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Effects of overexpression of NADH kinase gene on ethanol
fermentation by Saccharomyces cerevisiae

Han Wang, Liang Zhang, and Guiyang Shi

National Engineering Laboratory for Cereal Fermentation Technology, Key Laboratory of Industrial Biotechnology of Ministry of
Education, Jiangnan University, Wuxi 214122, Jiangsu, China

Abstract:  Glycerol is the main byproduct in ethanol production by Saccharomyces cerevisiae. In order to improve
ethanol yield and the substrate conversion, a cassette about 4.5 kb for gene homologous recombination,
gpd2A::PGK1pr-POS5-HYBR, was constructed and transformed into the haploid strain S. cerevisiae S1 (MATa) to replace
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the GPD2 gene by POS5 gene. The NADH kinase gene POS5 was successfully over expressed in the recombinant strain S.
cerevisiae S3. Comparing with the parent strain, the recombinant strain S. cerevisiae S3 exhibited an 8% increase in ethanol
production and a 33.64% decrease in glycerol production in the conical flask fermentation with an initiatory glucose
concentration of 150 g/L. Overexpression of NADH kinase gene seems effective in reducing glycerol production and
increasing ethanol yield.

Keywords: Saccharomyces cerevisiae, POS5, ethanol, glycerol, NADH
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191 E. coli IM109 (recAl supE44 endAl hsdR17 1.2 5%
gyrA96 relAl thi (Lac-proAB) F'[traD36 proAB™
lac1lacZM15]) pMDI18T-Simple (TaKaRa) 1
U};}MGKR pSH47-HyBR 13 Fi
1.3.1
1.1.2
LB 10g 5 g NaCl DNA
10 g 1L 2%
37°C
100 pg/mL 1.3.2 GPD2 POS5
YEPD 20 g 10g
20 g 1L GenBank
20, GIF GIR G2F G2R
30 C B 200 pg/mL POSSF POSSR PCR GPD2
300 pg/mL 450 bp 383 bp POS5
150 g (NH4),SOy4 pMGKR PGKI1F
7.5 g KH,PO43.5 g MgSO47H,O 0.75 g PGKIR PGK1p-PGK1y
05¢g 1L pSH47-HyBR
300 uL —80 420 mg HyrF  HyrR HyBR
10 mg PCR GPD2
x1 51¥FYI%
Table 1 Primers sequence table
Primers Sequence (5'-3") Restriction sites
GIF ATTGCGGCCGCATGCTTGCTGTCAGAAGATT Not [
GIR CTTTGAATGGCTGCGGGAGCTC AAGCTTCAGGTCAATATTGGGTAGATATTT Nhe I
G2F AAATATCTACCCAATATTGACCTGAAGCTT GAGCTCCCGCAGCCATTCAAAG Sac [, Hind III
G2R CCGAAGCTTATTTTAGATTCCTGACTTCAACTC Hind III, Sac I
PGKIF CGG GAGCTC GGTACCGAACGCAGAATTTTCGAGT Hind III
PGKIR CGG GAGCTC GGTACCGAACGCAGAATTTTCGAGT Kpn I, Sac I
HyrF GGGGGTACCACATTTTGATGGCCGCACGG Kpn I
HyrR CGGGAGCTCAACTCCTTCCTTTTCGGTTAGAGCG Sac [
POSSF CGCGGATCCATGAGTACGTTGGATTCACATTC BamH [
POS5R  CGCGTCGACTTAATCATTATCAGTCTGTCTCTTGG Sal |

Underlined are restriction enzyme sites.
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pMD18T-Simple
E. coli IM109
pMD-Agpd2 Hind III/Sac I
PGK1p-PGK1yt
pMD-Agpd2-PGK1 Kpn I /Sac I
HyBR
pDGPH pDGPH
POS5
pDGPH-POS5
1.3.3 pDGPH-POS5
pDGPH-POS5

4.5 kb

BamH [ /Sal I

NotI  Nhel
GPD2
gpd2A::PGK1pr-POS5-
HyBR [13-14]
S1 (MATa)
B 200 pyg/mL  YEPD
2-3d
B 300 pg/mL
PCR

pH 8.5

YEPD

1.3.4 NADH
NADH [15]
1 TU 30 C 1.0 mL
1 min 1.0 pmol NADPH (3]
Bradford (16l
BSA
1.3.5 NADH
30 mL
60 s
NADH NAD'
24 h 50 mmol/L KOH 30%
22 mmol/L 3 mol/L
HCl pH

9.0-9.4 30 min
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10 000 r/min 10 min

