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ABSTRACT

To elucidate the relation of leaf development stage to the antioxidative function in leaves of Alnus
firma Sieb. et Zucc. growing in polluted areas, we investigated seasonal changes of pigment content
and antioxidant enzyme activities from January to June. In abandoned mine and industrial complex
areas, antioxidant function against stress of trees was changed with leaf expansion, and antioxidant
activity in leaves was highest in June. Among antioxidants, carotenoid, SOD and CAT were correlated
with seasonal change. Carotenoid and SOD represented a positive correlation but CAT represented a
negative correlation with leaf development. APX and CAT, which remove H,0;, had a complementary
function in the antioxidant system. The lowest antioxidant activity was observed in April, and the
damage level in leaves, shown as MDA content, was also lowest in April.
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AL, R HE B eSS
2 7| EGEIY 2 #F 2EHE Whs o,
superoxide(O,™ * ), hydrogen peroxide(H,0,), hydroxyl
radical(OH - ), singlet oxygen('O,)# o] 5A4L 1}
Bl 204 E AR tRls R AEEL 54
AT AASE s Be WAUSS 71
I ItH(Larson, 1988; Foyer et al, 1994). ZLejy}
2 59] AX WollA] BAdakAe] AT AL Tl
AR AP ool dojun, IRIskAld o] B
2 AxEEr 2290] Lehdth(Larson, 1995). A1&& &
g APPSR A8 &G o2 HE] BEE)Y) 95
A gABLE-AQ] ascorbic acid, a-tocopherol, gluta-
thione, phenolics % flavonoids®] & S Q9+
31 (Schoner and Krause, 1990), T3t ksl d4:91
catalase(CAT), superoxide dismutase(SOD), ascorbate
peroxidase(APX), dehydroascorbate reductase(DHAR)
9 glutathione reductase(GR)S] EX4&71E o735t}
(Halliwell, 1987; Bowler et al, 1992). ¥ HAE
& FFEY 2F 2EHZ =2 B 7] 559
A 2Egzel gk B whgo2 vEh ks B3 A
908 Pt g BYo| TR 2 B9
StATHLee er al, 2003ab; Han et al, 2004). 1
o} GuE Hke] BEE AEdE SF0l U %
o} XH 7HA43HA Hth(Lee ef al., 2002).

73 2Ed 2 =F9 el sk £59
ok= ol B4 A7 HHEeE &8 olEY-AY
Z RS s Aot ol Bokke] A&

& F¢ I o) B E Ay @ 2 %
Zelle AL 2Eg2 2 7% Wi 2 Tkt &
73 2Bz =E&F] 48 W] Hul(liang e
al,, 2005). ol ¥ FHEANA Qe ureke 4T
o= Wdshe AL AEe] AEH AZAdT. A
e 4% 2Ed 2150 EAlsE 29AHY
FEo] o B2 7] A o9A 2EHAE F
B3e=A welag) sidoh. w3 o v d@A F
2E#2 S5 7e A dER, 2E#H2 29)
of e zEss FH 7 Aole FAAAE
Pol ) ST, o] BHE e, HE TE &
Ed) 20lo] EAhe 094G 55 o
FolMRE] Qo] &3] AsEHE AV W
Az, 8 B B R BRI 5L

AFsit.

IL X2 % W

2.1. AFUAX] & SAME

AT He ogudel Fu
@ W) AL ZAS o) AR (3
AT AR A SRR @A
o) 237 24k BY)S AgEeR], BAR
o]

A e

T BT Y HA gulet I A ARJeIA A
et e APY LSl U (Alnus firma Sicb. et
Zuco)Z AT dEZAGL HAFAYGoNA 3km =
Hojxl =2y} FUX|FozRE of 4km FoJR
Ao R ARttt zt i dx el Adshe AR
L 27 A gkt FlEgaA g
o ARG e VEE 37} 54m, 7o) 82
emo|1, t)ZETe] HAEL 47 58m, A7 8.7cm
olt. 18la MR EAAL 7t 10.9m, 23
o] 23.4 cmojiL, thE79] HAFEL 1 84m, A
17.1 eme]th. o] B Fols 19 4ol A3
3131, 49 197 69 190E S A3l Ha g
F 50 B9 2 84 Ak oA 5EE SYshel
A& AT

