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ILV2 B [E R K X 18 B2 B A 4K S5 W Z B A 5 B9 320

nfEE FE AR
(TP A BEAE Y2 TP S s R DA Y S S g % KRR R AR ) TR e
K 300457)

B E.(800] SEEAS>TANF T EEIRLBLBRT A LA E, RERERERE.
[ 75 %) vABRIE B4 S2 (Saccharomyces cerevisiae)#) 1 X Bk, 8L ) R & 20 KR w942 AR IE B4
i - CEBLILER O B3R o R (ILV2), MBESR AN A=A ILV2 S AR R EH QI2-1 #=
QI2-2, FF#ATHIH LB L. [4R]Y ILV2 AR eGsk, 2FHAMME A REFGEK, L
T QR2KAAR, 12h i, REKRE B AARNEREF LS K, FELABLEREY, 5
K EAMAR, REIR QI2-1 N LEME/E 5 R LBERAAE 5 F AKX 17.50%F= 17.83%, M QI2-2
AR AR 51.67%F 45.65%. FACFIBIGATABATE . KBEE . SBRABEF oA T 56l T, {2
HERREBIATCE N, FoFEHLBEGREZR, (L] BLRIREAILIS ILV2 AR
Fait K R CEL A AR R KT R CBEA . R GRIBR E0OA 25 ik, B — 6 IR R
A

X8R EEE, [LV2 AR, R, IHA R

Effect of disrupting ILV2 gene on growth and diacetyl
metabolism of brewer’s yeast
SHI Ting-Ting LI Ping XIAO Dong-Guang

(Key Laboratory of Industrial Fermenting Microbiology, Ministry of Education, Tianjin University of
Science and Technology, Tianjin 300457, China)

Abstract: [Objective] The purpose is to reduce diacetyl content in beer fermentation liquor by
molecular biology methods and improve sensory quality of beer. [Methods] Based on S2
(Saccharomyces cerevisiae, tetraploid), mutant strains, including single /LV?2 allele disruption (QI2-1)
and two ILV2 alleles disruption (QI2-2) were constructed by homologous recombination to destroy
acetyl lactic acid synthase gene (/LV2), and beer fermentation experiment was carried on. [Results] It
could reduce the initial growth rate of strains because of the disruption of ILV2 gene, especially QI2-2,
while the growth rate of mutant strains was same as the host strain after 12 h. Beer fermentation
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experiment showed that /LV2 gene could reduce the production of diacetyl, and the diacetyl peak and
diacetyl concentration decreased by 17.50% and 17.83% in QI2-1, 51.67% and 45.65% in QI2-2,
respectively, compared with that in the host strain S2. Other indicators such as alcohol, beer
fermentation degree, residual sugar and flavor changed slightly, but they were in the range of high
quality beer suggested, and conformed to the requirements of the index of beer fermentation.
[Conclusion] It is an effective method to reduce diacetyl content and improve the quality of beer by
constructing low-diacetyl strains using homologous recombination with the disruption of Part of /LV2

gene, and it has certain actual application value.

Keywords: Beer yeast, ILV2 gene, Diacetyl, Beer fermentation

WO, XFR 2,3- T i, SN & i f v
AR ER R, R S T L Y B AR R
— o WP X 2 k) B R e B AR 2 A A A
PRV, ™ B PR MGG () AU, 52 e ML 1)
JEET R AR A e T AR A T L
R, PRI BT, — EE M A
M ST SE PRI, AEAOCRHIT A T A A5
TR

WL F (18 X T = 2 2 O T 3 240 e 3 o
BARRICHIEL T4 o- CEEFLER (0-Acetolactate)
SR AN, PRt AR A AR SN B
AP, o BEFLRR FH N ERIR AR I, S 2 BEEL
TR i, XGRS IE RS V2, RPRoE
ILV2, AT o- SRR AE A, ATTIR 2 A 2 Tk
A, SR IR - e e R A B
RI(GSHI &4 T MU RERERY ILV2 KRN, K EE4s
T LB~ AR T 25%, ARERIM4EM T 3 d.
B A SL I S AT A B3 PV Ak B A P 4
Bi, 2FBRBRT L2 2N, NIARRES K a- 28
FLIR, WAL AW, H 3K [ it BH W 1 b
G WA RN S5 PR A, 50 MU [ R Y £
KAMSE R B, FTLL ILV2 JERARRESE MR .
THE—PWEGE ILV2 R X P L T R B4
RN AU N T YA RE R e =7/ SN e il [ 15
VURS AR B — RIS ILV2 S, Ik
AT A TSy, £ T AR Hh XL I 55 XU
YIS FI BRI A AT O, 0 5 3 4 MY
TRERE R

