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Effect of Ethanol on Caenorhabditis elegans Lifespan and Its Potential Molecular Mechanisms

WANG Jin, WANG Hongyuan, JIN Lingling, GUO Changlu, ZHANG Zhizhou™

(School of Marine Science and Technology, Harbin Institute of Technology (Weihai), Weihai 264200, China)

Abstract: In this paper, the effect of ethanol on Caenorhabditis elegans lifespan was investigated by culturing it in a
medium with different concentrations (4, 40 and 400 mmol/L) of ethanol. The results showed that 400 mmol/L ethanol
could significantly extend the median lifespan by 11.76% and the mean lifespan by 15.78% (P < 0.05). The expression of
lifespan-related genes (age-1, pdk-1, akt-1 and let-363) was detected using real-time quantitative polymerase chain reaction
(qPCR) to explore the potential molecular mechanisms. Our results demonstrated that ethanol induced lifespan extension in
C. elegans could be due to the suppressed expression of the above four genes and consequent regulation of the downstream
genes in both the insulin/IGF signalling (IIS) and mammalian target of rapamycin (mTOR) pathways.
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Tablel Information about lifespan-related genes in C. elegans
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Table2 PCR primers used in this study
L) Ll (53" Ml (5-3)
age-1 p2 TGTGGGGACACTGACGCTG ~ TTGGCAGTCGGTTCAGGAG
akt-1 P9 GCCTAAGGAAGGACAACCG ~ ATGAATCCAACGCTGACGA
let-363 pl2 CACAGGCGAACTAATACCGT  TTTCCGAGTTGCTTGATGAT
pdk-1 p4 CACAAGAATGCGGTGGTCA  CTTCCTCCTCATCCGAATAGA
GAPDH  p20 CACCACTAACTGCCTTGCTC ACATCTGGGGTTGGGACA
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Fig. 1  Survival function of C. elegans fed with different concentrations

of ethanol
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Table4 Lifespan of C. elegans fed with different concentrations
of ethanol

CFERE (mmolVL) A RE  drhfidud  CFEy%Ead

0 92 17.00040.772*  16.494+0.700"
4 99 17.0004+0.613" 16.821+0.632°
40 101 16.000+0.716" 16.210+0.754"
400 103 19.0004+0.672°  19.096+0.545"
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Fig.2  Lifespan-related gene expression in C. elegans as detected by

qPCR analysis
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Fig.3  Molecular mechanism for the effect of ethanol on lifespan

extension in C. elegans

T UL 3@ 3 3 7 R 8 ok R T R — A AR R A K
FEAE IS B ATAT 1, AE R AT AT — Bl A= 42 14 75 iy 8 45
R e Il Pl [ = I o/ N R B 3 T
CTEFE N QOA] 5 SRITS A% T Il B 25+ T A ATmTOR
f G s A T R R R RIA AR, DLROR B R R
3K AR A ] 7E SR N 4 7 K SF B 2R Ui
EARRATH— BT

2% 30 -

[1]  KENYON C J. The genetics of ageing[J]. Nature, 2010, 464: 504-512.
DOI:10.1038/nature08980.

(2] Brid 504 dup i 3 A A IR T AR A 55 31 SRS 5 B
ZHRAERID]. A SR R, 2014, 41(3): 305-312.
DOI:10.3724/SP.J.1206.2014.00019.

31 RV daf-2R\daf-1 6B F I S5H S DIREDT FUHEREL)]. FAPE (0 T2E
P53 i), 2001, 23(2): 68-70. DOIL:10.3870/.issn.1672-8009.2001.02.002.

(4]  EEZF, =0, ER FIEREA L R 55 AH L DAF-2/
IGF- 15 5 il B FU Bt e (0], Bl A0 0d K 22 2R (2 2 hi), 2014,
34(6): 929-933. DOI:10.3969 /j.issn.1674-8115.2014.06.033.



XEF DL ElfitkE4 2017, Vol.38, No.21 169

[5]  RRESE, @Ak, BAANY): FE Nk Zk DUt st R (D). sh RS [20]  SEHIH, SEFEA, BRT9%. mTORSE Sl IR T i e RE ).
FPBEAE, 2003, 20(10): 23-25. v 25 A5 R, 2011, 27(11): 1481-1483. DOI:10.3969/.issn.1001.

[6]  BXHE, MGG, 75 W EA AT & it S LR [J]. 2RO RHE, 2010, [21] SCHIEBER M, CHANDEL N S. TOR Signaling couples oxygen
38(19): 10092-10093; 10095. DOI:10.3969/j.issn.0517-6611.2010.19.060. sensing to lifespan in C. elegans[J]. Cell Reports, 2014, 9(1): 9-15.

