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Effects of Knockout ECM25/YJL201W Gene in Brewing Yeast
on Beer Flavor Stability

Yixin Zhang, Qi Li, Wei Shen, Yan Xie, and Guoxian Gu
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Abstract: The ECM25 deletion mutant of industrial brewing yeast, G03/a, was constructed by replacing the ECM25 gene with the
kanMX gene. The transformant was verified to be genetically stable. The PCR analysis showed that ECM25 gene in the G-03/a was
deleted. Under aerobic conditions of 11°C and 28°C, compared with the host strain G-03, the excretive glutathione concentration of
G-03/a increased by 21.4% and 14.7%, respectively. Strains G-03 and G-03/a were inoculated in flasks and cultivated continuously
for 4 generations. Compared with the host strain G-03, the glutathione concentration in the main fermentation broth and final beer of
strain G-03/a increased by 32.1% and 13.8%, the stability index (SI) increased by 7.7% and 5.3%, respectively, and the flavor
resistance staling value (RSV value) in final beer increased by 45.0%. During EBC fermentation, the glutathione concentration in the
main fermentation broth of strain G-03/a increased by 34.0%, compared with the host strain G-03. Furthermore, no significant
difference in routine fermentation parameters was found. The strain G-03/a is proved to be an excellent anti-staling brewing yeast to

improve beer flavor stability.
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PR R P A Ay M 1) T 22 B R AR —, M\
20 fhed 70 AARTF UG k2 B E Ah 2 i e, g
7 T 2 MG A 7 1) 3R L, 2 T ML XL A XUBR AR
EMERAREMERNERZ —, MR 240
R, Hh A G ot — RGN, fd g
R AW A2 Ak, e 2T BOXBRE AL o (L M7 o7 b
o3 — S R BT RE IR IR Y BT, ANk 5
BRI BT BR(GSH) . TEBR IR £ A4 I i 55, e (TR AE
PrINEER A B AR R . It Ah, GSH HLRER) 1E TR
P 1R A R A A R I A TR P Y

ECM25 JERALFRERE X Sy ik, ] gEm i i
BEA W) 0. G540 T 26 1 5038 B A OG0 Perrone
FELEM, B ECM25 FHEMB, SO EH
F A FE N Bk, 2352 GSH BYis iz te, M
MEAs GSH MNRSIFSBIL 8w, B2
T TR A O T S = RS A SR B R A
T Ml AR e B B AR R P bR, FLBOA DG T Tl i
W EE ECM25 ZER B M SN 73 GSH IR IE o

W A= 7 B TR BE A ORI 43 U6 GSH W] LB 3%
SR G ) SRR AR 10O AR YRR Y TR S —
R Tl OB %R (Saccharomyces  carlsbergensis)G-03
W FRE A, LRI RR R B, iR ECM25
FEIH, BRAG T —Pk GSH 23-Mh 538 hin i) 470 & Ak MU i
BERIPR G-03/a, BRI A WSS AR W], 54 10 T TR i it
I RUBR FE A PR FFANAS, GSH 43 Wb 1T, 1A g
T 0 RREE E PEBE = -

LA

11w
111 AR FLEA,
WG 7 £ (Saccharomyces carlsbergensis)M'y, 2

A BIF 9 LA 95 5 MLV T B 5 @)k Y R A G 3 R
RIREC YA ENN GSH A R HE 7 32 =5 B L i e
B0 WU EERE (S, carlsbergensis) G-03, KIGFFHE
IM109 1 DHSo AASSLEG = /47, Jiiki pMD-18T
i A TaKaRa 2\, pUG6 N A S 28 {47 .

112 2R

2- MU T BT (PBN 4l R 98%), B2 —
i 3350 (PEG 3350), HLif ik DNACK AV
T30 H TITRY 8 45U R B R ) ¥ I A Sigma A H] . —
AR R ME B (DPPH 463 90%) I A 7%
kU234, PCR Wy alifbial5n] & . e Il ik
sl &, R R BUGRF & A1 DNA marker W B _FiE 4=
TAEY TR AR M54 R/ F], Tag DNA R4
dNTP g { Fig R AR A RA R . 519/ E
WA T AR 1) Hofth 2 fb 50 2 ok 1 01 gl |
Sy A4t
1.1.3 HHFEH

VPRSI L E 2L FAHGI(11°P), WAL
WA 0.4 ¢/L. YPD Hi#3k: EERERY 10 g/L, &
FI 20 g/L, #i%ghh 20 g/L; # Wik FRAE, mA
G418, i HAER IR B I 2R Sy 200 mg/L.

