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Effects of Cr’" stress on scavenging system of active oxygen and cell ultrastructure of Vallisneria
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Abstract: Effects of Cr'* siress with different concentrations on the scavenging system of active oxygen
and cell ultrastructure of Vallisneria natans (Lour. ) Hara leaf were investigated. The results showed that
the contents of O, and MDA and the activities of SOD, POD and CAT presented a trend of increasing
firstly and then decreasing with increasing of Cr’* concentration (0.5-15.0 mg - L™") ,and in 10.0 and
15.0 mg « ™' Cr’* siress conditions, these indexes were obviously lower than that of the control ( P <
0.05). The O} content was the highest(0.96 OD + g™')in 1.0 mg - =" Cr’" stress condition, but the
MDA content and the activities of SOD, POD and CAT reached the highest in 2.0 mg + L™' Cr’* stress
condition. With increasing of Cr’* concentration, the injury degree of cell ultrastructure of V. natans leaf
became more severe, and resulted in the nucleolus and golgi apparatus disappeared; the cristae of
mitochondria swollen and mitochondria membrane damaged and then presented vacuolar mitochondria;
the chloroplast deformed, the thylakoids swollen and eventually lead to chloroplasts break. It is
concluded that the Cr** stress with high concentration has an irreversible injury to V. natans leaf cell.
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M SCH 2 S0 IR E] AR RETT ¢ K. MRE SR
EEBI T ERME O BHAKRMP T, Ry 3 REENE K TFHE,

o S A 3 AL (SOD) 1 S AL ¥y (POD) Filid
LA RS (CAT) ST AL BHE R AL DL S A A
A2 (0, ) M B (MDA) & &INARL, 3 Hr 1
Cr " R 2 LROBL AR | R 2K LA A MO L S I E
471 B A A 52 4 A 5 4 1 B RO R, LA
Bk h BRI R NN S WP R AR S
% IR B RS S SR A R KR
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1.1 #H
SEI6 Y ROR A me T R R B B K 8

WA KA R 15 ~20 om W5 FAEE, TR
40 f%[f) Hoagland 3557 P17 BiRE SR
1.2 FH*
1.2.1 #&®Fg LHIB 64 ' WL,
yH140.5.1.0.2.0.5.0.10.0 f115.0 mg - L',
Cr’* LA CrCLIERIA. , FIZRIE K B R AL BEHOFAE N
X HUHESE 48 h KB — B, KT K5
HIFE, SRIARKE A FWE G W 35
#1(30 cm x30 cm x45 cm) 7, H T LRH - 250 - GS
RN TAARAEN, TR 12 h - d7' 25 CWEABET
S0 T d, W 55 T S BORE AT & TOUHE A R 00 s A0 4
W FREE I AEE . RALBER 3 K,
1.2.2 ARG E BRI e &
IR, O, S BB EZREMNET ) 457
W5 5 FBRAR L B MR (TBA) b €035 2 MDA
A8 ;S0D 152 M Giannoplitis #7536 W52, L
Wi NBT YR 50% 24 1 4B P 507 R A&
BIARBEALE WiE POD ¥k R AR W
& CAT 7&#%:,
1.2.3 @mRAmEm g W RAXGEKES
Ja, VI 1 mm x 1 mm /NS, FIARERST 80 4% B
“EMEREBSE 1% HNEARNERE, R
B &R 15K G , fil Epon 812 #4703, LKB - V ## #
WA, GREBRNES - e,
H 32 (HITACHI) A - 600 -2 &5 il T BB #E1 T W
T,
1.3 B

SER B SR A EXCEL 343441 38, 3%t

2 HRFM

2.1 Cr"prExEEMRES O, f1 MDA 281
&

REHRE Cr* st 6t & 20k A s 0,7 F MDA
SEROFMLE 1, 21 7 MHa)E, Wi A
i Oy SR AW B, 1.0 mg - L7'Cr'* AhBEA
WEIM R 0y SRER,15%]0.96 OD - g™, At
HRZH Y 200% ;5.0 mg - L7 Cr'* Ab #4355 0t o
g O A& N 0.45 0D - g, 2%t FRALHY 94% ;
M 15.0 mg - L7'CP** b BHAE M H0 O S B
£(0.08 OD - g™') ANL Ry Xt FRLLM 17% . 7EO ~
1.0 mg - L' ¥RBEFEEEIN, B CF " WS, 35 5
i OF & B BB ; 7£2.0~15.0 mg - L™'¥
BEVERE L Bl Cr * W3, S R P il O,
BZEHWD. HH0.5~2.0mg - L7'CO* i34
HEMNRPH O BB E T RA(P<0.05),
10.0 f115.0 mg - L™ CF° " fb B4 Fr it B 1 O &
HHBETXEA(P<0.05),

£1 FREKE Cr'* BHAXHEEN B 07 f1 MDA 2 RE&ME"
Table 1  Effect of Cr’* stress with different concentrations on
contents of O, and MDA in Vallisneria natans ( Lour.) Hara
leaf!)

