Koo 2
2016 4F & 11 % 4 I B b =+ i Vol. 11, 2016
5 6 13, 128-133 Asian Journal of Ecotoxicology No.6, 128-133

DOLI: 10.7524/AJE.1673-5897.20160107001

SRERR, AR TR AASE 52 5 A AR IR A AT 0], SR B4, 2016, 11(6): 128-133

Zhang R G, Yi H L. ROS and calcium signal is involved in lead toxicity in yeast cells [J]. Asian Journal of Ecotoxicology, 2016, 11(6): 128-133
(in Chinese)

HERMEESSE5AMNEBETHBNEEIER
IR, N2

W A% e B % i, KR 030006
W F& B HA :2016-01-07 FHABH.2016-05-17

TEE . LIRS M me BE DA bhRE ISR 4 0T 40 L A 3 R 5N , R 35T L PR 0 1 (RO Ca™ AR R AMISE T TP PR . &5
SR RN S ~ 100 mg- L (MRS T AR EBER: A0 M6 1, 5 S BE 40 M FE T, W25 4 VR 5 1 2 o AN A F sf [ 1) 2 4 4
FET IR, FEATALERAL R AN AR, ROS 1 Ca™ 7K1t 3 Fh 57 , 2R A4 58 ¥ 457 B 2 5 T 1 mimol - L™ B9 SR U IR 1l R
(AsA)REREARAT B & M RERE A1 AE T, 0.5 mmol - L™ Y46 R FE A7) £ WU 7, iR (EGTA) DX, 0.1 mmol - L™ 5T Ca™" i 18 4
SRR ) S BR(LaCl, ) JR T B A A5 | R B R AN M T, WFoT 45 SRR I, V5 & i BERE 40 I A T~ 5 A BEAH i 9 ROS
Al Ca® FF A %, R BE I Ca™ W] BB 23 175 5 L (AR N0 375 1 % AR LB TP i, 5 R /K7 ROS W] RESR A 2 B4R IR, B ik
JEEHL A5 T R, AR TG AH G T (5 5 R B A i ge T,

KGR B 4R A s ROS ; Ca™

XEHS: 1673-5897(2016) 6-128-06 FESES. X171.5 XEARIRED: A

ROS and Calcium Signal is Involved in Lead Toxicity in Yeast Cells

Zhang Ruigang,Yi Huilan"
School of Life Sciences, Shanxi University, Taiyuan 030006, China
Received 7 January 2016 accepted 17 May 2016

Abstract; This paper was conducted to research the cellular toxicity of lead based on the model yeasts to explore
the role that intracellular reactive oxygen species (ROS) and Ca” play in the mechanism of the cell death induced
by lead. The results revealed that the cellular bioactivity of yeasts was inhibited by lead nitrate at the concentration
from 5 to 100 mg-L"and the cell death induced by lead was found. Yeast cell mortality increases with the increase
of lead concentration and the extension of time. The levels of ROS and Ca’* elevated significantly and the mito-
chondrial membrane potential decreased dramatically in yeast cells under lead stress. Cell death induced by lead
was decreased by ascorbic acid (AsA) at the concentration of 1 mmol-L™" and was inhibited by the calcium chelator
(EGTA) at the concentration of 0.5 mmol-L™" or the specific inhibitor of plasma membrane Ca*" channel (LaCl,) at
the concentration of 0.1 mmol-L". The results showed that cell death induced by lead was related to the levels of

intracellular ROS and Ca®". The opening of mitochondrial membrane permeability transition pore channels may be
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induced by high levels of Ca", or mitochondrial membranes were broken by high levels of ROS, which lead to de-

creasing membrane potential and cause cell death by activating down-stream relevant signal pathways.
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1.1 MR
%+ (Saccharomyces cerevisiac) EGY48 & #k Hi
WL A7 A B2 2 e A s JU A 2
HUATR VR 2 YPD ARG SR h i A i, 3 &
1 YPD WA H, T 30 °C,200 remin F 85 3% 2 %t
o,
1.2 BRI YR
K HI 1.5 mL 5250 8 W 4 XF 250000 10 T B 40
FH K W TR 2% e (PBS ) W 1A% I A2 17, ol 17 VA 241 i