12 A&
121 B HZHI1 &

LI pUG6 M#EHR, Pecout0l. Pecout02 5|47,
PCR TEFFZ%0 K 94°C, 5 min; 30 NMEFF: 94°C, 40 s,
56°C, 90 s, 72°C, 2 min; 72°C, 12 min; 4°C {75 . B 3
uL PCR =¥ HF 1% B IR BHEE IS L vk o #1521
WeIR &, 40 A F M 1 (2000 uL), FHE K B4 105/
SRS 24: DRSS, I 2.5 R IARFLAY Tk £ DT
€ DNA, fill] 70% Lm0l 2 Ik, &S TG,
B ULTERE T 50 uL AY 1xTE buffer.

&1 PCRASERMBIASIMEIES

Table 1 Oligo nucleotides used in PCR-mediated gene disruption and verification

Primers Sequence (5'—3")

For gene knock out
Pecout01
Pecout02

For PCR verification

PkanT02 TTCCATAGGATGGCAAGATC
PecmT02 TCTTTGTGGACTAGGGCTTC
PecmO1 ATGATAGATATCAACGTTAATAAC
Pecm02 TTACCACCTTTGTTTCATTTCATTC

TCGACTTATTTGCCAGCATCTGATGAAATTGGCGATAGGTCGACAACCCTTAATATAAC
TAGCCTGCTAACCTTGTTGCTTGCTTTAATATCTGGTGGATCTGATATCACCTAATAAC
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1.2.2  MJER RN T . FEAE R TG
ALY JR 7 285 1) ol 8 AR Ak L SR [13]
165 GA18 2Rk i 4 200 mg/L 1Y YPD -4k i

M7, % 5~7 d Ja, BK B amEsE

G418 “F-Hx bR —ik, 153 ET .

1.2.3  FL/A4] DNA 72K R FE1E FH 19K
FLH 4] DNA Y F2 UL Scukt™, 2 11514

17 PCR KrilE, PCR G S50 94°C, 5 min; 30 4~

PR 94°C, 40 s, 50°C, 90 s, 72°C, 2 min; 72°C,

12 min; 4°C iR . B 3 uL PCR P2 FHF 1% 5

R IS FEL UK

1.2.4 LRI S B ETE
WAL TE YPD #Ha FiESi B 10 AR, # 10

REEAHAE & 200 mg/L G418 9 YPD V- bRk,

a3, s 7R 10 R EF T YPD W)

R FEIE, 180 r/min K537 1 d, WAEANM, $EEBUEA

20 DNA, PIEEEESERZH DNA WA, PCR K

1.25 LB
(1) HEIRI R B Rbmw A&y 8%, B+

A 300 mL Z i RHEIE R, T 11°C IR 746

AT R, KBE6 dJh, FRELSH, BERH Kk

Wk R o 5 AR AR AR M 2 AR bR, H AR R

4°C J5 KW 10 d, #4780 S PEIFI 2 RSV A,

(2) EBC Kk RHEH MY B, BT 54

300 mL 2y RHEIEIH, FEor Rz A 2.5 L &,

i\ EBC R .45 1 K 10°C,2~6 K 11°C F kB,

B RIUOREIN E & BERUh GSH K BRI N GSH.

1.2.6 %MHEK T GSH K E
D0 4 T e 3 M 2 % TR HR Y GSHM

1.2.7  BEAEIEN GSH 5 i
Jef IR A T 2R K RIS 2 KA B T -20°C

RURIG AW 15 min, SRIGTEWREE N 40%(V/ V) £ T

W 30°C FHR R 2 h, @ EiEW GSH K,

Bk LAAH 1o 441 i EE A5 2 B GSH &

1.2.8  HHM A 52 (TBA [H)

FA UL I BN R B R AL & W R &

FE M B A2 9T AR S . B S mL &

10 000 r/min Z5.0 B 22 VT BB FE 5L, A 2 mL &

0.33%Hmi 10 B FL Z BRI S0% L RIET, Fo/mika, T

60°C 7K H IR 60 min, vKIFHE . LIS mL &0 )5

A2 VT B RE SN 2 mL ZE 1K R 25 1, 530 nm T L

Journals.im.ac.cn

&, DAL %8 TBA A,
1.2.9 A DPPH j5IR#

DPPH % FLfil: #EWFRE 20 mg DPPH, G
K EBEGfRIFEFE 2 250 mL.

