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Abstract: To increase the production of ethyl caproate by Chinese liquor yeast (S. cerevisiae AY 15), shorten the fermentation period, and
reduce the grainconsumption, a recombinant strain AY-PEK was constructed by overexpressing EHT1 (encoding ethanol hexanoyl transferase)
to investigate the effect of EHT1-overexpression on the performance of ester-producing. The EHT1 gene was amplified from genomic DNA of
AY15, the PGK1 promoter and resistance gene KanMX were orderly inserted into vector Yep352 to construct the expression plasmid Yep-PEK.
Then EHT1-overexpression mutants AY-PEK were selected by YEPD agar plates containing 1400 pg/mL G418 after the plasmid Yep-PEK was
transformed into AY15. The results showed that after liquid fermentation by corn, the differences in fermentation performances (growth rate,
fermentation rate and the yield of alcohol) between AY-PEK and AY15were negligible. However, the production of ethyl caproate produced by
AY-PEK was markedly increased to 2.21-fold as high as that of parental strain AY'15. Ethyl octanoate and ethyl decanoate were improved by
31.4% and 49.1%, respectively. The same amount of caproic acid was added to fermentation medium to imitate the actual fermentation, the
production of ethyl caproate produced by AY-PEK was increased to nearly 2-fold higher than that of AY'15, and the amount of total esters were
also increased by 32.2%. Overexpression of EHT1 gene can significantly enhance the production of ethyl esters, especially ethyl caproate.
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YMR210w), SRR (EHTL A1 EEBL)#IE ]
St RIS AL, SRR B R TR IR G R DS
LA, (AL REIE R A A 2 S o B AR T BRI o
Lily 25V3R3E 7 £ E R R bt B Rik EHT1 2
AR CIR OBE FIR OBE 2208 LB SRR = o
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VR BB L FEA R TR IF0) AR08 i 2 A B ) A
P O CBRSEFBE YR I & i, SR R K TR [
AUENRAE, TR TR IR, FRIRSE Sk
PR R s R, BTG E E T
PR C BRI BRI RE, S FCAE 0T R N =
R RIS == OFR e, A AR = i B 5K
PUSER o ARFFRLL Yep352 NIEREFRL, FERIFEREE
BTk B AL RS MR EHT1 D H 2L, WAL H Jh B
BEJEIR PGK1 A 318 Biif s o p | R B3
IR Yep-PEK, 7E TV (T IERE AY 15 HalZhEs1h
IR, I FREAEREEA R B I RE AN ™ P8 B E
SRAFEA = BRRE 7 (R BRAPG PE BR R A o

1 MRIFNEE

11,1 @A fe it

FRIFRZ B (S. cerevisiae) AY-15. B4 a8 £l o5,
KIWGFFE (E coli) DHSa. Jif B 3IE AL Yep352. Jii
B pUG6 FH% A BRP o RERA IR H- T BRI 2 [F (PGK 1)
55 J Bl T B TURLIS) R AR S 25 AR K
1.12  EZ2X5F B

BEAHIPE N IS . Solution] 4KEH TagDNA 24
fig, WH5EEV TEARAR; 2 FEHR (Amp),
JWH Amreco ~r]; BHEEZR (G418)5 WH Merck
AFE WEACEE. BACEE MR E O, WE T
Novozymes ‘A #]; PCR 1%, W F Biometra A &;
AgilentGC7890 B4 AH LI« Agilent 5975C kX,
T B AR AR A F .
1.1.3 BRI RAN

E.coliDHS50 fRAEFIISEFE R LB F5gedk, ALK
GGE I TR IR FE N 100 mg/L (1) Amp, 37 CifE 5
Fi: S. cerevisiae XMUBFAATEME AY15 FIFRAHIAR K a8
FlaS F YEPD REFRE(RAFHETR, SORMRF &7 440K
[ 1400 pg/mL G418 HREFREFAT L2 E, 30 CHf
BRI TR RN R T R ) R b
74 12°Brix il 8°Brix [ KK 0.5% (M)
(PR RER R s RIS 7RI 60g oKk 44 1:3 1Y)
BlK EEIK 70 ‘CHILL 20 min. 85~90°C 1 30 pL yEH)
B 90 min, 55~60 CIIE &5 77 SR AR M & 1
90 pL FEALBEREAY 20 min JE 1
1.14 34