22. 84 U JIEHL0|E £Y

oA AL el 248 Yk, 19 AHS
Foks QAL AAS F 1 &9 oAU AMESIA
o, 487 69 AFFN P IUE ARSI
ZAML. dimethyl sulfoxide(DMSOYE ©o]-&3l] 3
&%= Hiscox and Israelstam(1979)2] S A&
319th. DMSO 10 mie] 0.1 g8 AXZE & W,
70°Ce] &2 oA 2417 B FRIE] s
FE319c}. FEM] BFTE 470, 645, 663 nmol|

A a1t

2.3, SIS A B B4

AHE 9 0.5g2 50mM phosphate buffer (pH7.0),
10mM ascorbic acid(AsA)S} 1.0%(w/v) polyvinylpy-
rrolidone(PVP) £ smLE Y1 T3 F,
20,000< gofl A} 308 Bt AR & deds &
A B4 B4 AMESith. SOD €42 nitro blue
tetrazolium(NBT)-S-H-& o]8313 o, ¥43=7
2 530 nmellA 1203 w9 FB= SVME SAs)
S tHBeauchamp and Fridovich, 1971). &2 Asada
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et al.(1974)9] Viv-19] 2ol &Jaix Akstdnt. vel
v 22t sop7t @i ok EAE o, NBTH| 4
&%5 Jepdch. GR 842 Carlberg and Mannervik
(19859 EAHES wWSkO™, 02M potassium
phosphate buffer(pH 7.0), 20mM GSSG ¥ 2mM
NADPH®] Bkg-do)] 02 mL €4 FE2HS Hrlsla
340 nmoll A 5 9] FBE A4 HIES ST
2ZH AASHTE. APX 842 Nakano and Asada
(1981)%] ol os) Z2AHAT E4L 50mM
phosphate buffer(pH 7.0), 0.5mM AsA, 0.1 mM
EDTA, 0.l mM H,0,% 0.1ml &4 F&9& ¥3}
ke RESERME QA st 10, 7T &
290 nmellA 1 F% FE=] HIE o]8Sisich
CAT 84 E4& fstd &4 29 30ut 10
mM H,0, 500 pig 3R] 183 ALolA WA
2 &, 500 pl sodium azide® ¥H-8 |G} o
A] ¥kg- 20 ul2} HRP/Chromogen 2 miE 378}l
103 Fol 520 nmollA] FB=E SHsFATH(Fossati
et al., 1980).

24. ERSL 58 U MDA & 3

A3 FEo FUIE A3l AQHE 4 A T
A Az § Bd= ghERloh 712 A8 0.1 gl |
BE 1 miE H7I3ke] 24°ColA 24417F B¢t 53
F, 395X gollA sHIF YalEelste] Aeds AlASH
I, A S/ I miE 7RI F294S vkEg
%, 1,1-diphenyl-2-picrylhydrazyl(DPPH) radical 2]
2AE 7)%Z 3 Brand-Williams(1995)2] ¥PHL <F
Zr WEsle] AMgsaTt 2 ml #2439 2 ml DPPH
FAS Z EE T, 1ARE BRE 24°Coll A WEEANT]
31, 222X goll A 583 dAEEsATE g
517 nmollA FB=F 579%}e] DPPH radical A&
& ALt

2Eg|2o]] &3t 22]0] &4 AEE Yoprr] 935}t
o #7433 malondialdehydeMDA) ¥3-2 Heath
and Parker(1968)2] WHS wich 418 <) 0.1¢
o 62.5mM phosphate buffer(pH 7.8Y% HE3 w32
BAIZ] F, 12,000X gl A 2087 AAEeEIAT F
29 1ml9} 0.5% 2-thiobarbituric acid 1 mtE H7}
815, 1587 7HEe & mEA WA AT FEEs
532 nm?} 600 nmell 4] £t MDA 3-8 ZAs}
At

of

Table 1. Seasonal changes of chlorophyll content in the leaves of Alnus firma growing in abandoned mine tailings and

industrial complex area

Chl.a Chl. b Chl. a+b Chl. a/b
Area Month
mg/g
Jan. 0.41 + 0.07 0.40 + 0.09 081 =+ 0.15 1.06 = 0.20
Control Apr. 0.78 + 0.17 0.27 + 0.09 1.05 £ 0.25 2,99 * 0.65
Jun. 222 + 0.29 0.70 £ 0.11 291 £ 038 323 + 0.41
Jan. 045 £ 0.08 0.20 + 0.12 0.95 + 0.19 0.93 + 0.16
Abandoned .

ar;lin‘;ne Tailings Apr. 0.71 + 0.15 0.29 + 0.08 0.99 + 0.19 2.57 + 0.80
Jun. 173 + 043 0.97 + 0.37 271 + 0.76 1.96 + 0.65

