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Screening of Saccharomyces cerevisiae highly producing glutathione

to brew cider with healthcare function
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Abstract; The process of browning seriously influence the cider quali-
ty, but the glutathione producing by yeast can inhibit browning in
the production and storage of cider. The glutathione ( GSH)
producing strain Saccharomyces cerevisiae Y18 was chosen as the
starting strain, and after ultraviolet mutagenesis and diethyl sulfate
mutagenesis, the strain highly producing GSH was screened by 96-
well plates. Secondary screening was carried out by comparing fer-
menting power and GSH concentration after strain culture in shaker.
The mutant strains Y18-20 GSH after screening by 96-well plates
producing 46.8 mg/L. GSH in the simulation of cider fermentation
conditions, and it” s cell capacity of producing GSH is 8.95 mg/g
which is 2.18 times of Y-18. The 96-well plates high-throughput
screening method has the advantages of saving the economic costs,
improving the filtering efficiency, and shortening the breeding cycle.
The mutant strain Y18-20 producing high yield of GSH has better
fermentation characteristics and genetic stability, and has a realistic
significance to produce high GSH cider, control the browning of
cider, and improve the quality of apple wine.
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ANAAT LI 78 A4 20 55 78 35 4 5T 8 R B AR i B
)N A JIEL ] P 55, 3% 1T B RE - 9075 98 05 0 DR G Sl RE . TE
SR A KA R R A R T AR E
P SRR A CRERE S A R D A U RTIR E N= R )
WS R R VERRAL, XS v i — B R A R Y

B AT % SR 1 A2 Y 32 A ) O S e B A AL L (H
2 100 0 1 22 4 M () A K R S R R, A
Joe H ik (GSHD J2& Hi A &R « H 2012 A2 D 20 12 225 ok B 4 5 T
A — RGP =0 B BU AL IE B B i R AR AR )
A BEZED WY, A8 DR H K AR 0 1 A T AR A R P
BEORMEE SRS B EEAE .

RARMAEY R HEAR TR R REHRZMEA. A
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il R AR | B SRR (AR B R AL SRR
AHLE S

KA GSH 3 5 A1) F 30 A 99 0k o9 0 5 AR i o
BB 5610 GSH fy o7 ikt . Be Bk R Wk 4 7= GSH
B W A A 4 Murata 5500 % B, T B T oh R B R L MR
W AF M Db FC R B I Y GSH & 88 . I v R I R
(Saccharamy cescerevisiae) ) GSH & B iG  8 % & T H ¥
DR o DRI TR % B 2 K B AR 7 GSH f % JH M R B
MR TE A 7 AVt 1 B T 04k 2 ) TR 5 S R 5 BT T
P AT 1 A3 7 0 4 e B mT A A 3 SRV (v 48 AT
AR 96 LA R L — Bk A DG e S R
B, X A 7 R A DG H R R T 0 o S R A A R R R
W EA R X,
I RS Y1 DIRTS
L1 MRS5S
LL1 ket

P R TR BR - Y-18 BB » 52 30 5 i 5

T JE R A I b o s SR =99 00 R BT R T AE AL
BHEL B A A BR 2 A 5

DPPH ., 2-3 [ .PVPP 5 B 7 B2 R B . = 2 B - (6 3% 4l
3 [ Sigma-Aldrich 23 7] 5

B N« il o, E 25 8 AL 2= R A IR A R

Fowilon o at, B 25 4 AL = R A IR A A
112 EEMNRBE

R RO AR 35 R e (BL A 2489 425N 8% & Empower?
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MR
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# I3k .50/30 pm DVB/CAR/PDMS #!, 3 [H Supelco

/L\\#
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B EEAER L 5810R U, f# [F Eppendorf 23 7 ;
R AR 2 8 0L RI-LDL-50G # , J6 45 B8 1140 47
XA FR2S 7 5

HL TR EL3002 AL, Mg ) —FE H 2 408 (i) A R

T
BRI VKA - thermo905 7Y, B8R 6 /R BB (b ED A R
NGl
Al L 43 606 B . 7230G BY, 1 AR AU ERINE A IR
Al

