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Myriocin—mediated mitochondrial function regulates cellular aging of
Saccharomyces cerevisiae

FAN Lei, LIU Xuefei, HUANG Xinhe *
(School of Life Science and Engineering , Southwest Jiaotong University, Chengdu 610031, China)

Abstract ; Myriocin is a previously identified anti-aging active small molecule. In order to better understand its anti-
aging mechanism, model organism Saccharomyces cerevisiae was utilized as a model, and DNA Microarray,
bioinformatics methods as well as related functional experiments were employed to analyze the influence of
myrioncin on the gene expression profile, Gene Ontology ( GO) clustering and related signaling pathways of
Saccharomyces cerevisiae in log phase. Overall results showed that the myriocin produced a significant effect on the
transcriptome of log phase yeast cells. It led to 1 648 differentially expressed genes ( DEGs) (FDR<0.05, Fold
Change>1.5), which included 843 up-regulated DEGs and 805 down-regulated DEGs. Further GO clustering,
signaling pathway analysis, and functional experiments showed mitochondrial-related function and signaling
pathways were the main targets of myriocin. This study provides important theoretical basis for further research and
development of myriocin.
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R Z BR5C R B P REE MLH 32 46 74K 4 A
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SCHG TR T B SR AL KA B 2 BEOCHER [ 5] T
T Ay B A RY ZF BH B B ( Saccharomyces cerevisiae )
DBY746; 55734 SDC ( Synthetic Dextrose Complete ) ;
SEIG AR FEOA  AF B R A K RO (0D, = 2.0) BFIK
LELLFRZH (300 ng/mL Myr, it M 4) FITC 24 4b
PR (-Myr, 124 C 2H) B9 40, 45 316 8O0 T8 2459
ALFRZH(C1) 5 300 ng/mL Myr ZbFRZH (M1) . SRS
FEICAN NS RNA JEHEATRE LS A, 45 24 51)
MASS {5 S R JsUA Ed
1.1.2 E 4353 1 ( Principal Component Analysis,

PCA)

B, @i R F & R Studio T YR
“psych” W EREREA T IRET M 5 (H U M Ak
HPRE 3 A F R FRE A Y R gl K A E
JRIT B P 5 AT (loadings ) /2 = 4E A, #E AT AT
Ak,

1.1.3 2 5 ik 3 ( Differentially Expressed
Genes, DEGs)

A R BT T B Bioconductor” ¥ AL 53
BrBERLES 8, 75 21 i 26 S R BRI B 36, R
B4 Column ID  Gene Symbol Gene Title p-value . q-
value Fold-Change , Fold-Change ( Description)7 ~%§
bro FFLL q value<0.05 N0 3E &1, HIBRASTT B4R
. 38 o 7F £k 2 ) DAVID ( Database for
Annotation, Visualization and Integrated Discovery,
6. 8RUA ) Rk R T AP FE 58 8, [R] i 1) FH 7 £ B 1
YEASTRACT ( Yeast Transcriptional
Regulators And Consensus Tracking ) %8 Il 4= 8% K 19
FF A% 532 HE ( Open reading frame, ORF) 5 3&Hb5rid

Search for

(Gene Symbol) , 5 Sl B TG B FE A, AR A4S e &
)22 e IR HE A B 2
1.1.4  #AJ%| (Heatmap)

Wi REE (3.3 A & R Studio P YY" AL
“ heatmap.2” YT R & W5 5 H AT 32 O X k47
AL,

1.1.5 FEFEAEEEZL (GO Terms Analysis)

A 78 26 # J¥ DAVID 1 B Functional
Annotation Clustering T E. 43 7l % 5 [K] 22 57 51) &
R 2E R AR S R R 25 e B R AT A A A R
JFL) Benjamin<0.05 7 |5 {8 57 326 BT 3145 9 SR 28, I
AR B2 Go Terms J3Afr 4
1.1.6 {558 #4347 ( Pathways Analysis)

Al H 7 28 # J¥ DAVID ' [ Functional
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R 2 SRR S T A 22 S B R AT R Sl B RO
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12,1 Wbk IR R A K2

=80 C I TG 2FFEBE RE T R (DBY746) |, 1
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BT 3~5 A, Rl T 2.5 mL K537 5 b i 4 1
T K% 3% W) ( Saturated Overnight Culture, SONC ) Jf:
IEHE OD g, o AT 25 mL SDC HiFRIE 1Y
150 mL = A PO ABC il 47 ) 22 Bk 58 T 3R A, Al
HAR 2% 2300 ng/mlL, 55— i i ACHE [ 4 AR
1 95% 1) LW, 52 GR35 TR 21 i 1) 15 e i v fim A —
SEPRBLE SONC 55 F7 W, PR I B 8RS 46 W %
0Dy, =0.05, BT 30 °C 6 IR 15 72 4= % #6  , 220
mp PR HFE
1.2.2 ROS MyillsE

