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evisiae MS Amresco
1.1.3 IM109
S. cerevisiae YS58 MATo ura3 LB Amp IPTG
trpl  leu2 his4 X-gal LA 37 YS58
Escherichia coli JM109 YEPD
YEp352 Amp® URA3 Yeast-E. YNB 28C
coli
1.1.2 BamH Sal 1.14 GenBank SSU1
T4 DNA Tag DNA Agarose Gel DNA (Gene ID: 856013) PCR 1 1-1
Purification Kit TaKaRa 1-2 2-1 2-2 5%
Marker 14.2~66.0 kDa SSUI-1 SSUI-2
%1 PCRRRSI
Tablel PCR Primers
Primer Sequence(5 53T Size/bp Restriction site
1-1 GCAGGATCCTTTGGGCTGGTAGGATTAC 28 BamH 1
1-2 CAGGTCGACATTGACAAGGGTCGTGCTT 28 Sal 1
2-1 GCAGGATCCCGTCAAGATGACACTTCTAC 29 BamH 1
2-2 CAGGTCGACTGCTTGCCAATTATGTACGT 29 Sal 1
1.2 TPHRER I T AR ik 15 EEEEl
YEPD 75 mmol/L [5]
pH3.5 2% 0.1 MPa 20 min 1.6 ShAE
YEPD+TA 0.5 0.6 0.7 0.8 16.1
0.9 1.0 mol/L YEPD+TA !
1.6.2
28 34 d "
1.6.3 TBA [8]
13 MBLE 1.6.4 DPPH [9]
10 Brix
0.5% 12 8d 2 %—
1.4 DNA #1EH K 21 EERRE
14.1 DNA [5] 2.1.1 SSUI PCR
1.4.2 PCR 94  Smin M8 DNA 1 2
94 40s 54 2min 72 3min 30 PCR 0.8 %
72 15min 0.8% PCR 23 kb 1.9 kb DNA
1.4.3 DNA SSUI-1 SSUI-2
14.4 [5] 2.1.2
pSU1 pSU2 BamH -Sal Sac
1.45 pSU1 pSU2 23kb 1.9kb
SSUI-1 SSUI-2 BamH - Sal 756 bp 515 bp
BamH - Sal YEp352
pSUl  pSU2 |
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4200
amp
BamH | Sal 1 ) BamH | Sal 1
N J v
PCR product of SSU1-1 %fal[? w;’ Tind Tl PCR product of SSU1-2
(2.3 kb) Sma | . Sph1 (1.9Kkb)
BamH [ and Sal | _ BamH 1Xbal1Sal 1 pst1 BamH 1 and Sal |
T4 ligase ligation T4 ligase ligation
4200 4200
EcoR 1 EcoR |
Sac | Sac |
Kpa | Kpa |
Sma | Sma
BamH 1

BamH 1

Hind T

Sal | 1Sk 1

pst

1 FEH K pSUL #1 pSU2 B TEE

Fig.1

2.2 SSUL ERELI=EEE YS58 Ry RiA

pSULl  pSU2
YS58
pSU1-YS58 pSU2-YS58
2.2.1 SDS-PAGE
pSUI1-YS58  pSU2-YS58
SDS-PAGE SSU1
Ssulp
52 kDa
2 pSUl  pSU2 SSU1
YS58
2.2.2
pSU1-YS58  pSU2-YS58 5

Construction of the expression vector pSU1 and pSU2.

M
! —48.5 kDa
52 kDa —!
a B — 66 kDa

2 ZIWEEBEALTEHMMER SDS-PAGE
Fig. 2 SDS-PAGE of laboratory yeast transformants 1. YS58
(pSU1); 2. YS58(pSU2); 3. Saccharomyces cerevisiae YS58; M.
Low molecular weight protein marker.
YS58 28 5d
( 2) 10
YS58
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pSU1-4 YS58
40.2% pSU2-3 YS58 2.2.2
48.3% pSUI  pSU2 SSUI YSS58
YS58 28 5d 3
2.2.3 3 10 YS58
S-
R2 TREMBHEUF_SURENZ
Table2 SO, production of laboratory yeast transformants
Strains SO, production/(mg/L) Increg(s)i:/%rggil;nt of Strains SO, production/(mg/L) Increéi(s)i;/%nigilint of
YS58 21.32 0 YS58 21.32 0
pSUI1-1 25.16 3.84 pSU2-1 30.63 9.31
pSU1-2 29.82 8.50 pSU2-2 26.80 5.48
pSU1-3 25.34 4.02 pSU2-3 31.62 10.30
pSUI-4 29.91 8.59 pSU2-4 31.31 9.99
pSU1-5 29.67 8.35 pSU2-5 26.52 5.20
®3 FUREBEBRUFRULELENE
Table3 H,S production of laboratory yeast transformants
. . D i f . . D i
Strains H,S production/(png/L) ecreﬁjlsr;%uagr?ﬁ))unt © Strains H,S production/(pug/L) ez;eéjlsr}%:g?f;m
YS58 15.72 0 YS58 15.72 0
pSUL-1 15.12 0.60 pSU2-1 15.26 0.54
pSU1-2 14.79 0.93 pSU2-2 15.65 0.07
pSUL-3 15.19 0.53 pSU2-3 15.45 0.27
pSUL-4 15.52 0.20 pSU2-4 15.32 0.40
pSUL-5 15.39 0.33 pSU2-5 15.26 0.46
22.1 222 223 pSU1
pSU2 SSUI YS58 M8 1.0 1.2
SSUI-1 5% 14 1.6 1.8 2.0 mmol/L
SSUI-2 240 bp DNA 28 3~4d 1.8 mmol/L
SSUI M8
pSU2 M3 2.0 mmol/L
SSU1 2.0 mmol/L YEPD+TA
2.3 SSU1 EF 7 Tl g iF B B IR T kk M8 I RIA 2.3.2 M8 pSU2
2.3.1 M8 M8
2.0 mmol/L YEPD+TA 28
3~4d 51 7
M8 2.0 mmol/L
o] G418 YEPD+TA
2.0 mmol/L YEPD+TA
M8 pSU2
FZF1-4 SSUI M8 3
2.3.3
[ 14
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14
M8 1.5 1.8
Y2 38.84 mg/L
M8 80.8% SSUI
Ssulp
2.3.4
cc 25 [12]
B 3 TR M8 TRER bR 233 14 M8
Fig. 3 Comparison of Na,SOs resistance between S. cerevisiae 12 8d 15
M8 and its transformants. 1. S. cerevisiae M8  2-8. transformants. '
5 pSU2
M8 12 8 d M8

