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Abstract: To improve ethanol production in Saccharomyces cerevisiae, an integration plasmid
pUPGKAT with PGK promoter (phosphoglycerate kinase promoter), adhl gene (the coding sequences
of alcohol dehydrogenase ) and CYCI1 terminator (Cytochrome ¢ transcription terminator) was constructed.
Firstly, a fusion fragment composed of PGK promoter and adhl gene was generated by over
lap extension PCR and ligated into pUG6 resulting in plasmid pUPGKA. Subsequently, CYCI termi
nator was amplified from pSH65 by PCR and ligated to the Spe and Sac restriction site of pUPGKA. To
integrate PGK-adh1-CYCI into S. cerevisiae genome, pUPGKAT was digested by Tth and the lin-
earized plasmid was used to transform S. cerevisiae YS,-Aadh2 (adh2 disrupted strain) by
lithium acetate method. The yeast mutant YS,-Aadh2-adhl which had the adhl gene placed under the PGK
promoter and harbored the adh2 deletion was constructed. Anaerobic fermentation showed overexpression of
adhl by PGK promoter resulted in a 8.84% higher ethanol production compared to Y'S,-Aadh2.
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Table 1 primers used for amplification
(5737
Primers Length Sequence(5 & 39 Restriction sites
adh-F 20 CTGAAGGCTAGGCTGTGGAT

adh-R 20 TACACTGCCTCATTGATGGT

PGK-F 20 GAAACCGACCATAGAAGAGT

PGK-R 20 CAAGTCGTATTCAAAGGCAC EcoR

F-PGK1 26 CCGGATATCCAGACAACTTTGAAGAT

F-PGK2 37 GAGTTTCTGGGATAGACATTCTAACTGATCTATCCAA

F-adhl 37 TTGGATAGATCAGTTAGAATGTCTATCCCAGAAACTC Spe

F-adh2 34 GGACTAGTTTATTTAGAAGTGTCAACAACGTATC Spe

CYC-F 26 GGACTAGTGGCCGCAAATTAAAGCCT Sac

CYC-R 28 TCCCCGCGGGTCATGTAATTAGTTATGT

Y1 18 CTGTGCGTCTTGAGTTGA
Y2 18 CGGAGATAGCAACCCAGT
1.2 BREBE2E S DNA By EX adhl ORF , ,
1.5 mL R , F-adhl, F-adh2 PCR
DNAY, Spe adhl
1.3 EEBEMPCRIFXFPCGKEzFFadhlFEE 132 PGCGK PGK-F,
mae R PGK-R DNA ,
1.3.1 adhl GenBank adhl PGK( ) PCR
s adh-F adh-R s F-PGK1, F-PGK2
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PGK
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pSH65 , CYC-F CYC-R
, Spe Sac
CYCI( c) , pMDI18-T
, pTAT
1.42 pUPGKA
EcoRV Spel pTAF pUG6
, 65 20 min

, 16

15 L, Escherichia.coil Top10 ,
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, 37 ’

F-PGK1 F-adh2 PCR

, pUPGKA( 1)
1.4.3 pUPGKAT
Spe Sac pUPGKA  pTAT

loxP
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4009 bp
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Fig. 1
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1.5 adhl Z2EABRIE
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1200 Q, :25 uF pUPGKA
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( 3A B), (1)
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Y1,Y2 PCR ( 3B)
152 pSH65
(12, 13], Zeocin YPD
, YPG
5h ,pSH65 Cre
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KanMX -1 3B () YPD
200 pg/mL G418 YPD ,
KanMX YPD
loxP loxP

