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1.1 ##y

L1 & R0 BT kL. BRI B BE ( Saccharomyces
cerevisiae ) AY-15 [ BARG AR BR a-8 . a-22 M KB HF
W ( Escherichia coli) JM109 5] 24 KRR} 7 K 27 K
7 A A 1 o R S0 0 2 R, Her AY-15 J2 DA
e 43 B LR (R BRG0P AR , 0 % BB A
iCo pUGH JiUkE i 8 [ Hegemann (4% W, pUCI9
FoRill) B A TR (R0 ) AR W]

L1.2 FSG R : BREIPE N UIEE T, DNA %
FER/EA Tag DNA G HEW A 549 TR (RG%)
ARAFZREHR(Amp) Il H Amresco 24 7] 5 i
ted R (GA18) 1§ H Merck 2% H]; PCR {14 A
Biometra 2\ 5] ; AgilentGC 7890 RUSAH (015 (X W H %7
FERPHA IR AT

L 1.3 BRBLR R 461 B coli IM109 {RAFFNE,

FeR M LB B % e, 5 Al - U 8 I S i 24 vk i Oy
100 mg/LiY Amp,37°C B B 15385 S. cerevisiae HoA%
TR BK a-8 Fl a-22 ] YEPD By SR JL R FIs 37, B
T 245 26 B 600 wg/mL G418 f) YEPD
FRELHEAT O VE S, 30°CHHE SR

1.1.4 3] ¥. B P& GenBank B 1 S. cerevisiae
YDLOSOC F:H 751 ( Gene ID; 851479) %1 PCR J2
NGIWI(FR 1) . 76 YDLOSOC He A |71 i 43l ik it
—X$8|% YA-U #1 YA-D & YB-U F1 YB-D, 435I~
14 YDLOSOC BEPR A A 4 % X114 BE DA 7 Be YA A
YB, T [RIUR 41wk bk YDLOSOC &, 44 pUG6
FRLF AT 1S KanMX Fr Beiy 5[4 K-U A K-D,
£ YDLOSOC JEN Liif YA Ji BERY SN i 514) Y-
S, KanMX J#41 N R TH5 14 K-S 5 78 KanMX J¥51] P
BT 9 K-X, YDLO8OC A T i YB 1 Be i 4
BTG Y-X, 35 T 3R YDLOSOC BE[H 58 42
R

&1 PCR K5

Table 1 PCR primers
Primer Sequence (5'—3") Size/bp Restriction site
YA-U CCGGAATTCAAACCTGCGTATATTTGACTTCGAC 34 EcoR 1
YA-D CGGGGTACCTATGCCGTAAAGTATGAAGAAAGGG 34 Kpn 1
YB-U CGGGGTACCTCTGATCTCTCCGCCCTACTACC 32 Kpn 1
YB-D CGCGGATCCCAACTGGGACATTGGCAGCGTTAGT 34 BamH [
K-U CGGGGTACCCAGCTGAAGCTTCGTACGC 28 Kpn 1
K-D CGGGGTACCGCATAGGCCACTAGTGGATCTG 31 Kpn 1
Y-S CAGTTATCCTACGACAGAAGTGGTT 25 —
K-S CGTACTCCTGATGATGCATGGTTA 24 —
Y-X AGAACCTCAGTGGCAAATCCTAA 23 —
K-X TAGTCTGGGTGAGAATATGGTTGA 24 —

1.2 EREIZ

M 4C LR YEPD [EfARRERTH 1 SRR R A
B 4 mL — R TR R L, 30°C g R
24 h, EAFRE WS EAN RN — R, B 150 mL
SR 36 mL R TR IRIE  HE 10% $E R
A—RREFE I, 30°C HE 3R 16 — 17 h XPEUH I
JE WIS T — g5 5%, 1 250 mL =M% 60 g
TR, FE 1:2.2 ENA 60°C - 70°C iR /K # 4k,
2o Ak BEALE WS IS B8 R Rt 1, K
KRR FRIE  Fie 10% 2 Fh i e A B 37, 30°C
FiE R 60 h, BEFE 12 h FREE — W, & RS A5
SE CO, RFVKHE LW B] P9HS R 5RAA I b B
PP
1.3 DNA B{EHEA

