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Modulation of yeast transporter gene expression and lipid
metabolism by hormesis mimicking calorie restriction
WANG Da-Ting ZENG Qing-Ping’

(Tropical Medicine Institute, Guangzhou University of Chinese Medicine,
Guangzhou, Guangdong 510405, China)

Abstract: [Objective] Hydrogen peroxide-mediated ‘mitohormesis’ can mimic calorie restriction to
extend yeast lifespan, but whether both share common mechanisms remains unknown. [Methods]
Yeast chronological lifespan was determined by time-course colony counting. The fluctuations of
ATP-binding cassette transporter gene expression profiles and lipid metabolism modes were analyzed
by microarray chips. The dynamic changes of superoxide dismutase activities were compared by
enzymatic assays. [Results] After treatment by calorie restriction, hydrogen peroxide or artesunate,
yeast chronological lifespan was prolonged. Cellular detoxification-related transporter genes were
downregulated or unchanged, whereas long-chain fatty acid transport-enhanced peroxisomal
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transporter genes as well as sterol uptake-accelerated plasma membrane transporter genes were
upregulated. Accordingly, genes for lipid degradation such as the B-oxidation of fatty acids were
upregulated, whereas genes for lipid synthesis including the extension and unsaturation of fatty acids
were downregulated. Among different treatment groups, increase of Mn-SOD activity for
mitochondrial hydrogen peroxide generation led to upregulation of antioxidant enzyme genes for
hydrogen peroxide degradation and conversion. [Conclusion] Hormesis and calorie restriction
exerting longevity-promoting effects depend not only on antioxidant enzymes-catalyzed reactions for
scavenging reactive oxygen species, but also on ATP-binding cassette transporters-mediated lipid
transport and subsequent lipid degradation and reutilization.
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Table 1 Quantitative comparison on gene expression profiles of antioxidant enzymes in yeast

/ H,0,
Subcellular localization Antioxidant enzyme/gene CR Hydrogen peroxide Artesunate
Cytosol Ahplp/AHP1 1.08 —-1.01 1.00
Ceslp/CCS1 -1.18 1.15 1.32
Cttlp/CTT1 —2.05 —-1.50 —1.45
Glrlp/GLR1 —2.23 —-1.14 1.04
Gpx2p/GPX2 2.32 2.37 2.13
Grx8p/GRX8 -1.96 2.44 1.55
Trrlp/TRR1 —2.86 -1.56 —-1.11
Trx1p/TRX1 -1.63 1.27 1.12
Trx2p/TRX2 1.56 1.69 1.58
Tsalp/TSAL —-1.31 1.08 1.15
Tsa2p/TSA2 —-1.21 1.01 —-1.02
Sod1p/SOD1 —1.01 1.04 1.04
Gto3p/GTO3 —11.38 —17.58 —13.94
Grx1p/GRX1 1.85 1.64 1.59
Grx2p/GRX2 1.12 1.25 1.35
Grx3p/GRX3 —-1.40 —-1.09 —-1.03
Mitochondria Ctalp/CTA1 2.51 1.65 1.70
Grx5p/GRX5 1.05 —1.01 —-1.04
Gtt2p/GTT2 —-1.69 1.13 1.49
Mtm1p/MTM1 —1.82 —1.14 —-1.21
Prx1p/PRX1 -1.18 —1.11 1.00
Sod2p/SOD2 -1.27 —-1.02 1.08
Trr2p/TRR2 2.39 1.26 1.24
Trx3p/TRX3 3.18 3.09 2.75
Nuclei Dot5p/DOT5 -3.09 —2.63 —2.03
Grx4p/GRX4 1.58 1.65 1.85
Golgi Grx6p/GRX4 1.42 —-1.05 1.01
Grx7p/GRX7 —-1.35 1.28 1.08
Endoplasmic reticulum Gttlp/GTT1 1.83 1.30 1.19
Peroxisome Gtolp/GTO1 2.41 1.00 1.10
Extracellular/intracellular/unknown Gpx1p/GPX1 1.15 -1.26 -1.15
Gsh1p/GSH1 —1.47 —-1.63 —-1.56
Gsh2p/GSH2 —2.52 -1.21 -1.17
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Figure 2 Comparison of SOD activities in yeast treated by different durations of CR and different concentrations of
hydrogen peroxide or artesunate
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Note: A, B and C: Changes in total SOD, Cu/Zn-SOD and Mn-SOD activities after CR exposure; D, E: Changes in Mn-SOD activity after
treatment by artesunate or hydrogen peroxide. NR: Calorie non-restriction; CR: Calorie restriction; ART: Artesunate. *: Statistically
significant difference (P<0.05); ***: Statistically very significant difference (P<0.001).