PG A KQ-700E B, B il M 75 U284 BR A A
E YRR 3 AR 85-2 AL, b Rl SR ANER A FRA
H 3 # 7% k% : QPix 420 system A, 3£ [E] Molecular
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£ 1) HE B #5 {X : Cytation 3 A4, 3& [H Molecular Devices
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1.2 A&
1.2.1  ¥AMFEE

(D) B 78 =X HCE R IR BERERR 5 mL, B0 f5 A 3
ERIRPEBH P IA 0.1 mol/L pH 6.0 fY i B2 2% w1 . K5 41
Jfl vk BE R Bl 10° CFU/mL, 3 A B3R ML (A2 9 em)

(2) TELTHEFN T REIIEHE 55T 35 em 20 PRI — 7€
B R) 7 P A T BOPE R A 70 %6 ~80 %,

(3) FE75 72 Jo 19 1A WRE DG T (] 5 97 24 b Bk B R R AR
B WA T ZoClL Pk Fe v, 30 CHE IR 2 d, i 4
ZnCly Iy i 1 e B 1 % B T BOE B AE 7026 ~80 %61,
1.2.2 TR _ZHE(DES)FHA

(1) B I8 X804 K B BE T 5 mL, 8.0 5 1] PBS
B 2 WG A 0.1 mol/L pH 6.0 M BEER 2 v ik . KB =
JEAARFR S mL A =T,

(2) A 0.3~0.8 mL/100 mL ¥ & & 2% ) DES &
W PR AL 3 40 min, 32 WIAS AR DES #W80IA 25 20 BR AR
TR BRI W ZE 0k I o A 45 ] DES 3% i (4 B 40 5, 1 B2
B4 M EOE S AE 7026 ~80% .,

(3) B3 78 J5 9 TR IRORE DG T (B B 97 24 b Bk BE RS R R
B IR AT ZnClL PR FR B b, 30 ‘C 3% 2 do
1.2.3 578 T R I 1o 38 & 0 i

(1) FAE TR W) 0 5 28 5 00 T R 55 78 B0 R T 8%
FRHEN T 96 FLAR T FRIR BT IR 24 by by — ) 96 fL
BAIA 200 pL KK FREE (S H 1.6 g/L ZnCL A 5% 2
B AL R AL 20 L B 15 3R EE I AL o, F B AR AL B B
4 b G BE OD goo (R RAE AW 4k . e TR 9 500 i
FFLAE AL 10° CEFU/mL 1) 41 8V 1 A 1 A op 35 7%, 3k
B AOIR B0 R AT 0 0 B TR VR E AT R e i A iR S TR
AT H R TR AR

(2) 578 TR W9 52 05 < 4 %00 075 1 19 20 1) T ke R AT e I 8%
I BRI R R IR B T W Rk W ) By GSH Be ), it &
W 03 Koy GSH fig 7 #5058 1 T B 28 A8k, — 80 “C H i R 78K
1.2.4 GSH m- B WEARRGEENE R 7542 B bk R 1%
fREEFE 6 R, B HRHAYE = GSH G871 K LB R
1.2.5  EABAR @5 % (HPLO I E & B - GSH (14 &
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T TEIOA SF « 0 A G TR R U T L AR G D) RE R T &

(D FEFRAEFD L B0l mL KB A 1 mL =& 2
TR (10 %) PLIEE M, FE#E 3 1X 10" r/min F &0 8 min, JLHE
FEE. B 1 mL BV MA 0.5 mL 500 pmol/L pH 8.0
19 Tris—HCL ¥ W IR & ¥ 5, A 20 pL 4K, A
0.5 mL 0.01 mol/L DTNB.#E{% ¥ 45] . £ =i T )X i 5 min,
A 0.1 mL 7.0 mol/L #MRIFWIRIL .1 X 10" r/min &[>
8 min, ¥ FIF W I 0.22 pm AL I8 MK J5 . i 17 HPLC
53T