Cr* Y /mg - 1.7}

0 58/0D-g™" MDA A&/ pmol - g”!

Cone. of Cr** ‘057 -content MDA content
0(CK) 0.48 37.5

0.5 0.79 £0.05 = 59.8£4.12 =
1.0 0.96 +0.08 * 68.3+4.79 %
2.0 0.81 +£0.07 * 81.6+5.21 *
5.0 0.45+0.04 42.2 +3.06 *
10.0 0.13£0.03 % 30.5 2. 12 %
15.0 0.08 £0.01 = 14.2+£1.52
D% P<0.05.

ZCO b s, R A MDA & Bk
5 0y (A kIl 2.0 mg « L' Cr'* A B4 5
H-H-H ) MDA & 8555 (81.6 pumol - g™") , yxi g
4 218% ;5.0 mg - L™ CF* b H4 ) MDA & &
H42.2 pmol - g™ AT HRAL 529 12.5% ;Cr°7
Wik 10.0 mg - L7', i iy MDA S BEFIE
BAR, g%t BRZH Y 81% ;T 15.0 mg » L™'Cr** 4b 3
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1t MDA & B8 (14.2 pmol - g~") ,{LL R X M
Yl 37.9% , E5F KW, 7E0~2.0 mg - LT IRIER
R, BE CF MR RS R, 3 B i) MDA & &
BRI 76 5.0 ~15.0 mg - L™ ¥R EFLE A, B
Cr YR OB , M P g MDA S REHI D .
#10.5~5.0 mg - L' CF* A B4R J i) MDA
SEWEEFNE4(P <0.05),10.0 f115.0
mg - L7" CF°* A PHZH ) MDA & E W] BAR T A
(P<0.05),

2.2 CrrBphiaxtEEM & SOD,.POD #1 CAT
AR

SOD EAEYIMARNE R A h R SR —, BE
AR N R R A A 3 0 R AR AL RN, 72
tE 0, %1 H, 0, ; POD B8 15 bR # ¥y 1 9 (¥ 1 B AL
¥y CAT N 278 B A H14k N H, 0, i 55 — A~ G
f°0 ., fEMMA & T, HY kP SOD,POD il CAT
EHRE L SHEYZGENBREAR X,

SRR C* B e, ¥ =ik i g SOD .
POD J2 CAT ¥EPEIKZAL IR 2, R (0~2.0
mg - L) Cr'* a4 T, B8 O WREE AR, &
ol oAy SOD EHE B, BL2.0 mg - L7
Cr'* AhFRYL MY SOD FE MRS, ABIS526 U - g ' bl
Cr' KBRS (5.0 ~15.0 mg - L7') 3 H
MK P RSODTE M FIE, H O WER T
10.0 mg - L™, B AL BAFEM F 1) SOD {E MK
FxE, ¢ I REP,0.5~5.0mg - L' C°*
fb PR B R R SODIEHE R FER TR (P <
0.05),10.0 #115.0 mg - L™ Cr** ZhFE4H ¥ SOD 1%
P8 EE T (P <0.05),

F£0~2.0mg - L' CP AT, % Co e
RIZBIE N , 3 2 S i) POD YEYERA B BT, LA
2.0 mg - L7 CF " A B R FEE 5 POD Y&t &
B, xR LA 189% 5 B Cr' " WRBEAIR T (2.0 ~
15.0 mg - L") , M- (¥ POD & P FA B MK, Cr'*
W T 10.0 mg - L™, 4540541 i) POD TEHEHIK
T, R RER,0.5~2.0mg - L' G
MR EEMN B R POD EHBEE THE(P <
0.05);5.0 mg - L' Cr** Ab¥41 i) POD J& 551 BB
HAEVE;10.0 F115.0 mg - L™' CF " b B4/ POD
WS FMMTXR(P<0.05),

