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Effects of elevated Cd, Zn and their combined effects on antioxidant system of tobacco.
YANG Wei, WANG Hong-yan, YU Kai-yuan, LOU Hong, JI Guang-si, RUAN Ya-nan" ( College
of Life Sciences, Liaoning University, Shenyang 110036, China).

Abstract: A solution culture was conducted to study the effects of elevated Cd and/or Zn ions (0.1
mmol - L™" Cd*", 0.15 mmol + L™'Zn*", 0.1 mmol - L™" Cd**+0.15 mmol + L™'Zn*") on seed ger-
mination rate and reactive oxygen species ( ROS) level, antioxidants contents, antioxidant enzyme
activities and product of membrane lipid peroxidation in tobacco seedling leaves. The results showed
that compared to control, the seed germination rate decreased under elevated level of Cd* or Zn** |

the superoxide radical (O, ) generation rate and hydrogen peroxide (H,0,) content in tobacco
seedlings increased, the activities of catalase (CAT) , ascorbate peroxidase ( APX) , dehydroascor-
bate reductase ( DHAR ), monodehydroascorbate reductase (MDAR), and glutathione reductase
(GR) increased, content of glutathione (GSH) and GSH/GSSG ( oxidized glutathione) ratio de-
creased, and malondialdehyde (MDA) content increased. Compared to elevation of the level of only
Cd* or Zn®", the seed germination rate under elevation of both Cd** and Zn*" levels was enhanced
significantly; O, generation rate, contents of H,0, and MDA decreased; CAT, APX and MDAR
activities increased in the last stage of Cd*" and Zn>* exposure. Heavy metal Cd** or Zn>* could in-
duce the physiological injury to tobacco seedlings, and the toxic effects increased with prolonged
stress time. The combined treatment of Cd and Zn could alleviate the toxicity of single stress on to-
bacco seedlings.

Key words: elevated Cd**; elevated Zn’*; combined effect; tobacco; antioxidant system.

ARICHER H SRR 23 4 m 11 H (31670700, 31370601 ) %% B This work was supported by the National Natural Science Foundation of China
(31670700, 31370601).

2017-03-09 Received, 2017-04-03 Accepted.

# WIRYE#H Corresponding author. E-mail; ruanyanan@ 163.com



6 W B R B MR

AV FHXHR B3 R AL R GRS 1949

Bl 20 Ry Gk R AR IS Y O U T
MR A (Cd) & R b iR W E AR
—, Mg TR Cd WE RITAE 5~ 10
pg « g B, SR EMPISET- . B AR Cd REA Ak
BRI TEAE YR TP N BE B 4% 1L Fenton-Haber-
Waiss [0, (H AT LUl i 8 3 45 8 8 A P al & 1%
BB | B M 2 R 40 A S A A SR Al s A
BEH RE G EH, B4 lA A KRS & T
R RS S0 M (ROS) 7= Az, 16 AE 1 40 i
PSR , DT 1 A0 K P 1 45 5 ) R A
AKIEE T, R L K F] 500 wmol - L7, A S
I 200 20 R A A B R R A AR BEOKF B2
B E 0 E R (Zn) BHYAE KRB LT
HILE, UM R AEK® Zn & =53 15~ 20
mg - g I, RI AL IEAE T, IFAE 0 A= Wy ik — 2t
HEEEIHEER S S — RV E AR A
TIIESE A E A7 3 T 4 J e B IR Zn® W]
TEAR P AR N 2o 5 AR 2 A SR G2 Cd 7EAE 3]
K b= A B 4w RO e AR R R
(400 mg - g7') , LAEAAYDCEMER] R G,
240 5 S £ S LA — S R AR I e AR R
PR R FEAE N, B A K Z M, SR A Y
REARH ' AE KBRS v, i Ve B4 (100 pmol - L)
AEFRRDURRA B R AR a b RIS RS
YRR YA K2R g

HAE Yl 7 4 e AL A AR R )
TARBEY) BB A AL R GE R FEAE R, B i A e B
TEAILTR , DAV BR W38 77 £ ) ROS, 22 it & )R 155 =
(B3 43 | PR TE AT 0 A 1) 1 A AR I 2l e
FWFFERW, K8 #5352 ( Thlaspi caerulescens) ' |
R 5 K (Sedum alfredii) (4 38 ( Solanum nig-
rum) VAR Cd &AM BT L R G A
i 3 P 7 22 S AR AR AR B AL I (SOD) (it
SEACEE (CAT) i %ALY (POD) 4T ALY T
T Cd B B9 2R3 0 T B I i IR PTG . 30 b
PR Rl AEBER U AA s BB TR R
WA WEH IR (GSH) | AT AARHL #6713 F A
M2 5l T bR #4815 51 ROS f
YA A 32 S A A

HAT, B4R K2 HOGEREFEE
JE XA B B A T B AL BRI 5% AEAE A SRR B
4 R LS TR AR 7 A A AR T, AT
BHAHE A MR &S A 50 0 52 5 4 R b
JEALHIPEAT 1 HRIE , GRS BRI X s R4l AR A

25 05 W BT 5T, (0O T B 4R A A 1 Y BF 5
AT AR BRI — PR T
FHEAERT, B — 5 2 5 7 R0 A A A ]
4 Jm R RIRIY) RO RS 1 e 32 2 Ao R A B
AR 290 K B A A K AR iy
ATPRPEE SR S5 AT, BT AR BB e S E 5
4 B AL 5 B B30 R AR SR e
4 v B R T R BERR BN RS A AR A
IR RV R L A R el R E R
HW S SR I AR R O, T B
L A R X R 4y B R LA O A ) R
TP A SR BB KA.

