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Construction of Saccharomyces cerevisiae Mutant
Deficient in adh2 and ald6 Genes
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Abstract: The purpose of this investigation is to improve ethanol production and decrease acetate formation
in Saccharomyces cerevisiae strain YS2-Aadh2. The strain YS2-Aadh2 with deleted alcohol dehydrogenase
(adh2) gene was isolated in our lab with higher ethanol production than that of the strain YS2. The acet-

aldehyde dehydrogenase (ald6) gene encoded a cytosolic acetaldehyde dehydrogenase, a key enzyme of

the pyruvate dehydrogenase (PDH) bypass, transfers acetaldehyde to acetate. To disrupt ald6 gene of the
strain YS2-Aadh2, ald6 gene targeting cassettes were synthesized by long flanking homology PCR
(LFH-PCR) and then were transformed into YS2-Aadh2 mutants by LiAc/SS Carrier DNA/PEG method.
Positive transformants were selected with G418 and further confirmed by PCR. Once correctly integrated
into the genome, the selective marker was rescued by transforming the plasmid pSH65 into the positive
transformants and inducing the Cre expression with a Cre/loxP-mediated marker removal procedure. We
named the ald6 gene knocked-out strain as YS2-Aadh2-Aald6 which has a 12.5% higher ethanol production
and a 18% lower acetate formation compared to the strain YS2.
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1.1 #R
’ L1.1 B FF0 AL YS2
(Saccharomyces cerevisiae)
, 18S ,
’ ; YS2-Aadh2( ) ;
’ pUG6  pSH65 EUROSCARF
’ ’ DNA 1.1.2 ERMEERT: rTag ExTagq Pfu
G418  Zeocin
’ ’ TaKaRa Sigma , TaKaRa
1.1.3 #EFE: (1) YPD LB ,
adhl adh2 adh4 adh’, VPG - )
Adhlp Adh3p Adh4p AdhSp (%) 17, 08, 0.5,
’ Adh2p 0.2, 0.2
" 1.1.4 314 , 1
adh2 4 (1
,[2] " 1.2 A%
aldo) 1.2.1 LFH-PCR"! YS2-Aadh2 DNA
Ald6p, ACDH , , A-L, L,-D PCR;
> pUG6 DNA R PCR
. adh2 PCR, ald6
aldo6 , ¢ ( 1
. t 1.2.2  YS2-Aadh2 EFH DNA B9IRE:
DNA (6]
, , 1.2.3  JRAI pUG6. pSH65 BYHI&: [7]
, 1.24 ERERBREEFOEK: (1)  YS2-Aadh2
®1 3195%
Table 1 List of primers
Primers Sequences(5'-3") Notes
L GCGTACGAAGCTTCAGCTG Deriveq from upstream of loxP position
TGTATTCTGATAGTATGTGTTTGTGT From directly upstream of ald6 ORF
L CAGATCCACTAGTGGCCTATGC Derive{l from downstream of loxP position
TGTACCAACCTGCATTTCTTTC From directly downstream of ald6 ORF
A CATCCAGCTTCTATATCGCTTTAAC Located upstream of ald6
B AGCAGCATCTCTTAGACAGTTGATT Located within ald6
C TAGTAAACGGTATTTTCAAGAACGC Located within ald6
AATATGATTTTGTGTGGGATGTTTT Located downstream of ald6
La CAGCTGAAGCTTCGTACGC Located upstream of loxP position
Lg GCATAGGCCACTAGTGGATCTG Located downstream of loxP position
KanB CAGCCAGTTTAGTCTGACCATCT Located within kanMAX
KanC GGTTTGGTTGATGCGAGTGAT Located within kanMAX
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A
10 pSH65
t b ’
arge 1_D_
First PCR To Generate long ald6
flanking l' homology regions o -
e ——— — e — 1.2.8 ald6 HEEFEBIRLFR:
Second PCR J Amplication of ald6 , ald6
disruption cassette
— — | Marker | — pSH65
Homology regions "’ Homology regions
=300 bp =300 bp Cre Kan"
I Marker —+— ’ ’
pSH65 A-D A-B
1 LFH-PCR #EE R R KA C-D , ald6
Fig.1 Using LFH-PCR to construct gene disruption cas-
settes
1.2.9 RTHRAEIBHFHEIRE: (1) YS2
DNA , A-L; L,-D PCR, YS2-Aadh2  YS2-Aadh2-Aald6 50 mL
95°C 3 min, (94°C 30 s, 51°C 30 s, 72°C YPD , 28°C, 200 r/min S
1 min)x30, 72°C 7 min; 2) pUG6 2) YS2-Aadh2-Aald6
DNA , La-Lp , PCR 10 .
loxP Kan” , A-D A-B C-D PCR
95°C 3 min; (94°C 30 s, 55°C 30 s, 72°C 2.5 min; 30
; 72°C 10 min &) 1.2.10 REHRMAELE:  YS2 YS2-Aadh2
> YS2-Aadh2-Aald6
. LFH-PCR ald6 N PCR 280C (0 hNS h 8 h~
95°C 3 min; 94°C 30 s, 55°C 30 s, 72°C 3.5 min; )
32 ; 72°C 10 min  (4) PCR [9,10] , ,
, 20 ,A-D , PCR ald6
95°C 3 min; 94°C 30 s,
54.3°C 30's, 72°C 2.5 min; 30 ; 72°C 10 min 2 HR
= 4] ¢ . i i o .
1.2.5 BERRRAHRIEL: (¢ LiAc/SS Carrier 5 1 146 BRI S R
DNA/PEG ., ald6 (1) YS2-Aadh2 DNA , AL
YS2-Aadh2 L,-D ald6
1.2.6  FRITHEAYIF % K 36 0 PCR (0.4 kb, 0.25 kb)
200 pg/mL G418  YPD , 28°C ) pUG6 DNA , La-Lg
3d, G418 YPD loxP Kan"
, 28°C 3d , ( 1.6 kb),
S A-B C-D L,-Lg A-KanB
KanC-D PCR 95°C 3 min; 94°C (3) A-L, La-Lg L,D
30s, 55°C 30's, 72°C 1 min, 30 ; 72°C 10 min PCR, ald6 ,
1.2.7  Kan'THiEFR1C B9 XK BRFADEIE : pSH65 A-D PCR aldé
, 50 pg/mL , 2.2kb
Zeocin  YPD YPG 2.2 REFIIE
, 4 h~5h YPD G418 )
G418 YPD A-B C-D A-KanB KanC-D
,28°C 2d~3d G418 YPD La-Lp PCR s 0.8kb 0.86
A-D A-KanB KanC-D kb 1.1kb 09kb 1.6 kb ( 2
PCR , aldé6 aldo6
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PCR 0.7 kb ,
e A-B C-D ,

