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L1 FEMR BOSEHE LFE1225, Pidb R moph#
PN RN ST

1.12 HigR3k YPD H53R A (1 L) EHH ¥k 20 g,
HIHIHE 20 g, BERERY 10 g (G BC B [ A 8% 77 2 | 1
WM 20 /L B BIE) IR K EREE 1 L, K%
VK (121 °C, K 20 min) .

Triple M f## 451> (1 L): £k 1 :100 g
H %I BE 100 g FAEFT 4 mL ergo stock, ZERIHIKE
22 500 mL; g I .6 ¢ WA 3 ¢ SERFR A 0.5
o MR, ZEMKERZE 250 mL; I 1.7 ¢
YNB (EERESE AL AR ) 2 ¢ 7K A 1 35 11 .6 mg ILEE
0.2 ¢ TL/AKEALES 0.8 g LKA .1 g LI .
0.1 g Bz RN 1 g BEMR %, ZEIB/KE R R 250
mL, AR T 1 I, H KOH(4 mol/L) ¥ pH
{H°4 3.25,0.22 pum JEE L JEBR TR . ergo stock (50
mL):12.5 mL i3 80.37.5 mL 95% Z. B 1 0.125
g A2 A
12 FHik
1.2.1 RV AET AR A FRAEE . Had
RIPFHR 24 | Bk 5 i TR AR AR 50 mL T
Triple M BLHL7T 1) 100 mL #EIE N, LLIC B I 38
BB OBEE T, F 28 °C, 150 r/min 514 F B 5E
24 h,

KW BE R IR 24 h (9B 7, B O WETE
I BTE T 0.9% 0 A #LER K b 78 W o Bs T 114k
J& Lh 5x10° CFU/mL # A %47 300 mL JC A Triple
M AL 500 mL HETE R, DA JC 1 ik 8 i AR 3
IS, F 25 CHAM T HE kR, KSR
B 24 h WS CO, Fa it K IF M CO, R E T2k, Y
CO, Bt 40 R iESE 3 d SEACR AR LN & e 45 R
BB 3 MY F AT, MR CO, K H 2 UK %
o B e Bl (24 h) O ECRER (72 h) ORPECK
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(PAN) 2+ 1T [Rl AL 20 (YAN) FIas &R S5 0 s
He e,

1.2.2 S5 NG A5 e I S E AR 7 4 ey A
S TS T A5 v R 1 G T SR FH T 25 1R A B -

A TS - TS 6 AV . {8 F DVB/CAR/PDMS #£HX
4E (50/30 pm WRJZEE 2 em o] R K ) K
SPMES57330 -U #X ] T 1% (Supelco, Bellefonte
PA,USA), £ 20 mL T2 im A 8 mL i F |
2.0 g NaCl 1 20 nL 2— [ (0.016 /L) LA K )1
BEFETF, #E 40 °C,600 r/min 254 FF# 15 min
J&, AL 4E7E 40 °C,600 r/min 551 F Hi 3
W 30 min S5 B, S EDREAT FshERE 1 230
CHFE DN 5 min, BN EE 2 K, GC-MS
Bt A (3% A o DB-WAX B PEHE (60 mx0.25
mmx0.25 mm) (Alilent JandW ,USA) AT £
B IR R 200 °C, AT IR 220 C, ZEFE M
230 C, #H AN m 4l AR (=99.999% ) , # <t
R 1.5 mL/min, JHEFERF M ,40 CHHF 5 min, 2R
JG LA 3 °C/min EFFZE 130 °C,#%E 4 C/min ETHE
250 °C, 7E 250 CHEHF 5 min, A3z 17 E] A 60
min, & FHEA ELE, & FIREEHR 70 eV, FiEH
U 25~350 amu, FH% R 50 Hz, & PR FLE
TS IR R AP T

