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Abstract ATP-NAD kinase phosphorylates NAD to produce NADP by using ATP whereas ATP-NADH kinase phosphorylates
both NAD and NADH. Three NAD kinase homologues namely Utrlp PosSp and Utrlp exist in the yeast Saccharomyces
cerevisiae  which were all confirmed as ATP-NADH kinases and found to be important to supply NADP H for yeast cells. In S.
cerevisiae fatty acid [-oxidation is restricted to peroxisomes and peroxisomal NADPH is required for 3-oxidation of unsaturated
fatty acids with the double bonds at even positions. Single and double gene disruption strains of NAD kinase genes i.e. uwirl
pos5  yefl  wtrlyefl wrlposS and yeflpos5S were constructed by PCR-targeting method. The utilization ability of these
mutants for unsaturated fatty acids with the double bonds at even or uneven positions was examined with wild type BY4742 as
positive control cell and fatty-acyl-CoA oxidase gene deletion mutant fox1 and peroxisomal NADP-dependent isocitrate
dehydrogenase isoenzymes gene deletion mutant idp3 as negative control cells. The results indicated that the NAD kinase
homologues especially Pos5p were critical for supplying NADP and then NADPH in peroxisomal matrix. NADP which was
supplied mainly by Utrlp Pos5p and Yeflp particularly by PosSp was proposed to be able to transfer from outside of
peroxisome into peroxisomal matrix and then converted to NADPH by Idp3p.
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Fig.1 Productions of NADP H in S. cerevisiae
POSSp POS5 Yeflp Bold arrows indicate the predominant functional reaction. Arrows show
YEF1 ATP-NADH the weak non-functional reaction.
NADP H
i 1
’ 1.1
B- YPD 1% 2% 2%
A pH5.0 0.2mg/ml G418
N - CoA 0.3% 0.5%
CoA 0.5% pH6.0 0.1%
Fox1p FOX1 NADPH 2 4- 10.2% -40 2%
CoA
SD 0.67% 2%
Idp3p  IDP3 2% pH5.0
NADPH Fox1p 1.2
B- 8 1 NAD
8- SD
NADPH NADPH YPD 30°C
NAD P NAD H Ago = 0.05
1 NAD ’
utrl  posS  vyefl utrlyefl utrlpos5
yef 1 pos5 1.3 NAD
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Table 1 S. cerevisiae strains used in this study
Strains Genotypes Sources
BY4742 MATa leu2 AO lys2A0 ura3A0 his3A1 EUROSCARF
utrl MATa leu2 AQ lys2A0 ura3A0 his3A1 wrl  kanMX4 EUROSCARF
pos5 MATa leu2 AO lys2A0 ura3A0 his3A1 pos5  kanMX4 EUROSCARF
yef1 MATa leu2 AO lys2A0 ura3A0 his3A1 yefl  kanMX4 EUROSCARF
utrl yef1 MATa leu2 AO lys2A0 ura3A0 his3A1 wrl  kanMX4 yefl  HIS3 This study
utrl pos5 MATa leu2 AO lys2A0 ura3A0 his3A1 wrl  kanMX4 pos5  HIS3 This study
yef1 posS MATa leu2 AO lys2A0 ura3A0 his3A1 yefl  kanMX4 posS  HIS3 This study
Jox1 MATa leu2 AO lys2A0 ura3A0 his3A1 Jox1  kanMX4 EUROSCARF
idp3 MATa leu2 AQ lys2A0 ura3A0 his3A1 idp3  kanMX4 EUROSCARF
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utrl pos5  yefl FOX1 IDP3 fox1 vef1  HIS3 PCR
idp3 EUROSCARF 1 NAD utrlyef1 yeflupf pfahis3r pfahis3f
utrlyef1 wirlposS yeflposS yefldnr 2 pFA6a-His3MX6
’ pFA6a-His3MX6 posShisf  posShisr 2 PCR
HIS3 ’ yeflhisf POS5 40bp
yeflhisr 2 PCR HIS3 pos5-HIS3 utrl
YEF1 40bp HIS3 yef 1 utrl posS  HIS3  yefl posS HIS3
yefl-HIS3 PCR utrl POS5 posSupf
0 HIS3 utrl pfahis3r pfahis3f  posSdnr 2
YEF'1 His™ wirl
2
Table 2 Primers used in this study
Primers Oligo-nucleotide sequences Description
5"-CAATAAATCTGCTTACGTGACA ITACT
yeflhisf - 41bp upstream of YEF1 gene + ATG + 18bp of 5'-MCS of pFA6a-His3MX6
AAAAGAGAATATGCGTACGCTGCAGGTCGAC-3’
5'-GAACCCTTGACTACGGAAACGCAGGATGTG
yeflhisr 38bp downstream of YEF1 gene + TTA + 19bp of 3'-MCS of pFA6a-His3MX6
GGAAATCGTTAATCGATGAATTCGAGCTCG-3'
5'-CATAAATAAAAGGATAAAAAGGTTAAGGAT
posShisf . P 40bp upstream of POSS5 gene + ATG + 18bp of 5'-MCS of pFA6a-His3MX6
ACTGATTAAAATGCGTACGCTGCAGGTCGAC-3'
5'-CTTAGAGAATCTCATTGAATCTTTGCATT
posShisr 37bp downstream of POSS5 gene + TTA + 19bp of 3'-MCS of pFA6a-His3MX6
CAGAGCGTTTAATCGATGAATTCGAGCTCG-3'
yeflupf 5"-GACTCGCACTTCTGTTTGGACTTATC-3' Site of ~ 800bp upstream of YEF1 gene
pfahis3r 5'-CTGCAGCGAGGAGCCGTAATTTTTG-3’ Site of ~200bp downstream of 5'-MCS of pFA6a-His3MX6
pfahis3f 5'-GATTCTTGTTTTCAAGAACTTGTC-3' Site of ~200bp upstream of 3'-MCS of pFA6a-His3MX6
yefldnr 5"-CGAATATCTTACATCACAGTITGITC-3’ Site of ~ 800bp downstream of YEF1 gene
posSupf 5"-CGAGCTTTGCCGTATTCTCATTTG-3" Site of ~ 800bp upstream of POSS gene
posSdnr 5'-GGCTCACTTGAATATTATGIGTTTG-3" Site of ~ 800bp downstream of POS5 gene