DZE: FEA AR RE 20 £%5 5 B 2 mL FFE & 2 mL
DPPH i & F—HIERE , TR, 30°C /K i #E
X 60 min, PLIJC/K ZBENZS T 517 nm il %G
B AL, IR R RO

S U _(Ai_AJ) o
C

HH: 4.0 2 mL Jo/K NN 2 mL DPPH % & 1) WG
J; 4;: 2 mL £ 2 mL DPPH % WA WO ; 4;:
2 mL TR AN 2 mL JC/K BRI
1.2.10  #F H BEIEHRESR) 20 i I 4 B IR
19 H Hi

¥ 0.5 mL BRI R IR )R A BS.OF, SME
FREEEE, WA PBN W 10 pL, fif 200k ik 2|
2.55 mol/L, JRA1; BT 60°C K, 2l [ 3ty
Az, B ARFR MR, B EBOREINE  PBN B
451.98 g PBN/L, & #1R 50%EE-K(VIV)o

ESR W& 454 035 3475.00 G; i M)
4 mW; fHIEHA 9.7 GHz; JEHI45% 200 kHz; 1l
B 2.00 G; &R, FHEEE] 3 mint'7,
1.2.11 MK (R EEHT 19 50

B — bk By 5 R, o 1 X R AE AL B
FokH P ARAE, 75 4B T 60°C /KB T IL, & 12h
WO 1 PR MO KA TP R A . 7 4 DFER 4
RRRALST S, [ 1.2.8 #:4E, DAXTEN23 1, 530 nm
NI E AN TR AR AR S TR AR S OB, RIS ATBA,
i, XU AR 75 FF (Resistance staling value , RSV)IU
TR

RSV %X AT:AIZ ’ AT2B124 " AT]?A% " AT4Bi4J
N ] 35 6 LR A i P RSV AR5 MRS 4y JXUBAR i fif

HIREAR R R A

1212 AN, FEKME . LR, 257,

VT, R KHESE . a- SRR T S
Z: WL 3CHR[19]
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2 BRGAT

2.1 ECM25 By BEFNF 552 47

PEEL G-03 Je {42 DNA, A PecmO1 Fl1 Pecm02
PG ECM25, RIS iE#: pMD-18T, 1% FifEA:
T, KN 1.8 kb(GenBank Accession No.
EU328157). FEH4r M, G-03 ECM25 MK iR
ALY S, cerevisiae 749476 F1 AY 692747 (Baker’s
yeast)[) ECM25 [ [RIEYE R 99%. AR#E 51 i3
K 2R 5 14 Pecout01 A1 Pecout02,
22 EEWITE ECM25-kanMX-ECM25 Ry
R EEE S L

LS kanMX B 5K pUG6 MARHR, PecoutOl
il Pecout02 43 HITE 5" Sty A 5 ECM25 [R5 36 bp
F135 bp, I43HITE 3" By A 5 kanMX [F]IE ) 23 bp
124 bp, PCR =4 1649 bp(JA 1), 5 B/
FHAF

bp
21226

4973
4268

2027
1904
1584
1375

947
831

564

1 SFH-PCR #MB# T &

Fig. 1 PCR-Synthesis of disruption cassettes with small
flanking homology (SFH-PCR)

M: marker (ADNA/EcoR I+Hind I11); 1,2: disruption cassettes

B 40 B HEIR £ (2000 uL)4ifb )G, BEFRET BG4 1L
WUP 2 EE G-03, 7E7 200 mg/L G418 1) YPD “F-#i i
VR T o IR R Be Wi 5 ECM25 kA RIS
T, MMk BBIR ECm25 W HBE 2), ¥1E
G418 Hrth T b A=A H P TRIVE IR o3 B, ARAS A
V4N G-03/a.

23 HUEMBIERERERESE

E AT DNA ZKF B %6 7 46k PCR R BIE .

