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WE: [EW] FRBERE VSI-3. T EEE Cr (1) BREFERERT (CTF) 42+ & Hu A LALH L
FoREZ AR RIENER, UHE TR RSN, #mEeemeSanEmayE. [FE] U&~ 6TF i
BB YSI-3.7 A EMHE &, BRAEELRERENCr (1) . RASHITENES, MNEARELHT YSI-3.TH
PR A 1 -8 DLBOH B AL LBk AT (A7 — B8 (MDA) . A AL AL {LEE (SOD). A EARE (CAT) %) &
., M B AT B R R Cr (1) b Ny BE1EA . D4R Y MORE Cr (1) (200 pgml™) 4R E £ YSI-3.7
EK, FHAEWER I WEKRE Cr (1) (>500 pgnl™) XEBEFAKAMHER. Cr (1) KEH 500 pgml”
B, BEEERANSSE R (725.55+55.08) pgeg! DOV, B464 Bk (1255.53+43.75) pugeg' DCW; Cr (1) 3%
B4 800 pgnl” B, AHLAEHR (536.25+36.89) pegeg' DOV, e, B4A B (1812.22+38.24) ugg’ DOV,
WECr (1) SRt Am (0—800 pgml™), BRe MDA 4 E}An 83 nmol-mL™" #-% 2| 18. 04 nmol-mL™, SOD 1 CAT
AR Cr (D) REAGWREM. AR Cr (1) WE (<500 pgml™) T, AMHIK (GSH). &3, SHA
feie A1 (T-AOC) & EHFwE, EABHKE Cr (1) (800 ug-mL*) T4MA&. 1 mol-L” Nazsosﬂu%#ﬁ: Cr (1)
By e, BB, BEEREERAE LA, MDA & E (K 12.83%, CAT & HEKRLH ", SOD & 3w 4. 41%,
GSH. T-AOC. GSH-Px 2% 753 An 28.83%. 14.29%F0 18.80%. [£i6) B E4t/a d, Cr (1) Wi v
BB AN E N E, EREERER (<500 pgnl"), BETUETE 4 RANEZ RSB LA ER,
Hobh R AR TR AR KA KB, BORE Cr (1) (800 pgml™) T, BARAEEH—FnE, B
BE A R DA Cr () fhif, 5% (1mmol-L™ Na,SO0.) 7 LU 4% B B £ SOD 7 7. GSH. T-AOC.
GSH-Px &8, W Cr (1) B ERIANEE, REMEEE FA it h, HAREMELNEBHE.
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Abstract: [Objective] The objective of this study was to investigate the antioxidative mechanism and role of sulphur during
chromium (III) enrichment by Saccharomyces cerevisiae. The mechanisms of alleviation chromium (III) toxicity against yeast by
sulphur were revealed. [Method] Saccharomyces cerevisiae YSI-3.7 was used in this study. Various incubation conditions were
investigated, such as various concentrations Cr(IIl) and sulfate. And the corresponding biomass, total chromium content, organic