KA Gk (JE RS E) A Y15 2 A3
250G 43 BT ASCRSE I 9 A6 R R 0.24~20 /L

R E 2 B8 GBIT 15038-2006( ] %5 1 .
SR P 2 M 07 R ) IR T

A HLER B 46 4 ] Aminex HPX-87H 43 #L
12 43 AT FE (300 mmx7.8 mm ; Bio—Rad ; Hercules ) , ¥
4 :0.005 mol/L. H,SO,, ¥t i# 0.6 mL/min, ¥FFE &
5 L, 55 CAHEl AT R 210 nm, FC # 5 ik
4 0.2,0.4,0.6,0.8,1,1.2 o/L (IbrUES, 25T
0.22 pm A3 BB AT U8 5 SERE | D0 2 45 2R R 114 06 1]
R H U B R] DA kv B O o A A 06 1T FE 90
Ap R bR M2 R R IR RS DB S 2R A
FEFITE
1.2.3 AMMONIA PAN YAN J 5% & () 6 )
FHRAH & (b R3¥E)Ed Y15 2 A3 #
25105 43 B ALK I AMMONIA 1 PAN, AMMONIA
{49 6 00 BR & 3~200 mg/L, PAN (#4463 B 4 1~400
mg/L., YAN Ji i i J 4% BR 0] & O iR A X
() #ATIE,

YAN (mg/L)=PAN (mg/L) + 0.82xAMMONIA
(mg/L) (1)

fE FH Venusil AA 23R 53 B 7 vk 40 4% B U8
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Fig.1 Fermentation curve of S. cerevisiae LFE1225
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Fig.2 The content and synthesis rate of isoamyl

alcohol in different fermentation stages of

S. cerevisiae LEF1225
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Table 1  Alcohols content in different fermentation stages of S. cerevisiae LEF1225

o RRESA Z B A ek L BAHSK
‘ FAE ) CES
KB B L i %/ T A% #F/ /gLt @R/ L i &/
me mg-L7"-h™ g L7h! g-L7th™ e mg-L7!-h™
w145 R 0 0 0 0 0 0 0 0
o 84.91 + 353+ 2.63 + 0.86 + 1.73 = 0.072 + 130.01 = 542 +
i+ A1 2
4.85¢ 0.29* 0.03¢ 0.04* 0.12¢ 0.00* 7.56" 0.34
157.02 = 1.50 + 5.07 = 0.40 = 2.73 + 0.021 = 22722 + 211+
3
3.57¢ 0.11* 0.23¢ 0.02" 0.42" 0.00" 4.70¢ 0.13"
304.42 + 0.88 + 10.47 + 0.25 = 4.00 = 0.008 = 428.75 = 1.21
3 R I
3.71° 0.04¢ 0.12" 0.01° 0.20° 0.00° 6.63" 0.06°
336.62 = 0.12 = 11.23 + 0.02 + 433 + 0.001 + 486.60 = 0.22 +
K BELER
4.66* 0.00¢ 0.29° 0.00¢ 0.31° 0.00¢ 8.90° 0.00¢
T« R B AS T3] A <745 2 78 AN [R) B 30012 400 J5 0 7 5k /4 S o 23 22 ) A 7 B8 35 1 25 5 (P<0.05)
e WITF IR B, H b 0 R A L R B S ) A 0 B
A ZRIORGERE/ gL h! ER4RAE)= 1.36x + 6.36,R? = 0.
. . ﬂiﬂlﬁr&i{%/il" & Y(#5428%)= 1.36x + 6.36,R = 0.9928 fﬁ‘ —F IZ% E"Jﬂé%‘ )
| o EHREARGER/ mg L h! . .
. WL 2.3 BREE:E LFE1225 A [ & B2 B BX ) 0
L4 it
Moo 3t YAN H 485 2B A F 8 a- 2 RS (I
5 g
® énz | Y(BEI§¥E) = 0.65x - 3.97, R2 = 0.9832 ﬁﬁﬁ%ﬁl\>*ﬂggd\ﬁj\¥gﬂk’%@ﬂ{@@%I_ET%L,/EE
= Ny e 2o s o
T W5 A5 SR P B SE R WA 4G T T YAN
1L Y(Z.B%)=0.29x - 1.96, R* = 0.9883 e . N
Bl ECE N 2 S BUR RS S Y A 2 T
0 Y(H i) = 0.0Lx +0.19, R = 0.6357

0 i 5 5 . s H e G E I, 358 T A Triple M B4
IR IR YAN Biit i) (446.28+14.25)mg/L, H
AN [7) S5 T2 P 400 614 Joi o 94 P2 A 15 4 BT AR K %
E R B B, AR T AL TR EERE R R YAN, X
Bl A YAN 5t Wk B2 800 IR R BT 20% , 2

