N3yuyenue paauonpoTeKTOPHBIX CBOMCTB Oesika Damage suppressor

(Dsup) Ha MogesabHOM 00beKkTe D. melanogaster U KyJbType KJIETOK
yesqoeka HEK293

YCIIOBHOE ObO3HAYEHUE ITPOEKTA — Dsup
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Tuxoxonku (Tardigrada)

OOGHapy:XeHbI BO BCeX OMOMax OT APKTHUKH JI0
AHTapKTUKH, HA BEPIIMHAX TOP, B TITyOOKOBOHBIX
MCTOYHUKAX U XOJIOJHBIX I'PSA3EBBIX UCTOYHUKAX HA
3amaae [ pennanaumu.

TUX0X0IKHA UMEIOT XOPOIIO Pa3BUTYIO HEPBHYIO CUCTEMY,
B KOTOPOM BBIJICSECTCS MO3T, MBIIICUHYIO,
MUIIEBAPUTEIBbHYIO U AP. CUCTEMBI, COCTOSIIUE U3

i epeHITMPOBAHHBIX TKAHEH.
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BKCTepeMOTOJIepaHTHI)Ie CBOMCTBA THXOXO/OK :

* BpicbIxaHHe: BBIKHMBACT MPH ITOJIHOM B OBICTPOM BBICHIXaHHH 10 10 neT
(AHrHIPOOHO3)

* Toxkcuueckue cpeabl: yCTOUYUBOCTh K PACTBOPAMHU, COJIEPKALIUM
OpTraHUYECKUE PACTBOPUTENH U TshKEIbIe MeTalbl (Cu)

* OxucaurenabHbli cTpecc: nepekucu (H,0,)
[ ]

* Ilepenaabl maBaenusi: Beicokoe (7.5 I'TIa 12 yacoB) u Bakyym

* Ilepemaabl Temneparyp: oT 90°C no —196°C, nHanpumep, 6osee 1 yaca npu
82.7°C, oonee 24 yacoB npu 63.1°C u nonHas 3aMmopo3ka (Kprnooduos)

* MexaHu4yecKoe BO3IeMCTBHE: YIAPHBIM IIOK IIPH BBICTPEIIE CO CKOPOCTHIO
0.9 xm/c ¢ naBnenuem 1.14 I'Tla
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Tardigrada oTHOCATCS K rpyIlie HauOoJIee YCTOMUMBBIX K paJiMalluM )KUBOTHBIX Ha 3eMIIe,
CITIOCOOHBIX BBDKUBATH MOCIIE BO3JCUCTBUS KaK PEJKO- TaK U IJIOTHO MOHU3UPYIOIIETO U3TyYCHUS

YCTONYUBOCTD K Y-U3JIYYCHUIO IJIAA HCKOTOPBIX BUAOB OPTaHU3MOB

Opranusm LDs, niiu apyrue ABTOp
UMeIIuecs JaHHbIe

MBII]IL

3os10Tas pbIOKa
Tapakan

Drosophila melanogaster
(Insecta)

Deinococcus radiodurans
(Bacteria)

KosoBparku

Tardigrades

LDgy00=2.5-4.5 Gy

LD50/3Od 4.5 Gy
LDsy304 = 8 Gy
LDsy304= 50 Gy
LDsy;=1238-1339 Gy

LDs, = 10000 Gy

Het Bausguus Ha
BBDKHBAEMOCTh BILUIOThH JI0
1120 Gy

LDg, = 1270-5000 Gy

Bolus (2001)

Bolus (2001)

Bolus (2001)

Bolus (2001)
Parashar et al. (2008)

Makarova et al. (2001)

Gladyshev and Meselson
(2008)

Hashimoto and Kunieda (2017)
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TI/IXOXO,Z[KI/I - MOI[CHBHBIﬁ Opranusm AJisd U3y4CHUA BIIMAHUA KOCMHUYCCKUX
YCJIOBI/Iﬁ Ha ) XMBbLIC OPIraHHU3MbI

FOTON-M3 mission

TARDIS (Jonsson et al., 2008), RoTaRad (Persson et al.,
2011), TARSE (Rebecchi et al., 2011, 2009)

TARDIS (Tardigrades in Space) Tuxoxoaku 10 qHei HaXOIUIUCH B
YCIOBHSAX KOCMHYECKOro Bakyyma (106 Pa), BozaeiicTBus
kocMmudeckor paauanuu (100 mIp) u YO-uznydenus.