KanMX

pUPGKAT
6840 bp

loxP

EcoRV
GK promoter

CYCI terminater

Spe I

pUPGKAT
Construction of pUPGKA and pUPGKAT vectors

PGK promoter

adhl Amp loxP  KanMX loxP adhl
1 6840
600bp
| I
2 PUPGKAT

Fig. 2 Linearization of pUPGKAT vector
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Fig. 3 Integration and marker loss strategy for the

pUPGKAT vector

A: The yeast strain is transformed with the pUPGKAT; B:
Integration occurs at the locus of adhl, where the expression is
controlled by the wild-type promoter (WT- P); C: The KanMX
marker between the loxP sites is lost by specific Cre-mediated
recombination
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1.6 RTHRAEECERBEINE
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150 mL ( 3,
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[15]
HP-FFAP(19091F-105), >
30 - 1; 200 ; : 100
150 (10 /min); FID >
250
2 RS540
2.1 adhl EFAHY 1
YS, , adh-F, adh-R
PCR, adhl
( 4 , adh1l
ORF

22 EEZEMPCRIXBPGKEZFSadnlfsd
FE
F-PGKI, F-PGK2  F-adhl, F-adh2

PCR PGK adhl

> >

PCR PGK adhl
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(95 , PCR PGK
adhl ,
bp
1933bp = — 2000
— 1600
— 1000
4 adhl

Fig. 4 Amplification of adhl gene
Lane 1: Product by the primers of adh-F and adh-R; Lane2:
200 bp DNA Ladder Marker

1 2 3 4
bp bp
2569 = —2500
—2000
1518 > — 1500
1056 — 1000
—500
5 PCR

Fig. 5 Overlap extension PCR

Lanel: Fuse product of PGK promoter and ADH1 gene; Lane2:
Fragment of PGK promoter; Lane3: Fragment of ADH1; Lane4:
500 bp DNA marker

2.3 #{k pUPGKAT B2

pUG6 , PGK adhi
KanMX loxP
, pUPGKA, EcoRV
Spe CYCl1
pUPGKA adh1 ,
pUPGKAT, Spe Sac ( 6
2.4 ik pUPGKAT B9k
adhl Tth11l
pUPGKAT « 7N,

2.5 E%& PCRIIE adhl F/REH
Y1l Y2  adhl
PCR C 9, ;
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1300 bp , 1270 bp , 2.6 TFIERRICHIVIRR
pSH65 ) )
, YPD ,
bp , 200 pg/mL G418
YPD , , 9
i
39 G418
0 PCR ,

YS,- adh2-adhl

6 pUPGKAT

Fig. 6 Restriction analysis of pUPGKAT vector

Lanel: Supercoiled DNA Ladder Marker; Lane2: Plasmid of
pUG6; Lane3: pUPGKA vector; Lane4: 500bp DNA Ladder
Marker; Lane5: DNA Marker DL2000; Lane6: Digestion of
pUPGKA by EcoR and Spe ; Lane7: pUPGKAT vector;
Lane8: Digestion of pUPGKA by Spe and Sac ; Lane9:

A-Hind digest Ladder Marker.

9 G418

Fig. 9 Selection of cells without G418 resistance
Left: YPD plate; Right: YPD+G418 plate

27 REHRAEZERHENE
YS,-Aadh2  YS,-Aadh2-adhl

, (10,

50 h ,
YS,-Aadh2-adhl ,
YS,-Aadh2 YS,-Aadh2-adhl

YS,-Aadh2 8.84

1nof
7 pUPGKAT 100 |
Fig. 7 linearization of pUPGKAT vector @ 9.0
Lanel: plasmid of pUPGKAT; Lane2: A-Hind digest Ladder ?_; 80
Marker; Lane3: Linear pUPGKAT E 70k
| 5 @ 60k —*—YS,-Aadh2-adhl
—+—YS,-Aadh?

50

0.0

0 12 24 36 48 60 72 84 96 108 120 132 144 156 163180
1(h)
10 YS,-Aadh2  YS,-Aadh2-adhl

Fig. 10 Changes in ethanol yield during anaerobic fermenta-
tion of the YS,-Aadh2 and YS,-Aadh2-adhl

3 Wit
8 PCR Cre/loxP , pUG6
Fig. 8 Recombinants clone PCR
Lanel: DNA Marker DL2000; Lan2-3: Recombinants clone
PCR products pUPGKAT, adhl ,
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