Model Fkk *okok kokk Kk

Area ** ns. ns. *

Month k% T Kk Kk
Jan. 0.38 + 0.05 0.54 + 0.12 0.92 + 0.16 0.71 + 0.09
Control Apr. 0.51 + 0.09 0.38 + 0.04 0.88 + 0.11 1.35 + 026
Jun. 226 + 0.53 0.60 + 0.14 2.86 + 0.67 3.77 + 0.26
- Jan. 0.45 + 0.10 0.55 + 0.14 1.00 + 0.24 0.81 + 0.07

Industrial

complex Polluted Apr. 0.57 £ 021 0.26 + 0.05 0.83 + 0.22 226 + 1.00
Jun. 233 + 0.84 0.63 + 022 2.96 + 1.06 370 + 0.32

Model ko Fokk Kkok Kok 3

Area n.s. n.s. n.s. *
Month $oksk stk *okok sk s

Each data represents mean of five replicateststandard deviation. ***, **,

0.05; n.s.: not significant

and *significant at P<0.001, 0.01, and
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Fig. 1. Seasonal changes of carotenoid and the ratio of chlorophyll to carotenoid in the leaves of Alnus firma growing in
abandoned mine tailings and industrial complex area. Each data point represents mean of five replicates * standard deviation.
Carotenoid: control-tailings P=0.161™%, control-industrial complex P=0.262"%; Jan.-Apr.-Jun. P=0.0001***(in tailings), P=
0.0001***(in industrial complex); Chlorophyll/Carotenoid: control-tailings P=0.869"*, control-industrial complex P=0.004**; Jan.
-Apr.-Jun. P=0.0001*** (in tailings), P=0.0001***(in industrial complex), ***, and ** significant at 7 < 0.001 and 0.01; "*

not significant.
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U} O B2 AEHAE Wol 2440 Tl E
22 ).

AP EUR-e] 2 wols ke F XY BF
o AL A FTIE e, ulETet 29X97te)
zlole =A PUThFig. 1). 3 A W GEA I
3 FAZEo)= el viE 194 7P A4 Yet
wow, 4971A = FA A 686l T A
stgont 199 BTk Wttt ole} 2ol 497 6
Yol A ) JIZEH ol gHeko] vzt WA
et 2l 7 X9 BT 84 e F7 Zol
7iZE=0)e9] 7} FHU} 29py] Wieltt. & )
23} FEAH] 49 F HEA FHE 0.9 mg/
29} 0.83 mg/gl 2 193} & o)z} QI o), 499
F12H=0|= gk 191} v o) 7181

3.2, 85t B0 Y Hat
FastEro] AL a4 FTF, AYG 2 Aol w
g} opeFst vhg-5 YERITH Table 2).
sope ¢l wao] AASHA B0l A S
Qou}, e tzTele] ol A Uk,
HIE #Hax|de] 1€ SoD BAF FExGe] 49
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SOD &/do] IRAGR} EA]et, A= #4219
T FARYo] o Ul SOD B4 EAFRT}H Wt
T} APXE A9 Wl =ZA) Yeig=d|, #EAY
o] A%, 2|9l APX 4L o ey 3 &
7 A A= oe] APX BAL Rl gl
49RE At =3 HXx G APX B4 A
2717 AA txAY Ko} yigit). $HE 3R
Ho] APX EAL U7} LEXY BT 494 7}
A wke e Jehith aeyg FRgae gy
292N = 491} 699 APX BAo] tiEAY
Ht} =0t GR 842 #HFx 9] tlzTelM=
S W 3 STl e, HMAGe = 40
ORF gt £, 69l A SR 28y F
HA oM tIRA S QAR]Y BF 4% GR
o] ST 6¥ollE A Assligdodt, 19
Broe= @e 228 By} CAT 848 BE A4
) SOD EAdshe vhiE o et A A
on, 53] 6d gAS 74AE vETh 3 ¥
BAGoMe] CAT BAL dlzA YN} F3ton),
TR o= tz2x|Y3 2 GA|G7te] CAT B4
zto)7F Atk

Table 2. Seasonal changes of antioxidant enzyme activities in the leaves of Alnus firma growing in abandoned mine tailings

and industrial complex area

Arca Month SOD APX GR CAT
(unit/g) (mmol/g) (nmol/g) (unit/g)

Jan. 298 £ 670 1.27 £ 0.54 107 = 13 2487 £ 433
Control Apr. 1786 + 639 1.40 = 0.99 129 + 33 2392 * 475
Jun, 6986 L 568 238 £ 0.97 254 + 22 528 + 660
Abandoned Jan. 432 £ 171 1.14 £ 0.52 142 = 53 2795 + 632
mine Tailings Apr. 885 + 388 0.77 £ 0.35 131 £ 31 2418 + 450
Jun. 4033 * 881 0.70 + 046 181 £ 48 559 = 108

Model sk * * ko Kk

Area * k% ** n.s. n.s.

