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Changes of nuclear ultrastructure,nDNA
and antioxidant enzymes in leaves of
Lemna minor induced by Cd**

WANG Ru-Ping!, XIE Kai-Bin?* , XU Nan?,
XU Qin-Song?, SHI Guo-Xin?

( 1. YangzhouVocational College of Enuviroment and Resources, Yangzhou 225002, China;
2. College of Life Science, Nanjing Normal University, Nanjing 210046, China )

Abstract; Damage to nuclear DNA and ultrastructure and changes of antioxidant enzymes in leaves of Lemna minor
grown in different Cd?* concentration gradient for 6 days were investigated to clarify the phytotoxicity of heavy met-
als in aquatic plants. The condensation and marginations of chromatin were observed under the electron microscope
when the Cd?* concentration was from 57 mg/L;nucleolus break up when the Cd?t concentration was 10 mg/L.
TdT-mediated dUTP nick end labeling( TUNEL)analysis of cells revealed that the nuclear DNA strand breaks could
be identified by labeling free 3'-OH termini, which was the typical feature of the cell apoptosis process. And necrotic
injury occurred in 20 mg/L Cd?*+ group. The activities of antioxidant enzymes could be stimulated exposing to low
Cd?+ concentration to clean up the active oxygen,and the cell apoptosis happened when their activities declined rapid-
ly at higher Cd?* concentrations. The results also indicated that reactive oxygen species(ROS) and antioxidant en-
zymes were involved in the apoptosis process.
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C&* ABERBRYZ— A UHEYAER
ERRHEREES 19, R UHFARYELERA
K (Sugiyama,1994), HERELBXIKEHY
ERKAFSBMEHELNVER, BRI EECE
1t B £ B9 B 5T T AE (its B %7 %8, 2000; Korichera %,
1997; K EF%,1999) ., Bt FTEL B A FIHH
YR BFEESE T (PCD), BN REHF AL L,
HEEFERTCREHEEEHMARE £
T, EA 3 F — % 89 48 it £ 3E (deJong %, 2002),
EER, M EVAREFEFR TR RERBZ,
BRTHYBASERKAZBTLETH PCD 5b, B &4
BEFRBEYEARNBFERE T (FE4EE,
2004), BRI MR T ERESE¥RBEENE
A T 3% GRR X %,2006)

AR ICLAGH A ) 69 1 ¥ (Lemna minor ) HEH R
P&, N AW E B SR F B M. TUNEL |
PR EHARX Ht ARG RN EBRESEE
CABEHEGTE SN, EEBRIESRBRMBFET
KAEHY PCDO MRAERKTRIEEHE, M —H 5§
WHEYHHESREGENTHESEBEONE, N
LTHRPHERBHES B KERENHAYRESS
R RE %

1 HMk 5T

1.1 s e

BHT 20024 5 B LA CERIRAHM
AL, REREREKRIF, KB —BHHEK.EB
EBEFAEFR2LAETFLEF9:00 £EH . 5HBE
EMA CdCl, BB ELH, AL W E:0.5.7.10,20
mg/L(PA 4 C&Y 1), Br BB K19 E F For-
ma-3744 Bl @ HCRFFRA P, ZRBWE25. 0+
0.5)C/(15.04+0.5)C(H/R),BRHEE 12 h(%
3% 70 pmol « photons « m? « s1), % 6 REMER
6 mm Bt R 7E o SE IR BE R AT I E .
1.2 BEFRHBUE

KRB RUBRMG A 2.5 R -8
2N BB NERE, B R F B K, Epon8l2 £
B, LKBY KL A, REE R IUE M — ISR N
HYLAS T Hitachi 600-A-2 BB BT WEM
R,
1.3 TUNEL &3

PREA#MNETH, BT FAABRERFPHS

B 24 h, EMBERERFIBK, —_HESEA, AEE
3, Leica YA A (M 684D , BB 7 um, FifE
FARBIMCHT A S ZRBEBRAK A FER
45 CHRELKE. NBAEN A+ DNA FB#,
RN AE DNA K., YA 43R E,PBS &
HRERE MBI E REHESE K20 pg/mL)
7 37 CH 4L 20 min, WHKEB, ZEHEREAN &
(In Situ Cell Death Kit, AP) fif i B+ 8, Olym-
pus BB T REHE.
L4 MEALBROBENMNYE

