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Abstract: Sulfur dioxide (SO,) is one of the most common and harmful air pollutants. It results primarily from the
combustion of sulfur containing fossil fuels, metallurgical processes involving sulfide ores, the production of sulfuric acid
and volcanic activity. Exposure to high concentration of SO, can induce leaf necrosis, plant growth inhibition and DNA
damage in leaves and roots. However, plants adapt to environmental stresses by developing a number of mechanisms for
regulation of defense response. Expression of stress responsive gene increases under rapidly changing environmental
conditions, which may play important roles in regulating responses to abiotic stresses. To further understanding the adaptive
mechanisms of higher plants, effects of SO, exposure on generation of reactive oxygen species ( ROS), mRNA level,
isoenzymes characteristics and activities of defense enzymes were investigated in Arabidopsis thaliana (L. ).

By using oligoneucleotide arrays, a genomic-wide gene expression was investigated in shoots of A. thaliana Col-0. Our
experiments found that 494 genes showed more than one fold difference in mRNA levels between SO, fumigation and the
control, and many defense-related genes including antioxidant defense enzymes, glutathione s-transferase ( GST) and
thioredoxins genes showed enhanced expression after exposure to 30 mg-m > SO, for 72 h.

Exposure to SO,(2.5, 10 and 30 mg-m ~*, respectively) increased O,  production rate and H,0, content. Both O, "
production and H,0, content rised up with increasing SO, concentration and prolonged period, demonstrating an
accumulation of ROS in A. thaliana leaves.

Analysis of differential protein expression carried out by detecting difference in anti-oxidative enzymes activities and the
characteristics of superoxide dismutase (SOD) and catalase ( CAT) isoenzymes banding patterns between SO, fumigation
and the control. Results of the present study showed that exposure to SO, (2.5, 10 and 30 mg-m ~, respectively) induced

significant increases in activities of SOD, peroxidase (POD) , glutathione peroxidase (GPX) and glutathione S-transferase
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(GST), but decreases in activities of SOD and CAT in A. thaliana leaves exposed to 30 mg-m SO, for 72 h. Meanwhile
both FeSOD and CuZnSOD isoforms increased, along with CAT2 and CAT3 isoforms decreased. Changes in both activities
of anti-oxidative enzymes and characteristics of SOD and CAT isoenzyme ( bands) demonstrated the differential expression
levels of defense proteins in A. thaliana leaves. These results showed that SO, caused changes in mRNA and protein
expression levels of anti-oxidative defense enzymes. In addition, contents of reduced glutathione ( GSH) increased
significantly in A. thaliana leaves during SO, fumigation. Our results suggest that defense response genes may have a
particular function in plant adaptation to environmental change. Antioxidant therapy may play a major role in preventing SO,

damage in plant cells.
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HIZERE . a4 24505 A A B R A, Hh 2B A B P Th RE B R Rk LR, i Sk
EE AP R (GST) .POD . GPX 215 % PAS0 M5 1 (PRs) JE{R % (PDF) &3 |, oAk
JRE A AR R FIE EE . SRR R, 76 SO, 8 Jo MR Bl i 1M 56 3 IR A 2 s 1
She $R R X 390 35 PO B
2.2 SO MM 0, F=&A H,0, B

SO, SR FHMALF 0, F=AMPEH A, a4 0, FEREWRE M KBNS (K1), RKE
KA REEARAERERN 0, =R 5RAFERLH S0, B3 S0, —S0;” MAIT MRS
%, BESEIE H,0, 5 BHHEE , HMIERT 0, FRIGIE, H 2.5 mg-m 10 mg-m ~ H KM IRE /N, 4
REH, SO, FmSRBS BRI R ITHM A 0, F=RIEH (H,0, & B3 &, B8 8 40 M B A 555 10 PR A R
R, PEAMM AL

F1 SO, ESMEIFMHE Oy FEERM H,0,RBHNFM
Table 1 Effect of SO, fumigation on O, " production rate and H,O, content in A. thaliana leaves