WeBE KL M 10° cell-mL™" B WCH A — 2 21
Pb(NO,), , fifi &b ¥k B 43511 2 27,20, 60 F1 100
mg-L™", 23T 30 °C,200 r-min” &/ FALFE 3 6
124 h,

T4 43 5% A 1 mmol - L™ HTIR 1ML R (AsA) .
0.5 mmol- L™ Z, —#E XY Z /R (EGTA) Al 0.1 mmol -
L' &L H(LaCl,)5 20 mg-L"' 5 60 mg-L"'Pb(NO,),
[FIIHE , ZbBE 6 h 5, 04 PBS TR,
1.3 4B T

SR SE WG 0 75 5 A BB T4, ML EA
105 A MR, P T 0 R A i %, P (i 5%
W A TG 68, T AE 4 RGP A s U 2 9 6, B
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N RREL I EE 4 i A AN R, T AR AT
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3K EIRIERZE /D 1000 N4,

1.4 B ROS , Ca® RIS MR H A7 AT Al

FH PBS AT 90 L 403 10°cell- mL™"!
A0 R 3 107, 25 FL AT BIIAR R 10 wL W& 50
pmol - L™ 4§ 5 M 9 ol YLk — G0 5¢ ' # X 2, 1R IR
(DCFH-DA), &1 10 pL ¥k JE 50 pwmol - L™ Y Fluo-
3AM FIARL 10 pL ¥ 100 wg-mL" Z F}F7 123
(Rh123), T4 g N ROS |, Ca™ £k i 44 I e, 37
7K. F BD Accuri C6 i 2U 41 fe{¥ (Becton Dickin-
son and Company, USA) #4746 M, & A~ &b i 4
50 00014, W FL2 S0 BE A2 Ak, B0 ds >k B 0 43
Br 9 CellQuest 3.1f F1 ModFitLT3.0 %k {4,
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% H] Duncan J7i A6 56 A0 B2 5 % IR 4H 22 5 I &
(* FREFBIE, P<0.05), L) & T 545 5oph ik
BHAH A A 22 5 W E (& FRoRER B F, P<0.05),

2 Z£ R 54 % (Results and analysis)

2.1 BN R RR 20 LS PR 1 52 e
SIS BB LA & B, X RE AL A A )

YA SR WA o T A Ak B ZH A 22 20 e

0 U0 A AT TR 20 L AR R, T A BT

ME 1 IE B ETE 3~24 h N SET- R 54T



130 s #F

BL I I SO ESlE

v i S B G R SRR 56 R VRN L BT
R 42 mg- L IIERRETEA 3 h e, diiast T
KN 23% , SR 25 5 {H7E 24 h JFAET R
ik 5.85% , W &k = T R4 5 100 mg - L Al R Ak 21
3 hJEIET-H N 33.81% , i & T X IR SR AT 1
T 0 L% 75 1 EL A e P8 BT ) A

01

%4 D
(=] (=]

Cell mortality/%
I~
(=)

AHMISE T3 /%

0 2 7 20 60 100
THBERET IR /(mg - L)

Lead nitrate concentration/(mg * L)

