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/An3ailH HOBBIX MATEPUAJIOB HA OCHOBE
0eJIKOB IKCTPeMO(PUJIBbHBIX OPraHU3MOB

Pa3paboTka HOBBIX OMOMAaTEepHaJIOB U aKTHBHBIX Be-
IIECTB HA OCHOBE OCITKOB AKCTPEMODMIBHBIX OPTaHH3MOB
SIBJISIETCSL  TIEPCIICKTUBHBIM ~ HallpaBJICHHEM OHOTEXHO-
norun. Cpemy OCJNKOB OPTaHW3MOB, TIPHCIIOCOOJICHHBIX
K OKCTPEMaJbHBIM YCIIOBUSIM, BO3MOXXHO OOHapy»XeHUe
MOJIEKYJI C IIMPOKHAM AHMAIa30HOM (DyHKIIMOHAIBHOCTH,
YCTOWYMBOCTH K Pa3IMYHBIM BHEITHUM BO3AEHCTBHUSIM, a
TaKkKe 00JIaJafoNNX APYTUMH YHUKAIBHBIMA (DPU3UKO-XH1-
MHYECKMMHU CBOHcTBaMH. Ha OCHOBe JaHHOTO moaxoja
yaensie JISAIT u JISIP OUAN pa3paboranit KOMIO3HTHBIN
MarepHaj ¢ UCIIOJIb30BaHUEM OElKa THXOXOIO0K, COCo0-
HBIIl K CEJEKTMBHOMY HakoIieHHto BHekserouyHon JJHK
U3 PacTBOPOB.

KonueHtpupoBanue U BBIIEIEHHE BHEKJIETOYHOU
JIHK 13 OHONOTHYEeCKUX JKUAKOCTCH — aKTyasbHas 3aj1a-
4a U1 OMOTEXHOIIOTHIECKOW M (hapMareBTHIECKON TIpo-

MBIIIUIEHHOCTH, MEIUIHBI, IKOJIOTHIECKOTO MOHUTOPHH-
ra U KpuMuHaIUCTHKH. 1o 3TOi mpuynHe HOBbIE (rITb-
TPYIOLIIE MaTepHaIbl CO Crielin(PUUECKUMU QYyHKLIUSIMU B
OTHOIIECHUN OHMOJIOTMYECKHX OOBEKTOB OYEHb BOCTPEOO-
BaHbl. B cexrope MonexynsapHoi reHeruku kierku JIAII
OUSIM npoBoasiTCsl CUCTEMAaTHUYECKUE HCCIENOBAHUS
YHUKAJIBHBIX HEYNOPsI0YCHHBIX OCJIKOB, 00HApYKEHHBIX
B THXOXo#Ake Ramazzottius varieornatus, ssisromeics
OJIHUM M3 CaMbIX YCTOWYMBBIX K (DU3UKO-XHMMHUYECKUM
cTpeccaM opraHusMoB Ha 3emuie. OcoOblif HHTEpEC BbI-
3bIBACT YHHKAJIbHBIN OOk TUx0x0mok Dsup (Damage
suppressor), HanpsIMy o BoBJIe4eHHBIH B 3amuTy JJHK mpu
Pa3IUYHBIX cTpeccax (pajauanus, OKHCIEHHE U T.J.) 3a
caet popmupoBanus komruiekca Dsup—/IHK.
Corpynuuku llentpa npuxnaanod ¢usuku JISIP
OUSIN 3anumatoTcs pa3paboTkaMy THOPHIHBIX MaTepu-
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Design of New Materials Inspired
by Proteins of Extremophile Organisms

The development of new biomaterials and active sub-
stances based on proteins of extremophiles is a perspec-
tive area of biotechnology. Among proteins of organisms,
adapted to extreme conditions, it is possible to detect
molecules with a wide range of functionality, resistance
to various external factors, and possessing other unique
physicochemical properties. Using such an approach, sci-
entists from DLNP and FLNR JINR have developed the
composite material inspired by proteins of tardigrades,
capable of selective accumulation of cell-free DNA from
solutions.

Concentrating and isolating cell-free DNA from bio-
logical fluids is a challenging task for the biotechnological
and pharmaceutical industries, medicine, environmental
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monitoring, and forensics. For this reason, new filtering
materials with specific functions in relation to biological
objects are of great interest. In the Sector of Molecular
Genetics of Cell of DLNP JINR, systematic studies are fo-
cused on unique tardigrade disordered proteins discovered
in Ramazzottius varieornatus, which is one of the most
stress-resistant organisms on Earth. Of particular interest
is the unique tardigrade Dsup (Damage suppressor) pro-
tein, which protects DNA under various stresses (radia-
tion, oxidation, etc.) through the formation of the Dsup—
DNA complex.