= kb

- 20 ald6

— 2.5 RTERAIEIBSFMHILIE

- 1.0 (D YS2
o YS2-Aadh2  YS2-Aadh2-Aald6 s

iy (ODgoo )

YS2-Aadh2-Aald6

2 ald6 ¥{LSEMEF PCR I

Fig. 2 aldé6 transformants were verified by PCR

M: 200 bp DNA marker; 1: Lx-Lg:1613 bp; 2: KanC-D: 908 bp;
3: A-KanB: 1082 bp; 4: C-D:858 bp; 5 A-B:802 bp.

kb
2.0
2.3 Kan"§HiEFRIC R K BRFOIEIE o
pSH65 Cre '
R loxP , A-D
PCR , 0.7 kb 2.1 kb ,
A-KanB KanC-D « 3
Kan" ,
aldé e . S TA S
N . 3 BfEKKan i FRPCR R K 3 E
2.4 BFR aldé FERER Fig. 3 Electrophoresis of the colony PCR result of haploid
aldé6 , Kan" Kan" was cut
M: 200 bp DNA marker; 1: A-D, 732 bp+2129 bp; 2: A-KanB;
, A-D A-B C-D A-D 3: KanC-D.

T2 YS2. YS2-Aadh2 FA YS2-Aadh2-Aald6 E ¥R E K EIE R

Table 2 The culture data of YS2,YS2-Aadh2 and YS2-Aadh2-Aald6

4h 8h 12h 16 h 20 h 24 h 28 h 32h 36 h 40 h 44 h 48 h
YS2 0.357 1.617 2.234 2.283 2.363 2.42 2.446 2.451 2.474 2.477 2.472 2.537
YS2-Aadh2 0.328 1.564 2.219 2.248 2.352 2.414 2.44 2434  2.467 2.462 2.469 2.497

YS2-Aadh2-Aald6 0.312 1.519 2.157 2.256 2.37 2.418 2.447 2.453 2.468 2.476 2.472 2.489

, ( 10 ) (10.10%) YS2(9.60%) 6.9%
96 PCR  , AD 12.5%( 0.3% )
0.7 kb ,A-B CD YS2-Aadh2-Aald6
, 99.9%  YS2  adh2? YS2-Aadh2 4 h~
3 6h( 4)

(2) (3)

, YS2-Aadh2-Aald6 , YS2-Aadh2-Aald6
10.80%(V/V),  adh2 YS2-Aadh2 YS2 18%( 5)
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R 3 YS2-Aadh2-Aald6 BRI TR E RIS YS2-Aadh2-Aald6
Table 3 Genetic stability test of YS2-Aadh2-Aald6 YS2-Aadh2 6.9%, YS2
Generation A-D A-B/C-D 12.5%, YS2 18%,
11 +++ ___
12 +++ S
13 S o ald6
14 +4+ —== [12]’ adh?
15 SRt ===
16 AR A —== [13]
v T T 04 yso-
18 4 - ’
Aadh2-Aald6
19 4k ak —==
20 9F F AR S ’ ’
+++: = .
Note: +++: With target products; ——: Without target products. s , ald6
gnm- >
1000 ald4 ald6 ,
gsm- [,
£ 600 | —-YS2
g —+—YS2-Aadh2
§ 4.00 —#-YS2-Aadh2-Aald6 R
g 2.00
= 0.00
m

12 24 36 48 60 72 84 96 108120132 144 156168
1 (h)

e [16]
E4 AB~ZEEHREE
Fig. 4 Ethanol production of YS2, YS2-Aadh2 and YS2- PCR(SFH-PCR)
Aadh2-Aald6

>

700 ,
% 600 ,
E 500 5 PCR(LFH-
=
2 400 PCR)  Cre/loxP aldé ,
E b
2 300 P ,
8
g 200 ’
3
< 100
Cre/loxP
0
YS2 YS2-Aadh2  YS2-Aadh2-Aald6 ,
B 5 AEFCEKREILKE
Fig. 5 Acetate production of YS2,YS2-Aadh2 and YS2- s
Aadh2-Aald6 loxP
3
5 % X M
s (H [1] Smith MG, Des Etages SG, Snyder M. Microbial synergy
adh?2 ald6 , via an ethanol-triggered pathway. Mol Cell Biol, 2004,
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