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Involvement of NO in sodium arsenite-induced yeast cell death
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Abstract: Arsenic is a toxic metalloid widely distributed in the environment. Chronic exposure to arsenic is associated with increased risk of various
diseases, such as neurotoxicity, birth defects and metabolic disorders. People exposed to high levels of arsenic are prone to skin, bladder, and lung
cancer and occlusive vascular disease. However, the exact mechanisms of arsenic toxicity are not yet well understood. In this study, cytotoxic effects of
sodium arsenite on yeast Saccharomyces cerevisiae were investigated with or without some antagonists. For arsenic treatments, yeast cells harvested from the
early log phase were incubated in the fresh yeast extract peptone dextrose ( YPD) media containing varying amounts of sodium arsenite. For other
combination treatments, selected antagonists including broad caspase inhibitor Z-Asp-2, 6-dichlorobenzoyloxymethylketone ( Z-Asp-CH,-DCB ), nitric
oxide ( NO) scavenger 2-( 4-carboxyphenyl )4, 4 5 5-teramethylimidazoline-1-oxyl-3-oxide ( ¢c-PTIO) and nitrate reductase inhibitor NaN; were
respectively added into YPD media in the presence of 3 mmol+L ™! sodium arsenite. The results showed that sodium arsenite exposure decreased cell
viability in a dose- and time- dependent manner. Exposure to 1 to 7 mmol-L =" arsenite for 3 to 24 h significantly induced cell death. Dead cells showed
some typical features of apoptosis, such as nuclear condensation and fragmentation. Caspase inhibitor Z-Asp-CH,-DCB (2 pmol - L™") significantly
blocked arsenite-induced cell death. The characteristic features of apoptosis and the blockade by apoptosis inhibitor suggested a process of programmed cell
death in arsenite-treated yeast cells. Arsenite exposure induced significant cell death and also an obvious increase of intercellular NO levels. Moreover,
when either NO scavenger ¢-PTIO (0.2 mmol-L~") or NR inhibitor NaN; (1 mmol+L~!) was used to block intracellular NO increase, arsenite-induced
cell death significantly decreased. These results clearly demonstrated that arsenite-caused cell death is associated with an increase of the intercellular NO
levels. Increased NO triggered arsenite-induced cell death, and may also contribute to arsenite-induced programmed cell death. Our results suggest that
arsenite-induced cell death may have dual effects on the organism, since apoptosis is programmed cell death for the good of the organism, but other kinds
of cell death may be harmful to the body.
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1 5|5 (Introduction)

e —FZAATE T ARV KE &R TR,
L2 X N2 il B A 3 I P I IR S e 2 —
(Binet et al. , 2006 ) . PRI Rk B AT A |
SRR BAT R . v v B A RS 0l A )
SCAAVER 5 IR AL 2 I8, DT 52 e i 4 104 A
A& A (Stoeva et al. , 2003 ; Singh et al. , 2006; Li
et al. , 2006; Wang et al. , 2011) , HZE 5| FIE T
(Xu et al. , 2002) . K HAHRD M 5% 78 sl ik b & &
B HYK, P BOIL A ZE L, 5 DR PR | O Il
I S P RN 2 Bl AE 1Y & A ( Pellizzari et al.
2006) . WAk, — 2 W A T S S A i A
SRR % 200 ML FIREL ) 400 L 1 e U e, S B
ORIRZZ A Wk Gt (0, B AR ST 4 38 K A% 6 1 25 3
157, PR 20 Bt [ 46 FIAE TS ( Evens et al. , 2004; Yih
et al. , 2005; Patlolla et al. , 2005; Mahata et al. ,
2004 ; Yi et al. , 2007; Wu et al. , 2010).