Bo3zzaelicTBre BakyyMa M KOCMHUYECKOM pajualiii He OKa3aJiu Ha
BBIKMBAEMOCTb CYILIECTBEHHOTO BiusiHUs (Jonsson et al., 2016, 2008).

@

Current Biology CoPress

Tardigrades survive exposure to space in
low Earth orbit

DLNP JINR Sector of Molecular Genetics of the Cell

http://teamtardigrades.blogspot.com/



Experiments to estimate the impact of ionizing radiation on the survival rate of tardigrades

|

May et al., 1964 Jonsson et al., 2005 Horikawa et al., 2008, 2006 Jénsson and Wojcik, 2017  Nilsson et al., 2010
X-ray y-rays a-particles heavy ions protons

4

A high level of radioresistance with LD, = 4-10 kGy, depending on the type of
radiation and the type of tardigrades involved in the experiment
Actively dividing embryos - LD, = 509 Gy in an experiment using a-particles

(Horikawa et al., 2012)

A 4

Special protective mechanisms?
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MonekynsipHbIE MEXaHU3MbI PAAUOPE3UCTEHTHOCTH TUXOXOIOK

B 2016 rony cekBeHupoBaH reHOoM Ramazzottius varieornatus — OJHOTO U3 CaMBbIX
paMope3uCTEHTHBIX BUAOB THX0X010K (Hashimoto et al., 2016)

[Tocne ananu3a JaHHBIX U CpaBHEHUS OeJKOB R. varieornatus cO BCEMHU YK€ U3BECTHBIMU
OeJIkaMu JpYTruxX OpraHU3MOB ObLIT 00OHAPYX EH YHUKAIbHBIN Oeok - Damage suppressor (Dsup),
PUCYTCTBYIOIIUNA TOIBKO Y TUXOXOJIOK.
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Hashimoto, T., Horikawa, D., Saito, Y. et al. Extremotolerant tardigrade genome and improved
radiotolerance of human cultured cells by tardigrade-unique protein. Nat Commun 7, 12808 (2016).

GFP DNA Merged

Dsup-GFP

[

Dsup-GFP

GFP alone

Dsup konokanuzyercs ¢ aaepHoit JIHK, T.e. paGotaer B simpe
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Alkaline comet assay
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Dsup camkaet ¢pparmenrtaruto JJHK B KynbType uenoBedecKrx KIETOK MOCIE
BO3JCUCTBUS paguaLlUN

Hashimoto, T., Horikawa, D., Saito, Y. et al. Extremotolerant tardigrade genome and improved radiotolerance of
human cultured cells by tardigrade-unique protein. Nat Commun 7, 12808 (2016).

DLNP JINR Sector of Molecular Genetics of the Cell



DSLlp IMOBBIIIACT BBDKUBACMOCTD B KYJIbTYPC KIICTOK YCJIIOBCKA ITOCJIC O6JIY‘I€HI/I$I
PCHTTCHOBCKHUMMU J1IY4aMH
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The tardigrade damage suppressor protein binds to nucleosomes and
protects DNA from hydroxyl radicals. Elife. 2019. Chavez C, Cruz-Becerra G, Fei J,

Kassavetis GA, Kadonaga JT.
:'— *OH
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>

Average Fresh Wieght (mg/plant)

i PacteHua Tabaka, akcnpeccupytowme Dsup, pocan nyyuwe
. KOHTPO/IbHbIX PACTEHWNI Ha cpeaax, CoAepKaLLMX MyTareH
aTunAmeTaH cynbdoHaT (EMS), Takke nocne obayyeHna YO u
i ii PEHTFEHOBCKMMM Jly4aMMn.
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Kirke, J., Jin, XL. & Zhang, XH. Expression of a Tardigrade Dsup

Average Root Length (mm/plant)

il Gene Enhances Genome Protection in Plants. Mol Biotechnol

mRM mR5-3

62, 563-571 (2020). https://doi.org/10.1007/s12033-020-
00273-9
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DNA Protection by Dsup Protein from Radiation Damage

Double

s _a= Indirect Radiation
Radiation
Strand . ‘ adiatio Effects by Reactive

Brw m kkk ‘ JJJ - Oxygen Species

Single DNA damage

Strand <«/q©

Brea \ \ +Dsup
DNA

Improved Radio-
Cell Deat}L-' Tolerance by DSP
association

http://www.nature.com/ncom
ms/2016/160920/ncomms1280
8/extref/ncomms12808-s1.pdf
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* [NaBHbIMW LeNSIMUM HALLINX UCCIeJ0BaHMN ABAAIOTCA U3yYeHUue
MeXxaHU3MoB AeicTems benka Dsup 1 oLeHKa NepcneKkTmB ero
MCMNO/Ib30BAHMA ANA NOBbILLEHUA PAANOPE3NCTEHTHOCTH
MHOTOK/IETOYHbIX C/IOX¥HbIX OPraHM3MOB.