M4 GenBank o' PGK1. EHT1 3R (IR R
5, FIF Primer5. 0 %1t PCR &RMNEIY (R 1), T
Aol AL ERER G IR ARG, BEIAL S L
TRIZLFRR,

L1 AR
%1 PCR5|4I
Table 1 PCR primers

AL BEFT (5°3°) KM bp BabAs. &
EHT1-U CCCCTCGAGATGTCAGAAGTTTCCAAATG 29 Xhol
EHT1-D CCCCTCGAGTCATACGACTAATTCATCAA 29 Xhol
PGK-U GGAAAGCTTTCTAACTGATCTATCCAAAA 29 BamHI
PGK-D GGAAAGCTTTAACGAACGCAGAATTTTCG 29 Pstl

K-U CGGGGTACCCAGCTGAAGCTTCGTACGCT 29 Sphl

K-D CGCGGATCCGCATAGGCCACTAGTGGATC 29 Sphl
EHTI1-F AAGACGAGAAGGCGACAC
EHT1-R CCACTGCGAGACAGGTTT
ACTI1-F CGTCTGGATTGGTGGTTCTA
ACTI1-R GTGGTGAACGATAGATGGAC

1.2 EKd &l
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AHTHI 100 mL YEPD #rififkssFe ke, &:6% 1 h HUH
I mL #¥, 3000 r/min 20> 5 min, F2 EER, A
10 mL Z8TR/KE &, DIZEIRAKAZT H, 600 nm Tl
HFE. DABEFRIS ADNAEARAR, ODgoo AR, %l
AR

1.3 FRETY

M4 “CORBU AR 1 AR AE AL 4 mL
— R R, 30 CHESRERENE. &
R NI 36 mL 2y iE IR Ak b, 30 Ciff B HR
16 h, ZXHUIE HHZ 10% 0 HL R 2 DARCH 4 1)
REEREFRHET . FRERIEE 15d, B 12 h FREL—IR,
RIELARINGE BB COy R TRSIE FRE S

&
14 DNA HEHA
1.4.1 PCR B

H IR PCR W25 A: 94 °C 4 min, 94 C

40's, 64 °C 2 min, 72 °C 1.5 min, 30 M, 72 C 10
min. 0.8%I fEHEAEIR k4 & PCR =4,
142 &A% Yep-PEK 4943

........

AY-15 genceme
AVAVAVAVAS /r.‘.ﬂ'

el

B 1 FRHI Yep-PEK BUHIEE
Fig. 1 Construction of plasmid Yep-PEK

¥ 24k B BHT1L A Bt Xhol B 1) 3E A
pUC-PGK, @ik FikipUC-PGKE, LlpUC-PGKE
FBEARPCRY HEIRHPGKE F B, K4ifb [FIPGKE v B
FAPStURIBamHI X B V) 3E N YEP352 5k, H4 2 Bk
Yep-PE. LApUG6 itk W PCRY 115 HiKanMX,
FKanMX Bt FHSphI . 1)3%E A\ Yep-PE . M)A

KiYep-PEK. AEISFETE LA 1,
1.5 a5 m s E

BRIEIFI Yep-PEK  ELIEREFR P 44 1b N BB
Mo AY15 . FEALSERI4IBEERAT T3 A 1400 pg/mL
G418 1) YEPD 857347 01%, PCR %ilf.

