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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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

HMCHIIINECCHA TJaHHBIC
LDsg300=2.5-4.5 Gy Bolus (2001)
LDsy50 = 4.5 Gy Bolus (2001)

LDsy304 =8 Gy Bolus (2001)
LDsy304= 50 Gy Bolus (2001)

Drosophila melanogaster LDy, ;= 1238-1339 Gy Parashar et al. (2008)
(Insecta)

Deinococcus radiodurans LDy, = 10000 Gy Makarova et al. (2001)
(Bacteria)

Escherichia coli (kumeunas JBDIREAIXE,Y Krisko and Radman (2010)
najgouka) (Bacteria)

Tardigrades LD, = 1270-5000 Gy 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).

o

Current Biology CelPress

Correspondence

Tardigrades survive exposure to space in
low Earth orbit
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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 roxy cekBeHMpOBaH reHOM Ramazzottius varieornatus — OJTHOTO 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.

e} Monenuposanue ¢ nomonisio [-TASSER
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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).

ectoro olecular Genetics of the Ce



DSLlp IMOBBIIIACT BBDKUBACMOCTD B KYJIbTYPC KIICTOK YCJIIOBCKA ITOCJIC O6HY‘I€HI/I$I
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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

00000
Dsup .

X ..
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25

PacteHua Tabaka, akcnpeccupytowme Dsup, pocan nyyuwe
KOHTPO/IbHbIX PACTEHWNI Ha cpeaax, CoAepKaLLMX MyTareH

10 aTunAmeTaH cynbdoHaT (EMS), Takke nocne obayyeHna YO u
s ﬁ PEHTreHOBCKMMMW Iy4aMu.
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Kirke, J., Jin, XL. & Zhang, XH. Expression of a Tardigrade Dsup
Gene Enhances Genome Protection in Plants. Mol Biotechnol
62, 563-571 (2020). https://doi.org/10.1007/s12033-020-
00273-9

mRM mRS5-3
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DNA Protection by Dsup Protein from Radiation Damage

Double

s gz 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 Death‘-' 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? N0 =

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

t
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

droso4schools



Cell culture model system

BASE ADVANTAGES *_\
e Closest to human model /

» No death for research purposes

 Wide range of cultivation conditions TN b

can be controlled \ vy '
« Short-generation period /@K - 5
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
SphINcoINotISacllEcoRI } | BgllIIEcoRIPstISallSacl _
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 sexrop,

3.0tRo. < - synthesized
- tested for correct synthesis using sequencing

Amp'

pUC ori
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In Fig. B the complete coincidence of the green
fluorescent signal from GFP-Dsup and the blue fluorescent
signal from DNA located in the nucleus indicates nuclear
localization of GFP-Dsup

GFP

GFP Dsup
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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

Lanoeatry Ene 3 normal conditiong S iegd)
n

L¥. 56
ITFREptes lasaratry b Aeg fogl

LE.
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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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2014 Thinkstock

MoeT NPUMEHATbLCA:
- ANA BPEeMEHHOro NoBblWeHNA pagmope3ncTeHTHOCTH
- ANA 3aWMTbl OKPYKaOLWMX ONYX0Nb TKAHEN NPU
paguoTepanuu
- ANA NUNOTUPYEMON KOCMOHABTUKM
- B Kayectse [AHK-npoTekTOopa npun AnnTeNbHOM
KPUOKOHCEepBaLUM BMONOrMYECKUX MaTEPMANOB
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Length:445

Mass (Da):42,848
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SAXS (JIH® OUSIU, MOTH, ESRF I'peno6is, ®panuus), SANS (JITHDO OUIH) u
DLS (JIH® OUSIN).




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

DLNP JINR Sector of Molecular Genetics of the Cell



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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Bertolanius markevichi

Grevenius baicalensis

Vladimirobius irregibilis
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dopma Ne24

M3yyeHne paamonpoTeKkTOpHbIX cBOMCTB 6enka Damage suppressor (Dsup) Ha

MoaenbHOM o6bekTe D. melanogaster n kynbtype knetok yenoseka HEK293T

YCINOBHOE OBO3HAYEHWME MPOEKTA - Dsup

WNoP TEMbI 1132

T.0. Azopckas JIAM OUNAN, M.IM. 3apy6un JTAM ONAN, E.B. KpayeHko JIAT OUAN,
O.A. KyngowwHa NAM ONAN, T.H. Mypyroea JIH® OUNAN, A.B. P3anuHa NAM OUAN,
K.A. Tapacos JIAN ONAN, A.C. AxHeHko JTAMN ONAU

PYKOBOOUTEJIb NMPOEKTA E.B. KpaB4yeHko
3AMECTUTENNb PYKOBOOUTENA NMPOEKTA A.B. P3siHMHa



6. MMAH-TPADUK

Pabot no [lpoekty WU3y4vyeHuMe paavonpoTeKTOpHbIX cBOMCTB Oenka Damage
suppressor (Dsup) Ha MmogenbHOM obbekTe D. melanogaster n KynbType KIeTokK
yenoseka HEK293T

STanbl CopgepxaHue pabot
paboThl
2023 . 1. lMNpoayumpoBaHne OGenka Dsup B knetkax E.coli, BblgeneHve u

ouncTtka benka Dsup.

