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Abstract: [Background] Isoamyl alcohol is the main higher alcohol synthesized by yeast via the
catabolic Ehrlich pathway or by anabolic amino acid metabolism during Chinese spirit fermentation, and
the content of isoamyl alcohol influences the drinkability of Chinese spirit. [Objective] To analyze and
compare the ability of yeasts isolated from fermented grains to synthesize isoamyl alcohol and reveal the
synthetic pathways of isoamyl alcohol in the yeasts. [Methods] Isoamyl alcohol-synthesizing yeast
strains were isolated from fermented grains of strong-aroma Chinese spirit, and their capability of
synthesizing isoamyl alcohol at different growth phases was compared. Moreover, the synthetic
pathways of isoamyl alcohol in these strains were detected based on the metabolism of its precursors.
[Results] The capability of synthesizing isoamyl alcohol by the five yeast strains isolated from the
fermented grains was in the order of Naumovozyma castellii JP3-1>Saccharomyces cerevisiae
JP3>Pichia fermentans JP22>P. kudriavzevii JP1>Naumovozyma dairenensis CBS421. Overall, isoamyl
alcohol was synthesized mainly at the logarithmic phase, and it was also synthesized at the stationary
phase of N. castellii JP3-1, P. fermentans JP22, and N. dairenensis CBS421. In addition, it was
synthesized via the Harris pathway in the whole growth periods of S. cerevisiae JP3, N. castellii JP3-1,
and N. dairenensis CBS421 and via the Ehrlich pathway in the whole growth period of P. kudriavzevii
JP1. At the logarithmic phase, the isoamyl alcohol-synthesizing ability of P. fermentans JP22 through
Harris pathway was identical to that through the Ehrlich pathway. However, P. fermentans JP22 at the
stationary phase mainly synthesized isoamyl alcohol via the Harris pathway. [Conclusion] This study
revealed the relationship of the synthesis ability and pathways of isoamyl alcohol in five yeast strains
isolated from fermented grains with their growth phase. The result lays a theoretical basis for analyzing
the mechanism of isoamyl alcohol synthesis and accumulation in the fermentation process of
strong-aroma Chinese spirit and the precisely regulating isoamyl alcohol synthesis during the

fermentation of strong-aroma Chinese spirit.

Keywords: isoamyl alcohol; Saccharomyces cerevisiae; Pichia; Naumovozyma; synthetic pathway;
strong-aroma Chinese spirit
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KEEEEG L IR IR e S 2 57, XTI
i B ATTHEA ) & e B B 06T S P3G 5 B F D iR
AT S SIS MR 428 11 T K T 2 o 1) e R
WK RAHEE L,

AW kB FEd, L Saccharomyces
cerevisiae i AU I AL T P LU i 2 B 5
%4 (Harris 348 ) Fl 24 FE 2 47 fif AR A2
(Ehrlich &%) & i S G me>1 il s S &
BACH i A2 (Harris 3R A2 & 05 I 2 48 7 4
W 28 S0 T A A A B BRI R, TN R R T 2 T
FLBR 5 M (acetolactate synthase, ILV2), ¥Rt
Ji7 55 #4) i (acetohydroxyacid reductoisomerase,
ILVS) 1 = % PR Wi /K B (dihydroxyacid
dehydratase, ILV3)W/ER NA ol m2, 4
B ol S R E— 2P AE 2- S NS SRR T
(2-isopropylmalate synthase, LEU4), 3-5N3E3E
H R i /K T (3-isopropylmalate dehydratase ,
LEU1) A1 3- & N &t 3% R @ i & [
(3-isopropylmalate dehydrogenase, LEU2)AJ/E H
TAEN ol FCiR, wEaSERARE, ol
CR SRR G A AR @ A R
o- B 5 O 2 D 0l AR L D R A R T
ST SR 4y iR AR & 42 (Bhrlich 3R 42) M
SRS AR AR A e A . TR FNIR I S