(2) {0 3% % 4. 8 3% 4. Athena C18-WP (250 mm X
4.6 mm,5 pm);FBIH :0.05 mol/L pH 5.6 Ff iR 44 2% vh
B AR G 90 ¢ 105 338 2 1.0 mL/min; #ERE . 20 pL; KEE
40 °C ;32 ATHTE] : 10 min; 284G PP 4K : 330 nm.,

(3) Arif il £ 4 1 < 43 3 BUHk BE 2 0,510, 20,40, 60,
80,100 mg/L # GSH #r #fE % W 1 mL. il A 0.5 mL
500 pmol/L pH 8.0 Ay Tris—HCl % . 18 & ¥ 41, i A
20 pLalizK i A 0.5 mL 0.01 mol/L. DTNB, R % ¥ 45), 7
R T Y 5 min, BN 0.1 mL 7.0 mol/L B2 A W B2 AL »
110" r/min .0 8 min, $ L35 IELL 0.22 pm B 7L I8 AR
J& >34T HPLC 4301, Lh e T AL v %k B o 22 1 Ak o il 42
DR 1. AR 1 H 7 B SR AR i GSH 2 .

or
7L
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Figure 1 Standard curve of GSH

1.2.6  Siladr ¥ FIF Microsoft Office Excel 2013 #

# X Origin Pro 9.0 % #F #E 47 B4 1 55 F0 18138 1 4E . R

SPSS 17.0 Ge it 43 H7 SR % B8 #4743 47 o

2 g5

21 VIMBREBBFTEZHNRE

2,11 Y-18 W BRAE K M Ze il AL T X B A= < 0 A 8 B

PR AR R 2 OR B0 B D — 250 20 i 38 43 BT A L X i 78 U HL

70 S i O MR AR o T) B X R A K D 190 TR BT 00 A i B K 3

5 S 20 MR R BT LA I B 20 i B R F 0 R K

JEHEAT A AL B LAKE IR I [R] g A AL AR L D685 B OD oo fH

A bR (R B — EAEHO - Y-18 TRk I AE K W 4. Y-18 T

R 6 hitt AXFECAE A L 18 h 5 FF IR 2% 18 A K 3k A HE 1B 3 A

T BB AR R BT Dy 12 h (Y BB B AT IS A AL B L

B P B 2 M AR A% W BE 2 38 31 107 CFU/ mL TR B

2.1.2 BAMFAAM A M E BT AR R Z 8

BMFE. S SRR ESHEANZERLERL, e
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Figure 2 The growth curve of Y-18

JL, LUBI 3 5T 2 0 U8 10 BL 7 bR 19 7T BB 2 5 E T R R ST 1
A0 v e — S O A PR AR ST B A RO AT . Ho,
LIMFEAR R BT Z B —Fp oy X B R s T
SR F N E RS ERE L, SN AE DNA F ™ A 1
A A RUN R < DNAEE - T 4 FH 408 1 s e T B B AR
120 DNA BUBE AR T A Z ) . A8 Tk A 9 v, 2 08 A 7 1
Al CIE 28 48) 1) 58 4% 2 8 I A A1 Ak 33 7] o v, — S b 380590 i
HIFET 28R 70 % ~80 %L1,

V28 ST AR T 1Y) PR VR B — A BUR 7E YEPD P-4l
1430 CREFR 2 d. LUAH M B0t 53 56 A BeOS B TA] 5 4 i B st
RIPKRERIE 1,

F1 UVRHEHEEHERXER

Table 1 Influence of mutagenesis time on the lethality rate
mEE /s CFHRER/ A BOEE/ %
0 142.0 0.0
30 65.1 54.2
50 54.4 61.9
70 31.1 78.1
80 17.2 87.8
90 12.0 91.6

