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1. Kak, 803M0OXXHO, 3anporpaMmmMmmpoBaHHas
CMepTb MoaenbHoro opraHnama (C. elegans)
MOXKem MellaTb uccriegoBaHUAM CTapeHns

2. CepoBogopo — oanH U3 MOLLHENLLINX
reponpotekTopoB. MeTabonnam cepbl B
opraHm3me 1 nNpoaneHne Xn3Hu
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HocTonHcTBa Caenorhabditis elegans “Do you expect me to tait?"
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* Menkue (~1 mm)

* HoBOE NokorieHne noapacTtaeT 3a
CYUTaHHbIE OHU

 [T’K =Hepenu
* [1po3payHble

* DNKCMPOBAHHOE YNCIO KITETOK. Wild-tyFe
hermaphrodites consist of 959 somatic cells,
302 of which are neurons

* BeayT cebs

* BosamoxHOCTb HoKAayHa reHoB PHK-
NHTEepdepeHLmnen

* Y)Ke XOpOoLUO U3y4deHbl




[locTtounHcTBa? Caenorhabditis elegans

* Menkue (~1 mm)

* HoBOE NokorieHne noapacTtaeT 3a
CYUTaHHbIE OHU

 [T’K =Hepenu
* [1po3payHble

* DUKCUpoBaHHOE YNCIO KNETOK. WiId—tyFe
hermaphrodites consist of 959 somatic cells,

302 of which are neurons
* BeayT cebs

* BoaMoXHOCTb HOKaayHa reHoB PHK-

NHTepdepeHLmnen
* Y)Ke XOpOoLUO U3y4deHsbl

Mukpockon. Jlub HeKoTopkIe
nadoparopum NPUMEHSIOT
«naTtornoroaHaTomMuto» (Gems Lab)
r-cTparteru (Mol K-ctpareru)
HacKonbKo nx ctapeHue
COOTBETCTBYET HaLLeMmy?

February 2016, 38:27 | Cite as

Ultraviolet-A triggers photoaging in model nematode
Caenorhabditis elegans in a DAF-16 dependent pathway

UV-A disrupts the cognitive behavior

HeT pereHepaunn TkaHeun

[na PHK-nHTepdepeHumn (1
BOOOLLIE YallEe BCEro) coaepxaTcs
Ha Kuwwe4vHou nanoyke. Ltamm
Ons vyenoBeka HenaToreHHbIN,
Onga Jvepsa?..
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Drug Discovery Today: Disease Models

Mack et al. 2019

Pa3BuTue 4epBs AOBONbHO NpeackasyemMo

DEVELOPMENT AT DIFFERENT TEMPERATURES
“16°C” “20°C” “25C”
(16.0= (19.5= (25.0=
0.3C) 0.5C) 0.2°C)
Egg laid Ohr Ohr 0 hr
Egg hatches 16-18 hr 10-12 hr 8-9 hr
First-molt 36.5 hr 26 hr 18.0 hr
lethargus
Second-molit 48 hr 345hr 25.5 hr
lethargus
Third-moilt 60.0 hr 43.5 hr 31 hr
lethargus
Fourth-molt 75 hr 56 hr 39 hr
lethargus
Egg-laying ~-90 hr ~-65 hr ~47 hr
begins
Egg-laying ~140 hr ~96 hr ~62 hr
maximal
Egg-laying ends ~180 hr ~128 hr ~88 hr

WORMATLAS



«Remarkably, although the C. elegans genome is just
1/30th the size of the human genome, the number of
protein coding genes is similar, and 40-80%
(depending on similarity thresholds) of C. elegans
proteins have been estimated to have orthologs in
humans» Mack et al. 2019

Operons as a common form of
chromosomal organization in C. elegans

Diego A. R. Zorio, Niansheng Nick Cheng, Thomas Blumenthal & John Spieth

Nature 372, 270-272(1994) ‘ Cite this article

«Nearly 15% of the ~20,000 C. elegans genes are
contained in operons, multigene clusters controlled by
a single promoter»

Blumenthal et al. WormBook. 2015
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"Adult hermaphrodites carry many eggs in the first days. Later they will look crappy”
Jens Daniel, University of Niigata Prefecture

Day 5 adult

Lipofuscin accumulation in Day 16 adult
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Two neurons mediate diet-restriction-
induced longevity in C. elegans

Nicholas A. Bishop' & Leonard Guarente'

Insulin signaling promotes germline proliferation in C. elegans

David Michaelson, Dorota Z. Korta, Yossi Capua, E. Jane Albert Hubbard
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Hidden gems of the “wormology”: Ne1l

Control of intestinal bacterial proliferation in
regulation of lifespan in Caenorhabditis elegans