£60~2.0mg - L' Cr** BMASKMET B8 C° %
BB B, E Rk i CAT IS HZ ¥ B3t

B12.0 mg - L™ Cr'* ANTBAENE F i) CAT Y6 Mg
(52 pmol - min~" « g7'), AN A 130% ; B
Crt R85 (5.0 ~15.0 mg - L7') , W E A
iy CAT JE MRS T I O R F 5.0 mg - L7,
£ Rb B 20 E B B CAT 3 R IR F X IR, o
15.0 mg - L7'C’* Ab AL A9 CAT J& P& AR, X %t
B 25%, t B4R B/R,1.0~2.0 mg * L™
Cr'* b HZH Y CAT 154 B3 & T X (P <0.05),
0.5 F15.0 mg - L7'C°* AbBIZH I CAT TH 5% M
FBEX5,10.0 f115.0 mg - L™ CF " AL AL
CAT It B E MM T X (P <0.05),

%2 RERE CF* BHEFEEM F o SOD.POD 1 CAT FHEHY
'inll:jle 2  Effect of Cr'* stress with different concentrations on

activities of SOD, POD and CAT in Vallisneria natans ( Lour. )
Hara leaf"! :

Cr“%{

B /mg - L7} SOD POD CAT
Cone. of Cr3*

0 (CK) 340 82 40

0.5 432 +9.64 * 129 +4.64 * 43 £3.53

1.0 468 £9.15 = 144 +5.25 = 47 +4.35 %

2.0 526 +12.03 * 155 £6.47 * 52 +£5.17

5.0 402 £8.62 =* 83 +3.46 38 £2.84
10.0 322 £7.97 * 65 £2.53 * 25 £2.15 *
15.0 206 +5.46 % 42 +2 .01 = 10+£1.53 %

D'SOD. SOD fE&# SOD activity (U - g~!); POD; POD 75 #: POD
activity (ODgpe - min~! - g1} ; CAT; CAT §G# CAT activity

(p.mol-min_1 -g ). = P<0.05.

2.3 Cr''phEXEEM R ARBMERHEN
IEFEEREN s e 1, HE
1 A[ I, IE R B R P i i 2 KA
PIERGEAG T 0T, SR R A HES ST R (1 -
s B R 2 HESMEE, s REER, #H5F
¥ B R ESTE BB L (1 -2),
AT EE Cr** Jip it %o 385 5 0 40 ML AR A 45 4
AH BB 0.5 mg - L7 C" HsB AT v 5114 5 44
B RN ZRRE (AR W /) , 40 BB 4 4 TG B
(2 -1);761.0 mg - L7'Cr" BB AAT , 40
JirF B AR BV, B R R AR N B
SR A BN MAT (B2 -2):762.0 mg - L™
Cr** B8 24T, 200 £ 185 S B B M W L A
PR B RK S , SR RIS AR AT (B 2 -3)
FE5.0 mg - L7' CF°* B &4 T, 40 B Zohi ik
W FEEL LSRR I 2 4 (B 2 - 4) 572 10.0
mg - L7'Ce" i 644 F , MR AL ik R 3L
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© OWEk(EI2-5);7E15.0 mg - LTCOTNASMAT,  SHIUEK FAMEREAR(E2-6),

1. gk 4 A B Fn 28 Br 4k Chloroplast, chloroplast membrane and mitochondria ( x 17 000) ; 2. PN Jii ™ . 40 i &% F1 & /R 3 4K Endoplasmic
reticulum , cell wall and golgi apparatus( x35 000) ; Cw: ZHHIBE Cell wall; Cp:H-%¢{A Chloroplast; Ce: MH-%#{A i Chloroplast membrane; Mi: Z&%7
f& Mitochondria; Gi; Bj/REAK Golgi apparatus; Er: &K Endoplasmic reticulum.