X 05" JRAE AR IR H,0, #FEHIRE
Tiflrilzﬂh) Increment of O, ~ production rate(% ) Increment of H, 0, content(% )
2.5 mgem3 10 mg-m 3 30 mg-m 3 2.5 mgem 3 10 mg-m 3 30 mg-m 3
6 8.22+0.42 7.43 £0.73 15.38 +0.42* -2.49 £0.09 9.15+0.93 15.18 £0.14*
24 12.96 £1.13 28.83 +0.64* 42.03+1.10* 3.44 £0.07 10.47 £0.42* 27.45 £0.02**
72 29.65 +0.08 * 58.82 +£0.70 % 70.20 +0.18** 8.77 £0.51* 8.35+1.06 30.20 £0.11**
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153 19 SO, ¥ BE BB (9 FRI R [B] - SOD 1 HE7E 30 mg - m SO, 4L F e B S: , 25 10 mg-m HFE SR (2
2.5 mg-m 41 SOD EHTEHI B, 2.5 mg-m 1 10 mg-m ™ SO, 72 h J§ CAT F A P , (ELAT
AT B 530 mg-m 7SO, Y CAT TFHEmE = T35, 72 h BAR TR
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Fig.1 Effect of SO, fumigation on antioxidative enzymes activities in A. thaliana leaves
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B, 5%4 0, AR ER H,0, B IERKMX B, & Kliebenstein 25 1738 f¥) SOD [7] T.B4H1E, 7
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Fig.2 Characteristics of the isoenzymes in A. thaliana leaves exposure to SO, for 72 h
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B, ASE R CAT2 Fil CAT3 4 , SO, /i J5 CAT2 Fl CAT3 14 )55 B Al 52 B 490055 ,30 mg-m 41
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MAPK &2 8 H T J7 s s 5 B8 5 1, VI I SE R P R 363k ) A S B XT SRS 8 B RL 2K o TSR
RI, PAFETF gst6 IR B0 T fE7E A S SL 3 Y 40 s NF-kB FF 31 i H, 0,/ F 50 (A6 LG B 510 5 AR
H, 0, b BRI R I - P J A A, 7T 300% MAPK [ B W3 R 7, fil % MAPK Ik i (551538, 5 5 GST RE £
B ASCEME] SO, BAJEHIRITHM 0, JH,0, B3N, Bt EAL B4 1 3 B 76 mRNA B35 1 7 T
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)5 H,0, 7 BBIEH1E B4 75 SR M8 38 ME AR TS24
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Fe APX ST f#4k H,0,56735 5 H, O 1 0, . TEAMH ARG H BFAERS T (CSH . HUR AR HE &V,
%) I RME R T, B P B AT MG R s (E R YR SO, Kt 1E] il s, R B P 9 P8R BB e B i B, 2
ff) H,0, A f# CuZnSOD H1f) Cu.Zn £ G5 SOD 3E 1T M, H,0,i8 Al 533 B 0, A A HE IR -
OH, 115372 1 J7 il DNA &) K4 T, S (kG5 AT o 5 17" BB AL RS PERR AR, AT 51 32 40
HEE S EEL ERERE TR,

SO, ik it GSH B ARSI AT BE -5 3 i I A 355 P 4R s g 5617 T IR S A MR i T 88 2 10 SO, , 1
HET R BB B AR R SR Cys & B R Ak 3h GSH & R in. GSH REil st 2 5h 7 =X
2 5 R YIX FR A S R AT MO A GSH 3 238 AT BRATE GPX il GST i #3255 , 2L R 4k 4 i
FALEFRZS . GPX REHHIE B E AL AN H, 0,38 5L A L B BE A K , ELBE SO, Jih3f i 1H] B FE 4 , SO, 14 P A
H )5 GPX 3EHE PO 9 BE R BR IR LT IR, - LK B BRFR 3L , 6 GPX fALiE M TR . GST R 3h# 4y
i AR, O R DU I B S Rk . AR GST iG M2 A%, ThE S S0, 2%
JE IR IF AR e A T S BRI 55, GST 35 HE3 5 A I T 0 40 o R B HERR IS P B8 B AR 240

fr e 4f% SOD [ TR & A4 03 , Horh 40 & CuZnSOD i3 fk FeSOD B I% P15 S04 , T £ T
b A ) MnSOD 35 M X5 fiip 18 AS A BURR , Ui B 40U RS I 28 kL A4 At ik & & %t SO, & 88 B A [R] M i, Kliebenstein
=l IR5E MR IF R BT 0,5 UV-B i, 41 R CuZnSOD fJ mRNA F1ZE R P4 % &, 1 MnSOD £y
mRNA & 5 FIEHE PR (LB R /N, SALE R —3 . e 41i SOD CAT [F L EHE 4L i e 5
AL 0, A B RAN H, 0, & B IEAR NS ], 7 B0 T 16 M X Hr R 1 B3 IR 32 3K 1% SR D, BUm T 39
(6] ] BEARLE LA S8 7R , B — B BT ST .

References :

[1] QianY C, YuS W. Oxidation of sulfur dioxide on plants and anti-oxidation of plants. Plant Physiol. Commu. , 1991, 27(5) :326 —331.

[2] YiHL, LiuJ. Protective effect of cysteine against SO, -induced oxidative damage in barley. J. Shanxi University (Nat. Sci. ed), 2007, 30(2) .
270 —273.

[3] ZhuHJ, Wang R G, Chen S L, et al. Genotypic differerces between Popolus euphratica and P. populars in antioxidative ability and salt tolerance
under NaCl stress. Acta Ecol. Sin. , 2007, 27(10) ;4113 —4121.

[ 4] Drazkiewicz M, Skorzynska-Polit E, Krupa Z. The redox state and activity of superoxide dismutase classes in Arabidopsis thaliana under cadmium
or copper stress. Chemosphere, 2007, 67:188 —193.