chromium content and oxidative stress markers (including malondialdehyde (MDA), superoxide dismutase (SOD), catalase (CAT)
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and so on), were measured and analyzed. [Result] Low Cr(IIl) concentration (0-200 ug-mL™) could stimulate the growth of yeast,
while high Cr(IIl) concentration (>500 pg:mL™") inhibited its growth. After Saccharomyces cerevisiae YSI-3.7 was incubated with
500 pg'mL" Cr(II]) for 44 h, the content of organic Cr in yeast was found to be 725.55+55.08 pg-g”' DCW and that of total Cr was
1255.53+43.75 pg g’ DCW. After Saccharomyces cerevisiae YSI-3.7 was incubated with 800 pug-mL™" Cr(IIT) for 44 h, the content of
organic Cr in yeast was found to be 536.25+36.89 pg-g”’ DCW and that of total Cr was 1812.22+38.24 pg-g”' DCW. The content of
MDA increased (from 11.83 nmol'mL™ to 18.04 nmol'-mL™") with the increasement of Cr(IIl) concentration (0-800 pg-mL™"), while
the activity of SOD and CAT decreased. The content of GSH, total sulfhydryl and T-AOC increased at lower Cr(IIl) concentration
(<5500 pgrmL™"), and decreased at the high concentration (800 pgrmL™). The supplementation of 1 mmol-L™' Na,SO; during
incubation could alleviate the stress of Cr(IIl) against yeast. The protein content increased and MDA content decreased (12.83%)
with the addition of 1 mmol-L™' Na,SO; during incubation. The activity of CAT was almost unaffected. The activity of SOD was
increased to 4.41%. GSH, T-AOC and GSH-Px content increased to 28.83%, 14.29% and 18.80%, respectively. [ Conclusion]
During the Cr(IIl) bio-enrichment process by yeast, Cr(Ill) stress could aggravate the lipid peroxidation of cell membrane. At low
Cr(Il) concentration(0-500 pg'mL™), yeast could protect itself from this stress by its own antioxidant enzymes, among which
glutathione and its related enzymes played an important role. At high concentration of Cr(IIl) (800 pg'mL™) , the degree of
membrane lipid peroxidation was aggravated and the yeast’s own antioxidant capacity was not enough to protect itself from Cr(III)
stress. Supplementation of S (1 mmol-L™' Na,SO5) could mitigate membrane lipid peroxidation caused by Cr(II[)by improving SOD
activity, GSH, T-AOC and GSH-Px content in yeast, improving the antioxidant capacity of yeast itself and Cr(IIl) bio-enrichment
by yeast.
Key words: Cr(Ill); S; Saccharomyces cerevisiae; GTF; oxidative stress
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Table 1  Effect of Cr (III) on YSI-3.7 growth and its chromium enrichment

Cr (1D (ugmL™)

0 200 500 800
A4 H: Biomass (2/100 mL) 1.40+0.07 1.06+0.01 0.97+0.05 0.45+0.02
FHl4% Organic chromium (ug-g' DCW) 0 224.74+6.41 725.55+55.08 536.25+36.89
A% Total chromium (ug-g' DCW) 0 409.04+12.65 1255.53+43.75 1812.22+38.24
HHLEK/ 4% Organic/total chromium (%) 0 54.94+1.90 57.79+2.45 29.59+2.48

2.1.2 Cr (II) e xt @& YSI-3.7 A BB W
WIAEST Cr (1D Bra xR YSI-3.7 #5540 ViR
PRIFEMR AT EN (322D, EERE4Iarh N — 8% (MDA)
&R R IR Cr (D BB i .
MDA )5 1] L s i BEAN Ji P9 g i S8 A IR R FE
() 25 e Wt 40 B 53 405 IR A2 . 200, 500 AT 800
ngmL™ BRI R, T A 43 ) LG A
31.36%. 42.94%F1 52.49%.

b Cr (11D WE T, YSI-3.7 H SOD ¥ J1ii
B, AE 200 500 F1 800 pg'mL™" Cr (11D WJEF,
I3 WL A R % 3.83%. 7.90%F11 14.63%. {EXT R
fEbErf, CAT (G /I TIAH] 9.09 Umg' prot, B
Cr (IID KEFFE, CAT#EIHPT PR, 15200, 500
1800 pgmL" Cr (1D WP, 5L AL N FF
13.86%. 48.07%A1 59.96%.

FEXTHRIERE D, S8 ) A B HIK (GSHD % bl
& Cr (ID WEETHE, RO miGm e, GSH
T 500 pgmL! Cr (1D 3KJE FiA#E s 48.52
umol-g™! prot. ££ 200, 500 F1 800 ug-mL™" Cr (111D ¥
FER, 43 B et BZE B0 28.01%. 54.42%F1 39.53%.
5 GSH Zb R Am, BB HIE (GSSG) &
R Cr (D WEMFEnf e, 6 Cr (1D KA
4 800 pg-mL i 75 ik Bl g, 4y 15.46 pmol-g! prot,
L BZHI N 96.69%. fE Cr (111D #KJE K 200, 500

ngmL™" BF, GSSG (¥ Bt w0 AL, 43 3
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YA MEE S . GSH/GSSG I LLEAEXT Aol 4, £
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3.92 F12.84.
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i Cr (ITD WP BRI B T AR KII B, Bk
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Table 2 Effect of Cr (III) on YSI-3.7 oxidative stress