1.6 R ARBE LR L

FHARARI 7125 52 BE N L BRI B 5 A8 bk 18 AL Fo e
P, B RARMRAER B R EAAR 1548, HH 1. 5.
10, 15 773847 PCR %l

1.7 it & PCR

B[R EHT1 [ 3K K- H SE I i€ & PCR
(RT-PCR) 5. FE4FHk AY-PEK 7EYEPD 130 C
3% 12 h J@ . B OTITE AR KR =I5, R
RNA 75/ 5(Omega, 55 [E)FEHL mRNA, Hafift )
RNA # 500 ng, FH Rever TraAce® qPCR RT Kit Jx#%
SEIRFAIEL (Toyobo AF], HA) &l cDNA R,
BAET-20"C o Firilifor i, Seid 98 & PCR
MEAAR 25 pl, €45 12.5 uL SYBR® Green Real-time
PCR Master Mix (Toyobo A&, HA), 500nM IE.
KA G4 1.25 uL. PCR F25: 95 ‘CTiAME: 1 min;
PCR % 26fF: 95°C 155, 58 C 155, 72°C 455, 50
AMER. UBEhE FIEH (ACTL) ANSIEE, Al
5% EHT1-F/EHTI-R 1 ACT1-F/ACTI-F W% 1).
PCR = M J B4 REEFE ABI Prism7500 Sequence
Detection System Z 45 b7 .

1.8 2 F %

1.8.1 CO, kE&. LR#E. BHE. LB,
Az 12

SR FRRE L MR RS T
P e AR S AR E bR, KR T S
% 65°hRiE IR, 42U AR R

ol oo O CHRUE FHB 7 H (kg)

B = R ()
1.82 Z4RE: Aol ey M2

(1) This AR R )

HY 8 mL {F§FEF 3 ¢ NaCl I ] 20 mL T2 EL
M, 50 C/AKMTF# 15 min, fHAEEA 5030 pm
PDMS/DVB ZEHCK TR, Wt 45 min J5,
B ZEERAE N (8RR 1 250 “CH#HT 5 min.

(2) MRV AR

AR AR A (B A DS, BEE

K

x100%
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AT B A Agilent1909N-213, 30
mx320x0.5 pm BAHMEF:; R CHRAE 230 C; Al
PEFE 230 C; #HAUE 2.0 mL/min; ESIHE 30
mL/min; S JRIE 400 mL/min; FEWGEE 25 mL/min;
S 10:1; BEFEE 1 ul.

ARFRE 1 FH T3 21 [T A o A B2 A0 =R o B s 1 3
I R T SRR, Yo S R4 GC
%A% HP-5MS (60 mx0.32 mmx0.25 pm) A JEF4H
R HEREINREE N 250 C, HAONEAIARSA, 4
J$>99.999%, Wik 1 mL/min; KRG N 40 C, %
¥ 3min, LA 3 C/min 7FZE 160 C, £ 1 min, FLA
5 C/min F+ %2 240 °'C, {R%F 1 min; AU

SRS S5 B TYRA BLYE, BRI 230 °C,
L FREE 70 eV, VUARAFIRE 150 °C, £ 11R% 280 °C,
HF R TR 1280V, FHVEFEl m/z 2 40~450 u.
1.9 AE 47

SR = AP AT, JEEH SPSSIL.0 AN

EXCEL2013 #EX s 56 2 it 47 22 7 0 2 A 6 AT
(ANOVA).

2 ZR51HS

201 REMEMEESE

2.1.1 #&3iAFF# Yep-PEK 493
fEH 1.4 7%, HWEFRISTRL Yep-PEK. Kl 2
fl) PCR 4550, Yep-PEK Jivhi O R Ihib g, I H.
PGK1 583 8h ¥ Z b1 755 EHT1 ZEHE—2 (5.
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Fig.2 The construction of plasmid Yep-PEK

J£: M: 5000 bp DNA marker; 1-2: %842 Yep-PEK
L3813 EHT1(1356 bp); 3-4: pUG6 #= Yep-PEK Lk PCR ¥73%
1% KanMX(1613 bp); 5-7: Yep-PEK L3313 PGK1+EHT1 (2682
bp) . EHT1+ PGK1(1627 bp) . PGK1; +EHT1+PGK1; (3133
bp).
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Fig.3 The verification of transformant

JE: M: 5000 bp DNA marker; 1: TAMAFEE; 2: AY-PEK
_E PCR ¥ 3 4% PGK1p+EHT1+PGK1; (3133 bp)s