E1 SXESAmEBEE

Fig. 1 Effects of lead on mortality of yeast cell
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Pb(NO,), ¥ J# 49 20 mg-L™" AL BRI E] 4 6 h,
Fig. 2 Effects of lead on intracellular reactive
oxygen species (ROS) levels in yeast cells
Note: Pb(NO,), is the treatment group, with its concentration being
20 mg-L™" and the treatment time being 6 h. In comparison, Pb(NO;),+
AsA is the intervention group. In this group, the Pb(NO;), concentration

is 20 mg-L™', the ascorbic acid (AsA) concentration is 1 mmol-L™',

and the treatment time is 6 h.
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22 FH it X2 SRS 00 8 B 4 L PN 7 ROSS 7K
K20 mg- L HAEEE 6 h 5, M ROS /K71 G 14
(1 2), R RREH Y 5.3 A, AR AE BRI oin A5 b
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(] A AL I A A AE T %, &2 8 1 mmol - L' i AsA 5 20
mg-L" 5% 60 mg- L™ (YT IEIEVE RS, 40 i At T B
AR (E 3); 2 A AL BRI N ROS 7K TH i 5
R TR BRI B VR A G

45r * B Control
40t
< 35t B820 mg: L' Pb(NO,),
§+ % ;2 @20 mgL Pb(NO,), +AsA
g = 20t 8 [/]s BO0mgL!Pb(NO)),
= 15 . B
S o B60 mg:L"' Pb(NO,),+AsA
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0 L
3 6
i [E] /h
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B3 AsA XEFENTHIEA
##:20 mg-L! Pb(NO,), 1 60 mg-L"' Pb(NO, ), &k BHZH ) b B
FRA3 5024 3 h 1 6 h; Pb(NO,), +AsA I T T2l , AsA kN
1 mmol-L",20 mg-L™" Pb(NO;),+AsA F1 60 mg-L" Pb(NO,), +AsA
AL FRESRI 535008 3 h A6 h, *  AbFRAT 53 RRAL 22 5

W P<0.05,& T-THZH 5H A0 BRAH ) (14 22 53 . % P<0.05,
Fig. 3
Note: in 20 mg-L™ Pb(NO;), and 60 mg-L"' Pb(NO,), treatment group,

Intervention effects of AsA on Pb-induced yeast cell death

the treatment time is 3 h and 6 h respectively. In Pb(NO;), +AsA
intervention group, the AsA concentration is 1 mmol-L'. The treatment
time for 20 mg- L™ Pb(NO,),+AsA and 60 mg-L"' Pb(NO;),+AsA
is3 hand 6 h. * significant difference between Pb(NO;), treatment
group and control group, P<0.05; & significant difference between single

Pb(NO,), treatment group and intervention group with AsA, P<0.05.
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Ui 24 ARSI % I, 20 mg - L7 4% Ak B £ 40
i 6 h 5 ML Ca® 7K BB & (] 4), X FRZL i
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MATSEIE T, & L 0.5 mmol - L™ F 45 B F 35 7
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AE 5 A 20 mg- L A1 60 mg - L™ 4% 4 20 Ji 2547k
AN AET % 0 E BT (A 5), ik F BT Ak B 2 il
P Ca®" 7K - T i 55 0] I B 40 ML ) 25 A A G
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3500 457 B Control
40 @20 mgL! PH(NO,),
i - 35 @20 mgL' PHNO,), +EGTA
. 3000 < S5k §20mg L PO(NO,)+LaCl,
= @_ ® 25k B60mgL!PH(NO,),
= sk 1250 %) BOOmgL!PHNO,), EGTA
RERY RE s & & @O0 mg L' PO(NO,),+LaCl,
K £ s bor 27 -
Dz = 10} %
= L 2000 sl g
: . A,
1500 [
1000 . . * ! 5 EGTA #0 LaCLXH4F S MM TFHIER
Control  Ph(NO,), PHNO,),  Ph(NO,), ¥ :20 mg+L" Pb(NOs), il 60 mg+L"" Pb(NO, ), &b B2 fy b 30 it
+EGTA +LaCl, [&] 4351 3 h 16 h; Pb(NO; ), +EGTA 4T T4l , EGTA e 1K