Kl e bR

Cr (ID ¥ Cr D

concentration (ug-mL™)

Index 0

200 500 800
7 % MDA (nmol'mL™) 11.83+0.38 15.54+0.41 16.91+0.33 18.04+0.44
AL IS LES SOD (U-mg™ prot) 8.61+0.19 8.28+0.11 7.93+0.07 7.35+0.21
HAAERE CAT (Umg” prot) 9.09+0.28 7.83+0.14 4.72+0.09 3.64£0.03
B SRR BEH K GSH (umol-g”! prot) 31.4241.54 40.22+1.38 48.52+2.01 43.84+1.94
AR BEH AL GSSG (umol-g™ prot) 7.86+0.21 9.56+0.32 12.38+0.52 15.46+0.61
BIH KA AR GSH-Px (U-g”' prot) 1044.51+10.22 1274.32+5.89 763.01+3.21 534.68+6.76
MEREE -SH (ug-g”' prot) 38.51+1.14 53.4422.71 59.05+2.98 35.74+1.97
MPUAAES T-AOC (U-g prot) 0.8+0.21 0.85+0.19 1.61£0.32 0.35+0.01
3 HUAYMEREEE YSI-3. T EMEREMERNTMN
Table 3 Effect of various S compounds on YSI-3.7 biomass and its chromium enrichment
EEY W A LS Pt HHEE
S compound Concentration (mmol-L™) Biomass Organic chromium Total chromium Percentage of organic
(2/100 mL) (ug-g'"DCW) (ug-g" " DCW) chromium (%)
0 X4l Control 1.002:0.1 755.63+4.23 1431.93+10.12 52.77+1.24
Na,S0; 0.5 0.92+0.07 1198.16+9.43 1578.21+11.27 75.92+3.75
1 0.85+0.08 1607.02+6.78 1876.32+9.43 85.65+2.36
5 0.60£0.04 2052.43+10.58 2755.04+11.38 74.50+3.57
10 0.49+0.03 609.58+4.98 1746.95+8.79 34.84+1.98
15 0.32+0.02 477.39+2.75 740.18+8.02 64.50+1.63
Na,S 0.5 1.005+0.25 895.98+5.72 1601.45+5.98 55.95+1.48
1 1.08+0.07 1261.16+6.27 1868.74+9.98 67.75+2.32
5 0.781£0.03 691.63+3.61 2302.31+11.54 30.04+1.03
10 0.69+0.08 613.83+2.88 3516.62+21.32 17.46+0.98
15 0.15+0.04 318.70+1.02 3834.02+20.98 8.31+0.45
(NH,) ,S0; 0.5 0.996+0.05 721.01£2.79 2101.45+14.32 3431+1.74
1 0.942+0.04 861.12+5.97 2868.14+16.45 30.02+1.05
5 0.276+0.02 542.19+4.34 3000.21+18.91 18.07£1.13
10 0.1210.02 301.21+2.83 1812.62+13.69 16.62+0.45
15 0.0850.01 100.32+1.56 1367.02+9.13 7.33+0.41

X R PR 27 R 4% 500 pgemL™! Cr (D) W YPD 85374 L4z 4k B2 o BES 37 K & AN AR SRR AL A 0+500 pg-mL™" Cr (1ID - #<J% YPD

Control group yeast culture in 500 pg-mL™" Cr(IIT) YPD medium; Other yeast culture in different concentrations of Sulfur compounds and 500 pg-mL™" Cr(III)