Cynthia Portal-Celhay &, Ellen R Bradley & Martin J Blaser
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Two forms of death in ageing N Rl .
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Different Mechanisms of Longevity in Long-Lived
Mouse and Caenorhabditis elegans Mutants Revealed
by Statistical Analysis of Mortality Rates

Bryan G. Hughes and Siegfried Hekimi®
Department of Biology, McGill University, Montreal, Quebec H3A 1B1, Canada
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OCHOBHbIE TEOPUM HENPOIrPaAMMUNPOBAHHOIO
cTapeHus

* HakonneHua mytaumn (Medawar 1952) ___ Selection

. shadow

* AHTaroHMcTU4eCcKon nnenoTponnu :
(George Williams 1957-66) '

* Pacxooyemomn/ogHOpa3oBoOn COMbI
(Kirkwood 1977)

Kirkwood & Austad 2000

The origin of aging: imperfectness-driven MTOR-driven quasi-programmed aging as a
non-random damage defines the aging process disposable soma theory: Blind watchmaker vs.
and control of lifespan intelligent designer

Vadim N. Gladyshev &

Mikhail V Blagosklonny

ObLee: aBontouUns — He naearbHbIV NPOEKTUPOBLLNUK, OHa
MCNONb3yeT KOMMPOMMUCCHI (trade-offs) reHOLEHTPUYHOCTD,
NOCTrapaHTUMNHOCTb = selection shadow = 3Tan oTcyTCTBUA OTOOPA



C. elegans Eats Its Own Intestine to Make Yolk
Leading to Multiple Senescent Pathologies

Marina Ezcurra 1 27, Alexandre Benedetto ¥ 3 7, Thanet Sornda ¥ %, Ann F. Gilliat !, Catherine Au !, Qifeng

Zhang 5 Sophie van Schelt 1 Alexandra L. Petrache 1, Hongyuan Wang ! Yila de la Guardia %, Shoshana Bar-

Nun , Eleanor Tyler }, Michael J. Wakelam 3, David Gems %22 B
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A 4YTO Takoe BooOLLe nporpamma’?

 Ectb anroputm Self-Operating Napkin

* [pn TOYHOM UCMOSTHEHNN KTO-TO
OCTaeTCs B BblUrpbILLE

* VcnornHeHne nerko HapyLwmTb




A 4TO >Xe rpynrnoBou oToop?

"[lecaTtb neT cnycta nocsie ynoMsaHyTOro pasHornacusa, y ogHoro 61osiora BO3HUK/IA OT/IMYHAA nages.
MaTtemaTnyeckue ycnoBud, Npu KOTOPbIX FPYNNoBON OTOOP MOXET nobeanTb MHOUBUAYATbHbIN,
NPaKTUYEeCKN HEBO3MOXHO OOHAapYXnNTb B npupoge. Nodyemy Obl He co34aTb UX NCKYCCTBEHHO, B
nabéopartopumn? Mankn k. Beng noctaBun Takon aKCNEPUMEHT, Noc/iegoBaTe/ibHO OoToOmpad
nonynaunMm HaCEKOMbIX MO MeHbLUeMY KOMMYeCTBY B3POC/biX ocoben B noanonynaunn. N kakos xe
Obln pe3ynbraT? HacekomMble B CaMOM efie orpaHnymin CBOE pasMHOXEHME U CTann XUTb B MUPE U
NOKOEe C AOCTaTOYHbIM KOIMYECTBOM efbl A5 BCex?

Het. B3pocnble ocobun npucnocobunnceb noegatb avua U IMHYNHOK, OCOOBEHHO NIMYNHOK-CaMOK.

Hy KOHe4dHO e, oTOop MO ManbIM pasMepam nognonynauni He dyaet otbupaTtb MHAMBUAOOB,
KOTOpPbIE BO34EPXKMBAIOTCH OT UX COOCTBEHHOIO pasMHoOXeHUA. OH OyaeT oTOupaTth TeX, KTO CbeaeTt
Yy>Xnx geten. OCo6eHHO OEBOYEK.

N Kak TONbKO Yy BaC NOSBMAAETCA pe3ybTaT 3KCNEPUMEHTA — KOTOPbIN TeNepb KaXXeTCa COBEPLLUEHHO
€CTeCTBEHHbIM — CTAHOBUTCA ACHO, YTO CTOPOHHUKK FPYynnoBOro otéopa no3Bonisiv POMaHTU3MY U
4Ye/iloBEe4YeCKOMY YyBCTBY MPEKPACHOro 3aTyMaHUTb UX NpeackasaHna o npupoge". (KDgkoBckuy,
https://lesswrong.ru/w/Tpareguna_rpynnoBoro_oToopa)



The Tragedy of the Commons

Use of the commons is
below the carrying
capacity of the land. All
users benefit.

