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Influence of synergy by two drugs on transcriptome of Saccharomyces cerevisiae
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Abstract ; Searching for anti-aging compounds and studying its mechanism of action are the focus and hotspot of
aging pharmacology. Previous studies have shown myriocin and rapamycin could delay the aging of Saccharomyces
cerevisiae through intermolecular synergistic effects. To study the influence of synergistic effects of these two small
molecules on transcriptome, DNA Microarray assay and bioinformatic analysis were used to analyze synergistic
effects of these two drugs on gene expression, gene ontology and related signaling pathways as well. Overall results
showed synergistic effects of myriocin and rapamycin produced a significant effect on the transcriptome, leading to
2546 differentially expressed genes (DEGs) (FDR < 0.05, Fold Change > 10%) including 1157 up-regulated
DEGs and 1389 down-regulated DEGs. Further gene ontology clustering and signal pathway analysis showed
mitochondrial-related cellular component, molecular function, biological processes and signaling pathways are one
of the main targets of synergistic effects, and other possible targets include ribosome biogenesis, cytoskeletal
organization, and peroxisome metabolisms.
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T A% R (Rapamycin, 73 73 C;, H, NO,, , 43
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1.1 SRS REEHE

SHG TR B SR AL K Ak PR R SCRR (4], BERD
B A= RYZE G T ( Saccharomyces cerevisiae )
DBY746; i 3% & & SDC ( Synthetic
Complete ) ; SLIRALH A . TELG YA FRL (ND, FEA G
5 DS-1~5) .45 ng/ml Myr AR ( Myr, FEAR 95 5
DS-6~10) 450 pg/ml Rap 4t P4 ( Rap, BEA 4 =
DS=11~15) .45 ng/ml Myr } 450 pg/ml Rap 4 &4b
FHEH (Syn, FEA S DS-16~20) . F )5 Al H RNeasy
H A (Qiagen, Cat#74104) HEHUEL RNA | 7E454H
e 1 4 N RNA Jo0 Vi AR T HL SR A 1Y 3 A
A AT LRSS R A5 B8] MASS {5 S {E AR
HIEIEBAE
1.2 EYEEEST
1.2.1 ERs

F WY 43 47 M1 ( principal component analysis,
PCA) il R AR FF (A 3.3) K R Studio (4 1.0.
136) , 34 JBA “psych” , W PMREA R 5 900 4>
PREHE S (HER R AL 2R $R I3 A 50 385
T}L%@“rgl" s % 3 /l\iﬁié}’ﬂ/ﬂ%ﬁﬁf(loadings)
VE Ry =4 rebr , JEAT T HAL
122 ZERFIRHEN

Wit H R B F S (A 3.3, https ://www.
r-project.org/ I #%) . “ Bioconductor” ¥ JEAL 43T FE K
R BCHE, 1SR 2 7R GRS ( differentially
expressed genes, DEGs) 3113 (DEGs list) , Kk H7E
ZEF2 7 DAVID ( database for annotation, visualization
and integrated discovery, WRAS 6.8, https://david-d.
nciFold Changerf.gov/ ) #h FE 4T 7 BE®' , YEASTRACT
( yeast

Dextrose

search for transcriptional regulators and

consensus tracking, http://www. yeastract. com/ ) £p

7 ORF/Gene Symbol, [F]F3E 159 &AL« Vennerable”
22T BB (Venn diagrams ) , X 22 57 ik LR 17
AT

1.2.3  FEFEAKEIZ(GO terms clustering)

FKHTELL TR DAVID ( database for annotation,
https ://
david-d.nciFold Changerf.gov/) Functional Annotation
Clustering T.H"") %} DEGs list (FDR<0.05 & Fold
Change > 10%) o A7 K A g K , BB
Benjamin=0.05 A BI{E i % clusters , YE#¥ Benjamin<
0.05 43 Go Terms,

1.2.4 {558 #5341 (pathways analysis )