5 LA AL

Isoamyl alcohol synthesis rate/mg-L™-h™

B3 MEXESH

Fig.3 Correlation analysis

FA X K] 3] i g o AR TR -5 3 2R TR o vk
ARAG B — BN R R, T £ R AR K )
LU B R BOR A8 [l T, IR |
BEIAMR (FLIR S LRI Oy e e oo At P LA R K
TR PR A T A SO B 7= A A e 5 e 30 Joi o e
KB e, BEFATR (FLIR A £ R W 7E K e X b s

100 mg/L, B Be S A i AR dm, A RE S
YAN WITHAEA K, TEXECh T YAN & vk B2/
iE BT, Z EE TR, XA YAN ik E
TR D A AT R SR A ED AR B BE YAN K R
PS8R B o A IR AR R =, DR I TR 1 R
TFUR A L R DA 78 05

*2 BREBELEF1225 AELZENMRNBEIEBREE (L)
Table 2 The content of organic acids in different fermentation stages of S. cerevisiae LEF1225 (g/L)

KBk A A A AR BR B G ¥R 7 B B 30 TR sLm T B AR

I HRE 050 +0.01" 6.00+0.10° 3.00 x 0.06° - - - 9.50 + 0.52"
i 070 £0.06° 2,16 +0.34"  7.02+0.57° 0.07 = 0.02" - - - 9.94 + 0.90°
S FH 0.68+0.04 1.66+037" 561026 0.11+0.02 - - - 8.06 + 0.55¢
STHAM 043002 2.09+0.10" 3.00+0.43 0.10+0.01* 0.75+0.02° 0.17 +0.02* 0.36+0.16* 6.89 + 0.42"
AR 045+0.06" 1.80+0.12" 2.39+0.05 0.07+0.01" 0.61+0.04" 0.20+0.02* 0.50 +0.08" 6.03 +0.12°

TE < TR S AS 7] £ b 7 R 273 AN [R) I 30132 00 J0 5 &k 22 60 47 A6 i 35 28 53 (P<0.05) o =" 37 A A6 I 210 A 1oz 499 15
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Fig.4 Consumption of nitrogen in different fermentation stages of S. cerevisiaze LEF1225

Triple M 540071 /) 97 46 52 40 R o o vk )& Ky
(287.74+16.07 )mg/L (& 4b) , # A X} 5400 ) & %
I, A (390.06+35.46 )mg/L, M5 & B WP ) 5
AR e B R B TR, 5
AH L, Xof B8 r A 1) 27 S R I etk B ek /b T 63%
REEEE G W AR W B (2.30+0.13 )mg/
L. & B Uf B B 5 2 I8 Joi ok k38 e e 1) B S5 13
B () O R Ak, I i B B R AT A R
SR B E i Ehrlich 484 A
24 AEEEBEMEMNIREEBEE LEF1225 %34
5547

FIFH RNA-seq % ER TG B £F LEF1225 19 3 4~
BR3P Ecwn 0] A X8R B X ECKR ) ©)
AT e Sl Wy 5 or b . W E o 7 AR
21 071 058 455l reads, il 1 Jii % 3 J€ 15 £ clean
reads T 185 388 216, “F#% H A 20 598 691,
AR RAF . #3085 19 reads 5 rRNA HEXT,
£ 84 )5 1) Unmapped_Reads 5 2 %5 JE K 4l iE 17
L X5 HT, AT LA SE 67 31 56 P A1 A 2K reads (5 H
£ 94.91%~96.52%.,