[ 5] Desikan R, Mackemess S A H, Hancock J T, et al. Regulation of the Arabidopsis transcriptome by oxidative stress. Plant Physiol. , 2001, 127

http ://www. ecologica. cn



4 1 U= % A A SRR I R R SR 1687
159 —172.
[ 6] Levine A, Tenhaken R, Lamb C, et al. H,0, from the oxidative burst orchestrates the plant hypersensitive disease resistance response. Cell,

1994, 79.:583 —593.

[7] Kubo A, Saji H, Tanaka K, et al. Expression of Arabidopsis cytosolic ascorbate peroxidase gene in response to ozone or sulfur dioxide. Plant Mol.
Biol. , 1995, 29 .:479 —489

[8] HaoL, Zhang HW, Xu X, et al. SO, caused oxidative stress and modulation of some signal molecules in wheat. Chin. J. Appl. Ecol. , 2005,
16:1038 —1042.

[9] LinZF, LSS, LinGZ, et al. Senescing leaves and chloroplasts in relation to lipid peroxidation. Acta Phytophysiol. Sin. , 1988, 14(1) ;16 —
22.

[10] MengZ Q, Zhang B, Qin G H. Oxidation damage of sulfur dioxide on various organs of mice. Acta Sci. Cir. , 2001, 21(6) ;768 —773.

[11] Rao MV, Paliyath G, Ormrod D P. Ultraviolet-B and ozone induced biochemical changes in antioxidant enzymes of Arabidopsis thaliana. Plant
physiol. , 1996, 110:125 —136.

[12] Habig W H, Pabst M J, Jakoby W B. Glutathione S-transferases the first enzymatic step in mereapturic acid formation. J. Biol. Chem. , 1974,
249.7130 —7139.

[13] Zimmermann P, Heinlein C, Orendi G, et al. Senescence-specific regulation of catalases in Arabidopsis thaliana (L. ) Heynh. Plant Cell
Environ. , 2006, 291049 — 1060.

[14] Kliebenstein D J, Monde R A, Last R L. Superoxide dismutase in Arabidopsis; an eclectic enzyme family with disparate regulation and protein
localization. Plant Physiol. , 1998, 118:637 —650.

[15] Ulmasov T, Ohmiya A, Guilfoyle T, et al. The soybean GH2/4 gene that encodes a glutathione S-transferases has a promoter that is activated by a
wide range of chemical agents. Plant Physiol. , 1995, 108.919 —927.

[16] Kovtun Y, Chiu W L, Tena G, et al. Functional analysis of oxidative stress-activated mitogen-activated protein kinase cascade in plants. Proc.
Natl. Acad. Sci. USA, 2000, 97: 2940 —2945.

[17] Yi HL, Jiang L. Chromosomal aberrations induced by sulfur dioxide hydrates in Vicia faba root tips. Acta Ecol. Sin., 2007, 27 (6):2318
—2324.

[18] Yi H L, Liu J, Zheng K. Effect of sulfur dioxide hydrates on cell cycle, sister chromatid exchange, and micronuclei in barley. Ecotoxicol.
Environ. Saf. , 2005, 62:421 —426

[19] May M J, Leaver C J. Oxidative stimulation of glutathione synthesis in Arabidopsis thaliana suspension cultures. Plant Physiol. ,1993, 103:621 —
627.

[20] Kopriva S. Regulation of sulfate assimilation in Arabidopsis and beyond. Ann. Bot. , 2006, 97 :479 —495.

[21] Mates J] M, Perez-Gomez C, Nunez de Castro I, et al. Glutathione and its relationship with intracellular redox status, oxidative stress and cell
proliferation/death. Int. J. Biochem. Cell Biol. , 2002, 34 .439 —458.

SEH:

[ 1] BAKHE, RAESC. SO, YK A FIRIEY IbT A AL PE . R A BRAE5EIR,, 1991, 27(5) : 326 ~331.

[2] {02, Xk RDEERX SO, BURE AN MIEM. PG RA:4H, 2007, 30(2) 270 ~273.

[3] R&E, E5R, B R, %, NaClihia T o ARG bUaRE ) B #h k. 47554k, 2007, 27(10) :4113 ~4121.

[ 8] Mk, a3, R, 5% ZSAALBRXT/NE M AEILIME B R (5 54 F I TS, B4R, 2005, 16(6) :1038 ~1042

(9] M35, 25000, MoHER, 55 B i aeikeh H,0, AR RS EIR L AR R. ML, 1988, 14(1) 16 ~22.

[10] %M, ¥, HEE ZHMARI/DRARRHASE RAMBGIER. B5RE%H, 2001, 21(6) .768 ~773.

[17] AXE2E, LMk SO, KEWITE KT TR MY CARMAZBON. HAHR, 2007, 27(6) 2318 ~2324.

http ://www. ecologica. cn



	04a36.pdf
	04a37.pdf
	04a38.pdf
	04a39.pdf
	04a40.pdf
	04a41.pdf