Scientists of the Centre of Applied Physics of FLNR
JINR are developing hybrid track-membrane—based ma-
terials for diverse purposes, including medicine and bio-
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aJIOB HA OCHOBE TPEKOBBIX MEMOpaH /s IPUMEHEHNS, B
TOM 4YHCIIe, B MEANIMHE U OMOTEXHOJIOTHHU. bblia BeIIBH-
HyTa THIOTE3a O TOM, 4To Oenok Dsup Moxer OBITH HC-
TI0JTb30BaH B JIM3aiiHE HOBBIX (DHIIBTPYIOUIMX MaTepHasoB
Ut n30uparenpHoro yiaasmuBanus moiekyn JJHK u3 pac-
TBOpOB. B Xo0ze coBMecTHOW pabOTHI JIBYX KOJUIEKTHBOB
ObIT MOJTyYeH HOBBIM Marepuasl — KOMIO3UT MOJUMeEp-

AT THE LABORATORIES OF JINR

HOU (monudTHIIeHTEepe(TAIaTHON) TPEKOBOM MeMOpaHbI
C KOBAJICHTHO 3aKPCIUICHHBIM OCNKOM THXOXOHOK Dsup.
OKCIIepMEHTBI TI0Ka3alH IOSBICHHE y TPEKOBBIX MeEM-
OpaH HOBOTO CBOWCTBa — CIIOCOOHOCTH a7copOMpoBaTh/
3aXBaThIBATh M HAKAIUIMBaTh MOJEKYJBl BHEKJIETOYHOM
JHK u3 pacTBopa, KOTOpBIC 3aTeM MPH HEOOXOMUMOCTH
MOT'YT OBITH 1eCOPOUPOBAHBI JUIS MOCIJISIYIOIINX MAHHITY-

Puc. 1. Mukpodotorpadus Tena THXOXOAKN ((POHTATBHBII BUJT) B aKTHBHOM
COCTOSIHHUH, ITOJTyYeHHAst B PaCTPOBOM IEKTPOHHOM MHKpockore (Serensen-Hygum T. et al., 2018)

Fig. 1. Scanning electron micrograph of frontal view of tardigrade in active hydrated state (Serensen-Hygum T. et al., 2018)

Puc.2. Ancopbumu monensHON mnasmumHoi JIHK Ha xommosutHOM
Mmarepuane. Ha rucrorpamme: HemoaupunupoBanHas TpekoBast MeMOpa-
na (TM), momuduuupoBanHas Tpekopas MemOpana 6e3 Oenka (TM,, )
1 TOTOBBIH BapuanT komnosuta (TM, ;—Dsup). JlaHHbIEe MIpeIcTaBIEHBI
KaK Cpe/lHee + CTaHIapTHOE OTKIOHCHUE

Fig.2. Adsorption of model plasmid DNA on the composite material.
The histogram shows unmodified track membranes (TM), modified track
membranes without Dsup protein (TM, ;) and final composite material
(TM,,,,q—Dsup). Data are presented as mean + standard deviation
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technology. It was hypothesized that the Dsup protein is
suitable for the design of new filtering materials for se-
lective DNA accumulation from solutions. During the col-
lective work of two teams, a new material — a composite
of a polymer (polyethylene terephthalate) track membrane
with a covalently linked Dsup protein — was developed.
Experiments have approved the emergence of a new prop-

erty in track membranes — the ability to adsorb/capture
and accumulate cell-free DNA molecules from solution,
which can further be desorbed for subsequent manipula-
tions and analysis. The procedure for filtering and isola-
tion of DNA is quite simple, and does not require a large
number of additional reagents; the resulting material is
non-toxic and compatible with various filtering devices.
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nmsinuid u ananusa. [poreaypa GuIsTpoBaHus
n Beimenenus JIHK gocrarouno mpocra, He
TpeOyeT OOJBIIOTO KOJTMUYSCTBA JOMOTHUTEb-
HbIX p€arcHToB, a HOJ'Iy‘-IeHHBIﬁ Marepuail HE
TOKCHUYCH U COBMCCTUM C PA3JINYHBIMU (bI/IJ'IB-
TPYIOIIUMHU yCTPOUCTBAMH.

BeIOpaHHBIA TTOIXOA AJsl CO3JaHUSI HO-
BOTO THOPHUAHOTO MaTephana TOATBEPKIAacT
MEPCIICKTHBHOCTh ~ UCTIONB30BAHUS  OCIIKOB
9KCTPEeMO(MILHBIX OPTaHU3MOB U CHHTETHYE-
ckux OenkoB Ha MX ocHoBe. C MONMy4YeHHBIMHU
pe3ynbraTaMi MOKHO O3HAKOMHTHCSI B CTa-
The: M. Zarubin, E.Andreev, E.Kravchenko,
U.Pinaeva, A.Nechaev, P.Apel «Developing
Tardigrade-Inspired Material: Track Membra-
nes Functionalized with Dsup Protein for
Cell-Free DNA Isolation» (Biotechnol. Prog.
2024. V.40(3), e3478 (1-10); https://doi.
org/10.1002/btpr.3478).

The selected approach confirms the per-
ceptiveness of extremophile’s proteins and
their synthetic derivatives for creation of hy-
brid materials. The results obtained can be
found in the paper “Developing Tardigrade-
Inspired Material: Track Membranes Func-
tionalized with Dsup Protein for Cell-Free
DNA Isolation” by M.Zarubin, E.Andreev,
E.Kravchenko, U. Pinaeva, A. Nechaev, P. Apel
(Biotechnol. Prog. 2024. V.40(3), e3478
(1-10); https://doi.org/10.1002/btpr.3478).
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