[71  XITF, BEBR, AAEr, S opE S R R B T ], DOI:10.1016/j.celrep.2014.08.075.
finERE, 2010, 31(21): 437-441. [22] THERESA S. Maintenance of C. elegans[EB/OL]. (2016-06-19)

[8]  FEih. FHUmHAF L SUVLAE & BRI A 15 T R X I 7 A K [2016-07-04]. http://www.wormbook.org:1-11.
MO 2 L O REMAD). KA MR, 2011: 49-58. (23] EHLTE. LR 75 0 AKF 4 5 i (0 BT K% 4 BB 1925

[9] CASTROPV,KHARES, YOUNG B D, et al. Caenorhabditis elegans WEFEID]. i W /K3 Tl K- (8fE), 2013: 12-15.
battling starvation stress: low levels of ethanol prolong lifespan in [24] JhFERE, TR, NG R L (AR H 5 A FHLEI[I]. & R
L1 larvae[J]. PLoS ONE, 2012, 7(1): 1-11. DOI:10.1371/journal. B2, 2009, 40(1): 75-78.
pone.0029984. [25] GUARENTE L, KENYON C. Genetic pathways that regulate

[10] MERCKEN E M, CROSBY S D, LAMMING D W, et al. Calorie ageing in model organisms[J]. Nature, 2000, 408: 255-262.
restriction in humans inhibits the PI3K/AKT pathway and induces a DOI:10.1038/35041700. DOIL:10.1038/35041700.
younger transcription profile[J]. Aging Cell, 2013, 12(4): 645-651. [26] LOPEZ-OTIN C, BLASCO M A, PARTRIDGE L, et al. The hallmarks of

" i%;l(;g]zll;acg;%%mamﬁﬁ LB, SR aging[J]. Cell, 2013, 153(6): 1194-1217. DOI:10.1016/j.c¢l1.2013.05.039.

’ ’ N ’ [27] ESTEVEZ A O, MORGAN K L, SZEWCZYK N J, et al. The
2010, 38(20): 10514-10515. DOI:10.3969/j.issn.95]7-6611201(.).20‘010. neurodegenerative effects of selenium are inhibited by FOXO and

(2] l];?i::Ifolz’tg:lcilrjs?r;:iif:il:;-?erz;:; ;gz{y;:z]:t}jvzz’ir]le:;:g?;frgelal ?INKUPTEN régulation of insulin/insulir-l—like growth factor signaling
Metabolism, 2010, 11(6): 453-465. DOI:10.1016/j.cmet.2010.05.001. ;; Oclizljglzzzd;:;zlzgo?zsl[;]‘Oieurmomwlogy’ 2014, 41(6): 28-43.

(13]  JOHNSON'S C, RABINOYITCH P S, KAEBERLEIN M. mTOR is a [28] ALIC N, TULLET J M, NICCOLI T, et al. Cell-nonautonomous
key modulator of ageing and age-related disease[J]. Nature, 2013, 493: . .

338-345. DOL-10.1038/nature 1 1861. effects of dFOXO/DAF-16 in aging[J]. Cell Reports, 2014, 6(4): 608-

[14] ASH S C, YANG D Q, BRITT D E. Lyric/AGE-1 overexpression 616. DOL0.1016/j.celrep.2014.01.015. ,
modulates protein levels in prostate tumor cells[J]. Biochemical and (291 YELLAI T TAKACS_VEL_LAI K’A ZHANG Y, et al. Genetics:
Biophysical Research Communications, 2008, 371(2): 333-338. influence of TOR kinase on lifespan in C. elegans[J]. Nature, 2003,
DOL:10.1016/j.bbrc.2008.04.084. 426: 620-621. DOI:10.1038/426620a. DOI:10.1038/426620a.

[15] LEES G, SUZZ, EMDAD L, et al. Astrocyte elevated gene-1 (age-1) is (301 LAMMING D W, YE L, SABATINI D M, et al. Rapalogs and
a target gene of oncogenic Ha-ras requiring phosphatidylinositol 3-kinase mTOR inhibitors as anti-aging therapeutics[J]. Journal of Clinical
and c-Myc[J]. Proceedings of the National Academy of Sciences, 2006, Investigation, 2013, 123(3): 980-989. DOI:10.1172/JCI64099.

103(46): 17390-17395. DOI:10.1073/pnas.0608386103. [31] LAMB R F, ROY C, DIEFENBACH T J, et al. The TSC1 tumour

[16] XUJB, WU H, HE Y L, et al. Astrocyte elevated gene-1 overexpression suppressor hamartin regulates cell adhesion through ERM proteins
is associated with poor prognosis in gastric cancer[J]. Medical Oncology, and the GTPase Rho[J]. Nature Cell Biology, 2000, 2(5): 281-287.
2011, 28(2): 455-462. DOI:10.1007/512032-010-9475-6. DOI:10.1038/35010550.

[177 RAIMONDI C, FALASCA M. Targeting PDK1 in cancer[J]. [32] LU Z H, SHVARTSMAN M B, LEE A Y, et al. Mammalian
Current Medicinal Chemistry, 2011, 18(18): 2763-2769. target of rapamycin activator RHEB is frequently overexpressed in
DOI:10.2174/092986711796011238. human carcinomas and is critical and sufficient for skin epithelial

[18] DAVIES M A, STEMKE-HALE K, LIN E, et al. Integrated carcinogenesis[J]. Cancer Research, 2010, 70(8): 3287-3298.
molecular and clinical analysis of AKT activation in metastatic DOI:10.1158/0008-5472.CAN-09-3467.
melanoma[J]. Clinical Cancer Research, 2009, 15(24): 7538-7546. [33] KOVACINA K S, PARK G, BEA S S, et al. Identification of a

[19]

DOI:10.1158/1078-0432.CCR-09-1985.
F4E, FRIA. PI3K/AKUS 5 ¥ 500 B (1 B Uk e (). IARER 25 2,
2010, 26(7): 1051-1052.

proline-rich Akt substrate as a 14-3-3 binding partner[J]. Journal of
Biological Chemistry, 2003, 278(12): 10189-10194. DOI:10.1074/jbc.
M210837200.



