37.04
Cold hardened
ABA 8.53 -24.71 5. 05 -37. 587

GR: Glutathione reductase; SOD; Superoxide dismutase;
ABA . Abscisic acid '
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Fig. 1 Changes of zymograms of SOD and GR isozyme in rice seedlings during the enhancement of chilling resistance
induced by cold hardening and ABA treatment '

Abbreviations —see tab. 1

2. L (LR AsA F0 GSH S RBTE  KBHHLHRBHRMW ABA 48, RibELER
"REBHHESE , A REAH AsA 1 GSH § BB TROEE ., K AsA FRAELLY
BE, BBIFM ABA LI, WHE AsA B FILRGHEERE T 57. 3026H 26. 7220 &
BHHESS , SHALTELHE I AsA F1 GSH S BEA T TR, [EXRH5 ABA LHEA TR
BENTRLEEY, HSRDETRLOES (B 2), RUXBRHEN ABA LBHTRBDER
L ALK F.

»
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Fig. 2 Changes of antioxidant GSH and AsA contents in rice seelings during the enhancement of
chilling resistance induced by cold hardening and ABA treament and after chilling stress
BC: Before chilling stress; AC. After chilling stress; AsA: Ascorbic acid; GSH.. Glutathione )
1. Untreated; 2. Cold hardened; 3. ABA
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" Fig. 3 Effects of cycloheximide (CHM) on the activities of SOD and GR in cold hardened and ABA treated seedlings
1. Untreated; 2. Cold hardened; 3. ABA; 4. ABA+ CHM; 5. Hardened +CHM
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=. AT ABA LITHRKTEHEBIEMIEE S SOD 0 GR EMHAIXR

B4R, ABA ALEFIRGEEEREBME (1C, 2d) FEXIFEBE 28CTHE 1d, W
ROFEE I o A M R O B AR T R AL TR L SR AL TR o AR SR M OR 43 51 L v U ABA ALERE
7 76. 483401 56.23% . VLI BSMIE ABA LLE I BMIE T AREMBEY, NTRE

THEMTAE. XERBHRAFHERRBR T2, EYHBERBIHRM ABA 4

AT L REF EFME SOD Ml GR $BEHA RN, KBHHEBRERBENE B
1), BB BRHH ABA L BEEFARBEEH SO REE, BRAMHRARERTRR

PREENREE L,
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Fig. 4 Effect of cycloheximide (CHM) on the elecirolyte leakage in rice seedlings of cold hardening and ABA treatment
1. Untreated; 2. Cold hardened; 3. ABA; 4. Cold hardened + CHM; 5. ABA -+ CHM
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BYA AR SEEERA LI BRN—RVEN AR, BTEGF
IEEK ABA f01ER, FHBRAREDIRERFHTENRBH T AHA, ZFRFTLUEE
LB ABA LT8R BHE SRR ERREXNAEEE RGP REREVBATERN
L — BEMBTRIPRKNES, FCREBEMERRG, FLOEEHFRELT AsA
#1 GSH 4 8% SOD il GR FHHHBEE TRAOEY (H2. £ 1, BN (B
FR ) FiTERE% SOD 1 GR HHEAEM (F 3. 4. )

SHBAZORIHARYRRERN — ERNBEEN=Y. FERERE RS
HARM R ITETHERBEHINHC. RONFERBEREITEY, B BIEFEM ABA 43
A9 7K TE 4 4R M B 005 1R LAY 4R 47 EE SOD 1 GR R TEs, BASLEHMARB, HAX
WY HRLEH BERE (B D XRRVAREN ABA #4/EH T, 4 SOD M GR —
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SR LHZIRHERME, BTARNRRPRAERBOEREREL, ATERST HREY
BEW, BB THEORRE. AU EERTURL . ERSHARERBE, 2 B5%M ABA
LEMERRP REUFERMGTN, HELEIREHBEEANERNERRRPR
FKEHHZMBHHOTRAE, BERENATERRTMEX, WRERMUHEHIE, M
HE—BH5R.
RNFEMRBHENERNTR AN, RBGEREZ-BRERBMET, ARBEEE
KENTH, BaERETERR, ERISTECEAMBERY". FHRAERINS
—AHEIEE, ARBSEHSENREEM YRS MR RS BREHNE hERPRE
BANRBRAREVNXER.
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CHANGE OF THE MEMBRANE PROTECTIVE SYSTEM
, DURING THE ENHANCEMENT OF CHILLING
RESISTANCE INDUCED BY COLD HARDENING - -

AND ABA TREATMENT IN RICE SEEDLINGS

Zeng Shaoxi Wang Yirou Li Meiru Liu Hongxian
 (South China Instititc of DBotary, Academia Sixics, Guangzhou 510650)

Abstract

The chang:s of the protective system against activated oxygen during the enhancement
of the chilling resistance'induced by the cold hardening and ABA treatment in rice seedlings
were studied. The results indicated that in the treated seedlings, activities of SOD and GR of
the chloroplast as well as the antioxidant AsA and GSH contents of the leaves increased
while the electrolyte leakage decreased. Therefore, its chilling resistance was enhanced.
By using isoelectrofocusing gel electrophoresis analysis, the intensity of three isozyme
bands of SOD and the isozyme bands 1, 2, 3 and 6 of GR, except 4, 5, were increased -
to a different degree in two treated seedlings.
After chilling stress, all the activities of SOD, GR and the contens of AsA, GSH were
decreased in the treated and untreated seedlings, but the reduction of two enzyme activities
and the antioxidant contents in the treated seedlings were less than those of the untreated »
seedlings.
The increase of SOD and GR activities induced by cold hardening and ABA treatment ©
were inhibited by cycloheximide (CHM), at the same time the electrolyte leakage was in-
creased. These results showed that there was a close correlation between the enhacement of
chilliné resistance and the increase of the protective system ability in the rice seedlings and
that the effects of cold hardening and ABA treatment on the protective system against acti-
vated oxygen in rice seedlings were similar.

Key words: Rice seedlings; Cold hardening; ABA treatment; Protective system



