3aceanaHue paboyen rpynmnbl
MO HAYYHOM NPOrpamme HOBOro UCTOYHWKA HENTPOHOB JIH®

[TpMmeHeHne HEUTPOHOB B
HayKaX O *XU3HWU

T.H. Mypyrosa



| NaBHble TeMb!

3n0poBbe U gonronetme (MexaHn3ambl GYHKLMOHUPOBAHUSA }KUBbIX CUCTEM B HOPME; MEXaHM3MbI CTapeHuUs;
dbaKToOpbl U MEeXaHU3MbI Pa3BUTUA 3ab01eBaHN);

MeaunumHa n papmarkonorus;
OKpyrKatowas cpeaa n SKoNorus;
ApanTtaumna n yCTOMYUBOCTb K CTPECCOBbLIM YCI0BUAM;

BuotexHonormmn (MoneKkynspHble MallnHbl, SHepreTnka, HaHOpPoboTbl, BUoceHcopbl, co3aaHme
OpraHn3moB / CTPYKTYP C HOBbIMU MU 3a@aHHbIMWN CBOUCTBaMM).



3HaYeHne HEMTPOHOB B BMONOTUM
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98% Macchbl }KMBbIX OPraHNU3MOB

* «BunaHbI» nerkme aTombl

* Bopopoa — 50% atomoB B buoobbekTax: suaeH BOAOPO/ v BOAA n nx B3aMMOAENCTBME C OKPYHKEHUEM
* [lenTtepupoBaHme obbeKTa Bapnaumna KOHTpacTa

e [MHamun4yecKmne CBOMCTBA

* OkpyrkeHue obpasua (TemnepaTtypa, 4aBAEHUE, CABUM, KOHUEHTPaLWUK CONen nT.a.)

* He pa3pyuwaet obpasel,



[TpOCTPaHCTBEHHbIV AMANA30H

MyﬂbTMKOMI'IOHEHTHbIe

Monekynbl
Komnnekcol

(Boga, bMOAKTUBHbIE

MyNbTU-CybbegmMHNYbIE
MOJIeKy/bl, MENTUADI, buononumepei (my ybves
(6enku, PHK, OHK, 6enku, membpaHbl
caxapa) nonncaxapuas!) Arperarbl Moze/ibHble 1 Bruonoruyeckue,
(MULEennbl, membpaHbl dunbpunnbl, 6engr-AHK-PHK,

MOZieNbHbIE 1 BroNOrMYeckue) — XPOMATUH, IMNORpoTEN bI)

OpraHennbi
4

MHoOrokneTto4yHbole
OpraHusmbl

OAHOK/IeTOUYHbIE OPraHU3Mbl
(KneTtku, Bupycoi)



BpemeHHble AMana3oHbl
(cnekTpocKkonus)

ABTOKOppensumoHHble KonebaHnsa atomos (INS
HekozepeHmMHoe paccesHue). BOAOPO/.

KonnekTMBHas NogBMMKHOCTb BbICOKOWM aMNAUTYAbI:
CBAI3blBaHME CybCTpaTa C KaTaIMTUYECKUM LLEHTPOM,
KOHPOPMaLMOHHbIE UBMEHEHMUA

KoHdopmMaunMOHHAsA NOABUMKHOCTb CybbeanHUL, B 6eN1KOBbIX
N APYrMX MaKpPOMONEKYIAPHbBIX Komnaekcax (cruH-axo NSE,
ps-100ns)

Anddy3ma n BpalleHne AMNUAHbIX MOJIEKYN B MeMbpaHax,
dopmmnpoBaHue padTos

OHAYNAUMOHHbIE KoNnebaHusa B membpaHe: pusmnko-
MeXaHU4YecKmne ceomcTea membpaHbl (Moaynb n3rnba)
CBopaymBaHue H6enkoB

[JVHaMMKa rmapaTtHON 060N04KM MAaKPOMOEKY.
JnHamuKa Boabl B KneTkax (keasuynpyzoe QENS, NSE)
MpumeHeHne n3bupatenbHOro 4eNTEPUPOBAHUA.