PEHUL LT G-03/a Y Kk DNA, DL G-03/a 4L {4

DNA J#iti, 5l¥eiAE 1 1) Pecm0l Fi
Pecm02 Xt H: PCR, Hi Ik /R IKA R 43 F AP 4P
B4, HREVURE G-03 Yefaik DNA MK
PCR HH B T — 450 (K 3),

=Ly,
's:‘/ pUG6 £
< [|\ 4009 bp |
\\\ //@
B
ECM25 36 bp pUG6 23 bp T Yrewmzs 35 bp pUG6 24 bp
Pecout01 ) Pecout02 '
59 bp 59 bp
ECM25 loxP-kanMX-loxP ECM25
disruption cassettes
1649 bp I
EC ',"!'125 ECM25 ECM25
ECM25 loxP-kanMX-1oxP ECM25

Genomic DNA of G-03/a

2 BEBRSTRERMNGE
Fig. 2 Construction of the recombinant industrial brewing
yeast

1 2 3 4 5 6 M

bp
21226

2027
1904
1584

3 {EH Pecm01, Pecm02 I&iE45 4L G03/a
Fig. 3 Detection of gene deletion events by PCR analysis
using Pecm01 and Pecm02
M: marker (ADNA/EcoR 1+Hind 111); 1: PCR product of G-03; 2:
the negative control; 3~6: PCR products of G-03/a

THALE G-03/a 7E G418 HitEar FA K,
UL DA —A~ ECM25 501 5N C 4 kanMX %
R, TR A G-03 A 5881 ECM25 AR iR TN,
%1t Pecm01. PecmT02 #1 PecmO1. PkanT02 PXt
IR DB R EE(E 4). 455KV, RN ER
WA Btk FE I (Lane3), A 08 8 H A Bk 5L
(Lane 4), HF Tl MR EEEE N 265K, AL 6E

Journals.im.ac.cn



1424 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

August 25, 2008 Vol.24 No.8

HEER T 2 IR p ) —A ECM25 i 5: ]
(Lane 2), AJREE/DIEA —5EHEM ECM25 B .

M1 1

2 3 4 M2

bp
1904 2000
1584
1375
1000
947 750
500
250
100

4 S EE R A EIE
Fig. 4 Detection of gene deletion events by PCR analysis
1, 3 and 2, 4 were the results of G-03 and G-03/a, respectively. The
primer for 1 and 2; 3 and 4 were Pecm0Ol-PecmT02; PecmO1-
PkanTO02, respectively. M1: marker (\DNA/EcoR 1+Hind 1II), M2:
marker D

Syt — A BRI, 5Kl 3 PCR 5 HLTK
R 2 ZAFRE RN, %4 pMD-18T J5 ¥ 1L K fT
BOIM109, 2% FiEAE TR, WP 45 SR R B Ak A
H—A ECM25 207 LR C AR kanMX B AC (25 SRR i
R, AW C AR T —4 ECM25 JEH

BB 10 IRIMFAL R AE T 200 mg/L G418 11
YPD “FAr ERIZ (& 5), R BERE: R L.

10.5

10.0 |

ExtracellularGSHcontent (mg/L)

0 5 10 15 20 25 30 35 40
Cultivation time (h)

3-03/a
. -‘-“‘\‘"...

5 HUERRERENM
Fig. 5 Genetic stability assay
G-03/a: after 10th generations of culture transferring. A: YPD plate
with G418 (200 mg/L), B: YPD plate

2.4 #{LE G-03/a. [FHE G-03 #1 M', % 11°C #A
28°C TER4EKEMAI GSH B E

P PP B 1 dad AR KR S 28°C, TRk
PRt FE A TRE N 11°C, SOk BGX AR EE &, 768 R
R, HBEHEALE G-03/a. JRE G-03 Fil MYy
M4 GSH & ik, SRS AR 6 FE 7 B, Al
PIE W, FUEBEALL, 76 11°C FHbE G-03/a 7E%)
BUERKBIIB(13.5 WS GSH S&ies 21.4%
(P<0.01), 7F 28°C FHALTAEXT AR I (7 by
AN GSH &t LS R 5 14.7% (P<0.01) 03X 2K
WP EEREAE 28°C T AERKARCIIE S, FRARTER ity 101
S GSH i, (HIE—2a Ay o 4 mir ok 42 o
77 AERE )RR A R A RG-S SO0 K
A GSH it % ik 2R % 2L 91 5715 3] 1) GSH
A RRE D HEm i MYy (B 7), MiSh GSH & = EX HUE
KR BAT AL G-03/a 5, XM, ECM25