1 MRS
1.1 E#RFA SRR

BRI BE AR S2 (Saccharomyces cerevisiae)
TR RIR A pUGE (B 7 KanMX FERFRIEE) .
pGAPza [ki#4 th AR K2 KT Tl A= 4
TSI = L
1.2 RFIAANEE

R E M DNA ¥ 14 Trans Tag™™ HiFi, Jt5T
EREEVHAAR AT ; DNA #2BOAN &, KiE
FAEYAF; MREIREEE(G418), JLEE
BEA M E AR BRSTAE A A Ok R % (Zeocin),
Invitrogen /v w5 #EERS DNA, JUlESEERHA
B . 52T AR AR BRA A

DYY-4C AUHL KA, dbatmi s —AHR)
PCT-200 %! PCR F: 4 141, & Bio-Rad A Fl;
2 R IM&L M, 5% Bioscreen A F];
7890A SAHETENL, LA ZHECRHE A RA R,
1.3 FEEFE

YEPD H557 5 (g/L) : BEREER I 10, #4554 20,
E M 20, pH 6.0, 1x10° Pa K 20 min,

YEPD (G418)}55%3&: YEPD [E1AREFILIEL
J5, BEIRE 60 °C ZEARHINA—E Y G418 ffiff
W, 15 G418 AR N 600 mg/L.

YEPD (Zeocin)}i 753k . YEPD 1AL S35 1k
J& . FERZE 60 °C ZEA B INA—E AT Zeocin fifi
AW, #1153 Zeocin BYRZH N 500 mg/L,

YPG PSR (g/L): PR 20, &
FJF 20, BERFEF 10, 1x10° Pa K& 15 min.,
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HIFITIE R IR — e R A 2R, 4% 114
EK LT 65 °C #EATHEL, BN REZ 12 ©
Brix, 1x10° Pa KB 20 min.

AR FRIETE N 20 ¢/L 3R o
14 SKWHE
1.41 35|4i%it: HRYE NCBI A S. cerevisiae
S288c [y ILV2 FFFHI M pUG6 Tk 751, BT
SIS — RIS ILV2 SR, BT ik
LR 1,

142 PCR ¥/ : 20 uL A : 10xTrans Tag™
HiFi Buffer 2 puL, 2.5 mmol/L dNTPs 1.5 pL, 10 umol/L
S 1 L, 10 pmol/L RS54 1 uL, DNA &%
¥ 1 L, Trans Tag"™ HiFi 0.5 uL, ddH,0 13 uL,
143 —ANHEN IV ZRAEERBRENEE:
L QI2-1-UP/QI2-1-DOWN # QI2-2-UP/QI2-2-DOWN
PTG Y514, LUK pUG6 AR 1T PCR
P, PCR KW 45fF: 95°C 5 min; 94 °C 45 s,
60°C45s, 72°C 110s, 30 MEH; 72 °C 10 min,
144 ESHATFIOET: BEHCRHBSRE
FEALEES B AL R A AR AT T 54 600 mg/L G418
f) YEPD AR b, 30 °C 1555 48 h, $RHUEERREE(L
THYRE 2 AR , LA K-UP #il K-DOWN . I1K1-UP

FT1K1-DOWN } 12K2-UP/I12K2-DOWN 4351415
YIEFT PCR B3, PCR W £5f4: 95 °C 5 min;

94°C45s, 58°C45s, 72°C 108 s, 28 fE¥; 72 °C
10 min,

1.4.5 GHIEFRIE KanMX 89518 : ¥ pGAPza it
P TRERE VR T, AR AR A T & A
500 mg/L zeocin Y YEPD ¥4z I, 30 °C ¥53% 48 h,
PRBCR B TP R iR 4-6 h, kR
i, PEHPAEYST YEPD A b, FEREENE] G418
BUrE VAR b PEHI7E YEPD P AR KTTE G418
PR A KA BERE, 30 °C. 180 r/min £53%
24 h, DAMCTRAREENZH MM, K-UP #1 K-DOWN
S5 1 H1EFT PCR BAIE PCR K2 £544: 95 °C 5 min;
94°C45s, 58°C45s, 72°C 108s, 28 PMEH;
72 °C 10 min,

1.4.6 BT HEAKHMERLH]: PRI EE
FiF 5 mL Z 2R FR3EH, 30 °C. 180 r/min 1537
16 h; HURERFANAM 20 pl, 55505 380 uL, 1RA
TAL AR, i 4 B 32 Kl 253 B A (Type
11001-FO)MIE A K th£k . LABRERY ODegoo fH NI
AEFR, R AR AR ZE A