SER4] DNA (O 3EI KA FF 0 Ak 55 ok B
Y52 30wk 16 | #E1 T80, DNA B 5 %425 1

P A A TR
1.3.1 PCR Jzhi: HAEE B PCR B 45140
94°C 4 min;94°C 40 s,54°C 2 min,72°C 2 min,30 />
PEFR572°C 10 min, 0. 8% BrAEHHEE HL VK 455 PCR
=
1.3.2  FH4 K pUC-YABK (g2 i alifl i YA
F B EcoRI il Kpnl XY, 5 [R]4: EcoR1 A1 Kpnl
LI pUCHO by % 42 , 44 i d 40 B pUC-YA
F 2k YB R B Kpnl F1 BamHI 3V, 5 [R] 22
Kpnl F1 BamHI XUGY) ) pUC-YA BTk 747 , A4 i
LR pUC-YAB. 44 KanMX J}EEF Kpnl BFYD, 5
)2 Kpnl BEUIH) pUC-YAB JiokL i £ , 44 7 520 Jot
% pUC-YABK .
1.4 BEEK

PLBURE pUC-YABK g Az, FI 519 YA-U A
YB-D #47 PCR ¥ 43| YA-KanMX-YB E 4 &,
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FEIRSCHR 16 ] JEAT r e A i B AL I BN
LS MES5FIaH

PCR 4" 34 - # B 4l A H T 005 19 YS-Kan F Bt
Al Kan-YX B, i FHEA: TAY) TRBOR MRS A
FRA R . i@k NCBI £ % (http : //blast.
ncbi. nlm. nih. gov/Blast. cgi) H1 [ nucleotide blast &
P TS H R B P S0 I T X
1.6 HHAE
1.6.1 CO, JRH i J5OE AR B2 i U - $2 iS
HICHRL T JEATHRAT
1.6.2 ARSI E B T R TEAE R G 2818 Kk
BT B2 A R B A RFIUAE i o AR Agilent GC
7890 SAHIEA I 45 A KOG T I A4 4G I SRR
T S TS AR I ) 254« 835 4T : 105 m
x 0.530 mm A0 AE; HEIR 75°C 5 U4 E R
200°C 5 Kl 5 U B2 250°C 5 20 i 4l AU s HEAAR R

EcoR T

W 45. 00 mL/min ; SR 7 30 mL/min ; 255, 7738
400 mL/min; BV JF 25 mL/min; 533 kL 20: 1 3
e 1 pl,

2 #XR

2.1 EHRKH pUC-YABK Bt

HA kL pUC-YABK RyFg @i an &l 1 s
W BTk pUC-YA 28 EcoRI il Kpnl XUV, 3545
2700 bp Fi1 460 bp Y Bt ; B 4H ik pUC-YAB 28
Kpn1 1l BamHI XY , 48545 3160 bp #1630 bp ) F
BG4 ok pUC-YABK 25 BamHI i), 3815 114
3800 bp 11600 bp J Br¥5 5 il 45 5 — 2, iF B &
BRI S . LA pUC-YABK Bk et , YA-U
FK-U 5 ¥t 4T PCR 9714, 15 5 2100 bp B2,
TER] KanMX [ By 77 1 5 YA FLYB 5757 [ 40
B (IR ) o

BamH |

Kpn I+ KanMX ~Kpn |

1600 bp

1 pUC-YABK Frhifgitiz
Fig. 1  Construction of plasmid pUC-YABK.