K HITEL AR DAVID ( database for annotation ,
visualization and integrated discovery, hittps://david-
d.nciFold Changerf.gov/ )
Clustering T H"") %} DEGs list (FDR<0.05 & Fold
Change > 10%) AT MR 5o g B kK, kB
Benjamin=0.05 A [ { 7 & 28 25 4% , 1% £ Benjamin<
0.05 HYMF 71
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K1 s, 4R R, Syn 5 HRAN 25 AL B2H (Myr,
Rap) N B—2 ) AL BRZH ( Myr, Rap) (TG 244 40 1
A (ND) &2 8 3% 2 5%, [ Af, Myr Rap 2 ND 4§ 3 4
TEF R FAT I A X S W o 25 W Ab B2
BT REIN | 5500F BRI . 25 22 5, T b 2 W 215 Al
FHES P24 T 225
22 ERREEESH

O3B 22 SR B B H AT AH BT T 2 Ak
PR B RIRON 25 F302 5464 JE 1) Rk K &
Al R4 T R T 89% 11 22 S ARGk BRI TR
Myr 21 Rap ZH AR 8L, Myr 41 Rap 41} Syn ZH4b
PSR 22 SRR B N 51 3R L3R 2.
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[F) R4, el 25 5 B — 2 Wy A A 25 25 5%
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AW ad RE RO IRISAE R (AN 3 FoR) o, 22
SRR N F 25 A AL i R AR (GO: 0055114
oxidation-reduction process ) | il il 1Y %8 1L I 3 52 o7
(G0O:0034599 cellular response to oxidative stress) .

visualization and integrated discovery,

Functional Annotation
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—RFRIEI (GO ;0006099 tricarboxylic acid cycle) |
7 A (GO ;0009060 aerobic respiration) | £& ki {4
ML 138 (2 I 2= 400 6 ¢) (GO: 0006122
mitochondrial  electron ubiquinol  to

cytochrome ¢ ) . ATP A= ¥ & W& 78 ( GO ; 0006754
ATP biosynthetic process) £ {4 i F1% 16 ( 404

transport,

Z ¢ £4%) (GO: 0006123 mitochondrial electron
transport, cytochrome ¢ to oxygen) . ATP & i fH Bk i
T35 (GO: 0015986 ATP synthesis coupled proton
transport ) 55 i PR B UIAH G, X 26/ P2 ik B LT
Y HE AR LR DX sl I 2R AR R 5 A ) 2 2ok
T2 DI [ 255007 1) — A B A

Fz1 TS
Table 1 PCA data

415 HA G

FOUIE ' ML RYARRS L E

Fs 1 Fsr 2 F g 3
DS3 0.809 0.585 -0.032
ND DS4 0.817 0.573 0.013
DS5 0.820 0.568 -0.055
DS6 0.819 0.571 0.002
Myr DS7 0.827 0.558 -0.033
§ DS10 0.821 0.566 0.038
R DS11 0.818 0.573 -0.025
Rap DS12 0.818 0.572 0.040
DS15 0.822 0.566 0.058
DS16 0.702 0.712 0.014
Syn DS17 0.716 0.697 0.013
DS19 0.700 0.713 -0.020
T BT % 0.628 0.369 0.001
i TR TR % 0.628 0.997
055 080 075 070 SHMILEL S SR RS SR (IR 3 R ) S, 22
0.60 | | | |

0.65
Oj(j))/ﬁ 0.06

RC1

E1 EHSHH
Fig.1 Principle component analysis
TE A0 0 SO G0 e o2y AL B4 Rap AL BRAT Myr 4F
FRLAUFIEMFALN 4L ; RC1RC2 \RC3 43 3 R FEREA Y 0043 1.2,
3 BT AT

x2 ERFRZEEEHHE
Table 2 The number of differentially expressed genes (DEGs)