The start and stop codons are specified in boldface. The sequence corresponding to the genomic DNA sequence of S. cerevisiae is underlined.
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Fig.2 Growth of BYA742 fox1 and idp3 cells in > ¢
different media with indicated carbon sources
BY4742 closed bar  fox] open bar and idp3 dotted bar were B-
cultivated in YPD medium to saturation washed three times in sterilized NADPH NADP H
distill water and inoculated into 3 mL of liquid media with different
carbon sources to give an Agyp of 0.05. The cells were cultivated
aerobically at 30°C  and their growth was monitored by following A -
Bars represent the relative Agy % of the cultures in the stationary idp3
phase 2% glucose after 48h 0.1% stearic acid oleic acid linolenic PosSp Utrlp ~ Yeflp

acid after 96h  taking Agy % of the BY4742 cell in each medium NADPH POSSp Utrlp Yef lp

NAD NADH
NADP NADPH
NADP H

2% glucose Agyp of 9.1 0.1% stearic acid Agyp of 4.4 0.1%
oleic acid Agyp of 1.9 0.1% linolenic acid Agy of 4.9 as 100% .

Averages of two independent experiments are provided.
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Fig.3  Growth of NAD kinase gene deletion mutants and control cells in
the media using different fatty acids as the sole carbon sources

NAD kinase gene deletion mutants wtrl posS  yefl wirlyefl utrlpos5 and yeflpos5  positive control cell BY4742 and negative control cell fox1 and

idp3 were treated and inoculated into 3 mL of liquid media with 0.1% stearic acid closed bar  0.1% oleic acid open bar and 0.1% linolenic acid

dotted bar as the sole carbon sources and then cultivated to follow their Agy as described in Fig.2. Bars represent the relative Agy %  of the cultures in

the stationary phase 0.1% stearic acid after 100h 0.1% oleic acid linolenic acid after 120h  taking Agyy % of the BY4742 cell in each medium
0.1% stearic acid Agy of 4.7 0.1% oleic acid Agy of 2.3 0.1% linolenic acid Agy of 5.8 as 100% . Averages of two independent experiments are

provided.
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peroxisome
Yeflp,Utrlp,Pos5p
NAD . NADP o o o o e e e
Dehydrogenases Dehydrogenases
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NADH —————— = NADPH —————
Foxlp
B-oxidation of unsaturated
fatty acids at an
biosynthetic reactions,efc. even position
4 NADP H

Fig.4  Productions and flows of NADP H according to the [3-oxidation of unsaturated fatty

acids with the double bond at even position in S. cerevisiae

Bold arrows indicate the predominant reaction. Arrows show the weak reaction. Dotted arrows present the putative reactions.
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