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Effect of Stress from Chlorobenzenes on SOD Activity of Broadbean Seedlings

LIU Wan, LI Pei-jun, ZHOU Qi-xing, SUN Tie-heng, TAI Pei-dong, XU Hua-xia

(Key Laboratory of Terrestrial Ecological Processes, Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016,
China)

Abstract: Root growth, changes in superoxide dismutase (SOD, EC 1.15. 1. 1) activity, malonyldialdehyde (MDA) level of
broadbean seedlings were evaluated at different concentrations of chloro — benzene (CB), 1, 2, 4 — trichlorobenzene (TCB) and
hexachloro — benzene (HCB) in a soil. The results showed that root growth of seedlings was interrupted after 5 d at concentrations of
50 ~300 pg + g ' with TCB treatment. The effects of TCB stress on SOD activity in seedlings displayed significant dose — effect
relationship during the period of 1 ~5 d at concentrations of 50 ~ 300 pg * g~'. When broadbean seedlings were released from 5 d of
TCB stress to a clear tap — water for 3 d, SOD activity at 50 pg * ¢~' TCB recovered to the control level ( P > 0. 05) while a sig-
nificant increase in SOD activity was observed at 100 and 300 g *+ ¢~' TCB, compared to control (P <0.05 and P <0. 01, re-
spectively). The experiments also revealed that a significant increase of MDA level in seedlings occurred after 3 d and 5 d of 100 and
300 g * g ' TCB treatment ( P <0.05 and P <0.01), and there was a positive correlation between TCB concentrations and MDA
levels. All the above results indicated that SOD activity and MDA level of broadbean seedlings may be proposed as biomarkers for
short — term TCB contamination in soil. Compared to TCB, the toxicity of 50 ~1 000 pg + ¢! CB or HCB in soil to broadbean
seedlings was not found after a 5 d exposure.
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1.1 RXe 48t

PR A R e A 75 B 5 (Vicia faba L. ) .
I8 T H TCB 4l 4 99. 5% , W B Fluka ChemieAG
JNE); CB 4l R 99. 5% , W Sigma 23w 5 HCB 1k
Sl WA BT AR Z Rk A b ERE B
BHAE 56 0 K /NX (0 ~20 em HFZ), AR
O 2.21% , &N & 0. 12% .
1.2 A2

RIE AT CBCBE R i 112, 56) FH PR il fic Bk
40, 50,500, 1000 wg * g (AKX +35853) , TCB (&
JRIFTHE 181.45) FINEREC S B 0, 50, 100, 300
pg g (AT 3E51) , i HCB (BE/R 5T i 284. 80)
FHZERC A E 4 0,50,500,1000 wg * g, 23 HIHEA
600 ¢ 3RS, ARG TR F 40 E (23 C) #ER K
N 4 b, PrA IR 3K,
1.3 BNt

TEFEAR BRI & SR, HE4 0. 1% HeCl
FMNH T 3 min, SR F 25 & oK ob e T8, 2 T
WA BERb (23 °C) BB R 2F AVEMRK R 2 om B, 4%
HAY %R T 54 ik CB, TCB Al HCB 3 A% AR
(HAEN9.5em, N 11,5 cm) i FRZEM ] 544 F A=
Ko BIBEERNS 0,1,3,5 d & S48 AR, B
FEJG L RPP R — L4 AR &, IR AR VRIS I T
- 80 °C, HELMER 2N K o AT R B
F1dM3d,
1.4 MEIERRFE

B2.0g(fif ) EGLHWEMA, A SmL62.5
mmol « L~ Bz 2% ik (pH7. 8, %A 1.0 mmol + L'
EDTA, 2 mmol * L=' DDT #10. 2% Triton X — 100) F7K

W IEEE , T 13000 g,4 °C, B0 20 min, FIFRAHT
7 SOD MDA J¢ AT P8R 11 5% o SOD {14 % H
PRUER) A GBI M, AT AR R
K H Bradford 773 , VA4F L% 85 O FRIE o MDA £
M 52K ] Velikova 4 WIFRAE T 1. 1 mL $2H
WA 4mL % 0.5% (m/V) BACE L ZIRIY 5%
(m/V) =R LBREEW, WK W 30 min, RAIG
B0 (10 000 g, B5.0> 20 min) ,M5E ODss, ARSI
AE ODesooo % 155 nmol ~' + em ™' {H M R BT MDA
i,