BO.5 g BB R TR MBI P, A 0.05
mol/L B BERE 2 v ¥ (pH7. 8), WK ¥, BFBE, 10 000
r/min, K (0~4 C)B L 20 min, WHE L HHK.
SOD.POD.CAT Byl 58 ¥ ¥ B8 Trevor i Fletcher
(1994) By 7 ¥ (Trevor %,1994), LB 2 MEFF
H,BEE 3R, ARG AW HRMEX ERBIE #1748
KRBT

2 XBRER

2.1 fARBZNRYG

Xt B - ARG TE S AL, IR L B R %, A 3d
SIEMT, e 5 4 75 35 S IR R P9 & o 40 B 250 Bl
(BRI :1)., 5 mg/L C&* 403 6d M- 4106, BN
e R BB RRAS . 7 mg/L CdY LA 4R
BREeERHE - SEFARABLER I 2). 10
mg/L CA&** b HEH ARM B EREIB.EHRE
REFEEMNTRNRALRS (BRI 3. 20
mg/L Cd** Wt LGN AR IRZE ,, RN BE B Yo 5
B (ERT 4.
2.2 {AH¥ DNA B H 2 K/ TUNEL & 3

Cd** 8 T %8 6 X,%4 TUNEL &% 5 mg/L
Cd" BRI HMEME S DNA BiHES, 4
BZBRICRREA, 8 TUNEL H#E (BRI 2
Fikpim)., HE CST LB FE M E, TUNEL
AR LA E EFf. 10 mg/L C&H LT,
2474 50 6~ 60 06 R 41 LA U B3R ZU A9 DNA W3 (5
S(EMO:3 FELFR). M RAMBHRE
%] TUNEL 47C RGBT : D,
LIMEUBEAZAIUNTL

WA 1 FR,SOD BT B BE R NK
W Cd** ¥ SOD F & EF(R=0. 975, P<
0.01°**), 37 7 mg/L Cd** k34l , &3+ BFH
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BRI Cd+ @ TS B S AL 1 xb Mk S A0 40 I (X 8 000) 5 2. 7 meg/L Ce2* 4bZ i 0 41 JL 77 e €6, R 5 3¢
AL (X6 000); 3.10 mg/L Cd?+ A BEAY - R MY , /R A AR IR R & A/ B2, B BURLR M 4 T BB BIE (X5 000) 5 4. 20 mg/L Cd2+ L ERIY
oA, 7 R BB AR (X 5 000),

Plate ] Ultrastructural changes of nucleus in Lemna minor leaves treated with Cd2+ 1. nucleus in normal leaf cells( X8 000) ; 2.
Leaf cells treated with 7 mg/L Cd?* , showing condensation and shrinkage of chromatin at the periphery of nuclear membrane( X 6 000) ; 3. Leaf cells
treated with 10 mg/L Cd?* , showing break of nucleclus into several small nucleoli mainly distribution nearby the nuclear membrane( X 5 000) ; 4. Leaf
cells treated with 20 mg/1. Cd** , showing chromatin highly condensed and nucleus broke down( X6 000).

BAR I Cd2+ il 7% 8 A oDNA BT TUNEL 6 MZ5R 1 3848, & TUNEL 3RE4E 55 2.5 mg/L Ca2* 454, 48
P 5) DNA 2B S GEL TR B 8bmCMM BB 5 MM 5 3. 20 mg/L Cd2+ &b 40, ¥ 30 B A B ) DNA B 3HE S (FL PR B R IE 40
BIEARHW .