5 R BB A M, XEP W B A
1 469 ~FE K & 3% 1,284 S FE K & 3% TR, K
o5 5 A A S MPC1/2/3 (LEU2 \BATI/
2 ALDG6 W33k /K- 53 T8 1M SFAT 3 1
(Kl 5a), SFAI ZwAi%E Stalp J& T T 2 5 B &
(EC:1.1.1.284) , [m] i HL A Pt Jid S0 1t 70 25 e H ik
1 Y N S P, 2 5 e B S Y, Zhu
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LEU2 Bk it W 3 T 5z BRI me s
I R A AR A B — 0 BA T 3L DR 2 5 1) S ik 4
FER i S Wl 50 T SRR i 1] T A o T 2 5 1
QIR , 1M BAT2 JkDH 9 % 11 52 % 82 3k 12 e 42 iy
AL T4 M 5T, 0 1] - b S R A AR TR R, 8
T4 R SR B BATT HE DIAE 24X B %k
AR RS TR, SRR T s s R T
R AR A R B — 3, AR ) Y e ARk
It R R 5 2 o B A e ) o R T VR B AR A A
PR R W AR B B R B R LFE1225 E 7 4R
HsEE R, HA2E R0 A e BE & B 17
WS, KB BAT2 LN Rk R ARl S
TREIE AR, 2RI S SR 1 e A W i A P A 2 B
KB HEATIES , HXHECR) A 2 i 5 R A K
VEF R T B A X 8w 0 =2 J5 IR 4 A O

5 EBES T B A, XHECRE C A 361
ASFEPA S L 1378 SR B R, o
ILV5 \LEU9 .PDC6 \THI3 ADH6 ALD2/3/5 ) 3% ik
KF-REFIH, i ADHI FM1ADH2 %% EH (K
5a), TERFEXECAI ILVS LEU9 PDC6 . THI3
FIADH6 1) 5825 T W] 8 5% & BERY B 2 B
BH R A 56, ILVS FEH 4t £ Ik ¥2 1R 8 5
fity, HFIBRAEEA X EON R SR 5 TR
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Fig.5 Comparison of gene transcription differences (a) and pathway enrichment analysis

of differentially expressed genes (b)
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BF 40T ) 22 S e R SR N 32 B AR 7E 5 A B R A A
K A AN 2 18 B AL ¥ & L (Steroid biosynthe-
sis) . JIE U7 2 4E i S A3 (Fatty acid elongation,
Fatty acid metabolism)%§ , VA S IR A =90 &
¥ (Biosynthesis of secondary metabolites) %5 1t i}
T % 22 S ik TR A R | 2 R N S 5 2 IR e i
(Valine, leucine and isoleucine degradation)i& 4%

A WE
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The Synthetic Metabolism of Isoamyl Alcohol in the Fermentation Process
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Abstract In order to analyze the mechanism of isoamyl alcohol synthetic metabolism in the fermentation process of Sac-

charomyces cerevisiae , this study used the native Saccharomyces cerevisiae LFE1225 as the experimental strain, with

simulated wine fermentation. The isoamyl alcohol production rate, nitrogen source utilization, transcriptomics in the early,

mid—log and end-log phases of the fermentation were compared and analyzed. The results showed that the synthesis and

accumulation of isoamyl alcohol mainly occurred in the logarithmic phase; the synthesis rate of isoamyl alcohol in the

initial stage of fermentation is the fastest, and it has a very significant positive correlation with ethanol synthesis rate,

higher alcohol synthesis rate and sugar consumption rate. Saccharomyces cerevisiae LFE1225 utilized a large amount of

YAN in the initial stage of fermentation and synthesized more leucine; after entering the logarithmic phase, leucine be-
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gins to be rapidly utilized. During the logarithmic period of fermentation, the expression of LEU2, BATI/2, ILVS,
LEU9, PDC6, THI3, ADHG6 related to isoamyl alcohol metabolism of Saccharomyces cerevisiae LFE1225 were down-reg-
ulated, it was consistent with the change trend of isoamyl alcohol synthesis rate during this period; The 4 isoamyl alco-
hol metabolism —related genes, including BAP2, ILV2, PDCI, and SFAI has the same expression trend with the 14
transcription factors including GAT1, ADR1, UPC2, GCN4, RPN4, RFX1, CUP2, RIM101, RLM1, SUM1, TYE7,
GAL4, RMEI and USVI1. And the transcription factors may be involved in the isoamyl alcohol metabolism regulation of
Saccharomyces cerevisiae 1.FE1225. This study provides a reference for further understanding the metabolic mechanism of
isoamyl alcohol in Saccharomyces cerevisiae, and provides a basis for the directed breeding of low/high isoamyl alcohol
strains.

Keywords Saccharomyces cerevisiae ; isoamyl alcohol; transcriptomics; wine