FEAR A KR BLIULEE : 73 51 F TCB Ab B 5 Kk
RIEFE G WS 20 Bk, 43 ) RO e ) A AR
B R B o R 0 B 2R - A+ A 22
(mean +SD), H ¢ — A 56 7 % 1o 46 41 5 % AL kA 7
225 B E T

2 HREWE

2.1 TCB BMEX BRI EHIR R E KN
TEALFRRTII (1 d),50 1 100 wg « g~ ' TCB ffpif %t
&G AH AR R KAWL/ (P> 0.05) , 1 300
peg - g 'TCB ALBEA 4 AR RAK B B AL FX | (P
<0.05) 5 W5 Ab B B 1) 34 0 A b B[R] Y ZE S
YR AR AR Z B A G, AP 5 d i,
50, 100 #1300 g - g~ ' TCB AbBH A4 B ML 2R A= K4
HZ53 9N 17.5% (P <0.05) , 46.2% (P <0.05)F
65.0% (P <0.01), 568 TCB XA 5 i i) B S R AiE
AR R AR, SRR TAE—20 1, L3k 1.
50 ~300 pg + g ~'TCB b 5 d (& E 4N HI 5 F5
FIE KPR R REFR 3 d Je g (1), 50 A1 100
pg g ~'TCB AFRAI Ly AR AR BH AR A K [ 5 %)
HEZH Y 22 2RI B (P> 0. 05) AT (P <0.05) 1,1
300 pg + g ~'TCB AL BRZH &)y i AR ISR I AR (AR EAIK
(P <0.01), PEWILE 50 ~300 pg + g ~'TCB /4 F 4
IR AEAE I #EBLAE
2.2 TCB BME TREHEHIREF SOD iHHEMNTL
2.2. 1 TCB B X} 42 LA Hi L & SOD & MY 52 1)
100 #1300 g - ¢ 'TCB ZLFRZE T4H 1 d F1 3 d,
SOD 1 PERA Bashn ., EAEFEES 5 d Bf,50 #1100 pg -
g ~' TCB AL FRZH B H 1T SOD 15 11 B 48 it [ hy X6F B g
1.25 4% (P <0.05)] stk B @3 [ yxd B 1. 52
fi5 (P <0.01)], 1fi 300 ng * g ~'"TCB AbHi4H f¥) SOD
TEPERRAR , B TXTHR (P> 0.05) . FHEIE 784047
TCB X} & 5.4l 1 SOD I PR32 i 7 i - R0 G R
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Table 1 Effects of TCB stress on root length of broadbean seedlings (¢cm)

TCB WeJE /pg + g~ 1d 3d 54d 5d+1d 5d+34d
0 3.3+0.23 5.8+0.39 8.0 +0. 60 (9.1+0.46) (11.2 +0.49)°
50 3.0+0.17 4.9+0.25 6.6 +0.30" (7.5+0.37)" (9.6 +0.80)°
100 2.5£0.12 3.5+0.21° 4.3£0.31" (4.8+0.38)" (6.3£0.51)™
300 2.3£0.20° 2.7+0.17" 2.8+0.34" (2.8+0.23)" (3.0£0.14)*

o a FORA B SR HEAL 2 [ 22 57 0 3% (P <0.05) 5b Frm A BHAL 550 B2 i) 22 0 8 % (P <0. 01) 5 O A1 () N AYEE S B # R TCB AR 5
dJG MBI 1A R 3 d AR A KE, TR,

E KW, T ELHT SOD IEEXT 50 ~300 pg + g ! W5 R, ML AL 1 — RO OC RS WX is
TCB e LB R AR - UM G &R, JBhia 1d Y 3E S ) DI 2, TR i R 7 4 755 G P v B2
3ARPREMERR, 5 1d, £=0.970; % 3d, = AT DA Ay A 00k 5 G DA 7 1 5 o 381 v B 4 B g
0. 858; il 5 d WFIZRBUNILTY, » =0.900, IL R AL, AaE h TCB %88 X A .40 1 SOD 11y
%2, VA, DA s 2 0 BRI R A (AT A ) 1 i 7
£2 TCBMBXTEE4E SOD FEMEM(U - g ' FW)
Table 2 Effect of TCB stress on SOD activities of broadbean seedlings(U + g =' FW)