10.5
10.0
95
9.0 |
85
8.0
75F
7.0
6.5
6.0
5.5

5.0 L 1 L L 1 L L 1
0 5 10 15 20 25 30 35 40

Cultivation time (h)

T

T

T T T

ExtracellularGSHcontent (mg/L)

T

6 7£11°C #128°C TMERE A AL KM GSH 28
Fig. 6 The extracellular GSH content of brewing yeast under different tempratures
A: propagate temperature 11°C; B: propagate temperature 28°C; @®: G-03; O: G-03/a; A: M,
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22

Intracellular GSH cotent (mg/g)

3 7

10 13.5 16 21.5 24 355 40
Cultivation time (h)

22

Intracellular GSH cotent (mg/g)

10 13516 21.5 24 355 40
Cultivation time (h)

3 7

7 fEL11°CFA28°C THRERBEAREKEA GSH 22

Fig. 7 The intracellular GSH content of brewing yeast under different tempratures

A: propagate temperature 11°C; B: propagate temperature 28°C; IG-03; MG-03/a;

DR 11 i o T LA A0 %o 50 A A 42 %5 GSHL Y 43 b
i, HAEFRREBEE 11°CF, GSH 43 8 4 F) .
{FL 2 MEOP  TE aok AR vh G TR RE AR R 4 B[] Ak T
IRAAAEE, S Al TR 2 75 23 32 v MUY 19 XU AR 1k
T S AR HL A ) 2 TR AR
2.5 HE{LE G-03/a f1 G-03. M', HyTHBE LLER
25.1 FEE G-03/a F1G-03. M, 194 FIHEBERI L F¢
WAL i B — A BTSRRI LA AR,
B LA ECM25 LR aib T B 2 8O A BRPERE ek
Ao R 2 T LUE B, MR G-03 #ik, H1bi
G-03/a ML KIREEA T84k, ZEHEMo-2 LA R
FIA A TFET 5.4% (P<0.05)F1 8.3% (P<0.01).
Coulon WHIB L TE Kluyveromyces lactis WEF:H
A5 M IR fR A RN 22 B 2 (B AE A TR OE R, /D
BWEH IR R BRI SRR R
A 25 AR VTR B R, SRR b IR 7
A BEFIEEAE K A R R FEAHC o Perrone 45416 2 5
IR (BCAAs) I Bl J2 5% i 23 JDE H IR P9 R3S 19 3L
— AR R T BCAAs TEFRYE i B P 250
T G HE . Kodama 25 A& B, a-Z A FL R
MU AR . RuRBRMZZARA G EVINEKR, [F
W, 5o el iR . AR R A A DN 2 1R R 40N R A st
s R E AR OGRS BT LA, A SRR AR A AT e R B
MISMHREAH T2 T4 KEFR, X G-03/a F1 G-03
149 32 T VR 3 o 2 R TR VA 4 BT (B R SR ), R B
TR R, REAAR ., FER. 7
R | 522 R R 24 R 2 = 40 ) B FE T 25.9% . 18.3% .

M,

6.3%. 6.8%F196.6%, KNBEIR T T 6.7%.
2.5.2 FEE G-03/a 71 G-03, M, H9 4% BEIERER T
LTI L

50T G-03/a A G-03. MY 985, Bfh T4
A 300 mL VT RIHEIE L A, R 0 M. RS
HE, PR T N — R, N 1R ESER
I 3 40, WAk B tE BB R AR (3R 3), H RLAE AR
A A (P>0.05).