Plate [ Results of DNA cleavage in Lemna minor leaves treated with Cd?2+ by TUNEL method 1. Control. There was no
positive TUNEL staining in the section; 2. After treated with 5 mg/L Cd2* ,cells gave positive reaction to TUNEL staining,
which were markedly regular; 3. After treated with 20 mg/L Cd?* ,cells were also gave positive reaction to TUNEL staining,

which were irregular.
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B 26.16%. % CP*IREH—BMKA, SOD FEHE  Cd™* IEHEE T3 18,20 mg/L Cd&* SOD 1 4 L 3t
£ F BE 24 3 (R—=-0. 839, P<<0.05°* ), 10 mg/L M8 75.30%.



4 1] EWF%: Cd* Bria T 5 S 40 e B M 4540 .nDNA S5 R T AL BE R R 284k 505

CAT/EME (U/g)
CAT activity
o
1<)

S

0 i
0 5 7 10 20

SIERE Concentration (mg/L)

B3 Cd*+4EEJR CAT W HER 2L

Fig. 3 Effect of Cd?* pollution on CAT activity

POD & #2846 (B 2) W7 5 mg/L C&* HH 7t
=X AR 156. 46 %, T 5 B Cd™* ¥k B A9 bk, POD
TEHERGE T B E X B AY 49. 76 %6 (R=-0. 937, P<T
0.01"**),

CAT &M ZE AL A XS BUsk (B 3) , B AR A
EhfRARFLETE. 5 mg/L CA& LA LI IR
T 8. 78%,ME A BT M R=-0 912, P<
0.01***),20 mg/L MY K3} M 27.15%.,

3 i

HER, RRELRFESHEMMA T RGP
ROBIH EMNEWL, BRIMIEESRBIHEESH
HEJE T B4R 18 (Habbeebu %£,1998; Ishido %5,1998; 2
BH#%,2000) ENFRERAFEFREERFE R K
SR A RAT M RERD,

HRAT-H—TEERFIER DNA 4 R B,
TUNEL B K ¥ #7iC HY DNA Wi B d =4 1
3'-OH 3K 3 LA B 40 Jiw 48 108 45 4 22 10 40 0 2 40 A% 9
AR 035 R 24 TA B9 4G T 40 R U8 - 9 5 3098 AR (Wijsman
%,1993;Kerr %,1972) . ARA &% (2001) TR &
B, AT HREERA N EEYS nDNA #3188
H ¥R A9 3'-OH ¥, B Wi ZE TUNEL KB 8
BARE, HAREEE e RER, LERE. &M
REZBERE HHIESE T X —& . CL o Rk
MR YA REEE, AR ERENEATEL,
ifj L TUNEL £ U 2 8 7= i 5~10 mg/L Cd&** i@
TFTEMSEM AR P DNA B3, X B YA 75 K ik
FEELRBETFIHNET E3ERE SR BEEBRG
ROAR, LIRS LA N T4 TREE CEY RET
. KA DNA W3 e 43 B B B3 in, 7R BF
ME,EZE 20 mg/L C&* B S B AAMMIE, AAK

e, HRAWERHEYARKES SRV RARATEE
NEANENELBRAHSEE. TL.E2RERHEY
WRBR TR ARIE, R AR E—RBR X

HEFF 99 MK E 1996 IR KRN,
41 B 1R 5 M 48 (reactive oxygen species, ROS) /Y H#
FEESSMHAREERAT. BEMARAE—R?)
BB B ULH, € B B ROS & SOD,
CAT.POD %, M— B EHEAIERARE, @
RIhREMSZRm, ARA T TR XA RGN
gRz—. ALHRBEWH ARKER CS AT EER
B A BEE LR AN EEA M- BB TS
KB —EBE, LR EEN SR TR, &R
YRR E -, ROS X4 ¥y &9 31 F /6 A VL
REEWY K& DNA W 5, JL K 2 2k (& DNA
(mtDNA) % ¥ DNA (nDNA) i &AL 15 45 (% #F 2
%,1995),DNA €L R T I BWHE B,
AR, e A XUHE DNA K BT, DNA XHK %
(K 1A% ,1996) , BT LA AT RAH#E W 40 AR A -84 DNA K
BHWHTEES ROSHX., TREREKY. CL
RE{R(E MU DNA 3Z 8, [F B 5] & 40 B A 38 69 5%
B, 2RAFBARMAT.
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