http://journals.im.ac.cn/wswxtbcn



2017

SOD
(13 2 027 ABC
SOD 16 ABC
0, SOD 0, 10
SOD2 H,0, CTAl 6 H,0,
CTAl SOD2 ( 3A) 11 ABC
H,0, 7
Mn-SOD Cu/Zn-SOD 4 ( 3B)
027 HzOz ABC
24 ABCEHEAREREEHBAEZEEERZIE LS 2 3 16 ABC
H202 ABC HzOz
A B
-
S0 30 . N
. s - -3.0 0 3.0
o = <
~10.782 886 5 . “
o & Q,
e — ©)] < jas)
w0 o r4.517 970 6
¢ -5.391 443 3
=) on
] & ~
T 9 2 - 2258 985 3
(=] (=)
& I
on — (=)
I I— | L0
STBS
RDRI
PDR3
PDR3
YRM]
ECM22
WARI
PDRI
YARI
MSN2
YRRI

3 MEMRH. HO,. FEEWEEEX ABC Hiz(hEE R HFEERRZIZHF N
Figure 3 Effects of calorie restriction, hydrogen peroxide or artesunate on the expression profiles of ABC transporter
genes and their regulator genes
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Note: A: The clustering diagram of ABC transporter gene expression; B: The clustering diagram of ABC transporter regulator gene
expression. The red color represents the upregulation of gene expression. The green color represents the downregulation of gene
expression.
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Table 2 The fold changes of ABC transporter gene expression profiles

ABC /
H,O
ABC transporter/Gene Protein family Protein function CR 2 Artesunate
Plasma membrane
Pdr5p/PDR5 PDR protein PDR, lipid transport —4.57 —2.33 -1.29
Snq2p/SNQ2 PDR protein PDR 1.65 —1.08 1.17
Pdr12p/PDR12 PDR protein Weak acid stress response -3.19 2.49 2.96
Pdr15p/PDR15 PDR protein General stress response —3.16 —2.42 —1.44
Auslp/AUS1 PDR protein Sterol uptake 1.31 1.42 1.05
Pdrl1p/PDR11 PDR protein Sterol uptake 2.43 2.41 2.02
Yorlp/YOR1 MRP/CFTR protein PDR, lipid transport —-1.12 —-1.36 1.02
Ste6p/STEG MDR protein Mating factor transport —2.08 —2.12 —2.82
Vacuole
Bptlp/BPT1 MRP/CFTR protein Cellular detoxification 2.23 1.56 1.36
Ybtl/YBT1 MRP/CFTR protein Unknown 1.06 1.34 -1.11
Ycflp/YCF1 MRP/CFTR protein Cellular detoxification 1.26 1.63 1.54
Mitochondrial
Atmlp/ATM1 MDR protein Fe(S)-translocation 2.20 1.15 1.14
Mdllp/MDL1 MDR protein Oxidative stress response -1.37 1.36 1.26
MdI2p/MDL2 MDR protein Unknown 1.18 1.46 1.28
Peroxisomes
Pxalp/PXAl ALD protein Fatty acid transport 5.47 —1.66 —1.43
Pxa2p/PXA2 ALD protein Fatty acid transport 4.11 2.00 1.98
2 Auslp  Pdrllp
ABC BPT1
YCF1 AUS1 2 PDR11 2
H,0, ABC ABC Pxalp Pxa2p
[3_
PXA1l PXA2 5.47 4.11
ABC PDR15 H,0, PXA2 2.00
3.16 H,0, 2.42 1.98 PXAl 2
1.44 H,0,
ABC MDL1 Pdrllp Pxalp
1.37 H,0, 1.36 Pxa2p H>,0,
1.26 Pxa2p
H,0, ABC Pdr5p PDR5
ROS H,0,
4.57 2.33 1.29 ABC Yorlp
AUS1 PDR11 ABC Pdr5p YOR1 H,0,
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Table 3 The dynamic changes of lipid metabolic pathway gene expression

H,0,

Lipid metabolism Gene CR Artesunate

B-Oxidation of fatty acids DIT2 2.86 2.82 2.61
FAA2 3.31 —-1.06 1.38

FAA4 2.13 -1.16 1.20

POT1 4.56 1.56 1.60

POX1 5.99 1.78 2.31

Biosynthesis of fatty acids ACC1 —2.46 -1.21 1.50
FAS1 —2.54 —-1.53 1.00

FAS2 -2.29 -1.22 1.19

Unsaturation of fatty acids FEN1 —2.03 1.54 1.59
IFA38 —2.02 -1.30 -1.22

SUR4 —4.07 -3.54 —2.47

TSC13 —2.37 —2.85 -2.15

Elongation of fatty acids OLE1 —2.94 -1.12 -1.03
Biosynthesis of sterols ERG4 —6.81 1.47 1.02
ERG5 —2.56 1.06 1.05

ERG11 —2.38 —-1.51 —1.42

ERG25 -3.14 -2.53 -2.03

ERG26 -3.43 1.15 1.04
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