Tardigrades exhibit robust interlimb coordination across walking speeds and terrains Jasmine A.
Nirody et al. PNAS 2021
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Credit: Neves et al. 2020
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Why is Drosophila melanogaster a very common " £
animal model used in genetics studies? x@mw

The fruit fly Drosophila melanogaster is currently the
conceptually best understood animal organism

» Cheap and easy to cultivate in the laboratory

» Contains only 4 chromosomes

» A multicellular organism suitable for simulating many
human diseases (Drosophila genome is 60%
homologous to that of humans, less redundant, and
about 75% of the genes responsible for human

diseases have homologs in flies)

* brief generation time (12-14 days), lots of offspring

* availability of powerful genetic tools

An ideal organism for the study
of development processes,
behavior, neurobiology,
genetic diseases and effect of
many environmental conditions

Image Source: J. Craig Venter Institute

{
NOBEL PRIZE AWARDS FOR FRUIT FLY RESEARCHES:

1933: Thomas Hunt Morgan — The role played by
chromosomes in heredity

1946: Hermann Joseph Muller — The production of mutations
by means of X-ray irradiation

1995: Edward B. Lewis, Christiane Nusslein-Volhard, Eric F.
Wieschaus — The genetic control of early embryonic
development

2004 : Richard Axel — Odour receptors and the organization of
the olfactory system (mainly rodent work)

2011: Jules A. Hoffmann — The activation of innate immunity

2017: Jeffrey C. Hall, Michael Rosbash, Michael W. Young -
molecular mechanisms controlling the circadian rhythm
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Picture from: https://annex.exploratorium.edu/exhibits/mutan
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Cell culture model system

BASE ADVANTAGES *_\
e Closest to human model /

» No death for research purposes

« Wide range of cultivation conditions TS N

can be controlled \ = :
* Short-generation period /@K — N
INTERESTING FACTS

» The first successfully cultured cells were Frog nerve fibers
* Polio vaccine was developed through cell culture technique

»  First Nobel Prize in cell culture discoveries was awarded to John Franklin Enders,
Thomas Huckle Weller, and Frederick Chapman Robbins, who discovered a method of
growing the viruses in monkey kidney cell cultures

Pictures from: https://biomolecula.ru/articles/metody-v-kartinkakh-kletochnye-tekhnologii
https://issuu.com/gabrielprieto3/docs/cellculturebasicseu
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Optimization and synthesis of DNA sequence encoding a Dsup protein

pAL2-Dsup
Dsup
BamHI Kpnl 3 kb
SphINcoINotISaclIEcoRT BelTTEcoRTPstISallSacT |
213 bp 1004 bp 127 bp
AAT GTA

The source of the Dsup protein is the 1338 bp DNA
sequence encoding the Dsup protein (LC050827.1), that was
optimized for the D. melanogaster genome for a stable high level
of synthesis of this protein.

pAL2-T sextop,

3.0tn0. o - synthesized
- tested for correct synthesis using sequencing

Amp’

pUC ori
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For the gene instructions to be carried out DNA must be transcribed into
RNA. A transcriptome is a collection of all the RNA present in cells,
which reflects the current state of all processes occurring in the organism
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Transcriptome analysis of Dsup expressing and control Drosophila lines demonstrated effect of Dsup
protein on expression of genes involved in chromatin organization, regulation of transcription and
neural system functioning