W RIEFRL Yep-PEK tbiH N AY15 1, F&H
1400 pg/mL G418 41 P4 T4 i 3k FH 4 R 48 #k
AY-PEK. FEHUEREFURLG LTI PGK ) | R iE5 4
PGK-U/ PGK-D ¥F AY-PEK 2845k, JHE AY15 A
X HE, KB R W] 3 Fas, AY-PEK JRAZE
4545 3133 bp B “PGK1p+EHTI4PGK 11" 4714 Fr
B, TSR R TOI A, 45 SR UFBH AY-PEK RALHE
Wi Yep-PEK FikFiki.
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Fig.4 Genetic stability of passage strain from transformant
AY-PEK

7&: M: 5000 bp DNA marker; 1-4: RE#k# 1. 5. 10.
15 X AY-PEK _E PCR #3213 PGK1p+EHT1+PGK1{( 3133 bp ).

FHE 4 7751, 5055 1. 5. 104 15 48 AY-PEK
B RESRAS RS EUF R, UL PGK-U A1 PGK-D N5|4,
BImI 18 3500 bp AR B i BOS AR H
172 ¥PGK 11 +EHT 1+PGK 177 v BOR/N—HE . BIFEATL
PREL ) RASR A MR BAEAR 15 R JF LR R E
1~4 JE 53 AN FASKRA 1. 54 104 15 1R PCR 2571 -

22 WREMHE REERE E K dy &2

F IR 125 1.2 %5k H R B AR AY-15 FlIZAE Rk AY-PEK
R ERFTIE. WK 5 ATBUE ], 5HREKk
AY-15 #tt, AY-PEK fEdHAREK:, Tifase BrEY
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Fig.5 Growth curve ofAY15 and AY-PEK

23 MR G R Eb A KB B b

2 AY-15 0 AY-PEK B9 & B2 M RELL IR
Table 2 The comparison of the fermentation performance

between AY15 and AY-PEK
ik CO % EHEE sRAE JRAt s E &R
Flg  (%VN)  /(10%g/mL) %
AY-15 2444012 117401  0.160£0.03 31.32+0.26
AY-PEK 242+0.08 114402  0.162+0.02 30.50+0.26

WA AY 15 598450k AY-PEK Rl 3E4T K
A PR RS R e U i 25 B AR R S A R T TR RE
H# 2 w5, FRIE BEHTI 3 N AR Rk S5 & 5
BRAEMIRI &M T CO, 2R B TR T B R L RE R
R AR, TR A A R AR R RS, R
ik EHTL & RO B b ) R RE VA K .
HPRE FE AR AT BE ER T ORR LR =380, A T&
B R R HIEY) LB RS I S50

24 REAMBEARTRERE L KEN T

PR AY1S H5RAHA AY-PEK 73 T FoK
TS R s RIS T R TEREIEAT 2808, 3K
FFHEFEE I T 2 BRI PN f5 . F GC-MS il 43
Ml R R BEARIEREE (CBRABS. R LEE %
ROl S M6 AR, ORROBKEERE
BT 172 mg/L, $RENEEK AY1S5 1 2.12 £, F
R AN ZSR 2.6 & 5 0.93 mg/L A1 0.63 mg/L, 4>
BIPEE T 31.4%8149.1%, SR EFEZE (P<0.05).
SLIGEE R SRR T Lily 25V % 0 R %54 EHTI
EATMUEERFCRIBETEMS B, TFRKE
EHT1 JE R n] G { s LI B i AL g 1 R 04 15 21 1Y
I, TS S E R T RS A F1 2B S S AR
ClR CBEREREE, 5 1 Ol OlERI P~ & . Saerens

SNBSS WAk FE EHT1 JREA I Pt
HEITRRER ) B, IXAN 22 57 T BE AN B Rl A3 SR B
il PR R RS TR A K

2.0

O AY15
B AY-PEK

1.6

1.2+

08}

B4t / (mg/L)

041

1 1

0.0

LR LT LR 55k O
& 6 AY-15 F1 AY-PEK {9rh$EAEARBLRE = R HIELE
Fig.6 The comparison of medium-chain fatty acidethyl esters
between AY15 and AY-PEK
7 3 AY-15F0 AY-PEK RO £REZFNRE = 2 LL L (me/L)
Table 3 The production of higher alcohols and estersbetween
AY15 and AY-PEK