0.5 mmol-L™",20 mg-L"' Pb(NO,),+EGTA F1 60 mg-L"' Pb(NO,), +
EGTA HYALFRIFE] 43504 3 h F1 6 h; Pb(NO,),+LaCl, A 14,
LaCl ¥ JE ¥4 0.1 mmol-L",20 mg-L™' Pb(NO,),+LaCl, il
60 mg-L"! Pb(NO,),+LaCl, AYLLBRRHE] 4358 3 h 1 6 h, * kb3
5N 122 R 3 P<0.05, & T 2H -5 4% ot Ak 7

B4 $SHEWEEEA Ca®™KEHRIE
1 . Pb(NO; ), A ERE R4 20 mg- L' ZbBEEHE] M 6 h;
Pb(NO,),+EGTA A 114l ,EGTA F/n 2, XU 2R , e B
27 0.5 mmol- L ,Pb(NO,), # K 20 mg-L™", kb B[R]

1 6 h; Pb(NO,),+LaCly A T4, LaCl, /R AL, SHIII9E R B 2% P<0.0S.
HWEJy 0.1 mmol-L™', Pb(NO;), ¥ FE Nl 20 mg-L™  AbFEHSE]Jy 6 h, Fig. 5 Intervention effects of EGTA and LaCl, on
Fig. 4 Effects of lead on intracellular Ca*" levels in yeast cells Pb-induced yeast cell death
Note: in Pb(NO,), treatment group, Pb(NO;), concentration is 20 mg-L™! Note: in 20 mg-L™' Pb(NO;), and 60 mg-L"' Pb(NO,), treatment group,
and the treatment time is 6 h. The Pb(NO;),+EGTA is the intervention the treatment time is 3 h and 6 h respectively. In Pb(NO; ), *EGTA

intervention groups, the EGTA concentration is 0.5 mmol-L™'. The
treatment time for 20 mg-L"! Pb(NO,),+EGTA and 60 mg-L' Pb(NO,),
+EGTA is 3 h and 6 h. In Pb(NO;),+LaCl; intervention groups, the LaCl,

group, in which group the concentration of the ethylene glycol

tetraacetic acid (EGTA) is 0.5 mmol-L"!, the Pb(NO,), concentration

is 20 mg-L', and the treatment time is 6 h. In the Pb(NO;),+LaCl,

. . . . concentration is 0.1 mmol-L™". The treatment time for 20 mg-L™' Pb(NO
intervention group, the concentration of lanthanum chloride g (NO3),

e . .
(LaCl) is 0.1 mmol-L™", the Pb(NO;), concentration is +LaCl; and 60 mg-L~ Pb(NO;),+LaCl; is 3 h and 6 h. * significant

\ L. difference between Pb(NO,), treatment group and control group,
20 mg-L™, and the treatment time is 6 h.
P<0.05; & significant difference between single Pb(NO;),

treatment group and intervention group with EGTA or LaCl;, P<0.05.
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220 mg- L' H A3 6 h 5, SRR BT A T 170000 ¢
[, XS BELEL Y 73% (P 6). 3 i3 1 Y 14 200 74
PRBER SRR L7 R T [, Xk BRI B R 52 45 2

5T SR e T 1% % 140000
gz
3 i1it ( Discussion) ;E é
HE AR IR T AR e, E 0 T
YRR S O ik ARV S , T e AR K3 .

R XA E EAEE, ROS 240 32 5 80000 |
BE = B — M NS 41, AT LA A E
WHES | L AN AET - A SO ARG 2] 45 ok £ 441 g

1

O EEEVE PR SR 9 24 200 SR O 52 7 4 4 3 50000 Conol 20 mg - L1 Ph(NOL,
ZHIEREAML A ROS /KF AT, T AsA FEAR AR ‘
AMFRZ LN ROS KF S5, T % BRI AT T % T [, 6 SRR 348 A 2 A A BE FR L B )
TGRS B 5 P ROS 7K BT s 4 26 4 ke Fig. 6 Effects of lead on mitochondrial membrane

potential in yeast cell
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