1.4.7 WZERHGMZE: I AR e b (700 i 3

F1 KLWAASIY
Table 1 Primers used in this paper

514 519751 K
Primers Primers sequennce (5'—3') Sizes (bp)
QI2-1-UP TAGAAAGTATTTTACAAAATCTAAACCCTTTGAGCTAAGAGGAGATAAATA 89
o CAACAGAATCAATTTTCAACAGCTGAAGCTTCGTACGC

QI2-1-DOWN ACGATTAAATAATAATAAAGTCTGCATTTTTTACTGAAAATGCTTTTGAAAT 39
AAATGTTTTTGAAAT GCATAGGCCA CTAGTGGATC TG

QI2-2-UP GCCTCTAAAAGGCCAGAGCCTGCTCCAAGTTTCAATGTTGATCCATTAGA 39
ACAGCCCGCTGAACCTTGCATAGGCCACTAGTGGATCTG

QI2-2-DOWN TGGGCCCTTGGTAGAAACGAATTCTTTCAACTTAGCGTCCAATTCCTCTTG 36
CTTCTTGACTCTTAAA CAGCTGAAGCTTCGTACGC

11K1-UP CAGAACTTTGCCACTAATACC 21

11K1-DOWN TCAAGACTGTCAAGGAGGG 19

12K2-UP TGTAAACAGAACTTTGCCACTA 22

12K2-DOWN GATACCTTGACGGAGCCAC 19

K-UP CAGCTGAAGCTTCGTACGC 19

K-DOWAN GCATAGGCCACTAGTGGATCTG 22
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ZEER AR TR Z LA A 7 v T 2 BT
A3 IR R 10 mL T2 @, —S2 8 1E
AN 0.5 mL SRR T, 71— EER
25 X REANINAR AR —Meim i, seories))e, W&
FREALCE 20-30 min, 2RI THERAE HIN 4 mol/L
RV 2 mL, FAHEFI 4 mol/L ERFRAE
2.5mL, {R%). 7 335 nm PEKAL, F 1 em Fo@l
T R RO

WP (mg/L) = A335%x2.4, 2.4 NG5
P & s A48 R A
1.4.8 %%iE. BERERABERNE: FRENHE
AT Y5 TR R 0 A TR () 5 A H e
SRR R s T e
1.4.9 RIR¥IFRAME: MU ARSI X
AR ETE RN E . NWARYIN SR IEINER . SAH
%R Agilent 7890C; i FE 19091N-213:
30 mx 320 umx0.5 um, Pt FID Kl . A 05
4%, P 2.5 mL/min. #AGAETR 50 °C, f74F 2 min,
Ph 5 °C/min MFHRHE BT 2 80 °C, F14F 2 min, fx
Ja A 10 °C/min BYFHEHEEFHZ 100 °Co Al £k
FESh 250 °C, #EHE FREE N 230 °C, #FHER 0.4 uL.
I3 20:1,

1.5 BEAEBXLE

— R TR BORHE A — 3R, AT
5 mL 12 °Brix ZZ 153336001045, 28 °C, 180 r/min
K3 24 h,

THRFFRESE . — RPN 10% R
ANJEA 50 mL 12 °Brix & 7119 150 mL =AM,
16 °C & 1555 72 h,

WP R WE: PP 4 °C. 5 000 r/min &5
O Smin, VEUE 2K, PASEERERE, SERERHE 0.5%
RN RE AJA 250 mL 12 °Brix £ 1) 380 mL
IR, 10 °C {8 &2 15 d,

2 ER5450
2.1 ILV2? SRR THREIHE
211 — ILV2 ZEREBER: %E 143

1.4.4 Wk, REFEE —A ILV2 S0 57
Pk, M4 QI2-1, PCR BEZ5 R LKl 1. DL K-UP
1 K-DOWN h5197, ARUEY HITSE] 1 600 bp [
B, 538 F KanMX FERK/N—3, 1800 KanMX
HER B ERN A ER AR F; HLLIIKL-UP
I TIK1-DOWN J5 14, fEMSY #1531 711 bp B A
B, ML S2 JLH A AR, A I
FHR Y B, BERHA AL T &4 T IERf 0 R B4,
KanMX RO SAERERE ILV2 (05 kA T IERE
BE .