A B IO e A R P O e R P i
Y1 5 R Jox B AH S o A 2 B, e bk 5 i
Wi S R B A SR I OE A e BT IR H
Saccharomyces cerevisiae #l1 Pichia kudriavzevii /&
FEA BB EERER ; o P. kudriavzevii
S S cerevisiae & LR L RER BT FEWFSY
W RURE TS b DU S e Bk 5 XU Jo 25 i 7 AR R0
RS &P, Geortrichumsilvicola, S cerevisiae,
P. kudriavzevii fll Zygosaccharomyces bailii A]
AEZ 5 WA R I P 32 2 O S R A
B X T R e R TR v R W R e
B HriEss, S cerevisiae, P. kudriavzevii il
Naumovozyma dairenensis 25 J& i & Y 131 & JiZ
PR R R R Y o, 7
A B 1Y A T 1Y) 5 — A e R T (0—
7 d) X 5% WE S A BT ER B B T
S cerevisiae fll P. kudriavzevii, 1M H. S cerevisiae
F= %@ 1o Harris i 486 5 5T P. kudriavzevii
FEH L Ehrlich 72 & BUR B, FiRBFSY
HBARIESE T Saccharomyces. Pichia 25844415
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Shy SIZ BRI e T 2o R oS IR R S R Y B A
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1.1 ##
.11 HmikEE

AIF 5 A FH R R0 S T T P e A LY
JERAM, i BT R R R U BN TH] Sy 0, 3
7. 14 d WY BEERS , 43 AR A G UE T 0w %
HAEH, B T80 °C {47,
1.1.2 EHRSERFAZE

i Pichia kudriavzevii JP1 .
Saccharomyces cerevisiae JP3 Hl Pichia fermentans
IP22 AR PR A AR, 190 85 A&
P & B2 Y 3 Naumovozyma dairenensis CBS421
W A A R R O e B 0y, Naumovozyma
castellii JP3-1 NAWIFEIRAT, 708 AUAEIIA
W% Tl i o e bfdH YPD B5 3Rt i 1L,
B3R 49 30 °C, 220 t/min, 3535 24 he

P B T 1 3 BOR PR R IR A1 P Al T4
i P 2L BRSP4
1.1.3 E5HFE

SR R IR I YPD Rl &
NPT 35 A 45 % S VRN I 2 11 R A B R K Vs T
(g/L)*
1.1.4 FERXF LR

M. AAbEh. JAkE . T OKEBEREA
ZHh L KGR AR, E2ER A R
OEly SRR, A TR B AT BR A F
JRE R BRI, OXOID AHFRAF]; dhn
PILLBg, SIS BARARAR]; S,
BUREERRHE S, Sigma-Aldrich /A 7] 5 ; TIANamp
Yeast DNA Kit, KARAEMWRHCAIRA ] 51978
I < MER A= IR HEAT PR w5 il

SR ETEACFE SN T WG, 5
BT EACRA A, Agilent AR E RS

FAE, BRI AR O
AR % .0 HL, Eppendorf 23 ) 5 PCR XA
B NAR AL, Bio-Rad 24#]; HLIKIX, bt N—
AR RA ]
1.2 BEEHKMIBES5LE

PRI 10 g TMHAE ke 2240 B BR AT 90 mL
B AR 1 R A R K VR = AR, 30 °C,
160 r/min ¥55% 30 min B35 W7 706 BE A R
WA ESPLLL A E, 30 °C REFRE K H AT
%, PRBCRBR T EST AR 3 K

FH TIANamp Yeast DNA Kit $ T j £ 5
N4l DNA, HIZ 1 thgl¥iifs PCR 971, 97
=y Al e 3% I N 4 MERS AR W RHEE A BR A F
M, R EHEZE NCBI B8 2 b ik 45 ] U5
SR, € Wk EFME B .
1.3 ABEFRBERXESHEEERTRE