%*2 MiAERES G-03. M',#1 G-03/a £ IBEEEELES

Table 2 Comparison of the physiological performance of
strains G-03, M'; and G-03/a (mean + SD, n=3)

Strain G-03 MY G-03/a
Lethality temperature (°C) 53 52 52
Flocculation value (%) 70.74£1.08  68.2+1.14  66.9+1.85
Alfa amino nitrogen 48.4£0.56 43.9+0.76  44.4+0.61

Assimilation value (%)

®3 RIBXREEMER'
Table 3 Fermentation routine parameters of the different
strains® (mean + SD, n=3)

Strain G-03 MYy G-03/a
Original extract (W/W, %) 11.2740.70 11.71+£0.49 10.54+0.31
Ethanol (W/W, %) 4.48+0.18  4.71+0.17 4.51+0.14
Apparent fermentation  g¢5 1 73 7604173 74.040.89
degree (%)
Fermentation degree (%)  60.3+1.32  59.84¢1.59  57.3£1.56

' Data represents mean value of three samples after main
fermentation, which are 1st generation, 2nd generation and 3rd
generation respectively

SI (Stability index)# £ EAR 4 5 1 ML Y IXUBR
FasE P, B AOGE AT 6] — G e, doadE TR
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7 187 SRS P T TR A ) M IXUBR S MR PR, BT
RS (1 92 A (2

DPPHi5 % %
SI: - -
TBA{H

AL G-03/a TR ERER K ST RE5 5
G-03 A1 MY 7.7% (P<0.05)F1 1.7% (% 4). X )G,
AL G-03/a ioh GSH & E251EE G-03 A1 MY, 5
32.1% (P<0.05)F1 6.9%. FEEM ) ESR Mk anf&l 8
FiR . SIRE G-03 fZetH tt, G-03/a YLk i
P S, R F W AT P R R, X
FIREZH T GSH 5 B AR RN, 1R F I
W A IR B, R MYy TR 3 R P AR AR
% Pt E AR, ATRER T H N GSH 78 &/
Je AR A A5 i 2 5 B K

LR R MYy 5 ST BB G-03 75 8.0%
(P<0.05), tt G-03/a f& 2.6%, G-03/a i) SI ZELILIE
B G-03 1 5.3% (P<0.05) (F 4). 5 G-03/a
M4k GSH & & Fb G-03 5 13.8% (P<0.05), {HZ#HI L
M' {5 7.9% (P<0.05). B & MEUE 4 RSV {H M, [ G-03
5 98.3% (P<0.01), kb G-03/a$2H 36.8% (P<0.01),
G-03/a fJ RSV {H HLJF B G-03 $25 45.0% (P<0.01),
BT MYy JE M A A GSH R 115 21 I i) n s e
BARTE E W5 HEsh GSH S & G-03/a /b, {HYE
10 d My B AR D, AT BE R T-IEAE A sl — 2
JRIE, FCMIN R GSH 2212 140 th ok, AT 4578

P o MY, LA GSH 3 iR ST R %% RSV
BT G-03/a. XWRW], MINHE R GSH fig 15
LIPS e B 1T R B 4 00 76 ML e o ML XU o
HE ST, MAERE G-03 M, HILi G-03/a
FWEE SIAS. M GSH &, BN ST 224K
Jfifh GSH & HEA RSV (HEMF RIS . 2ahss, #1ib
P G-03/a 55 M EF G-03 FR I 6 ML JXUSR He AR — 2

F IR 1.2.5 (B)W 7 4T EBC K, F e (A]
B RIURE, 0 PGP P 440 i P F % BV GSHL 1Y
Sht. B9 Won, A KEES BT, A GSH
TR BE I EE, KEER Y GSH % 5B D
Vo X AT REAE R N BEE K L R 21T, GSH SESZ
T H SN S AR ) ST SR 5T Y AR T
H B IHEE T —3B% . 55 6 K ERLE T EBC Bk
IR ) GSH & & G-03/a Lt G-03 75 34.0% (P<0.01),

x100
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x4 KEEABEIEZLIER'
Table 4 Fermentation major staling parameters of the
different strains' (mean + SD, n=3)

Strain G-03 M, G-03/a
SI of fresh beer® 185.91£5.87  196.81£5.84  200.2+5.80
Extracellular GSH
of frosh beor’ 16.5+1.31 20.4+1.31 21.8+1.54
SI of final beer® 213.96+543  231.13+4.59  225.21+3.41
Extracellular GSH 0130 3354100 305£1.19
of final beer
RSV of final beer’ 100.3£9.0 198.9+10.2 145.449.0

' Data represents mean value of three samples, which are Ist
generation, 2nd generation and 3rd generation respectively

? Dates were analyzed after main fermentation

? Dates were analyzed after secondary fermentation
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Fig. 8 Free radical generation course after main fermentation
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