2.1.2  THIEFRIC KanMX HIBIR: #1218 1.4.5 B 5,
PR AE R QI2-1 1Y KanMX FEH(F 2), HHUEA
T G418 MR FAEKMITE S G418 [Pk EAE

5000

3000

2000
1500

1000
750

500

250
100

B1 —ANILV2ERERRERTHRPCRIGIE

Figure 1 PCR analysis of mutant strain with one IL}V2
allele disruption

IE: 1,2: LIK-UPFIK-DOWNH S | ¥ #EATHIE ; 3. 4: DITIK1-UP
FIK1-DOWNNGIWIHEATIAE; 1, 3. BN H & Bk S22y JE
s 2. 4: BRI — AN ILV2%0 3 N A 28 A BRQI2- 1 ) 9
R4

Note: 1, 2: PCR verification with premiers K-UP and K-DOWN; 3,
4: PCR verification with premiers [1K1-UP and [1K1-DOWN; 1, 3:
The PCR template is genome of the host strain S2; 2, 4: The PCR

template is the genome of mutant strain with one /LV2 allele
disruption.
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El2 QI2-1#Y) KanMX HiiEE R HIFRETEEKER
Figure 2 Growth status of QI2-1 and QI2-1 (KanMX
excised)

T A: QI2-1 BT YEPD VAi; B: KanMX HitkIEH MR
JA R SR T80 G418 1) YEPD “FAR.

Note: A: QI2-1 grows on YEPD; B: QI2-1 (KanMX excised) grows
on YEPD with G418.

bp M 1 2

5000

3000

2000
1500

1 000

750
500

250
100

B3 QI2-1 5f& KanMX £ [E PCR 3iE

Figure 3 PCR analysis of the KanMX excision of QI2-1

He 1 K QI2-1 HIFk KanMX PUikERFAGREFA; 2. B
Mk QI2-1 YFEHI 4.

Note: 1: The PCR template is the genome of QI2-1 (KanMX
excised); 2: The PCR templates is the genome of QI2-1.

KRR FE AR, L K-UP #1 K-DOWN
J51PHE T PCR BRIE, ARREYHEH 1 600 bp (1)
KanMX F B, i DABHMEXT B QI2-1 JE R4 Al e
PR 1600 bp B KanMX FrBx (8 3), UiHIE4
FRY a1 KanMX FitEFERE 289085 T .
2.1.3 @A ILV2 SAIERMRLRR: %I 143 A
1.4.4 (W77, FRAFERRIAS ILV2 S5 3L R i 5848
¥k, f40 QI2-2, PCR KiE45 R LA 4. LU
K-UP/K-DOWN #I 12K2-UP/I2K2-DOWN Jy 5|4,
BEMSY 11551 1 600 bp Al 744 bp B F- B, 1M LABAE:
XTRE S2 LA AR A B 1 AR 1 B,
MEGAL T & T IER IR E L], KanMX FEH
CAERERE ILV2 55 2 A S5 SE R 35 R A T 1IE B 1Y

BE.

4 BWANILV2EMERRKIRLTHRPCRIIE

Figure 4 PCR analysis of the mutant strain with two ILV?2
allele disruptions

F: 1.2: PIK-UPHIK-DOWN 5 | M)A 40 1E ; 3. 4: LAI2K2-UP
FI2K2-DOWNR 5 W HEATHIE s 1. 3 Btk g R RS20 4k
HH; 2. 40 BRI PN ILY 2% 35 P Y 28 A BRQI2-2 1 32
K.

Note: 1, 2: PCR verification with premiers K-UP and K-DOWN; 3,
4: PCR verification with premiers 12K2-UP and 12K2-DOWN; 1, 3:
The PCR template is genome of the host strain S2; 2, 4: The PCR
template is the genome of mutant strain with two [LV2 allele
disruption.
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2.2 HKERXRNE

FR R 1.4.6 B9, 3 e R QI2-1. QI2-2
FlS2 FEZz 2 B R AR R R, IF il B bk
AR (B 5). 45 R R, 2228 bk QI2-1 Al QI2-2
XFRERE I A KA — i 52, 2878 bk L HH & B AR S2
HIRIHAE KRG, B 12h 5, R7ABRRAY A K
F5 R RIS R — 3 X 0] RS IR EE R S2
SEVUAEAR, ILV2 35 EiR T ae ROl L2 B3Rk
BT, JFRAEEEATGE, WA, FIHAT
O IR, AR i A A
15%—20%"", NS5 Je I o
23 NZEEEHINE