NCBI $# 1 v A & e 56 IR I B 1) 4 0
2, HEkDEERERAG B, ASOF 5T o B A
TR PCR P50 uE i 7 UM & T Pichia
fermentans JP22 J R EEG IR . BETH R
M2 %54k (1) LIEdE# 5 Pichia fermentans
SE% - Z B Y Pichia kudriavzevii 3 R 40 4H
RAER BRI 51 (3R 1), W14 71 (L
A5 T Pichia fermentans JP22 f LRI 4H
DNA AR AT BRIT S, W35 17 51 4
NCBI #1417 BLASTx X}, ics# top hit Ky
Pichia fermentans & [H /) & 5t 5, Bl o
BLASTp A% X AH G I R 75 hy 7 I B il A2
B A LA . (2) A NCBI H F # Pichia
fermentans strain fo/MP/02 3R (& 5#5 R
QAWB00000000) , H JF jik 4 5 #E 42 (open
reading frame, ORF)ZF— 3% contig I
B HESE , RIS E A gRtS ) AR TS, i
ik BLASTp HeXE o3 Afr 4 5 i (D AR 1 = 1K
A A A2 B A OGS A
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Table I Primers used in this study

Target gene Primer name Sequence (5'—3")

26S rRNA NL1 GCATATCAATAAGCGGAGGAAAAG
NL4 GGTCCGTGTTTCAAGACGG

LEU2 KL2F1 ATCGTTCTTTTACCAGGAGACCA
KL2R GAGAGGAGCTTCTTCACTTCTGC

ILVS KISF CAGCAGCAAGACTTGCAAGA
KI5SR CTGGTCTCAACTTTCTGACTTCCT

BAT FBF TTACTCTGCAACCTTGAAAACCTTG
FBR ATGTTCACTTCTTATCTTAAACAGTCAAGA

ILV5 FISF TAGTTGTTTTCTGGTCTCAACTTTCTG
FISR ATGTACAGAAACGCAGCTGCAA

ILV2 FI2F ATGCTCTCCAGATCAGTCTTCAGG
FI2R TCAATGCTTACCACCAGTTCTCTT

LEU2 FL2F TCAATGCTTACCACCAGTTCTCTT
FL2R TTATGCGAGAAGCTTCTTCACTTC

LEU4 FL4F TCAAACCTTGAGAAGACCCTTAGAC
FL4R ATGTTCAAACAAACTTTAGTGGTTCTC

PDC FPF ATGGAGAGACAAAGAGCGACACTG
FPR CTATTCCTGATATTGCTTCAACTTTTC

XoF THU1) 3] ) e PR R 4 5 PR A A K B 5 1
(F 1), IABFFEH Y Pichia fermentans JP22
FE[H 4] DNA Mt #E4T PCR 9738, 97344
afi Ak I 26 75 M 4 R AR R A BR 2N /I
55 Hds e AR LR e A R A T R
14 BEEERFXKEBEREZSS MK
o
1.4.1 EEESHFXEEHE HRIE

fE AL 2 G L 10° CFU/mL 5Fh T4
YPD RSB R R 1) = M, 30 °CHE B
77 48 h 5 D bW = R i
142 BESHFKENERZ

PERHERD T A YPD K537 3LAT & Bk 1
S 30 cCEEE ISR, Kig EXTEUE K
(PR BERT % IR S0l 4107 CFU/mL, H
A 4 RIBEEERE R 2IG W ECH 5%10° CFU/mL),
4°C, 5000 r/min &.[» 5 min WEE K, ] PBS
TURTEAR 2 3, ARG 107 CFU/MmL BET
PBS %A 50 mmol/L #jZj 1Y PBS .7 50 mmol/L
BB T PBS. & 50 mmol/L % B R4k B 1