TCB W /pg - g™ 0 1d 3d 54d 5d+1d 5d+34d
0 190.5+16.5 189.3+14.6 191.3+17.0 190.8 + 14.2 (189.6 +20.3)" (191.2 +14.6)°
50 190.5+16.5 201.5+18.3 230.7 = 15. 1* 239.1=+12. 8 (243.5+11.2)"*  (208.5+19.5)°
100 190.5+16.5 228.6+19.7" 261.3+19.7 290. 7 £20. 4 (301.7+20.1)' " (253.1+22.8)™
300 190.5+16.5 271.5+19.0 295.7 £29. 1" 203.1+18.3 (210.4+17.6)" (278.7+23.7)%

B8 77, AT R S AR WS G A I S S 1T e (W A% . DNA KH TP e LBEE ) /Y5 481k
FHE TCB (300 pg + g~ ' ZbFE 5d ) XF SOD % P il THHLI,
Ve A AR = A vh 3 SN A REIK , AT eSS R Ry e v 2.2.2 TCB Wi fi ko & S 4 R & SOD 15281k

B TCB a5 SOD J< 3G MR, i S Bk 2 KW, ¥ 50 ~100 pg - g 'TCB 2 5d J5 1Y
e 05 Y 30 (038 I BE S7 100, ELN, WERSE 1d 5, H SoD Gy i W T

H AT 5E R BT, APy ey i A T e A i 45 TR (P <0.05 fil P <0.01), ifif 300 pg * g~ 'TCB &b
H, ATRE AR G B ORI P ] e, AR BRZLA) SOD IR ERKE TR (P> 0.05), PKEREFE
P KRG PEE (4105 - L OH fil H.00) 7= 42, 5 & 3dJG, 50 pg - g 'TCB ALFELHAY SOD JE MK & 2%
A E B R X LA S B A L 51 DNA L & H WK (P> 0.05); 1 100 F1 300 wg + g~ ' TCB 4L B
Jo3 | BB o A5 SR A A543 LA B e e i ) 0 1 B8 A1) SOD 5 35 B S5t i 1 X6 R (5 06F BEAH L 4 53103
T AL VR F R TG BRIE R A A E A, HLvE s T 320 4% F1 45.8% ), J5 & 1) SOD I P 8 3 & T
AR AT ()45 S B IR s W B AFAE , 24 F/K P 300 pg - g 'TCB Bk 5 d I/ SOD i ¥ (i
b W Gy B ) BURAE R Y o R RESERIE 23.9% , P <0.05) .78 Z 411 v BEAAAE SOD JE[H
FLELI AN SOD & P 5 FHAR Y A1 il R 5 it S B PR GFE — R G A A LS R AL, DA T fif e
BRFIR - BN RS M4 RAEAY)  TCB Bt x4l SOD [y 2 m By nf ik 5 [ Ahdoidd
YIS BIESE O AR, A4 SOD i WK 55 9% 1 ~3 d, ST 2 B A AR 32 1) 48 A 1y
PEXT 3 TCB V5 Y2 Wi g 2 B BURk, i H B B i, SER M0 AR S WS 4 SOD TG M AR fk R
W - SO R, KR GH SOD i PR L —FnI,
YEh 48 TCB V5 QL W i A rbric . (B E ot 2.3 TCB BMBEXEBELEIREFE MDA SEX T
98 TAE & BUAE Y 4 v A0 96 858 25 41 1 1) SOD 1 P I T4 AR MDA &5 7E 100 pg - ¢ ~' TCB &b
WAL U, U SOD 1 MEAE MR TCB V5 4 Jy i ik 1 dJEmgA ETHEY (P> 0.05), 7E300 uwg g
WENR LR, FERNSEEEAEYIESE TCB AR 1 dEHEIM(P <0.05).3 - 5d 58
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HE, SXTAmES BE (P <0.05) gtk B3 (P
<0.01), HH15 TCB ¥ J& 2 [6] 43 5] 3 Lk 1 AH 5
(»=0.938 ~0.975), W] TCB Ml F 4 m & 4E
T AR B A AR, IR 3.
R 3 TCB BpEXMEZ 4 E MDA 2B ( nmol + g~ 'FW )
Table 3 Effect of TCB stress on MDA content of broadbean seedlings
(nmol + g 'FW )