1.6 (4
k4 TUmMBEREESMSELF_SURERESE

Table 4 SO, production of industrial S. cerevisiae M8 transformants

Strains SO, production/(mg/L) Incre;g;%gg}il)mt of Strains SO, production/(mg/L) Incregg?/%rzg}gl)mt of

M8 21.48 0 M8 21.48 0

Y1 33.32 11.84 Y8 36.63 15.15
Y2 38.84 17.36 Y9 38.46 16.98
Y3 32.76 11.28 Y10 38.15 16.67
Y4 33.36 11.88 Yl 38.08 16.60
Y5 37.62 16.14 Y12 34.02 12.54
Y6 35.39 13.91 Y13 37.77 16.29
Y7 32.22 10.74 Y14 32.71 11.23

x5 TUmERE MBHELFRIULSENE

Table 5 H»S production of industrial S. cerevisiae M8 transformants

. . D i f . . D i f
Strains  H,S production/(pg/L) ecr&:zs;r/l(guzn/iLo;mt © Strains H,S production/(pg/L) ecre&jg%:‘gr?s; nto
M8 14.19 0 M8 14.19 0
Y1 14.26 -0.07 Y8 14.12 0.07
Y2 13.86 0.33 Y9 13.92 0.27
Y3 14.26 -0.07 Y10 13.86 0.33
Y4 14.12 0.07 Y11 14.39 -0.20
Y5 13.79 0.40 Y12 14.52 -0.33
Y6 13.99 0.20 Y13 13.86 0.33
Y7 14.39 -0.20 Y14 13.99 0.20
233 234
SSUI Y2 MS
M8 12 8d 0 7d 1.2.7
SSUI 1.2.8 TBA DPPH
24 BT Y2 5EK M8 MEIRZ R LR 6 Y2 SO, M8
TBA DPPH 74.4% TBA 14.9% DPPH
TBA 38.2% Y2 M3
DPPH
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*x6 HUTFY25FEKMEIMENIERELLE

Table 6 Comparison of antioxidant abilities between transformants Y2 and M8

Strains SO, production/(mg/L) TBA value DPPH radical scavenging ratio/%
M8 18.39 39.6 58.1
Y2 32.07 33.73 80.27
3 ik
SSUI
[17 Robbins TL, Boillat B. Control of odors in the brewing and
Ssulp [4] food processing industries. Master Brewers Association of the
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Effect of SSU1 multi-copy expression on Saccharomyces cerevisiae
sulphite production

Yefu Chen, Shichao Shen, Yan Wang, Dongguang Xiao"

(Tianjin Key Laboratory of Industrial Microbiology, College of Biotechnology, Tianjin University of
Science and Technology, Tianjin 300457, China)

Abstract: [Objective] Sulfite, an intermediate metabolite in yeast sulfur-containing amino acid biosynthesis pathway,
plays an important role in beer flavor stabilizing because of its antioxidant activity. In Saccharomyces cerevisiae, excre-
tion of sulfite is regulated by sulfite transporter protein Ssulp which is encoded by SSUI. We constructed a high sulfite
excreting brewing yeast strain to solve the beer staling problem by SSUI gene over-expressing. [Methods] Sulfite trans-

porter gene SSUI-I1 and SSUI-2 that contain different length of 5 fintranslated region were cloned by PCR, with the ge-
nomic DNA of an industrial mutant strain M8 as template. The amplified DNA was digested with BamH and Sal , and
then inserted into plasmid YEp352 digested by BamH -Sal and constructed the expression vector pSUI and pSU2.

pSUI and pSU2 were transformed into laboratory strain YS58 and tested the effect of SSUI multi-copy expression on
Saccharomyces cerevisiae sulfite production. Furthermore, pSU2 was transformed into industrial brewing yeast mutant
strain M8, and SO,, H,S production and beer antioxidant abilities of transformant Y2, screened out by sulfite resistance
plate, were tested. [Result] The SO, production of laboratory yeast transformants pSU1-4 and pSU2-3 enhanced remarka-
bly, but H,S production remained unchanged. Compared with the S. cerevisiae M8, SO, production of transformant Y2
increased by 74.4%, TBA value decreased by 14.9%, DPPH radical scavenging ratio enhanced by 38.2%, but H,S produc-
tion had little change. [Conclusion] Over-expression of SSU! in both laboratory S. cerevisiae strain and industrial brew-
ing yeast strain increased their sulphite excretion, enhanced beer antioxidant abilities and had no negative effect on sul-

fur-containing amino acids biosynthesis.
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