1 PBS A% 50 mmol/L 52 Z LAY PBS H1,30 °C
FE 2 he M B e . EARE . A
PR 1 f
1.4.3 BE S NS KER R A E

W W LE TR PR R T84 YPD 53R SL 1
RS =AM, 30 °C¥HE I 48 h, B
AR RS 12 h SR EORE, D R TR R R
R S
1.5 B8R KMNEAMBRXESKIERZN
£

W W LE TR PR R T84 YPD 53R
R =AM, 30 °CH B 15 32 BATEUE K
WL AR A K A Y (PR R R 2R B AN
8x10" CFU/mL, HAr 4 BRIEEEERE IR 216 HECH
10" CFU/mL)FIRSE A= & i (e B 8 75 280
A K T A TE T BUR PR SRR SE 12 h), 4 °C,
5000 r/min 5.0 5 min WA, PBS 15 Uk 14
2 3, ol EE R E R SRR PBS. &
50 mmol/L #jZ585 PBS. & 50 mmol/L #% ¥
) PBS. 5 50 mmol/L #jAGHIAIELE F) PBS.
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£ 50 mmol/L A=W PBS 1, 30 °C ##E 1 h,
N JE I A RS A I R S R
SCRBRI S o PR AR S R i SO B
10° CFU/mL [:A A I BE A o
1.6 HMAE
1.6.1 #HEHESEKEN

2 B R P R OB G R PR e . (e
#:: Aminex HPX-87H, 7.8 mmx300 mm; ¥i3)
AH: 0.005 mol/L H,SOy; HEk: 40 °C; ik :
0.5 mL/min; #FFEEE: 10 pL/AR; Killgs . 7m2E
Kl 4% 5 43 AriE ;30 ming
1.6.2 SEBRS=HEN

G R 8 R P v AR € 1 PO A

KEFHK 8 000 r/min 50> 10 min 5B E ¥
W, MA 5% (ARG E)R A LMk E
., AHEH FRERZ 0.22 pm K RIERTE
Jo o5 Mo E SR A O 1 0 SR P AR R
(o-phthalaldehyde, OPA)MEATAERIATA I & . €4
&4 . ODS HYPERSIL (250 mmx4.6 mmx
5 um); i EIAH A HR 5 ¢/l ZFREN(E 0.2 mL/L
=M, 5mL/L WEIKR), B AR S g/L LR
B-HEE- S (RF N 1:2:2) W AR
40 °C; ¥k : 1.0 mL/min; PERER . 10 pL/AK;
il a% . SEAMGI AR s AP . 338 nm; 43
MristiE] : 38 min.
1.63 RXEESENHH

[ia) Ff WV A R Jin A 2R3 BE R 10 mg/L A
PG, 2R FH T 25 -SR0S B ARG DN 5 A
S S T HARO U A S DB-Wax
(30.0 mx0.32 mmx0.25 um), “FiRE 70 °C,
SRS IE] 35 mine HEAE TR 200 °C, Kail#%
JLEE 260 °C, 4yt 3:1; THERF : WIHAIEE
40 °C, #4F Smin, #RJ5 LA 10 °C/min 93 B Tt
% 180 °CR#F 5 min, I HAENEA, iH
7 9 mL/minl*®,