128 1 )0, 28 A I SR I i) ok 7 A 40 B05E A B 1
FU GO AE L 5 A A0 BB DR A0 BT T RO R .
HPERIT 30 s I, BRSO AR IAN, AR LW E L 2 ARG Tk
W o FgETY R, IE 548 L 70 % ~ 80 %6 5 4K 2R 1Y M8 S ik )
hEL W R 2R AN IR IS R O 70 s,
2.1.3 ALFFEBFIRNE TR REW AW LA AE
F R —iFA  RHEINBA MR B (DES) Z &%
[ 75 5, B 3R A9 78 7= GSH %8 78 & — Bl sk iy oy K0
A2 17525 R0 3 I T 5 2 ) e B A A I 3 e
B 240 it 6 AS [5) 4 FR 43 %9 DES A 4R35 48 31 30 min, 3 A T
SRR L D40 I BT FESE B, L3R 2, BUEE N 7096 ~
80 % it i By DES B3 804 9 0.7 % i L6 e B DES {4
FRAY B 0.7 Yo 1 g Ab 2 175 725 4ub 35 o
2.1.4  GEBESTHR P ZaCLR BB e EEY RN, GSH 7]
1 GSH it 484k 4 8 (GSH-Px0) B9 /5 1 F 4804k 2R B A 1k 1 45
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Table 2 The relationship between concentration of

DES and lethality rate

W E/ % FREEER/ A BOER/ %
0.0 186.2 0.0
0.4 105.3 43.5
0.5 77.0 58.6
0.6 55.6 70.2
0.7 42.4 77.3
0.8 29.1 84.4

JEH K (GSSG) » Xl 4 GSH i i i 38 Ji ok 47 16 P 9 GSH,
GSH i J5E 1 & 32 Zo®™ ikl 09 9895 B . 4 40 i 4 Zn®™ 35 3] —
SE W I, GSH 38 JL I (9 36 M P o0 £ & A AR R R T L B Ik
GSH my4k 84 il # Bl R s i B Zn®" XF GSH i J5 i 1
A T LR 3E GSH i A4 g AL R U, E L L ZnCl,
BT R GRS PT Zn®t B S A R GSH Wy A4 7= B
B ZnCly W 5 5 8O0 2 8] () ¢ R AN 3 3 FR L B
FEF AR ZnCly e i 5 B BOPE AR 22 () 47 A8 BT I 09 590 00
R BOEREBE ZnCl ¥ B N84 K, 24 ZoCL kBl 1.6 g/L
i B05E 2 ik ] 8090 Lh b, BFE R N 70% ~ 80 %6 X [
ZnCLRE YR 1.5 g/L, i LUR B ¥ I ZonCL YR 1.5 g/L fE
S B 1 AR 9T R R A

R3 InCLIREEHEENXER

Table 3 The relationship between concentration of Zine

chloride and lethality

WRE/(g+ LD FEITER/ A HOER/ %
0.0 204.1 0.0
0.6 173.3 15.1
1.0 134.1 34.3
1.2 103.7 149.1
1.4 78.8 61.4
1.6 40.0 80.4
2.0 29.6 85.5

22 BFEGSHREBRBNSEZFIE

GG AE R E I E R R B K BB 5 G
D AE B AR i X O AU TE TAE /R B 2 5 K
A B ity o O 35 20K 3 A A7 BUAR KRR . PRIt ) D s 2 P
o0 D 75 2 T 9 R A 3 T TR T IR I 10 TR AT

FE B AL ZE AR (1 2o A o, 3 N7 — o AR R O O 32 ik
JE K Z i BB 98 48 PR v 45 B R4 1 1) 58 A8 AR ) I T B
96 FLAR A T2 15 3% 25 5 T b SRS W00 1 v 3B o5k 07 2k B AR 2 — b
i e I R 28 A8 MR 4 e 0 IR BB S AR IS Y 710 A4 TR Bk E
1T 96 fLA R B35 75 AR HE SR B m A 1.6 g/L ZnCl, Fl
5% LW B RE 4 h T AR ORI 5 AR B AR 0 A 4 O
H R B R R R AR IR LA T 1Y 33 MR I RE B AT B R
IREES% . LUK D) ™ GSH fg J1 g 48 b5, & 0 th 5/ GSH