If one or more users increase
the use of the commons
beyond its carrying capacity,
the commons becomes
degraded. The cost of the
degradation is incurred by
all users.

Unless environmental
costs are accounted for
and addressed in land use
practices, eventually the
land will be unable to
support the activity.
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PoacTBEHHbIN
oTOOpP

«#1 Obl OTOAnN X13Hb 3a ABYX
bpaTbeB nnNu

BOCbMEPbIX KY3€HOB»

[>xoH B. C. XongenH

[1lpaBuno [amunesToHa

«[eH anbTpyusmar ByaeT nogaemkad oTEopomM 1
PACNPOCTPAHUTCA B NONYNALMK, BCNM

B >C

* I' - CTENEHb TEHETMYECKOrD POACTEA
{KEPTBOBATENAY M €NPMHUM A LLETD KEPTEY

+ B — penpoayKTMBHOE NPEMMYLLECTBO, NONYYEHHOE
aAPECaTOM anbTRYMCTMYECKOND aKTa

+ C —penpoaykTueHbIA yILepd, HaHECEHHbIIA
WKepTBOBaTENEeM» camomy cebe



«For altruistic traits whose benefits are focused in a

Can Kin Selection Facilitate the Evolution geographic locality, it is necessary that altruists
of the Genetic Program of Senescence? cluster, so that the benfits conferred by an altruist
, are more likely to fall upon other altruists»
A. V. Markov . . :
Mitteldorf & Wilson 2000 J Theor Biol
a . - b ’
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Hidden gems of the “wormology”: Ne2

Review
Does senescence promote fitness in Caenorhabditis elegans by causing death?

Jennifer N. Lohr', Evgeniy R. Galimov', David Gems
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Life cycle of C. elegans colony

Dauer larva Population Imminent food Dauer "seeds”
finds food patch growth depletion, seeking new
initiation of food patches
dauer formation

Evolution of adaptive death by group selection
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exhaustion yield with adaptive
death

Lohr et al. 2019 Aging Res Rev




Swarming

Ding et al. 2019 elLife




Matpudoarmna?

Protandry is conducive for evolution of adaptive death

Protandry
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Cp.: oTpsaa npumaTtoB (85-65 MIH neT
Ha3an)
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survey. For the first intervention studies we selected ten chemicals
that had either attracted Farticular interest in the ageing field
(aspirin®? and resveratrol?'), were previously reported to extend
the lifespan of the C. elegans strain N2 (a-ketoglutarate (a- KG)™¥,
curcumin’’, a-lipoic acid (a-LA)*2, propyl gallate (PG)*,
quercc:tin:“"':"‘t and valproic acid (VA)35) and/or appeared
particularly robust when given to N2 in our own laboratories
((NP1)* and ThioflavinT (ThT)??).

Lucanic et al. 2017 Nat Comm

UTO >Ke roBOpUTb O KOKTENSIAX repornpoTEKTOPOB. ..



MexaHn3m nporpaMmmMmmpoBaHHON CMePTU?

Repression of the Heat Shock Response Is a
Programmed Event at the Onset of Reproduction

Graphical Abstract
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)

Timed
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Reproductive (e3P
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arrest

Authors

Johnathan Labbadia, Richard I.
Morimoto

Correspondence
r-morimoto@ northwestern.edu

In Brief

It is thought that the progressive
dysregulation of stress response
pathways confributes to aging in
metazoans. Here, Labbadia and
Morimoto demonstrate that stress
responses are rapidly repressed early in
C. elegans adulthood as part of a
genetically programmed event controlled
by germ line stem cells through
alterations in chromatin accessibility.
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HemHoro ontumMmnama: ans YepBen TOHYHO HE BCE NOTEPSAHO

Persistence of Long-Term Memory in Vitrified
and Revived Caenorhabditis elegans

Natasha Vita-More"? and Daniel Barranco'>

6 Odorant: Benzaldehyde

MIGRATION INDEX MEAN

S1 S2 S3 S4 S5 S6 S7 S8

S8 S10

A lysosomal switch triggers proteostasis renewal in the immortal C.
elegans germ lineage

K.Adam Bohnert'-2 and Cynthia Kenyon'-2

Studies

S1: untrained and not vitrified
S2: trained and not vitrified

. S3: untrained and cryoprotectant

S4:; trained and cryoprotectant

. S5: untrained, cryoprotectant and vitrified

S6: trained, cryoprotectant and vitrified

S7: untrained, cryoprotectant
S8: trained and cryoprotectant

- S9: untrained, cryoprotectant and slow freezing

S$10: trained, cryoprotectant and slow freezing
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Overexpression of CBS and CSE genes affects lifespan, stress
resistance and locomotor activity in Drosophila melanogaster
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