2 BERXR504

21 BERREERBESRFXENENS
& BB HA R

SR C KT 5 I b N EE S A
&%) P. kudriavzevii JP1., S. cerevisiae JP3 Fll P.
fermentans JP22141 it v 7 U (9 1 4 1t il AR h 5
SEIEES AT 73 MW, Naumovozyma
P B 5 P 2 N R eIl R e R 1 5 A 1
FASEAERY SRR 7R A AL (A & el frp S
S UM DG IR, AF R RIS 58T P
kudriavzevii JP1. S cerevisiae JP3 . P. fermentans
JP22. N. castellii JP3-1 (AHF5E 435 E T E)
N. dairenensis CBS421 & WX EEHIfE ST . H
K 1 A LLE H, N. castellii JP3-1. N. dairenensis
CBS421 . P. kudriavzevii JP1, S cerevisiae JP3 #ll
P. fermentans JP22 7£ YPD 5 32 3L vh ¥ H A & A,
SEIREERRE 11, N. castellii JP3-1 11 S. cerevisiae
JP3 & 5 B R e 1 e, P. fermentans JP22
1 P. kudriavzevii JP1 5 BAE 1Y 2, N. dairenensis
CBS421 5 URE T e Ml o VAT HY 130 P AP
FRRE R A 2 P. kudriavzevii, S cerevisiae
N, castellii, %Y 2 P. fermentans F1 N.
dairenensis™!, [HI, I8 & BE R G 4528
R B 5 50 AR AR A 7R I e S Y
DT AT — S, XA [ PR R VR Y R
P aed A PR S G S B BT RR I 45 5 H S RS
BRI AR A A T A . A, Il SN
PR e PR BRI A2 5 S IS 2 TB) B 6 3R R
PR, P.kudriavzevii JP1 1 S cerevisae JP3 F2iAE
SPEAE KA R s P, fermentans JP22 F1I N.
castellii JP3-1 547 2 NS s M, BIXS4L
AR E IR, Horb N, castellii JP3-1 5
SR SO RS E AR s N, dairenensis
CBS421 7EHEA A KRINHBI RE 5 LS (& 1)
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S. cerevisiae JP3 P. kudriavzevii JP1 P. fermentans JP22
— 80 8 - 8 = 80 8
_2 /'*__i_i ~ _g 60 il — g o5 'g 60 ——y——n 7 iy
8.~00 18 B = E =g E
= el —a— = - = =
= %40 6D S0 62 T 240 S L3~
E‘ g 6 E E 20 —— L g =20 X
g2 s g A B
= Obegte, . oo o, 4 = CEY o s o & o v o 4 - Obe”, . . )
0 12 24 36 48 0 12 24 36 48 0 12 24 36 48
— 3y 3 s 30 8
2 60 < £ =,
S Yy ~_ 4 E S =) 60 —g— 2 & E —=— [soamyl alcohol
< [ ~
@4 i 6= — @ 40 =
> g = [ g
£ =20 1< E =9 &) —=— Biomass
g >® 8 ——"15 5%
o 0 4 = 0 '/T/‘ ) ) 4 -
]2 24 36 48 0 12 24 36 48
t(h) ¢ (h)
B1 BEEAEKSRKESHZEHXR

Figure 1

22 EEECREBREESKEXEIREER
221 AREREEFEEERKESHIEEER AT
RUMIWFSEIESE, 76 YPD KigRdtih &R P.
fermentans JP22 & W F K EEMHE LT S
cerevisiae JP3 fHE T P. kudriavzevii JP1; 7&
HLBE AR B 32 B b S cerevisiae JP3 FIl P
fermentans JP22 & il 5 B Y £ /55 T % BERT P
kudriavzevii JP12*, X i P. fermentans X ¢
T B I e P AR S I B A DBk, R
TE WA AU I & B I e sk A B s IR G P
fermentans 5 B BGRFRARCHL ik 7Y
2K NCBI %04 2 VA P. fermentans AY
SRNARFH, LRENGER, MiE—%0
Mt P. fermentans 7£ 18 & B 1 B2 o xS s A
B BTER, AR EE T P. fermentans 5 B
PG 3 A2 o R FH T il B 132 HE (open  reading
ORF)#E 1741 L% 1 7 151751 51 BAT .
ILV2, LEU4 #l PDC BB 7515 @ ad it [H]
o T B S N S UM G BRI ILVS . LEU2 11951
k1T PCR, %9 7 ILVS, LEU2 E[H ¥4,

frame,

The relationship between growth of yeast strains and synthesis of isoamy!l alcohol.