2.2 YDLOSOC it RIHRHIMIEE

2.2.1 YDILOSOC TR w2 # 5k 1. 4 Ak 4l &
YA-KanMX-YB, il i YA fil YB A Bt 5 EsHk 4L (o (K
= YDLO8OC PR 9 At 4% [ 95 1 1) [w] Bsf 2 A= 79 9K )
VRE AL, DATTRE A 2 I B e (o iR 1 I Bl g o (R — i
il HEAE— 7 I KanMX SR 5] A PEREGL 4
A (21 B AR 7 A G418 Fi 5 55 — 5 T, KanMX
Fr B R 5 i 2H B 4 T RE G K B YDLOSOC
PR, AT SE BRI BE R A i (P 2)

2.2.2  GAI8 ikt b+ ik fbJ i G418

vk At e AT a BUHAL T 21 Bk (o BUEEILT
26 #k,%1© B YA-KanMX-YB T 4H & il 2% A 3]
PRI B AT A e G AR o 00 7 2 A e AL 15 0
BEZEAS L GAL8 HUIEFH ML, 45 R o - A AR
AAE GAL8 Y JE R T4 T 600 mg/L f)-F- 4 A fiE
A IR AL BRAEHS I 5% 1200 me/L Ay G418 <&
AR (183, o BIGEAERRINZF A Tt ) o

2.2.3 YDLO8OC 2R 587 bRk i) Fr 4 72 - BEHL PRI
15 GA18 WK 1200 pg/mL 2604 F A 1K R4 A
PR a-Y-1 $2 B0 5 DNA S A, 2350 LA Y-S Al K-S
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genorne DNA of
Saccharomyces cerevisiae haploid

(a)
X KanMX(1600bp) X
C " +{1

YB (630bp)

YA YDLOSOC (1800bp) YB

(460bp) YA

genorne DNA of
Saccharomyces cerevisiae haploid

(b)

YA KanMX(1600bp)  YB

2 YDLOSOC pEHE

Fig.2  Double homologous recombination of YDLOSOC gene in S.
cerevisiae. a. Double homologous recombination between YA-
KanMX-YB cassette and YDLOSOC gene in haploid of S. cerevisiae a-
8 or a22; b. Illustration of sequencing results of the recombinant

mutants.

B3 a8 5HFHLFH G418 ML

Fig.3  Comparison of G418 resistance among S. cerevisiae a-8
and its mutants. A: G418 - 600 pg/mL; B: G418 - 1200 pg/
mL.

K Y-X Al K-X R 51 #iEfT PCR 9731, 4738 H K/
k1 2250 bp 1) YS-Kan H-BE A1 1500 bp [ Kan-YX F-
B A LA B a-8 1 a-Y-1 FEEUAY 4 DNA SR
PL Y-S L Y-X S5 #1i#k4T PCR &3, 3 th K/ hy
4400 bp [ YSX-p H BAl1 4100 bp iy YSX-m F EX,
H5HME =P R/N—3, ¥ YS-Kan J BOFI

Kan-YX F Bz 70 5100 )7, 245 R 32 B YS-Kan - Bt A1l
Kan-YX R BtJ7 30 505l S BB REEE YDLOSOC FE A 1Y)
LR K KanMX 3 41 [A] 35, [7] 95 % R 100%
YE—© B YA-KanMX-YB H#4 & 2 WIh i A S
T RE AR R e i, H KanMX B 36 R EAR
T AR a-8 Fl 22 R4 [ AY YDLOSOC F:
FS)S

2.3 BUFEFEALZBHRERSREEREHN

[—1

E

MEEA a-8 Al 22 F H X I 28 28 Bk 1) A4 K
B TR . 25 BN, SEAR ) 5 AR R AR
B354 120 min 7247, 3R B 28 A8 ik 9 A K0 AT 32 3
SO o B AR 5 R A BE ML BRI 3 BR e AT TRl e
PEATIPRS e B8 A 18, i T 465 o I 5 T bk & IR 1 i
R Wl i (£ 2) o SRR, AR R AN
SN A 4 W1 216. 36 me/L 1 241,09 me/LL,
X o Ak F S 56 = 0T 3 E 4 Bk 223,29
mg/L F1256. 96 mg/L; BRI E A ) 5 i Sl 5
Ay h 346. 82 mg/L Fll 364. 12 mg/L, %f 1 i 55 4k
TR R i 0T BIE 43 ) Ry 347,03 mg/L il
377.59 mg/L, MZRE N, A5 R AEAR
SIS R S e A A B 25 R (R AT
FTPHRG B2 - E LR A 53 ) 1 0.6 (%, v/v) FiI
0.4 (%, v/v),
3