4151 Fik L FIE T it
Syn 1157 1 389 2 546
Myr 325 347 672
Rap 131 80 211

T 4 F 8 FDR< 0.05,Fold Change > 10%,,

FeAe R O 5 2Ok K (GO: 0005739
mitochondrion ) . 28 Hi & K& & ( GO. 0005759
mitochondrial matrix ) | £& B /& N I ( GO. 0005743
mitochondrial inner membrane ) | "W 4% ( GO ; 0070469
respiratory chain ) | £& L & & 8] B ( GO. 0005758
mitochondrial intermembrane space ) VR I 4 A
EH IV (GO: 0005751 mitochondrial respiratory chain
complex 1V) £ 7 AP 4% &2 & 9 111 ( GO : 0005750
mitochondrial respiratory chain complex IIT) 247 A1
1% (GO ;0042645 mitochondrial nucleoid ) %5 % Y A ¢
X ZE R R SR S 4 B 2 532 D3 [R) 24007 1
IS Ly
2.4 BBEOMN

B ATA R (AN 4 FR) B AT e
YR PRRIRON FHZG 2N 147 5538 B & A2 el
Horh it 609% A58 i 76 Myr 41 Rap A 5748
1. B8 Benjamin Hi/NE KHES 7EHT 15 % %
R 173 3 % (B4 S AL R K (15ce00190:
Oxidative phosphorylation) | i fX i ( sce01200; Carbon
metabolism) | = & FR i 71 ( sce00020 ; Citrate cycle) |
P ERFR AR ( sce00620 ; Pyruvate metabolism ) 4 [ i
(5¢e00010: Glycolysis / Gluconeogenesis) %) H %5
ZRL A Tl BE AR 5, AR T WL ST GO term &

Pathways.xlsx ,
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Fig.2 Venn diagram of DEGs
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CELLULAR COMPONENT
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Fig.3 GO terms clustering analysis
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Fig.4 Pathway analysis
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()25 5 PR TE Myr 21 Rap ZUAR H I, {XAEH ]
2R I IR A A A 3 AR A B R TR RR R
Unique to Syn, ARSCAN, FEORE AR EFE A .
1) Unique to Syn BZRIEZ R R — 2R INEHE R Z
BRFETE R MY IRE  AE b T 5256 v e P i) 245 0 ik B A AT
(45 ng/ml Myr 450 pg/ml Rap) , KAETIZISTE AR
PIKPIRBIA SR BN G 1270 2 B, B BEfd
BEVEZEFFRIR;2) Unique to Syn BYFRIEAZ FL—2Y
P as R el 2 BRSC R YRR AUNAE R Rl /N5
[R] s Ab BB} 425 X6 Unique to Syn B2, X PIFH
Hi AU 2 A 525 fin DA
3.3 ERREEERELSN
T B RUAS A B 28 Kl B A T 4 R o | 2

FEARTIRE , G475 LA AR AR G 1Y 2H 43 (I ZRokr 4 P JE
SN FA A R (AN A b BERR AL | =R RA A ) |, Al
A 22 BRI 2R A ER AR 2R BIb [R] 800 18 42 ) ol 4
W SEe o YN g DI DR R T RS YR LNTOE=)
RNl eS 5 K AN B, Zobi A= 41 i
PRI P AR SRR Bk AR B L DNA A7 31| 4 fk 4
Yin R4 At DRI, SR Lok A A 5 Y 4T
IR ANMELH 73 AR R RIS 530 % 1 P[] 4
PR —> FEHE A S BAA A R R,
4 4 ik
1) BFFER I, LR N 8 1 M IR A5 SR A 45
EHUREZ R EEF N, Kovalenko 251 # H £8kr
K DNA S8 TELH AN 2 1k R bl 5 SR A,
RIMLRIK DNA 785 A IH T A 2 R ECE
AIRRAS BRI R, T i b G 225 1R 0 40 M4 1
ESESCie

2) IEAEWFSE R B, 2R DNA 15242 7] L |
BT P AR S IR, e 2 5 B A0 i R
FET=H B X RS 45 5 R AR SO T 2R 1 B D
ROV LB G 1Y A ) R AR AL T R RIER IR
EQIEZSGACESIVE R s HECNI S U9 SN LY
FEANN A B K
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