TCB W /pg - g 0d 1d 3d 54d
0 7.6+0.3 7.6+0.4 8.6+0.5 8.0=x0.4
50 7.6+0.3 7.7+0.5 8.9+0.4 10.7%0.3
100 7.6+0.3 7.8+0.5 13.5+0.8" 18.9+1.6°
300 7.6+0.3 12.4+0.7* 18.7+1.3" 32.5+2.5

ERE SR CIE S

TR, 58 254 T R PR RGP 40 SRRk
51 & ARG i e/, MDA J2& B AR I A Ak 7
B, L i A AT B WAL ) R R 32 SR Ak T aa
PR B AR, EELEIAN MDA 5
TCB W& J& Z [ A7 76 B B i 7l i - R0 X R, L
MDA & & n[ /£ TCB V5 Yela N Ebricy, 5
Merendino et al'"'Fl Requena et al > ) 16—,

ARIS P, 7E TCB AR, & 4l iR A SOD i
P TR (35 2), MDA &R aRFEIR A0 (3 3), %
BI TCB a7 T4 v i e e . ek 1
M 3 A LIAE M, TCB JPri 3 ~5 d J5,MDA Bl R 54)
HAERKEREAAE, PEMXRE () 70.899 ~
0. 917, UitHH TCB ¥5 Yt ax 540 i 195 E/E AR vl g
SR 3 o R T P AT 3 A 7 A 1
2.4 CB# HCB BhEXMEEHEEK. SOD iFME.
MDA &£ /%

F4EW, 50~1000 pg - g ' CBALFE 5 d XA
SAHEK . SOD iG K MDA &8I0 A B 3 i 10
HYERA (P> 0.05), R LS R AE HCB Haa i
A 4 RS EHIESS . B 501 ~000 pg - ¢! CB
5 HCB AL 5 d X 45 52401 i I 7 A W I i s P Ak
N, UL 4,

Kong %5 218 , CB, TCB F1 HCB Ab#f 48 h Xf 4%
B R UL RN, HEEPENTY i HCB> TCB>
CB. /NF 200 pg « g ~'CB AT LA 4 e i 45 F
PR RN 6 UG, 140 40 1 R R B, (HMR
TAHTA | AN T S Ak i Y A g, 50 ~
1000 pug + ¢ 'CB 5% HCB b 5 d X & G4 K .
SOD I M K9 1 Fr i A e A B, R
CB 3¢ HCB 4b3 5 d X} #& .40 1 o)™ A6 B S i F sk

R4 CBFHCBSHRRESIBEHNBEEDERREK,
SOD & MHF MDA & K200
Table 4 Effect of CB and HCB pollution on root growth, SOD activity

and MDA content of broadbean seedlings after 5 d exposure

. ez WRAKE SOD it MDA &

59
/pg g /em /U-g! /nmol + g ~'FW

CB 0 8.1+0.34 188.3+25.5 8.1+0.57

50 8.0+0.50 191.7+13.5 7.4 +0.54

500 8.3+0.54 190.6 +15.3 7.9 +£0.67

1 000 8.7+0.26 189.28 £13.4 7.8 +£0.35

HCB 0 8.4+0.43 189.1+13.8 8.3+0.45

50 8.2+0.29 190.7+13. 1 7.3+0.54

500 8.6+0.51 185.3+16.3 8.0+0.58

1 000 8.1+0.65 189.7+13.7 7.9+0.49

o FOJE PR A BB CB 8 HCB A wk Zs .4 i Wil , a%
Ho TIEREY) P E CB F1 HCB LSS & S FFTE. Bk
gERRAI e S ok . B S AIMXT TCB., CB A1 HCB 1Y
;T R B BUR AN A O, A R T — 2R .
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