MOnth skok n.s. kokk sk
Jan. 506 + 105 1.07 £ 0.55 170 + 56 2822 + 515
Control Apr. 1274 + 195 0.53 +£ 0.22 129 + 20 2116 = 700
Jun. 2676 + 299 1.18 £ 0.51 158 + 21 873 + 940
Industrial Jan. 477 £ 165 0.89 £ 0.51 163 £ 32 2447 + 366
cor:ll lex Polluted Apr. 1667 = 696 0.76 + 045 124 + 27 2124 £ 107
p Jun. 2258 + 301 1.42 £+ 0.71 147 £ 28 894 + 212

Model *kk n.s, n.s. *kx

Area n.s. n.s. n.s. *
Month *kk * * EL 3]

Each data represents mean of five replicates*standard deviation. ***, ** and *significant at P=<0.001, 0.01, and

0.05; ™*: not significant
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Fig. 2. Seasonal changes of antioxidant capacity in the leaves of Alnus firma growing in abandoned mine tailings and
industrial complex area. Each data point represents mean of five replicates % standard deviation. Control-Tailings P=0.007**,
Control-Industrial complex P=0.338"%; Jan.-Apr.-Jun. P=0.0001***(in tailings), P=0.0002***(in industrial complex), *** and

** significant at P < 0.001 and 0.01 ; ™ not significant.
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Fig. 3. Seasonal changes of MDA content in the leaves of Alnus firma growing in abandoned mine tailings and industrial
complex area. Each data point represents mean of five replicates + standard deviation. Control-Tailings P= 0.120™*, Control-
Industrial complex P=0.307"%; Jan.-Apr.-Jun. P=0.0001***(in tailings), P=0.0001***(in industrial complex), *** significant

at P < 0.001, ™ not significant.

3.3. eis 53 @ MDA &E &3

ApeEuRel o W 3RSt T E4d4ka])
DPPH radical®] 2485 7|02 AW A%
Ade] ke AAEE 194 7 w11, 4€0le
et oAl 68l FT18ATE 430k &
&L A 717l AR FAAGo] YA G R} wet
THFig. 2). 3TXGe] dith £2AE-L H3AH7
7R 490 71 Beker, 69l 7 =4 W
Epdr}. e edA o] ik ek 9
o] wlg} & XjolS JehiA] ettt 3HA 499

A AAEL 2EX Y] RAYEY A
it 1954 6¥9] Auole UiRE Byl

2E# A2 Qg 9o &) 5L MDA IS
Z43to] AASIHTE HFA G MDA TR 49
o 71 YAl Yelton], 195 6¥olE =& MDA
FFS FA8AHFig. 3). FARA|9e] MDA ke
19 tzAGRT YA Jelton, 497 6dols
z1o] Ytk 398 FeRA|GolMe HFH G vl
AZ 490 74 ¥ MDA FES velion, 19
o] MDA ke 2x|go] tiR{HT} Hi9kal, 69
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o MDA ¥ Wiz 09ix|se] tizAgnrt
ke,

v.n &

FEo] 3 2EH 2] tigh 9k SEd: 7
2 A=, Yo W] wlebx thekshAl el
(Prochazkova et al, 2001; Jung, 2004), 22Ez|2=0
ek AHe A 9 ol 28] 7L U= &
2ksl B viAYE] FAAQ 292 vepd F
FAGY HHAE v FE5T S dEE HERT,
=0l B8 T T TR 2EH= 898 &
AErcHHossner and Hons, 1992; Han et al, 1998;
Alvarez et al, 2003). ©]3 73X sl A&
o} 7Fsdt HA4Fe] AURE ALSsle 2B~
Ao} gt}
B AT HAAY ERS HlwA w2
SIS UEREE], o) AP e U] €
2 G54 FFoRRE 98 & Qv 53 A
LA ARtEE 690l FE4ad] Fdol Al
Ho} e @ vehd A2 dage] REeR
FEA Tl AULS Avigitt. I W 5L
2 Ah FEE FHoE g 4 Y=,
AUl EEA TS vggHR] Ves ol8sld =
AataL o|F o| 83l A JeiE 783 A 29
So] Ba1d vl JtHZhao er al, 2005; Cartelat et
al, 2005). T FPAFel|Me d2A G} LEA
o] FEAL e Zjolrt FElskA] Lti(Table 1). ]2
g Ade EY 33 270 fARE 39AIFAA o
ZA G712 7| E@E-e] FEE wAa 7] W&
< Fo= FHED o|Hg A= 499 FEA T
o] NEA Y @A GoA 5 19E) A4S
Ao & 4 e, o)Re Yo 2] 2 Do
Al EELpe] el LAEAN s A=A
22 Ao W)