TE 0Dy, =2.0 BFEL 0.5 OD F 41,5 000 rpm
B0 4 min EBR B, A 1T mL JE T /K 5 Al
fitu 5 MIGIIMA & 458 ( Dihydroethidium , DHE) Ay S8
FEA HAWREE S 30 pM |, 30 CEOEEM F IR 57
30 min, J5 Jl PBS (137 mM NaCl, 2.7 mM KCI,
10 mM Na,HPO,, 1.8 mM KH,PO,, pH 7.4) &% 40
ff 3 WK, IRJE A 100 wL PBS B 7741, & T2k
T TS G LT v e G €0 20 i i O AR
Hb A L
1.2.3  SORLURBE R A (1 I 5

1 0Dy, =2.0 BFEL 0.5 OD BB, 5 000 rpm
B4 min B BR BVEW, IFIA 1 mL JCRR KRR
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YA, 105 )5 A% £+ 123 ( Rhodamine 123, Rh123)
YORME AR R 10 wM, 30 CHlHEEME R IR 5
7% 60 min, A J5 H PBS YRR 4HM 3 IR, e A
100 wL PBS E774NAE, B T 2¢ 6 0 W T gL, 48
THOLET gl e (5 20 B gk I TSR o L]

2 4 R

2.1 4YEBRESWER
2.1.1  FRS 50T

TR AT RS WL 1, AT AL g SN A 1
Fim o XFPASAR BRI = A T AT G4 22 )
Br, TG 2 BR 7 T AL B 5 T2 W A B A (M1
VS C1) EFEE N 1 R ER A 2 28l B3
P25 (P {5510 0.039 }2 0.001) ,

®1 RS HEE
Table 1 PCA data

Pele Al Jm Bk HoA IR 25 o0 A, oy JZ R A R
[7§I 20

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

25 Myriocin—associated DEGs FEFBA
Up 843
C1 VS M1 Down 805
Total 1 648

Notes: Fold Change>1.5, q<0.05

R FEA G FHT 1 ERAF2 FEHRS3
Cl-1-1 -0.462 -0.385 -0.362
Cl1-2-2 -0.437 -0.439 -0.133
] Cl-4-2 -0.411 -0.338 0.584
A 2 A
Ml-1-1 -0.385 0.465 -0.307
M1-2-2 -0.393 0.342 -0.329
M1-4-2 -0.396 0.459 0.554
U7 22 BTk R 0.167 0.167 0.167
Jr 2 Bt sinkR 0.167 0.333 0.500
-0.44¢ 43
43 42
041,40 39
0.6
I~
0.4
0.2
Comp.3

Nl

Comp.1
B1 a5t

Fig.1 Principle component analysis

T ORI B ; @I 2 BR5E I R AL B HUH; Comp. 1,
Comp.2Comp.3 73 HIAFREEARM TR 1.2.3 M T-3if7,

2.1.2 2SR RIBFER A AHAE

SN EI 2 BRE B R AL B 25 57 kI A H
W 2, AL FIC2Y YA BRAL, A 1 648 DL (AU 45
IR 843 AN, FIHEEIA 805 ) KA W E R
ik, 3T pearson 43 HTAE R AL X R 4R £L

B2 #ESH
Fig.2 Heatmap analysis
T AL EARRIED R, e AR R EE R R 8, 74 il i w85 B2k RO I
PRI b9 (R o) 5T IR (2 A ) B R B del (56 D HL T i

http ; //swxxx.alljournals.cn/ch/index.aspx) ,

2.1.3  FERAAREN

Cl 5 MI ik FRFEPI R LR AE3 (a) fr
N TR R ZBRGe I RAL B2 6 AT
2,8 AU NI 3 454 I fe A ks, Horb 2k
Yyid 78 £ Z A S AL R (GO 0055114
oxidation-reduction process ) . — & MR 7§ ¥ ( GO:
0006099 tricarboxylic acid cycle) 55, 4 ffd 2H Al 3R 2
FEA . LAWK (GO 0005777 peroxisome ) |
ZERi A ( GO ;0005739 mitochondrion ) %%, 43T I iE
K T Z AL A ALk T R (GO: 0016491
oxidoreductase activity) .8 FH RS T4 ( GO : 0004672
protein kinase activity) 55, C1 5 M1 ik T # & H
RREERMEZ(b) FioR, s s R E2W M. 49
AR 12 45 A 6 A%, or T UIRE 7 % Hih R
Yrid 8 A 8 B E{E (GO . 0006486 protein
glycosylation ), 5 [ & fi ( GO. 0055085
transmembrane transport) f;‘ffro éﬂﬂﬂ@gﬂﬁk%;éﬂigﬁ
MM ( GO 0005783 endoplasmic reticulum ) | i
(GO:0016021 integral component of membrane) %,
Oy T IIRERE E R Fe MG 1 (GO 0016757
transferase activity, transferring glycosyl groups) iR

TR ER-H E - 1 5 H R B 2R AR A2 B Pl p-
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Pmi2p — B K &E & ¥ (GO: 0004169 dolichyl-
phosphate-mannose-protein mannosyltransferase activity )