PO R SRR B B . 0% 5 A9 B0 33 Bk 5 A8 T A e M R
W GSH ¥k L% 4.,

M3 4 TR S T AR GSH B A B 22 5.
VAR R AR Y-18 B 9% R B h GSH ¥k iy 28.83 mg/L,
LM GSH RE 1A 4.11 mg/g. HAy 33 BRRAE B
27 PR AW GSHIK B2 = TR0 T Horb R A B Y 18-20

R BEEVRRTHRNABER'
Table 4 The fermentation result of mutants screened by HTS
A/
(g« LD

GSH ¥/
(mg e+ L™

. GSH " it/
Y5 OD 00 ( N
mg - g

Y-18 0.36840.02" 5.5640.35b 22.8341.54* 4.11+0.08°

Y18-1  0.27840.08* 4.434+0.63* 24.62+2.05> 5.5640.12¢
Y18-2  0.342+0.01" 5.034+0.15" 26.96+1.36> 5.3640.04<
Y18-3  0.331+0.10" 5.914+0.38° 27.28+3.28> 4.6140.23"
Y18-4  0.458+0.04¢ 7.15+0.72¢ 33.7241.03¢ 4.7540.02°
Y18-5 0.33840.01% 5.9340.19¢  25.554+2.69"> 4.3140.11¢
Y18-6  0.38640.12¢ 6.3640.45¢ 28.98+4.32> 4.5640.13"
Y18-7  0.353+0.02" 5.2640.12" 34.95+2.16° 6.64+0.08¢
Y18-8  0.37740.07% 7.7641.04¢ 34.06+1.59° 4.39+0.05°
Y18-9  0.33940.13% 6.034+0.43¢  32.1540.85¢ 5.334£0.02<
Y18-10 0.36240.09% 6.2440.26°¢ 40.704+2.64" 5.564+0.09¢
Y18-11 0.33040.11> 6.034+0.14¢  28.64+4.23> 4.7540.18"
Y18-12 0.247+40.14* 6.1340.66¢ 38.34+1.48" 6.28+0.03f

Y18-13 0.345+0.03" 5.5140.36% 31.3541.83¢ 5.7040.04%
Y18-14 0.3412£0.06" 6.4340.29° 37.4642.59¢ 5.8240.11%
Y1815 0.36840.03" 6.0640.54° 35.2841.04' 5.8240.04%

Y18-16 0.34340.06> 5.9040.29¢ 43.864+3.20" 7.4340.14h

Y18-17 0.34740.09> 6.9340.81¢ 34.0340.84¢ 4.91+0.05"
Y18-18 0.644+0.07¢ 9.63+0.307 41.614+2.63" 4.32-40.08"
Y18-19 0.51040.067 6.9340.12¢ 36.014+1.62" 5.20+0.12¢
Y18-20 0.38140.01¢ 5.2340.46%> 46.80+2.597 8.9540.14!
Y18-21 0.31540.03" 3.90+0.57* 31.18+3.01¢ 7.9940.21"
Y18-22 0.34840.02Y 5.0440.28% 31.7740.869 6.30+0.03f
Y18-23 0.3724+0.01% 5.8340.32¢ 33.59+1.45° 5.76+0.07%

Y18-24 0.45140.159 4.26+1.41*  29.03+4.24¢ 6.8240.15¢

Y18-25 0.333+0.03" 4.03+0.85" 27.2542.45> 6.7640.08¢
Y18-26 0.503+0.09" 6.93+0.29¢  40.41+1.52" 5.8340.05¢

Y18-27 0.3944+0.04¢ 5.964-0.36° 35.65+2.15" 5.98+0.10¢

Y18-28 0.34040.03" 4.86+0.60* 33.50+1.04¢ 6.8940.058

Y18-29 0.344+0.01" 5.3240.06® 33.69+3.13° 6.3640.17"

Y18-30 0.361+0.02" 5.2340.57 37.45+2.05¢ 7.1640.11"

Y18-31 0.391+0.10¢ 6.334+1.03%¢ 36.12+1.51" 5.71+0.03%

Y18-32 0.385+0.04% 5.0340.48" 34.47+1.74¢ 6.8540.06¢

Y18-33 0.324+0.05" 4.0640.72¢

T RATEAR A R L AR 7 B R A8 P<C0.05 K7 E AT ANOVA
Ko 225 i .

