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Effects of succinic acid on transcriptome of saccharomyces cerevisiae

KHUSHAFA Thekra, TONG Qiao, FAN Lei, LIU Xuefei, HUANG Xinhe "
(School of Life Science and Engineering , Southwest Jiaotong University, Chengdu 610031, China)

Abstract ; Looking for anti-aging compounds and studying their anti-aging mechanisms have become hot spots in the
field of aging research. We reported for the first time that small molecule succinic acid (SA) significantly prolonged
lifespan and increased stress resistance of Saccharomyces cerevisiae. Subsequently, effects of SA treatment on the
transcriptome of wild type yeast were studied by using DNA Microarray assay and bioinformatics analysis. Overall
results showed SA treatment produced significant effects on the transcriptome of wild type yeast, leading to 3485
differentially expressed genes ( DEGs) (P<0.05) including 1335 up-regulated DEGs and 2150 down-regulated
DEGs. Furthermore, gene ontology clustering and signaling pathway analysis showed both ribosome and
mitochondrion-related cellular components, biological processes, molecular functions, and signaling pathways could
be the main targets upon SA treatment, and proteasome, endocytosis, peroxisome, and autophagy-related cellular
functions could be the potential targets upon SA treatment. Current study provides important references and valuable
clues for further clarifying mechanisms for SA-mediated lifespan and stress resistance regulation.
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1.1 EHRRIEFE

AAHFE i FH B TR PR - DBY746 (MATa leu2-
3, 112 his3Al tpl-289 ura3-52 GAL +), R1158
(MATa his3-1 leu2-0 met 15-0 URA3:: CMV-tTA),
RCD956 ( MATa his3-1 leu2-0 met 15-0 URA3: : CMV-
tTA KAN: :Tet O7::LCB1) K RCD957( MATa his3-1
leu2-0 met 15-0 URA3:: CMV-tTA KAN:: Tet O7::
LCB2) , fifi H i) % 9% 3 SDC ( Synthetic Dextrose
Complete) [RIRT > | BREFTRARI SN, KB4 5256 Hh
BEHAR {8 FHHR BE A 200 mmol/ L,
1.2 HFallrmiE

LR TR BE A0 A iy 0 e Oy ek TR R B
SRR 230 °C i B 7 A0 A, A5 3 4R R 20 A
W,k HF RS 25 ml SDC H - K8 3%, R IE B 4R
0Dy . THH0.005 , 47 KIEFET2 b5 i K 54l e
HY 5 — K (BRI CLS day 1) , BUR 2 I A7E R 4500 22 I
WEN 100% , JEseREim 2~3 d 435000 22 4 4715
FOIFEE | R R L, A5 4 A2 L],
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1.3 E£EREARER

JESPAE /iR ¢ a1 I e 1 TR b 3 o B
4 7E SDC H 85 F2 4 Ml 22 — € ODgyp,, T ( WL 1
), B OD600nm fE g 0.5 /™A FR 40 i, 7R R4

2 (pH 6.0) TREATRBBERRE (10 BB EE )  F5 4
JEER R A0 53 ) J5URE T 5 4 R A/ B B TR B
X RRE AR b Al A S 3~5 d JE USRS F R X
AR ER IR S PUPE R PR30
14 EYERFESH
L4l JEIREE

AR S AL BRIR] b AR S, X SA AbFAH K
X AL AT B 45 20 A~ #L007 (0D600nm {E N 2.0) , A1 H
RNeasy 1 7] & ( Qiagen, Cat#74104, Gaithersburg,
MD, USA)#HUE RNA, 7E45-41 i th 21 P9 RNA 5
YRR H BT A 3 AR FE-A T HE LS A
FFBAFRS1) MASS {5 S EAE R R an s
142 EWIro T

F 1Y 43 43 M1 ( Principal component analysis,

PCA) i R B (A 3.3) K R Studio (iR 1.0.
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TREME S E AR AR B $2H 3 A F W0 itk
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I RIES FEH (MUK 3.3, https : //www.r
—project.org/ ) T % “ Bioconductor” ¥ Ji& £ 73 H %k
WA B, 15 B 2 R R R ( differentially
expressed genes, DEGs) %3 ( DEGs lists) , >R H7E
2B P DAVID ( database for annotation, visualization
and integrated discovery, U4 6.8, https://david—d.
nciFold Changerf. gov/ ) #b 78 K £ & B, # H
YEASTRACT
regulators and http :// www.
yeastract.com/ ) #p 58 ORF/Gene Symbol ,
1.4.4  FEFAIKEIZ(GO Terms clustering)