RPN A ILV3 . LEUL fil ADH, *Elil
AR5 92517 T PCR % E(E 2), PCR
FERIN Y S R 12 2R ) B ) 3 R A
17 T HXE, R a B AHLE N 99% LA | AR
W EEERE G S RS BGR AR, T K T be o [ B
B4R % BAT., ILV2, LEU4, PDC. ILVS
Ml LEU2 FERUS2200 KR B T P.
fermentans JP22 & 5% I 1 i 12 (K 3).

M

BAT LEU2 LEU4 ILV2 ILV5 PDC

2 AEBEFESRKESREEEER PCR
36 E
Figure 2 PCR verification of isoamyl alcohol

synthetic pathway genes of P. fermentans.
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Glucose

Pyruvate
I[?IL‘\/Z (QAWB01000077.1)

[ILV5 (QAWBO01000043.1)

BAT(QAWBmomn7&n§LV3
Yaline 2-ketoisovalerate

LEU4 (QAWBO01000026.1)
LEUI

BAT (QAWBO01000178.1) 1LEU2 (QAWB01000216.1)
Leucine 2-keto-4-methyl-valerate
lPDC (QAWB01000107.1)

Isopentaldehyde
| ApH

Isoamyl alocohol

B3 REBEFEGRKESHRERE 1LV2:2
MEALBR G ILVS: JRRRIE e S HEg; ILV3: —
FEMML K ; LEU4: 2-53 N 232 R IR & 1 ; LEUT
3-S5 NSRRI KB s LEU2: 3-5 NSRRI
JBi ;s PDC: NEHRR LR ; ADH: Bl S ;
BAT: 2 FEIR 5% 2 I

Figure 3 Synthetic pathways of isoamyl alcohol
synthesis in P. fermentans. ILV2: Acetolactate
synthase; ILVS: Acetohydroxyacid
reductoisomerase; ILV3: Dihydroxyacid
dehydratase; LEU4: 2-isopropylmalate synthase;
LEUI: 3-isopropylmalate dehydratase; LEU2:
3-isopropylmalate dehydrogenase; PDC: Pyruvate

decarboxylase; ADH: Alcohol dehydrogenase; BAT:
Branched-chain amino acid aminotransferase.

222 ERREESEHESMRFAERENIT
fR A

PE-RE ] DU i 22 SR A 1A i A A 2 2
R o A i A 5 s, i DU 2R Hp T
f b & 15 5 ] LR i 1 B B SR TR B R
o Dy T E TS I A DB TS B G ) iR
e, AWFFEHEEE T ENES A AR BRI S
KA PSS R RE S . HEL 4 AT, 5K
EL AR Kb KRR~ e 1] e
B T 0 M FH A 25 A S S G HL AN B e
M2 s A AL (AN AN B 1IN, R

El

B KRR OT & e R . XU P
kudriavzevii JP1 . S. cerevisiae JP3 . P. fermentans
JP22 .N. castellii JP3-1 1 N. dairenensis CBS421
Y] il o 2 BL R G R A2 (Harris 8 12) G
WS . Hodh N, castellii JP3-1 1 Harris &
124 S I B K -8 T N. dairenensis CBS421 .
S. cerevisiae JP3, P. fermentans JP22 i i+f Harris
WA R KA 5 F P. kudriavzevii JP1 1K
F S cerevisiae JP3. MWK R P R H L
BRI, X 5 PREERE Y RES MU IEE, KRB
13X ] 3 i S B R 70 i AU R 42 (Ehrlich 1842)
& RS G  Ho N castellii JP3-1 i3 Ehrlich
WA MR EEKY- B E ST S cerevisiae
JP3, N. dairenensis CBS421 i i Ehrlich 4
B BT 2T S cerevisiae JP3, Wg
F P. fermentans JP22 HI P. kudriavzevii JP1,
23 HKEEMESGRKESRIERZHN
A

ARBEFER I, A ) J& T e BE TR AR AN ] 2E K
I3 B B IR BE I AP 22 5 (B 1), S Tk
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Figure 4 Analysis synthetic pathways for synthesis of isoamyl alcohol in yeast strains isolated from
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