1 #R57EE

1.1 kST

ML ( Nicotiana tabacum) # ¥ i1 1L T4 £l Bl
e B ALK T I B R R T 3 )R A RN 2
JEUBARAY T B SR ML O T AH X BE R 70% |
JEFM 16 h/8 h B/ Ry 25 °C/15 °C DGR JE
120 pmol + m™* -+ 7' RRERFRAR (PQX-1000, T2k
AR ABRA ) thas 3R BN 5 mL 1/4 %
LEFRW R R SR R 2 R e, G
Ab PR G AR 4 ASAbEA B AL R 4 LAY
W, BEILAN P 172 s 22 B IR 5%, o s U
hincdcl, - 2.5H,0 1 ZnSO, + 7H,0 #2 Cd**  Zn*
W BE AR TR 0 25 R E 4 AN AL B4 ko X B
0.1 mmol + L™ Cd*,0.15 mmol - L' Zn*" 0.1
mmol + L' Cd*+0.15 mmol - L™ Zn* . R £ 48 BLAE
B MLrh i A ROIR DL , BN AR BREH 9 AR5 3.6.9
12 REURE , IR R i B T -80 C vKAR A4 H.
L2 EmH
1.2, 1 FpFE ARG 8 100 KA T 45 5%
ML g 2 Ab AR 3 W A2, o 0l A G R
70% Jet/RIRPE 25 °C/15 C JEHEGEJE 120 wmol -
m™? - s DRI IE IR (PQX-1000, T AR AL 28 A
RN ED) HR5 3% 7 R 14 d, 434G 4 20 A FR B
TIIRZFHR(GP).CP = (KFMF AR/ F+ 5
) x100%.
1. 2. 2 A [ R A R 5 i L A A
JHF A 7 0,7 P2 A AR H, 0, 7 & il 1] Foyer
ARV R AT
1. 2. 3 Fil PR OGS 3 Ak U (CAT) 3 P
Kl 2% Aebi' ™ 1y i, IF 2047 Bl H IR i iR i
FALYIEE (APX) 15 PS5 Nakano %5 A5 et 47



1950 NoH 4

28 %

EONE S

I . B8 S 0 0 I PR 30 J5 7 ( MDAR ) R4 e H ik
W JEUE (GR) 35 PEAS I 4 Duarte 25720 fp ik i S0
PR 1 R Uit ( DHAR ) 75 £ 52 2% Nakano %"
(7%, IFEEVEE L.
L2 4 WS EIE 2% Velikova %2 175 %
5 N 8 (MDA ) & i JF It e sh.
L2 S AMEH RS EE R Griffith ™ 59 7 %
I 78 34 JE AR 25 B H RS =, R Kosugi Ay
DN A e H IR (GSH) & & A1 HLE A e H IR & i
Eﬁﬁﬂ@%ﬁﬁé‘%m%ﬁ THA A AL AL
H K (GSSG) &1, SR )5 n 1 GSH/GSSG fH.
1.3 Bt

Vi FH SPSS 17.0 #E47 5L 2 5 22537 il Duncan
ZE B, ST ) B e K 35 55 T 52 4
AT 0, PR R H,0, MDA il GSH % &
il 15 48 AR A AR Ak 45 A BREHE 3 A e R v TR

2 ERESH

2.1 EVREEER MR G AL BRI R R 2R
A

HIE 1 TR W, R R 2RI T, R S
B A & 2F BRI FEAL BREE 14 KB 40 B Ab B
T 25 2R R W 7.4%F0 13.7% , 49 5 A% T-%F
MR (P<0.05) ;5 BF 2 BRI & ZF R B &5
SR A LUV INERSY O e T
2.2 [EHREESR B SRAVE GHIR A T 1 AE K
SRR e A AR B ) R )

M 2RI UG 40 B A T B AR

EmEDC
—0)
==—Q

BREE
Germination (%)

X ¥ Days

1 SRR B B G A PR R R R R
Fig.1 Effects of elevated Cd** and/or Zn>" on germination rate
of tobacco seeds.

CK: X} Control; T: 0.1 mmol - L7'Cd**; T: 0.15 mmol + L~
Zn2+; M. 0.1 mmol - L' Cd** +0.15 mmol - L' Zn*>" . K th A R/NE
TR R AR AL P 2 A 2 B (P<0.05) Different small letters
meant significant differences among different treatments at 0.05 level. |
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Fig.3 Effects of elevated Cd** and/or Zn>* on CAT activities in
tobacco seedling leaves.
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Fig.5 Effects of elevated Cd** and/or Zn** on GSH contents,
GSH/GSSG in tobacco seedling leaves.
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