BP GO Identifie{BP GO term Number of genes|P-value

G0:0006334 nucleosome assembly 42

G0:0016321 female meiosis chromosome segregation 24

G0:0006352 DNA-templated transcription, initiation 19

G0:0006333 chromatin assembly or disassembly 19

G0:0051298 centrosome duplication 21

G0:0050808 synapse organization 13

G0:0002121 inter-male aggressive behavior 10

G0:0048065 male courtship behavior, veined wing extension 3 0,006
G0:0006355 regulation of transcription, DNA-templated 31 0,007
G0:0042067 establishment of ommatidial planar polarity 6 0,011
G0:0007411 axon guidance 17 0,012,
G0:0007601 visual perception 8 0,014|
G0:0007218 neuropeptide signaling pathway 8 0,017
G0:0035023 regulation of Rho protein signal transduction 4 0,020
G0:0035317 imaginal disc-derived wing hair organization 5 0,023
G0:0019722 calcium-mediated signaling 4 0,025
G0:0007367 segment polarity determination 6 0,027
G0:0006351 transcription, DNA-templated 27 0,027
G0:0007042 lysosomal lumen acidification 3 0,028
G0:0007186 G-protein coupled receptor signaling pathway 13 0,034
G0:0001738 morphogenesis of a polarized epithelium 4 0,035
G0:0007464 R3/R4 cell fate commitment 4 0,035
G0:0007157 heterophilic cell-cell adhesion via plasma membrane cell adhesion molecules 5 0,043|
G0:0016318 ommatidial rotation 5 0,043
G0:0007476 imaginal disc-derived wing morphogenesis 17, 0,045
G0:0045197 establishment or maintenance of epithelial cell apical/basal polarity 4 0,048
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CeTb OMOJOTrMYECKHX MPOIIECCOB, HA KOTOPBIE OKa3aj BIMsHUE 0eoK Dsup
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2014 Thinkstock

MoKeT NpUMeHATbCA:
- ANA BPeMEeHHOro NosblWeHnA pagmope3ncTeHTHOCTH
- ANA 3aWMTbl OKPYXKaoWMX ONYyX0Nb TKAHEW NPU
pagmoTepanuu
- ANA NMUNOTUPYEMON KOCMOHABTUKM
- B Kayectse [AHK-npoTekTOopa npmn AnnTEeNbHOM
KPUOKOHCepBaLum BMonormyecknx maTtepmanos
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Length:445

Mass (Da):42,848
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MASTHQSSTE PSSTGKSEET
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VKTGGSQGKD SSTTAGSSST
110 120 130 140 150
PSGGDSKSQG DTKSQSDAKS
160 170 180 190 200
VVAGAKDVAG KAVEDAPSIM
210 220 230 240 250
DAYHSVVGDK TDDKEKEGEHS
2e0 270 280 290 300
ESSSGNEGAA PAKGRGRGRP
310 320 330 340 350
GEQSSGDIEM ADASSKGGSD
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Recombination vector Recombinant E. coli
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on - Protein purification
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SAXS (JIH® OUSIU, MOTH, ESRF I'peno6is, ®panuus), SANS (JITHDO OUIH) u
DLS (JIH® OUSIN).

Model of Dsup structure derived from experimental data (DAMMIF package)




OnpeneneHre BTOPUYHON CTPYKTYpbI Oeska Dsup ¢ momonipo MmetogoB SAXS,
DLS u kpyrosoro auxpousma

Dsup He oTHOCKTCS K rMoBynsipHbiM 6enkam 1 Ans Hero BO3MOXHO MPUCYTCTBUE BTOPUYHOW CTPYKTYPbI.
[Ons yTouyHeHus1 BTOPUYHOW CTPYKTypbl 6enka Dsup HeobxoaMmo NpoOBECTU U3MEPEHUS C MOMOLLbHO
MeTodOB KpyroBoro auxpousma, DLS un SAXS B HaTUBHbLIX W AOeHATYpUPYIOLWKMX YCITOBUSAX.
JKkcnepuMeHTbl 6yayT nposedeHbl B 2023 rogy ¢ ucnonb3oBaHuem obopynoBaHust JIHO OUAN w
MOTHN.

SAXS Xeuss 3.0, LNP JINR
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OneHka B KIIeTKax KyJabTypbl yesioBeka HEK293, skcnipeccupyromumx Dsup,
MeTaboaudeckoit aktTuBHOCTH (MTT-TecT) u HHAYKIUM aronTo3a (110 aKTUBHOCTH
Kacmasbl 3), ONpEACICHUE YPOBHS AKTUBHBIX (JOPM KUCIIOPOAA B KIIETKAX.

MTT TecT - usmepenmne aktusHoctn NAD(P)H-dependent oxidoreductase, KoTopble ABASIOTCA MHAMKATOPOM
MWUTOXOHAPWANBbHOIO AbIXaHWUA U KOCBEHHO CAYXAT ANA OUEHKU KNETOYHOM SHEPreTUYECKON EMKOCTU KNETKM,
KU3HECnocobHOCTU KNETOK M nX NponmndpepaTMBHON CNOCOOHOCTH.

Kacnasbl — npoteonmtnyeckne GpepmeHTbl, MPUCYTCTBYHOLLME B K/1IETKE B BUAE NPeaLlleCTBEHHUKOB - BaXKHble Y4aCTHUKU
npouecca anonTo3a (3anporpaMmmMmUpoBaHHON KNETOYHOM rnbenn).
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