PP B2 — i AIF 50 A% A W) A i 2 ML 0 A =X
AWy, CRTZ T AN O RNBE T A 2 R S A A
SIBERIE. —A AR (NO) ZAFTE TR
BG40, SR AR HE A M FE T A T 2 — , (B AR fif
WAL T R RS A NO IS 5 A
THAE. PG AR SC AT BE 40 Ry A1) A 58 0t 7R 44
Jop3E XS AN AE TR AN NO K P H9 2 MR , LAER Y
NO TEff5 -5 T B 40 B AE T b AR, R 48 s il 2
PEVE FHPLBR B2 S 55 4K 45

2 ##E5FiE(Materials and methods)

2.1 ##H

TR AR A T AN SE 56 2. YPD ( Yeast Extract
Peptone Dextrose Medium ) 15 F#5& . B b0 1% , & H
R 2% %4 2% ,pH A K. A RE TR A2 TE YPD
Br IR 2% 3.
2.2 ARG 4 e E A

PRHURHIT SR V5 2 YPD Fi g B4k, 30°C,
200 r-min~" 15 55 20 HOHH] TS5 Ak B2 R H
0 ~7 mmol - L ™" (1 3V fi ik 0 1 i , L fidk 41 53 0 >R
0.2 mmol L' NO 75 &5 2-(4-carboxyphenyl ) 4,
4,5, 5-teramethylimidazoline-1-oxyl-3-oxide ( ¢-PTIO) |
1 mmol - L") NO A= AU 55 NaN, 5% 2 pmol - L™
Z caspase il il 5 7-Asp-2, 6-
dichlorobenzoyloxymethylketone ( Z-Asp-CH,-DCB) 5 i

B PR B[RV . A B — i sF [) Js B3 3 400 i P 5%
SR SR GRS Rl )i DR CIR o B e T T €l VIR S B4
@AM (C,) FEAIEEH (Cp) , MRIEAF(1)
TG A (S) . BB AT 3 W, OISR
/11000 >4 Jid.
S =(-C,/ C;) x100% (1)

2.3 BBEINE

LRI EEHS B O WAL, 28 PBS P
JEH 70% Z W4 CREE 2 h DL E. ] PBS YR IF&
TEAN M, A 4 B DNA FF S Mk g R 2-(4-
Amidinophenyl ) -6-indolecarbamidine dihydrochloride
(DAPI) ,#OEIEE 10 min J5, % B, T9O6 8
e T WEE.
2.4 Jg P9 NO KP4

2 4 B S B0 AR A ML, PBS BRI S TS
Mmol-Lfl B NO 2% SC 4T 3-Amino , 4-aminomethyl-
2',7’-difluorescein, diacetate ( DAF-FM DA ) & 7% 4
il ,30 CEEEHFE 20 min, 7¢I il 2.
2.5 Gitaar

K JH SPSS 17.0 Xt frf3 &5 k47 F & 50 )5,
Duncan J5 % ML Ab #2055 05 R 2H [A] %) 22 5% 0 35 1k
("p<0.05, ZREE;"p<0.01, ZFWEE) X
DA 2H 5 Wb Bpoph ob R [R] Y 25 S WOEME (5 p <
0.05, 25 B%,;"p<0.01, ZFWEE).

3 Z5E (Results)

3.1 A ER A X B R IR

e B A1 i 2 95 i % 0 )5 A S B T SR, X R
2 PR 25 AN i S G €, 1 A A B A AR 22 A il
YRl T W 0, 10 BH ST R R A T IO AU R 200 R
HE2 ST NE 1 A IE W BRI 1

J 0 mmol-L! £ 1 mmol-L!
120% B 3 mmol-L! 7 mmol-L~!
100% . 4 =

80%

G

= 60%

1

1

40%

20% r1

ol i NI

ff ] /h

1 AR ERSA T B B 4R R 778 R A0

Fig. 1 Effects of sodium arsenite on yeast cell viability
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2%

mmol - L™ WAIERENAL B 3 h Ji5, 4HEAE TR 5 X%F IR
MR FEER AP 24 h G ML T- R i5 33.15% ,
T T AT EZE. 257 mmol - L™ IEAFRANALFE 24 h
Je  HBET R 24 80% , 5 % B4 H A M B 35 2% 5+
U IV e 15 < ) B 40 i B T LA ) R v
FEHRE.
3.2 UHERMAXERAEZYSNYE