~70 C (17
(50 mmol/L PBS) 10 min
4°C 0.45 pm
HPLC
(250 mmx4.6 mm) A 100% 100 mmol/L
PBS (pH 7.0) B 50% 100 mmol/L PBS
(pH7.0) 50% 1 mL/min 35°C
254nm 340 nm!"®
NAD" NADP" 254 nm
NADH NADPH 254 nm

column stable-C18

340 nm
NADH
NADPH
1.3.6

340 nm

20 mL YEPD 24 h 10%
50 mL YEPD 12h

oD 10.0 5%
oD 0.5
30°C 4h

1.3.7

HPLC

HPLC Shodex SH1011

0.01 mol/L H,SO4 0.8 mL/min
50 C Shodex RI10
30 mL 6 000 r/min

10 min
2-3
105 C
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2 HREAH

2.1 @Rk GPD2 By [E) B & ik POS5 LAY
&

pMD-Agpd2 pMD-Agpd2-PGK1
pDGPH pDGPH-POS5 1

2.2 FTAHE S3 (gpd2A::PGK1pr-POS5-HyBR)
A9 36 iE

GPD2
gpd2A::PGK1pr-POS5-HYBR (4.5 kb
2 ) S1 pH 8.5
B 200 pg/mL  YEPD
PCR
GIF G2R
PCR GPD2
GPD2
1323 bp GPD2
HyrF HyrR
1335bp HyBR
bp
10 000
6 000
4 000
3000
2 000
1500
1 000
500—

Bl 1 FERAESY AL IE

Fig. 1 Verification of the different plasimids
digested by corresponding enzymes. M: 1 kb marker;
2: pMD-Agpd2 digested with NotI and Nhel;
3: pMD-Agpd2 digested with Hind III; 4. pDGPH
digested with Hind 1III, KpnlI and Sacl;
5: pPDGPH-POS5 digested with BamH [ and Sal T .

HyBR PGKI1F POS5R POSSF
PGKIR
PGK1p-POS5 POS5-PGK1y POS5
PCR
3
bp
5000 —
4000—

B2 MBRREZMEIE
Fig. 2 Verification of the cassette of gene deletion. M:
1 kb marker; 1: a cassette gpd2A::PGK1pr-POS5-HyBR.

B3 ZE=HE S3PCREIE

Fig. 3  Verification of recombinant strain S3 PCR
amplification. M: 1 kb marker; 1: the PCR product of
GPD2 amplified from S3 with primers G1F and G2R; 2:
negative control of GPD2 from S1; 3: the PCR product
of HyBR amplified from S3 with primers HyrF and
HyrR; 4: negative control of HyBR from S1; 5: the PCR
product of PGK1p-POS5 amplified from S3 with
primers PGKI1F and POS5R; 6: the PCR product of
POS5-PGK1; amplified from S3 with primers POSSF
and PGK1R.
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2.3 NADH # s E BN E
1.3.4
NADH
NADH
S1 S2
NADH POS5

2.4 FHFEA NADH ZE/MNE

12h S3 S2
S1 NADH
3 NADH POS5
S3 NADH
S1 NADH
S2  NADH S2
GPD2
NADH
GPD2 POS5
NADH

% 2 NADH #EGESE tLE
Table 2 Enzyme assay of NADH kinase

Strains S1 S2 S3

NADH™ - kinase 5 0,002 0.04140.03 2.282+0.002
acitivity (IU/mg)

a: triplicate experiments; +: standard deviation.

£ 3 FA NADH iR E LLE
Table 3 Intracellular NADH concentration

Strains S1 S2 S3
NADH?*
concentraion 0.049+0.001 0.081+0.0001 0.051+0.002
(mmol/L)

a: triplicate experiments; +: standard deviation.
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25 EHEEAEMREMR
15%
S3 S2 S1

4A
S3 (MATa, gpd2A::PGK1pr-POS5-HyBR)
S2 (MATa, gpd2A::HyBR)

S1 (MATa) S3 S2
GPD2 NADH
4B 4C S3  S2
S1
S3 S2 68.04 g/L
65.43 g/L S1 63.01 g/L S3
S2 (g ethanol/g glucose)
8% 3.86% 4D S3
S2 429¢/LL  5.10¢g/L

6.47 g/lL S3 S2

(g glycerol/g glucose) 33.64% 21.11%
4 GPD2
POS5
NADH POS5
ATP NADH NADPH
[19] S
S1
(4] S3
POS5
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Fig. 4 The performance of strains S3, S2 and S1 in ethanol fermentation. (A) ODggg, optical density at 600 nm
versus time. (B) the concentration of glucose versus time. (C) the concentration of ethanol versus time. (D) the

concentration of glycerol versus time.
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Table 4 The performance of strains S3, S2 and S1 in ethanol fermentation on 15% glucose
Parameter S1 S2 S3

Max. sp. growth rate (h™") 0.266+0.001 0.193+0.002 0.260+0.001
Biomass yield (g DW/g glucose) 0.025+0.001 0.019+0.002 0.024+0.001
Ethanol yield (g/g glucose) 0.420+0.002 0.436+0.001 0.454+0.002
Glycerol yield (g/g glucose) 0.043+0.001 0.034+0.002 0.029+0.003
Acetate yield (mg/g glucose) 2.140+0.002 1.772+0.003 2.125+0.001
Pyruvate yield (mg/g glucose) 0.450+0.001 0.321+0.002 0.434+0.001

Values reported are the X +S deviation of three independent experiments.

3 ik

[20]

[21]
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