34.8440.46° 8.5840.02
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T TEIOA SF « 0 A G TR R U T L AR G D) RE R T &

FEASE L3 IR kOB S 0 g Bk 9% kP GSH Wk ¥ i
46.80 mg/L, B4 i 7= GSH A F124 8.95 mg/g, /& th &R
Y-18 1 2.18 4%, Hivk, Y18-33 [ Mk {4 i = GSH & &
434 8.58 mg/g, GSH A 7= BE 71 IR F Y18-20, 3 P Ak B
B T LEARALL S 5L K 8% pH O SR R 7 GSH BB D B 3
BT HE R
2.3 BFEGSHEBRTHRMNERBEMEMSR

VEAE T Pl A A5 00 TRk 6 0T 2 L 45 08 1 R MR I S 5 bk
71 R I 80 Tl b S B A 7 TR R R RN I B 5 A Y
BIRAAR . X 58 728 TR AR R AT — B IR) B0 % 3R ARG L 3 B 15
%2 GSH mr=mkEE MR E kSR LE S,

RS REHMELRREN

Table 5 Stability experiment of Y18-20 mutant
R/ B/ (g L7 GSHWME/(mg« L°H

1 9.93 46.80

2 9.82 42.24

3 9.80 44.84

4 9.75 43.32

5 9.78 43.60

6 9.67 42.25

SRR Y18-20 AW B I &k BER GSH ¥k BE B 1% AR AR5
ARG AR K 356 43.25 mg/ LU FRE T 7.58% , Bfr
4 ff = GSH fig 1 #9145 H 8.39 mg/g. & — KA T
6.27 % UL B IZ RAE MR LA 5 R IR s L R v .

24 BBAEF GSHHEBEHEMSR

GSH 7 -1 41 0 0 P9 22 B 358 23 43 W6 380 i A1, 7 39 SR
Sz B R v R A RS T 40 0 B I AP A9 GSH X SE SR &
W BB SRR ST R A K . BT A Ak o R B Y18-20
AWy K GSH W B M55, 4k Y18-20 K5 3% 3 B Kk I8 5
T O HAE S AL R v rh g RS
2.4.1  pH X E kW A K B GSH We & M ig i pH
Xt A 4 A R A AR B i 32 B AR LU LA O
@ B 20 i 15 30 575 o 45 200 b e R S L B i B 2R 0 1R
7 0 2 RHE I 5 @ TR B Y T M L 5 0 TR AR 00 B AR A
s G B w5 35 5 v L S 4 43 1 A S L B T B AR X 3 1 1 I
ST 400 i Y 5 L R R T A 0 A T BB 3wl TR AR
Y18-20 ZEAIK pH £ 44 F A KR BL AT A 41 R A5 1k 1 BB
J7 A5 24 R0 M6 58 A% pH P38 I 40 A8 DAY i GSH
B I 1 AN 43 GSH Y Jy =Xk Ry 0648 A0 L pH Y [
k. P LAZmEBETE pH 3.4~3.6 I, R il P GSH TR & 45
B AR R ik #) 8.68 g/L,GSH ki 7 38.79 mg/L,
2.4.2 BEREST B MR Y R R B GSH YREE M SE M # 4
W I B TR A K 0 OB DR 0 BB B R R 0 A KR
GSH MR R A mEH I, f K 4 o, B /N T 12 Brix
I A K 57 S Bk U R R A AL R TR P GSH MR 5
I, 24 0% B R F 12 °Brix, 4 45 B X BB B A K0 5 i
/NS GSH ¥ B ¥ F V-4 e Ry 47.07 mg/ L,
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Figure 3 Effect of initial pH on the yeast biomass and

GSH concentration
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Figure 4 Effect of initial sugar degree on the yeast biomass

and GSH concentration
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Figure 5 Effect of temperature on the yeast biomass
and GSH concentration
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Figure 6 Effect of inoculum size on the yeast biomass

and GSH concentration
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