2 DAPIL Ye o J5 B I RE 40 ¥ 1 98 0% 8 e
TOURER T LA B 6 AT A, X BE 2 A 40 i
F 2 AZ TR T4 3 mmol - L' 1 7 mmol - L'
WAHFRENALEE 6 ~ 24 h J5 , B TR 40 i v PRAZ e
o v R AR, A LA T TR AN B0, A e 55 R T o
TECEEL2) , Fh U A 7 S0 e i 015 5 1 T B 4 A T
it PR AT R AEAE MR T

2 TMENFSEZHRZRE (a X ;b3 mmol L'
TERENAETE 6 h, 40 K R B b, LA Som AT AR AN B

)
Fig.2  Characterization of sodium arsenite-induced abnormal nuclei
in yeast cells (a. control; b. yeast cells were treated with 3
mmol - ™" sodium arsenite for 6 h, nuclear fragmentation

(thin arrows) , irregular nuclear shape (thick arrows) )

3.3 Z-Asp-CH,-DCB x{ T # B 4k St B% £ 20 A5 0 1=
ty %% #RAE A

1Z caspase M Z-Asp-CH,-DCB 5 31 il iR 47y
120% — O 3 mmol-L! As

£ 3 mmol-L! As+2 pmol-L"'Z-Asp-CH,-DCB

100%

80%

RS

T 60%

pes

40%

20%

0

] /h

3 iZ caspase HII 7 3 W AH B 40 F 5 B B 4R R ST T RO RS0
Fig.3 Effects of caspase inhibitor on sodium arsenite-induced cell

death in yeast

LR M H G, TRk A0 M A8 T R R AR (B 3). 2
pmol - L' %) Z-Asp-CH,-DCB 5 3 mmol - L ™" V. i iR
BAFEEIVEF 12 h F024 b )5, 40 M0A7 5 5 0 2 s T
FATAb R, 25 3 B E A R 4N 75 T 1) 4 i AT
TR A2 caspase ZE IS5,
3.4 TAER AN X B NO KT B
ZVCRE AR , BRI NO 26615 5
TE TR, AR B A A0 b A AT UL B Y 2 A
5321 mmol-L ™" F13 mmol - L ™" i IR 4N AL FH 6
h J& , MEA NO (55 5 B W i o | LB & IR
(T e IR (1] 4) . S5 R0, A R AN vT i
FEAAAR N NO KF-Th i, AT R B 4400

B4 TEERER ST BEEAR A NO K FERIFM (a Al 2. X B b AN
b’.1 mmol-L~' WEAER4A; ¢ Al ¢’.3 mmol- L' TEAHAREH)

Fig.4 Effects of sodium arsenite on intracellular NO levels in yeast

cells(a and a’. control; b and b’. 1 mmol - L™! sodium

arsenite; ¢ and ¢’.3 mmol-L ™! sodium arsenite)

3.5 ¢-PTIO Fn NaN, xf T & B 4 2 B2 £F 20 ff 71~ Y
% AR AE R

FH—E WL ¢-PTIO F1 NaN, 55 7 fiff iR 44 3 7]
YERE  BEREAN MO T 56 W] B I, NIB] 5a AT LA
H,0.2 mmol L ™'Y ¢-PTIO 55 3 mmol - L ™" {1 iR
BHILRIALTE 12 h A1 24 b5, IAEE SR
S b #H AR B EZER 1 mmol - L' 1Y
NaN, 5 WA R AN L [F/E T 12 h F1 24 h 5, G0 A7
T 5 L i Bl Ak B ZH S ) B T 39. 38% Al
45.51% ,S5Hf s b BEAT B 3% 25 5 (18] 5h). 45
FW AR AN 5 S 1) T BR 20 AT T 5 MY NO 7K
FETE A SC, BE NO 2 5 T g5 S i R 40 iU S
Tl .
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120%

a. O 3 mmol-L™! As
(3 3 mmol-L™! As+0.2 mmol-L™! ¢-PTIO

100% B

80%
#
2 60%
It

40%

20%

0 L '
A [H)/h
120% 1 p, O 3mmol-L™! As
3 mmol-L™" As+1 mmol-L™! NaNj

100%

80%
B
O 60%
I

40%

20%

s ) /h

5 ¢-PTIO # NaN, Xf L ER S5 S EE B4R JE T IS0
Fig.5 Effects of ¢-PTIO and NaN; on sodium arsenite-induced cell

death in yeast

4 1318 ( Discussion)