N ER FT  RK B TER
A . . N BB XBS
BZ i i g Tbg

AY-15 54237 7623 21936 67.73 10.49 76.82 124.22
AY-PEK 53.72 7591 220.33 6538 29.09 77.96 164.34

CRAE N R LA U BB ATAYIR, PR
O CBEIA OB S R EERZR . N T R SERR R AR
AR AR P CRR TR O, ASIOTERE
R EE 12 h 5 (6] 5 AN 5 AR R [F IR AR R EE Ay
0.01%MI%5 5 (23.25 mg/L) RiAYICR. KL R,
X R BB TR, T GC MR IERE R Y,
REEMCR OB SR . B 3 ATH, ENEE. 57T,
S U S i e S A A R b, AT R Z
B s R AIAAR, RARK CIR LB RSB S R K
WA g E, HhaR AR R H 10.49 mg/L
PEEE] T 29.09 mg/L, R T3 4%, SRS R
BT 322%, SREFEE (P<0.01). CRLEE
FEE R LURSE TN CR G, {ENRIERIS (L
WHERT, CERRBEALR CBEHES A, AR 7
CBEHHEG A 1, FRE IR UG A B2 iR
7, CIRCERM-RBEA2] T RERS T, mAS
FRJ5, R O LB & B 2 &, ol
REASTERE IR AL REIIMER T, CIREHR CRER AT
I N B AR B VR Z B TR

2.5 RT-PCR %

R IGIF LR EHT1 (IRIh#iL, %871k
1.7 Xt AY-15 A1 AY-PEK (#4538 KF-#47 RT-PCR I

97



MK EmBHL

Modern Food Science and Technology

2014, Vol.30, No.3

o ME 7 HTLLEH, 5 AY-15 FHELRAHE AY-PEK
AP LR R T 082 5, 4R EREE
(P<0.05). LIRgh KM RIE EHT1 EH 5, S5
T HE ST RS 0, AT ] e S BRI E R
it T R E I R A IR A IR L.
RT-PCR £ 5 B N s /KPR 1k Ik FE Kl EHTI
FH T CR TR SR A

201

1
- 1
-;é 1.6+
f 1.2
o
=
=
— 08F
[—.
jax
m
0.4+
0_0 L | J
AY15 EY15

& 7 AY-15 %0 AY-PEK Brp £HT7 BEMERRIAKFAILLE
Fig.7 The comparison of relative expressionlevel of EHT1
between AY15 and AY-PEK

3 ZHig

3.1 CRAEERER AT FAE, REEmEE
CUR TR P B AN AT DA R I v (1) e it L ] A
AR VR TR R TR TR DR AR o AN SR A
33 Yep-PEK FKiA kL, FHbifikss2]mEIA BHTI
(IR AY-PEK, K ERREAS (I R L R R
HERIX BHTI J5 R AFRN & EE 3 T R igR,
RAPR AY-PEK [ CR B8~ St o N R E I 212
Ho ULAh, “EER ZBE AR 2Bt/ mliem 7 31.4%
A149.1%. RT-PCR 453 SRRAL K AY-PEK [#) EHT1
BRI SR LLR B3R R T 0.82 £, ML SR /K-FilRE
T ER B EREIRE . 245 2 bR ARG T
FRIRI VR AY 15 B AS bR AY-PEK 1K R 763
HHAS G B R N, SRR I CUR 2T 7 R 2
29.09 mg/L, RN 3 %, mHSEEMSE
WAGR] TRINSE R . IEARE. T SRR 20
LB R R A A KK, BRTB AN A FEARA
(0.3%7E A1), CO, 2K NGB A5 RV RE LT3
B

3.2 ARSEEGERAG I P I R SRR & B O R
TR TRI ARRE T BRI R RTPT RS A BRI,
AR R BELE R PRSP [RIB th mr  CUR CB, B2
PLE R Pl N, AITIABIGRKE 1 R 3R
AMEFERGER E 0. ASEIEI R IA BHT1 JE R
BRI L A = BRI R A T — Rl
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