o R T TR T Bk A ) 26 2 7 ), A 2 1T
R 5t 22— A2 o G % i o — o T 235
M 1) P XU e 2 I R B M AR s A, — 2
AR A4 (Ehdich QR ) |, 57— 2
4% (Harris 3#%42) . Growell 4845 thh, 1E# & B h
75% Wi B FREACHE, 25% >k A 2 3 1R R id
P, O HLR OB S s R 50% L b T SRR
Pt 2 e G Y SR R A3, DR R AT S5 3 e A o)
MBI E 2 H bR, Dickenson 8¢ AMHFEUESE , ou-fili
FE S5 CURR 53 ik Sy 5 TG IBEE 17%) D B I 2 25 TN I R O R
fifi , 1 YDLOBOC J A ity , PRIkt , 4 8 11 245 74 ) i st
SR Fr Be (YDLOSOC ) ik () TR i TABE S
LS A T 2 O 2 T, DAL 1T L DAY B30 55 - 32 S 0 R
[ S B A, 5 3 A S Ty A

RS, i PCR ¢34 15 5] YDLO8OC %t A
RS AS IX 460 bp BEP R Be YA FUR el At X
630 bp S K 5 Bt YB LA J& 1600 bp (1470 14 5&
KanMX H-Bf, H Hygk it T4l Jok pUC-YABK,
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Table 2 Yeasts fermentation performance and the production of higher alcohols
) Weight Residual total . ¢(n-propyl c(Isobutyl ¢(Isoamyl c(Higher

Ié#t ] loss of c((thhal;o])) / sugar/ t(';ene;latllon alcohol ) / alcohol ) / alcohol ) / alcohols ) /
strains o, /g o, V/V (/100 mL) ime/min (me/L) (me/1.) (mg/L) (mg/L)
a-8 24.4 14.6 £0. 1 0. 160 118 54.23 76.23 216. 36 346. 82
a-Y-1 24.4 15.2+0.1 0. 154 114 53.72 69. 91 224.33 347.69
a-Y-2 24.3 15.2 0.1 0.156 129 53.63 72.38 220. 17 346. 18
a-Y-3 24.4 15.2 0.1 0.152 123 53.95 67.90 225.38 347.23
a-22 23.3 14.8 £0. 1 0.197 120 55.87 67. 16 241.09 364. 12
a-Y-1 24.0 15.2+0.1 0.162 127 55.08 65. 02 267.90 388. 00
a-Y-2 24.3 15.3 0.1 0. 158 115 55.20 65. 34 253. 56 374. 10
a-Y-3 24.1 15.2 0.1 0. 161 120 55.45 65.79 249.42 370. 66

Triple independent experiments for each strain.

4k YA-KanMX-YB H 4 & 51 B A5 AR gy o fR it
AT AU F PR E 2, By e o 1 TR T P B R AR a-8 Al
«-22 FEFZH E Y YDLOSOC F£IH #5354 T a-Y-1 |
a-Y-2 a-Y-3 .a-Y-1 .a-Y2 fl a-Y-3, 5EALFF5%
ARSI TR A, 5 R (1) B Ak T AR K%
ZRNFEM 5 (2) S Al T HE R A TSRS BE WS A T
(3) 5B S e R A b i — 38 AH LA B AR
fk.,iX 5 Dickinson &5 A B 57 I\ Ry 5 I B 2 [ AIG
94% L5 A —5L, MFR YDLOSOC JE[H S I me
A A, D PR — T B Ry T S R A AE A 4%
R, A s R SR Z RIS &
Fm RIS M BB R, PR B
A A VA W A B R AT R AN R B R 8 A%
5 5EARIR], X T A S B TR e B 5 U, YDLOSOC
FEHAE S E R B B A G Th R DR v RS2 T
R AWFTEHGE N o 56 5 O R L 1) 5 I 1
AR I A R AR B N A YDLOSOC i A 2
HE) 40245 D R P 3 FR TG , 18 A5 PDC 5 PR I 44 e ) 749
TR IR T 5 A, o S O R 2E I % B 1) i
FenlREAME— NI, AL B BR YDLOSOC 3 [H I A
REI] WAL S R BE A liim . 534, YDLOSOC B2k %€
AR RRIERG B e TR AR, AR e Sk v o =, T RE
{10 JE R BB YDLOSOC ik PRI 5 45 25 14 i) 1 I 22 1ty
Z 5 e REE R 3Z B, 5 a0 5 58 200 A B
IREEREAR T 2B, N T Ay AR R AR A R R
A, T TR (89 0 S S o) 77 PR TR 1) £ s, A
T AT RE 2 /=0 TR AR & T T S