) — b B AL JE M I PR B 15 8 ),
ARG R 5 & g B B E 45 &, 300 BT i
SR A A R IE A B R S B0 A
T=. Wu 55(2010) BIFFE A B, A0 ml 40 1 -5 1 0% 4
MR S AR T, ARSI & B, A R A ]
RoAPR I B 0 B 35 1, 175 A M AE T, X FTRE R fh T
SRR A 2 A T B A0 O 1 B AR R A S
(Mandal et al. , 2002) , 5S040 A 15 PERE AR S5 740
MIFET=. Caspase 1 PEE AN T-brE, B F
SCSE B caspase 1 4fil 7] Z-Asp-CH,-DCB, TLCK .
TPCK 5534 ] A [w] 72 J32 b 410 1) 48 M2 SE T ( Woltering
et al. , 2002; lakimova et al., 2008;
et al. , 2007). AHBFFEH 1Z caspase H il | Z-Asp-
CH,-DCB 55 V. fifi R G 1 [R) 4 FH 5, T8 o 24 L 7 376 3
B TR A BEH  UEPH caspase (RAMES S T
AR AN S B R A0 A SE TS, 5 Du 55 (2007 )
YCAL FBRAF RN S5 R —5. 454 DAPL B (05 fif
Ab TR v R B G (0 v P B A SRR T
fIE, DU YA R M7 S A T8 B 20 i S8 T P AT REAEAE

Yakimova

AT LR, T Al TR —Fp E shad R, v R X
BUIA= A=A 25 s, 1 e A0 T i B ] BE X AL =
A FRON, R UL, ARG i R 20 AR T T R
X R EAT S 1 H.

NO /& L-#& & B fl 5y + %4 NO S B/E R T 2E
B —F 3, FEANARSE T PR E R 5 FIAE
. CA IR £k 4 A AR P AT ek 2% 4
MR N NO /K (Luna et al, 2010) . A5
FEHH AR AN P i5- S 1 B A0 M 7 A NO |, LA
A NO KWt e T BR A, 5 Hofth 2 2 5
FOBH AT 5 AR AR N NO ZK T i il 4 3R — %k
( Korhonen et al. , 2001 ). fifk P30 S 2082 B i N
FEAEFIRLZR NO, i NO A3 o 22 R 42 8 440 it AR5
ZAL, BT EE A, H Z T (De Michele et al,
2009 ; Shiva, 2010). c-PTIO & —Fh# H ) NO W5 4%
FI, AT AFT NO S0 A i, carboxy-PTT 477 4= 4 113V A
iRk sl iRk, MR 21V R NO IFER. NaN, M il
P 30 S R 1 590, BEAT SRR B P 6 1 NO iy . 52
REE R BN, Y —E W c-PTIO Fl NaN, 43 5] 5 W
AR A ] A T B, AT AP 5 | A 7 200 L B T 3%
VLA S T RE A BB T 5 B NO K- 19 T
A, RN NO 2 505 i S 1 R4 i st T

AR SZIG SR PR A W e B, T 5 SV A 7 48 o) e
FEA I8 BRSO, A BT RS T B A M R T A
N NO K78 1 o B2 o A9 AE . Zheng 55 (2007 ) 2K
PR A1 A B 38 T80 19 B0 R0 B AR FH B
I TR 40 A 0 B 45 ) B R B Y B, H
HAERKFRWE, 5 T 5%, A% 8 5 s 0,
AR RS IR A 2= A E R R 4.

5 #5i2(Conclusions)

ASSCHIRE A Wy e BT 5T 1 A A6 0 1) 55 1R 5K
IO, ¢ SV A A 1T 3 5 375 L N NO K- T i A
PRI T, B S A R 20 M ST T AT REAY
TE caspase /1A T2 7.

EEESEN . N E2(1963—), &, B+ #y B+ L
Vi, EENERR AN F G HIREE Y @A R, KA
SRE R BT ERA T, LB R RBEA 10 2. KR
FEXT0 4 H.
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