8o AW R R T ORI X, 7 U fE

WG LR IR G, 240 2H L 2 e LokidAs , ey
HERT WL SRR AT B 2 22 BRI R IR e —
AHE R

400 14.00
350 12.00
300 10.00 €
6.00 &
150 5
100 e
50 1 .- 2.00
0 o
. OQQ“ SRR Cellular Component
,@b\i« K N\\¥Biological Progress
& E S
& TR S5 Molecular Function
o & -
& —— -lg(benjamini)
Q@.@
350 25.00
300
20.00
250 fey
‘g‘ 200 15.00 ~§.
2 g
© 150 S
10.00 =
100
5.00
50 4
0- 0
. \g@. 85 Cellular Component
S SN\ 8iological Progress
& O@Q" SU%%EMolecular Function
&&&(' (\on\’b“ —&— -Ig(benjamini)

(b) C1 VS M1 F AR FEHRER

3 GO BEHLH
Fig.3 GO clustering analysis

T PR 05 i B 44 B 5 Z2 AR Ay e BT A 5 S R 3 7 A b ~1ig ( Bemjamini ) BLIZ (8 R SRR 123 I A 2R A 22 S R 5

2.1.4  fF 5B

PRI T R AN 4 s Tk R A 3] Rk b
TR DAL % 7 B 17 2%, RAK R R E B B T 2%,
Horp U8 38 3% A . R B 72 (sce01100 Metabolic
pathways ) . % 1k B B 1k ( sce00190 Oxidative
phosphorylation ) 5, T 138 FAA « WE AL G ot ALl
FEHE A W)E i (sce00563 Glycosylphosphatidylinositol
(GPI )-anchor biosynthesis ) . N-2& ## ) 4= ¥ & W&
(5ce00510 N-Glycan biosynthesis) 55, i 2558 % 5 2¢
A2 oI S N AU 22 A e A I AN
FA ST REE T 52 ) e B e 2 A
22 SBIRFTEERMEAEIIEER M
2.2.1 ROS il

ZERGE I R AL B AR 25 Y AL BRA AN Y ROS

FEARENES (a) P, Z2BR 78 28 A0 3 X EOW 40
H ROS 4t B fuh = TG W Ab B, 283 4
A AN [ ALY L% Y 5 20 B R A T G2 127 43 B ] 3R
FHEIS (b) Frn gl 45 0 W 52 30 40000 4R A4 B L
FEFEH/IN, 78 Z2 3R 58 T 28 1T LA 35 59 o0 £4 30 40
i) ROS &4,
2.2.2 kOB AR B B 2 B I E ( Mitochondrial
membrane potential, MMP)

223K 70 T R AL FRAH R 24 ) Ak B 2 240 i 1 ko
PR H A 1 g5 SR B 6(a) BT g, X B B
300 ng/mLEBR5EH & AL TR A0 ML) MMP B 8 5 T
TCEG YR PR AR . R (LR R L 1 3R AT G
S3HT, TR EI6 (b) IR G5 R WoR ZERSE R AT LA
. G SRXTEOY 2 I Y SRR BB HL A
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8.00 §
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8
4.00 ED
1
2.00
. L0
- o
& R W UP term
B . # SIGH . AR . W DOWN term
LIS oo Fe S P & LN ERT P O RLPEERD e O S
32 0 PR P R (P S 0 0 WP O FE LRSS P& F s —4— g (Benjamini>
Wl ¢ \\@Qﬁ@@ %I FEN 0 S EE TR S S
N PSS X So¥ <Q g G o T
(&) AT G o¥ S S g &8
o L > ¥

B4 ESEBRIN
Fig.4 Signaling pathway analysis

T < R 7 J93d 44 B s 2 DAL DA e % 4 &5 S5 DB B 3 A AR AR D ~1g ( Benjamini ) B, RAEL MR 7R 238 I 5 AR 11 22 S bl i 35

-Myr 300 ng/nL Myr
0.45 P<0.05
27 0.40 =
£ 035
plgld =,
i 0.30
=025
% 0.20
1 0.15
4
2 0.10
0.05
0
Eﬁ iﬁ] -Myr 300 ng/ml Myr
(a) DHEZ: (1] FEROS 45 5 (b) DHEZ: (0241 ity o R ET P £ R L9 4 1145 2

5 ROS HIE
Fig.5 Measurement of ROS

LAY DHE 25 € 09 408 (33 0 HLF R - hitp . //swxxx. alljournals. cn/ ch/index.aspx ) o

-Myr 300 ng/mL Myr

1.1

1.0 P<0.01
= 09
Rh123 0.8
0.7
0.6
0.5
= 04
03
52 02
701
0

E]E j:i, -Myr 300 ng/mL Myr
AP

(a) Rh1234 #4315 MMPZ (b) Rh123 %L a2 M0 (A B 240 s EL (9 S 1145 2R
6 ZRRIfARR R AIAYIIE
Fig.6 Measurement of mitochondrial membrane potential

T SO Rh123 25 R HA , L 51 8R4 3R 4 I 2 (A B H 67 78 A (3 DL HEL W2 - http - // swxxx. alljournals. en/ch/index. aspx ) o
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