Eden 85X PR Pz B A 52 6 24 58 R 19 o3 i 1144
AR ST B, 2 S B B IR % RS Tl ( BCAT) B il 2
A BE BT Bl 55 2 SE PR i A8 N o R, ek /D4
PR ) S T A e TR ) S 10 2 ) 9 0 7 A A1 o5 2%
B N T HE— 2 TR ER YDLOSOC IR Sk,
st A A AR AR B0 D PR, T — A 1 R e £ 2

FERSEA S YDLOSOC e [R5 Ak iy Be iy 143
) e o 2 2 1 e A B A v S G TR e 2 il
(BCAT) JE[H BATI (3 BAT2 , ki A 15 ) i 9 It
A R FR A, DA T 2 — 2546 7% o % et ) 2 e T
5 ML o

5% X
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Effect of YDLOSOC gene deletion on higher alcohols
production in Saccharomyces cerevisiae haploids

Xin Hao, Dongguang Xiao“, Cuiying Zhang
(Key Laboratory of Industrial Microbiology, Ministry of Education, Tianjin Industrial Microbiology Key Laboratory,
College of Biotechnology, Tianjin University of Science and Technology, Tianjin 300457, China)

Abstract; [ Objective ] The deletion of pyruvate decarboxylase-like enzyme gene ( YDLOSOC gene) in industrial
Saccharomyces cerevisiae haploids a-8 and a-22 were respectively constructed, and the effect of YDLOSOC gene deletion on
the production of higher alcohols, especially isoamyl alcohol, was investigated in high gravity ethanol fermentation.
[ Methods ] Upper and down stream fragments YA (460 bp) and YB (630 bp) of YDLOSOC gene were amplified by PCR
using the genomic DNA of S. cerevisiae haploids a-8 and a-22, respectively; KanMX marker for G418 resistance from
plasmid pUG6 was cloned by PCR. Fragments YA, YB and KanMX were respectively inserted into the same plasmid
pUCI19 using EcoRI and Kpnl, Kpnl and BamHI, and Kpnl sites in the order of YA-KanMX-YB to construct the
recombined vector pUC-YABK. The recombinant cassette YA-KanMX-YB was cloned from plasmid pUC-YABK by PCR
and respectively transformed into industrial yeast haploid a-8 and «-22. By the double homologous recombination,
YDIOSOC gene deletion mutants were constructed and selected by the growth extent on YEPD agar plates containing 600
wg/mL G418. At the end of high gravity ethanol fermentation, fermentation performance and higher alcohols production of
parental haploids and their mutants were determined. [ Results] YDIO80C deletion mutants were respectively selected
from their corresponding parental haploid a-8 and «-22. The alcohol fermentation results showed that higher alcohols,
especially isoamyl alcohol, were almost invariable among the mutants and their corresponding parental haploids. However,
mutants yielded more amount of ethanol of 0.6 (% , v/v) and 0.4 (% , v/v) over its parental haploid, respectively.
[ Conclusion] Deletion of YDLOSOC gene in S. cerevisiae haploids has no noticeable effect on decreasing the production
of higher alcohols, especially isoamyl alcohol, but it seems to somehow increase the production of ethanol.

Keywords: Saccharomyces cerevisiae; pyruvate decarboxylase-like enzyme; YDLOSOC gene; higher alcohols
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