2. OnpegeneHne BTOPUYHOM CTPYKTYpbl 6enka Dsup € nOMOLLbHO
meTonoB SAXS, DLS u kpyrosoro gnxpousma

3. OueHka B kneTkax KynbTypbl Yenoeka HEK293, akcnpeccupyrowmx
Dsup, ™eTabonuyeckon aktmHoctn (MTT-TecT) n  unHAYKUUK
anonTto3a (MO akTUBHOCTU Kacnas-3/7), onpenerieHne YpoBHA
aKTMBHbIX OOPM KMCNopoa B KneTkax.




®opma Ne 26

Mpepnaraembivi nnaH-rpaduk u Heobxoaumble pecypcbl Ans ocywecTBnexus [NpoekTa
M3yyeHune pagmonpoTekTOpHbIX cBoMCTB 6enka Damage suppressor (Dsup) Ha

MopgenbHOM o6bekTe D. melanogaster n KynbType knertok yenoseka HEK293T

Tpebyemoe ob6opynoBaHue, NCTOUHUKU CroumocTtb 1rog

dUHaHCMpoBaHus (TbIC.$) 2023
1. UeHTpudyra 10 10
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3artpaTbl U3 GrompkeTa 10 10

McTOYHMKM
drHaHcKpoBaH
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PYKOBOAWTEJIb TEMbI .B. MuubIH

PYKOBOAWTEJIb NPOEKTA E.B.KpaBueHko



dopma Ne 29

Cwmerta 3atpart no lNpoekTty

U3yyeHune pagmonpoTeKTOpHbIX cBOUCTB 6enka Damage suppressor (Dsup) Ha
MofaenbHOM ob6bekTe D. melanogaster n KynbType Knetok Yyenoseka HEK293T

Ne | HanmeHoBaHue ctaTten 3aTpaTt MonHas 2023
CTOMMOCTb | rog

Mpsamble pacxogbl Ha MNMpoekT

1 MaTepuansi (Tbic.$) 27 27
2 | ObopynoBaHue (Tbic.$) 10 10
3 KomaHamMpoBOYHbIe 3 3

pacxoabl(Tbic.$)

NToro no npsimbiM pacxogam: 40




List of publications and conferences where the results were presented:

1. The tardigrade Dsup (damage suppressor) protein enhances radioresistance and oxidative
stress tolerance of D.melanogaster and acts as an unspecific repressor of transcription. Mikhail
Zarubin, Olga Kuldoshina, Sergey Alekseev, Semen Mitrofanov, Elena Kravchenko (under
review)

2. Unique Radioprotective Damage Suppressor protein (Dsup): Comparative Sequence
Analysis M. Zarubin, O. Kuldoshina, E. Kravchenko. Particles and Nuclei, Letters (PEPAN
Letters), 2022, 19(3) (accepted for publication)

3. M. Zarubin, E. Kravchenko. Effect of radioprotective damage suppressor protein (Dsup) on
non-irradiated and exposed to various types of ionizing radiation D. melanogaster at
transcriptome and physiological levels, 45th Congress of The Federation of European
Biochemical Societies (FEBS). Ljubljana, Slovenia. 3-8 July 2021

4. Mikhail Zarubin, Anna Rzyanina, Elena Kravchenko. Radioprotective Damage suppressor
protein (Dsup) in model organisms: from transcriptome and physiology to molecular structure.
13th European Biophysics Conference, Vienna, Austria. 24-28 July 2021

5. Kuldoshina O.A., Zarubin M.P., Kravchenko E.V. Effects of radioprotective Dsup protein
(Damage suppressor) on the resistance of D. melanogaster to various doses of ionizing
radiation. Meeting in Nor Amberd: Fifth International Conference, Dedicated to N. W.
Timofeeff-Ressovsky and His Scientific School “Modern Problems of Genetics, Radiobiology,
Radioecology, and Evolution”, Nor Amberd, 5-10 Oct. 2021, Armenia.