KHITEL AL DAVID ( database for annotation ,
visualization and integrated discovery, https://david—

( yeast search for transcriptional

consensus tracking,

d. nciFold Changerf. gov/ ) Functional Annotation
Clustering T HX} DEGs lists (P<0.05) #t473& K 4
PRI, HEFE Benjamin = 0.05 K B {H I 1% clusters,
PEFE Benjamin<0.05 , 152 Go Terms,

[&] s} , A FH &% Ak cytoscape ( version 3.6.1) it
DAVID 3451 GO Terms #E17 M 25 23 &, L% 4445
GO Terms [M]BFEHI R,

1.4.5 (55 ( Pathways analysis)

KHTEL AL DAVID ( database for annotation ,
visualization and integrated discovery, https://david—
d. nciFold Changerf. gov/ ) Functional Annotation
Clustering T.H., %} DEGs list ( P<0.05) #4715 53l
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Fig.1 Effects of SA treatment on CLS and stress resistance

H(a): SA=200 mmol/L, * .P<0.05, * *.P<0.01, SA Vs ¥, (b):Fe* =2.5 mmol/L, Strain 1 =R1158,
RCD957.

=1 IS TEE
Table 1 PCA Data

Strain 2 = RCD956, Strain 3 =

1 H | R 2 5 PCA1 PCA2 PCA3
Cl-1-1 0.896 0.441 -0.012
i B C1-2-2 0.888 0.457 0.003
- Cl1-4-2 0.903 0.426 0.010
S2-1-3 0.719 0.694 0.003
SA S2-1-4 0.721 0.690 0.056
$2-1-5 0.714 0.697 -0.054
J5 2 DTk 0.66 0.34 0.00
T 2R TR 0.66 1.00 0.00
23 ERRIEERSH ®2 ERFFEERHA
NS REIEEEE ( 3= 2) T , T Table 2 Number of differentially expressed genes(DEGs)
XTHRAL, SA Ab T3 3 485 AN LA I R IBAKCE K AR e R LA REFRA A
WEZA(P<0.05) , H 461 335 A4~ ak A5 SA 1335 2 150 3 485

R K2 150 /2 T ISR
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AW A L ( GO: 0042274 ~ ribosomal small subunit
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Fig.2 Principle component analysis
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Representative GO Terms clustering related to up-regulated DEGs
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(b) FIHDEGsHREMEH
Representative GO Terms clustering related to down-regulated DEGs
3 GOREH#H
Fig.3 GO Terms Cluster Analysis
TE O E UWLH F R ; hitp : // swxxx. aujournals. cn/ch/login. aspx
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inner membrane A GO ;0005743 ~ mitochondrial outer
membrane) , A A7 H | X S8 5 A1 5 2R (A D) GEAH
XK M SRR AL T BB A2 SA FE R ) — A~ 2R
U PRy H Al 2R A 0 S A0 M A W (GO
0006914 ~ autophagy 5 GO ;0032258 ~ CVT pathway) .
L E ALY EEA (GO ;0005777 ~ peroxisome ) &5
2.5 ESEBASM

fr B TE R (ULIAT 4 181 5,35 3) o, A
X IR SA BT 12 FKE 5@kt R

FA5 AL (Benjamin<0.05) , #9155 i 2 4R
TAZ W UK HH DG A5 5 38 B (AN sce03008 ; Ribosome
biogenesis in eukaryotes, sce03020 : RNA polymerase &

sce03010 : Ribosome ) , i J&{5 538 I | 5 Hh 7 2%
AR AH 5 B 15 58 1% (£245 sce00020:; Citrate cycle
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Fig. 4 Signaling pathways analysis upon SA treatment. Both activated and depressed signaling pathways

were presented herein
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Fig.5 Network of signaling pathways and key genes in each signaling pathways
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AL, TR AHE SR IR AL T TR AR
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intermembrane space & GO ;0005759 ~ mitochondrial
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