YPD medium

Na,S.  (NHy) ,SO; WERITFm e e, 45
SFEMREE 5+ 1A 1 mmol- L™ i ik Bl KA X T15 9%
FEARR N NaySOs Fl (NHy) ,SO; [IFERE 7, L)
Hh VR B B A U PR R VS N AR R 1 T e e B S
Wb, S RIAE 5. 15 mmol-L™ I iA Bl fe KAl . st
NI NaoS Rk, HBE & R 0.5—15 mmol-L™

RS RE DI

X TR IR FE RN NaySOs+ NapS

HIERE, MR B N, HISZERE
i 1 mmol-L™ ik B 5 KA, 430 4 X ) 85.65% 11
67.75%. TIXFEM (NH)

2SO; i K IEIIIELE, I
AHUR AR BEE IR T I R . 455

MPTE. A
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1 mmol-L™" Na,SO; if, %t FERE a4 Cr (D KA
BUs A R o i, RS AR P& o Es 500
pgmL™! Cr (11D 1] 84.83%, 4%&BEHLE 31.03%,
APV R 32.88%. £ L, #EFF 1 mmol-L”' Na,SO;
HEAT 5 SR 5T
2.3 Na,;SO, xiEE £ YSI-3. 7 & RARAMMB T RN K
=0pA1 0]
2.3.1 TRBRH P E A R A
YIEA 2 ABEARITRR, 58S S E R, B
BGOSR, W . MDA (18R AT DL
RESH Py i PO S A R 8, T e e g ot ) 4 3 £
(IRESE . &l 1-A i, 500 pgrmL™ Cr (11D Ab3[H)
WERRA N MDA &4 16.91 nmol'mL", AL T4 M
H, $EE T 24.60%:; 1 mmol-L™ Na,SO; nJ 4 2 A% A
Cr (IID 5I#EK MDA %, HET 500 pgmL"' Cr
(1D 4LFEA], MDA S EMFET 12.8%.
WK 1-B Jfi7n, 500 pgrmL™ Cr (111D b3k

P4 1% MDA (nmol-mL™")
5

S N A N 0
L e —

0 500 500+1 NS

~
(=}
d

(=N
(=1
T

w
f=1
T

N
[=}
T

]
f=}

B A EH Ik GSH (umol-g™! prot)
> =

(=1

500+1 NS

AR SRES 2l 59.05 pgrg”! prot; 1 mmol-L” Na,SO,
AR RS R R N S A G N, dA 3] 65.51
ngg’ prot; AHLLT 500 pgmL!' Cr (11D ALFRA, #%
FEERA T 16.87%.

Wi 1-C Fizs, 500 pgrmL™' Cr (11D &b PRy REH
i YA SRS e H L (GSHD 284 48.52 umol-g™ prot,
FH LG T HE R RE 4T3 TN T 54.42% 1 mmol-L™ Na,SO;
AR B s B REA Y GSH B4 62.51 pmol g prot.
FHEE T35 (141 F0 500 pg-mL™" Cr (11D AbFEA 43 54
98.95%7#1 28.83%.

WK 1-D fizn, 500 pgmL™" Cr (111 Kb i) %
BEAR NS AL R AR H Ik (GSSG)Y & &4 1238
umol-g" prot, AIELT 2 ABERFALI N 57.71%. 1
mmol-L" Na,SO; n ¢k &4 EHA N GSSG L%
7.85 umol-g” prot. AH#:T 500 ug'mL™" Cr (1) 4b¥E
41, GSSG KT 57.71%, S5 A4BEREHAN GSSG
il

i -SH (ug-g™ prot)
B
[=)

201

0 500 500+1 NS

FATIAS B H Ik GSSG (umol-g™ prot)
(=)}

500+1 NS

KLPE Treatment

0: Cr (ITD KX 0 CEAXMIELALD 5 500: Cr (I #JEH 500 ugmL'; 500+1S: Cr (I #JE K 500 pg'mL", NapSO; #JE 4 1 mmol-L'. T
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Fig. 1 Effects of Na,SO; on reactive oxygen species related intermediate metabolites by YSI-3.7
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Fig. 2 Effect of Na,SO; on YSI-3.7 antioxidant capacity
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