1 EEXEH R AMGBREN
Fig.1 Cell ultrastructure of Vallisneria natans (Lour. ) Hara leaf under normal condition

[

1-6; 433%70.5,1.0,2.0,5.0, 10.0 #15.0 mg - L71C* Pl S T 2B H 40 MR8 45#) Showing the ultrastructure of leaf cells of
V. natans under 0.5, 1.0, 2.0, 5.0, 10.0 and 15.0 mg - L™! Cr** stress conditions. 1; 7= 32 65 i) 1 %% f& Showing the slight disrupted
chloroplast( x 17 000) ; 2: /REAMEZEAST B2 Showing disrupted nicleus membrane and the disappearance of nucleolus( x15 000) ; 3 /R€R
Bk g HEF 5L B IR K o8 I A0 3% 455 59 755 K 224K Showing the swollen cristae of mitochondria arranging in disorder, expansived endoplasmic
reticulum and disrupted golgi apparatus( x35 000) ; 4. RERBIAIEZEE T KBRS Showing the swollen cristae of mitochondria arranging in disorder
and mitochondria membrane rupture( 35 000) ; 5. /RERBIKE 23 H IR | H 44K 3k F ) Showing mitochondria appearing vacuolar and chloroplast
grana disrupted( x25 000) ; 6 JRZSHDIRLEBLIA T Z IR (I H 44K Showing vacuolar mitochondria and disrupted chloroplast( x25 000). N: 40iE
#% Nucleus; Nm: #%J# Nuclear membrane; Cp: H-%¢{k Chloroplast; Ce: H-%¢{%kf& Chloroplast membrane; Mi: £k} %k Mitochondria; Gi: B/R#K
Golgi apparatus; Er: p4Jfi Endoplasmic reticulum.

H2 FEARECSEfK4TEEH K AMKNBR%SHE
Fig. 2 Cell ultrastructure of Vallisneria natans ( Lour. ) Hara leaf under Cr’* stress condition with different concentrations
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AR E CF* Mg st 5k e g O, # MDA
SRNE--EWEH, O RERT2.0mg - L7,
FEH AP O, SRS TR, RERTS.0
mg + L7 B AR O SRR T, O #k
BT 5.0 mg - L7 B oy MDA S EET
S CR WEE T 10.0 mg - L', it H Hri MDA
SRARTAIR, M2, b CF WS, EEr A
Hr O, F1 MDA &R IR B F 5 R E
B FRE A LS, O WEETF 2.0 mg - L™, BH
Cr' YR EERG 4R &, 5 Bk i 91 ) SOD, POD #1 CAT
EHAERFEBRETE, EERRI C°* i = A4
MITEPEE B SR, R AR E OO
FEF2.0mg- L7 BECO WENES, O, FEE
EHe o, R AR E R B EERRAED
AR B AR 8 O 5 R IEIR AR AR B8
KA T SRR B RN, T3 B M J g SOD
POD Fil CAT & %D BEX W, B MBIAL
B R G ERE B E T, A MDA SR
bt nl LIE IR RS2 E R .

MM B AR E , A IRWE C° b Xt
PR B 2 AR | A R R R 41 L AR 1Y
BEW, RIKEE C° (KT 0.5 mg - L") BipfI Xt &
M H AN RRAR B S B B i /N B T WY
$E, o M B R E BT K, O YR
% 0.5~2.0 mg - L' J0f B EAS T A
B BREREHZ RS RO, £ e
A BRI R A R A A K, B
WREEE A& B, Cr’ * S5 B - - 440 i 4 - St 1k o 2 bt
Rt —EMRE, C EEMT 0.5 mg - L™, %f
ERH 4 R o s R R BRI E A B,
Ce " WREFH S i EEAAMAE, £5.0 mg - L™
Co AT, w40 P SR s SR 2R AL 16
10.0 mg « L™ Cr** il &4 T, Sohiid ) Bl R
Z5Hg; O WIER T 10.0 mg - L', MR 2 B = E
B, BUERL A S FRS R U 1 45 My 4055 , T
LM,

HYEZ B W B W e, KN RS ER L
£ T SR YGA M R B AE FAHSC B SRR
g U0 e 38 R BE 1 B , A B £ R
SR ST, B LWIR R M S 51, e R A A
W& Cr'* Rk s — iR, WX B F
AL AUE R, Qnnt SRR A A AR 4, BT Xof
AR SEA R IR A T EH W LSS
BRI, & Hg®* kb B 4 4R E 78 ( Nymphoides indica
(L.) Kuntze) M4 5 80T He®* He B (1 e
BEEA X — W A R B T E R
TR A0 B kiR B B A E AR . kSt
Cr’* b0 3 {5 40 M 20 A R A2 481, e B0 5% 2 K
B R R HOIR 450 b 45 5 IR , 52 AR ) B0 R IR
Y FAAIRE LR , I S BUERIET

Bl B SO A TR e SR T TR
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