TEMUP A BT R Rl E TR QI2-1. QI2-2 FI
S2 WAL BERYIEAR , K BELS RNy, I 5E T 4% B RRIK
WM (K] 6), 455 R QI2-1 Fl QI2-2 X MLy
K PR AR 2K P A B R, QI2-1 Al QI2-2
XL 2 BRI B 43 3]~ 0.95 mg/L 1 0.58 mg/L, #
R S2 BRI T 17.5%F 51.67%; K%
ZERAT, QI2-1 Al QI2-2 XL Ik e 24 75 1 40 oA
0.45 mg/L 1 0.30 mg/L, % & Hitk S2 70 HIFE M
T 17.83%H1 45.65%.
24 MBAABERE%RE. BRERABERN
M E

RIS, M T HEE QI2-1. QI2-2 Fil S2

0 5 10 s 20
¢ (h)
B 5 ARFEHKBIEKERE

Figure 5 Growth rates of different strains

T [ Peak of diacetyl

10k . [ biacetyl production
)
=0
g
g
2 T T
§ 0.5 I
=
Q
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s2 QI2-1 Q122

Elo6 TRAEMKKNCEDE

Figure 6 Diacetyl content of different strains

MUTPAS RS . FLIE R TR FIBRbE, 45 L3R 2,
MR 2 A&, TERMSHRIG REA L T &
WRR, FRPHGE, QI2-2 MUTEAE IR T S2. 7Rk
TS R 988 R 5 0 R RTARTE TG B L BRI RN L IE
KRR b LB R 25, I HA BRI
HEFHEMRE, B2 QI2-1 Al QI2-2 Jf:
A A G R BE TG SRR AR, TSNS KRR
JH 2R,
2.5 MEEAERELE R EIE A RUIRY R AN E
RBEASAHIS, ME TR QI2-1, QI2-2 FI S2
AR LR P R PERR P BT, S5 R LK 3,
SRR, RARRR QI2-1 5 H L Hikk S2 HEL,
R T P A Y - B o v R AN R 28 W R Y
TR, W QI2-2 FBER I LR LEWS AT
e, ST EEREC. X nTae R E R AR rh it
ey o AR & 2B AR Al T 3 — SRR ) R R S )
B RE 1B Ak, (BA510) Jox 1 Ik R D0 o Mg

R2 FEEHKRRERE. BEABEMNZE

Table 2 Alcohol, fermentation degree and residual
sugar of different strains

ik AR EIE R B
Strains Alcohol Fermentation ~ Residual sugar
(%vol) degree (%) (g/L)
S2 5.60+0.20 77.51£2.60 6.40+0.10
QI2-1 5.80+0.20 77.12+2.20 6.70+0.10
QI2-2 5.4840.20 76.02+2.80 6.70+0.20
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*3 TRIEREIER TR R
Table 3 The flavor component profiles of different strains

FE RN R S2 QI2-1 QI2-2

Types of volatile substances (mg/L) (mg/L) (mg/L)
% Phenylethyl alcohol 14.40+0.14 11.01+0.24° 13.38+0.19
ZLFRZTE Ethyl acetate 12.04+0.20 12.08+0.21 14.78+0.42°
1EVRME Are propanol 14.18+0.20 12.70+0.30* 14.42+0.12
5T W2 Isobutyl alcohol 12.81+0.22 10.89+0.30° 11.34+0.12
FLER LB Ethyl lactate 19.30+0.15 17.53+0.24° 19.65+0.20
S2I%EE Tsoamyl alcohol 54.04+2.26 50.52+3.12° 54.11£2.16

T8 % EEALRIRS IR BRI RRA Q™ UK 5 14 5 f LA W] B0 19 22 57 (Student’s t test P<0.05).

Note: *: Values of the recombinant yeast strains are significantly (Student’s t test P<0.05) different from those of the host strain.

HEVAYIL I Z Y o
3 Wie

AR Sl AT R S A A G —AS ILV2 SRS
PRIFIPRIAS ILV2 S5 B 2848 bk QI2-1 Fil QI2-2,
A FEAR T NPT AL Ik 5 i, i X P At A b
FEAVA T, Fm A =g k0 Iv2 3K
RELWT 5 A5 2 R AN S s IR i Ae, MR AR K
e 1 (4 RS & P AN R e, SOk B fE
P W, T AE JR TR M VA e 2 G T oA e MY
RIEMER, PRSI IR A = A . 52
FLE, ARSC ILV2 FE DR B4 m BRI 15 A BT 1
GG A E TR SF e BRI, AT
RGP 2 e v AN R RE ), I HL 35 BRI T
kA &b, HA — g M SE bR AN A

£ % 3 Wk
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