eEeolEt PRa HElY Wek oo P4t
3 7l A 7R duk(Siefermann-Harms, 1987;
Minkov et al, 1999). B2 S} FTHX|H9] 9] f 7}
ZHool= e F 8 degs I Svksked,
SJAL 2Edlze) N33 FSAnr) gAel B4
2 Re] Eh(Fig 1), 3 P2 2 WY FAolA
3 2B 2] oz FA|go A FeFo] WA

i rlo

A

2

el Ay, FaA|Gel|A 4dol] G340 o] A
d=ls A9E JepAY, 712HkelEe o dEE
A FEL BRAAEAY I} 8] 71eS F
TWF1E AoZ wkEn)

37 2EFHAE B A5 AEE tiEe
24 A AAE 38 5450 2 #eldit o
2igh g8l AAES A7) WAE VAL om,
2B 29] e uiebx] o] A vehrdth
(Foyer et al, 1994). a7 Al SOD, APX
2 GR A& 190 WAl JeRen, CAT B4
ke #HFA G hxAGolM TR vERtT.
e} Fig 2014 B ule}h Zo] 19e] o} &
EAlshe JE9 A ks T vl =& A
< 7RG a8z Esia 1€l itslE L] &
’do] e Al Aol o3t &4 A3} wE] Ao
2 g} o]aigh gitkel gl Ty Hile B4
Akanel] ofgh Alaute] &8 F7M7IE ARE 7HA
$THFig. 3). ¥ FHAAGY F59 oA veRt
t 54 84 ¥kge dizAYah= gEd & SoD
9} GRS UlZA|¥3} vlRriRz 689 i3} 7)E
S 989, APXS} CATE 199 3338} 7158
ks 2oz veldt 3 49el= Fig 3004
o 2ol 4 Wl I8 FE= 7P @A vEhed),
o|AL kel AL HE e wiolgr]Ht) Y
I 2700 QA5 tig =Fo] AiFoz A3
&) Aoz HehE)

Aol e] Fhatsl gao] T4 WIlE HA|
I AR RS Yelith & sope ¢ ady
7 BAlol Z7lsl=s A4E, CATE SODS g
Q) wgdw} S| o) 7hasle a4 Yelitt 3
A APXS} GRE] &4 ml3A9y} |2 49
o 7P wtA el o8l 5 53 Al vERd,
2E# 2] tigt =& F=rt 7FE FHE AVIYE B
o Ut}

9] AHES £ B, QEAY B AE
glzol ISt Fitks} 71e-e o w7 geiAy,
2E#2e] gt e} 7le2 Alzte] Aol wet
stk AL & 5 U o) A= wHF
A7 FEA G Zpol7h AT, =g it}
AeA ¥ RzkslA 2eske sl B3 J1EE
wol=9l SoDoH, o5 o Wy g k)
o] ZV13). S SoDe) A8 23 AR

'

mn‘.

7

o 12
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H,02 AASEH Bolshe APXSH CATE= 54k}
Aol 45 Heka wAE EAR

g

d TR o] e TAle} et
3t 715e] BAS 7] Ak, 195 689714
A et gkl @4 HEE AT H
A7 FHAAGY FEQ] ~E# 2o gk ksl 7
o ST A dsle, 6ol P w2 &
21 B498 Yepi. ksl 24 F Al wisiel
ATE JeEs AL JlEHeol=, SOD 2 CATH
o1}, Fi2Hiole9} SODE A e Vel
i1, CAT= H(-)9 488 Byth T3 H,0.2 A
Aste ol Fsle APXSF CATE 435 HebFQl
WAE JeRE 7Kg W 3iis 248 vehlie
AI71E 490l oH, o] A7]dle 2Bz <15 7
3 S wigkth
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