(a)

(b)

Side-chain
motion

psec—nsec 1-10 A

w.!llead rotation

E:'d 2D diffusion 4
1% (tail) Jump diffusion
b

Figure 1. Hierarchical intramolecular motions observed by iN5S for proteins (a) and lipid molecules

(b). Classification of the motions of lipid molecules is based on the latest theoretical dynamical model

called the Matryoshka model [15]. This figure is adapled from Ref. [16] with permission.
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1. 300p0OBbE N AONTONETUE:
OYHKUMOHMPOBAHME HKNBbIX CUCTEM B HOPME U Pa3BuUTHE BonesHen

OCHOBHbIE NPOLLECChI B }KMBbIX CUCTEMAX:

* CTpouTenbCTBO M NoaaepKaHMe CTPYKTYPbI
* XpaHeHue, 3anucb, Nepeaada MHGopMaLnm
* [lepepaya/pacnosHaHue CUrHanos

*  Xumuyeckoe npounssoacTso / ytunmsaums

* [lpon3BoACTBO 3HepPruun
* [lBUXeHune

HyknenHoBble KUCNOTbI

http://imglop.com/ribosomes-diagram.asp

phospholipid malecule

lipid bilayer

& 2007 Encyclopaedia Britannica, Inc.

Jlvnuabi

https://www.broadinstitute.org/news/1504

PacnpocTpaHeHHble 6o1e3HU:
 [wnaber

* OXupeHwue

* [unepannmngemua

* ATepocCKnepos

* Pak

* HemnpopereHepaTMBHble 3ab01€BaHMUS
* BUY

* (CrapeHue



1. 300p0OBbe M AONATONETHE:
6enku

BE/IKU ABNAIOTCA BAXKHEULLMMUN BUOMOJIEKYTIAMM.

OrPOMHOE KO/IMYECTBO ®YHKLIUN:

 MeTabonunsm (pepmeHThbli)

e TpaHcnopT (MOHbI, MeTabonnTbl, KpynHble moneKkynbl —6enku n PHK),

* [lpoun3BoacTBo K npeobpasoBaHUE IHEPTUMU

* [lepegaya cUrHanoB (xMmuyeckmne, OTOCUTHANbI, INEKTPUYECKUE
MMMYNbCbI)

* KOHTpPOANb HaA AMNUAHBbIM COCTAaBOM KNETOYHbIX MeMbpaH

* [logaeprkaHme GOopMbl KNETKU U ee OpraHenn

detergent
molecule amiphipol

6.?? % ljpid molecule Pmymers\
%O”g 2“58 o

W il ] Py,

\ W
\ il 7
N 7

Detergent micelle

Nanodisc SMALPS

MembpaHHble 6enku

* 1/3 yenoBeyecKoro reHoMa KoaupyeT MembpaHHble Crabununsaumna membpaHHbIx beskos
6enku.

* MuweHb ~60% nekapcTs —MembpaHHble 6enku



1. 300p0OBbe M AONATONETHE:
MembpaHHble benkn

AT®d-cBsA3bIBaOLWNKA TPAHCNOPTHLIN 6enok MsbA

JNlunng donmnnasa

©__

Deuterated
M5SP1D1

Slage

Deuterated POPC

Detergent-solubilised
membrane protein

MYPH

— Open made! of MsbA 52 =280.33 h

— Closed model of MsbA? 52,59 ‘

» Experimenial scatiering

log I {g)

000 005 010 045 020 025
q (A"

(A) Ab initio shape reconstruction by DAMMIF from the SANS data of MsbA-sNDs
superimposed on the crystal structure of MsbA in the closed apo state (Ward et al.,
2007).

((C) SANS data acquired in stealth nanodiscs can be used to discriminate between
different conformations of MsbA. The closed apo model (purple) fits much better to
the experimental data (black dots) than the open apo model (gray).

SANS no3Bo/InM/1 0AHO3HAYHO ONpeaenTb 0OLLYIo
KoHdopmauuto MsbA
Pasnunume B KOHPpopmauuax B npucytcremm AAP

Josts |, Nitsche J, Maric S, Mertens HD, Moulin M, Haertlein M, Prevost S, Svergun DI, Busch S, Forsyth VT, Tidow H. Conformational States of ABC Transporter MsbA in a Lipid Environment Investigated by 8

Small-Angle Scattering Using Stealth Carrier Nanodiscs. Structure. 2018 Aug 7;26(8):1072-1079.e4



[leTepnpoBaHne B KMBOU KNETKe MYPH

* BbipawmBaHue baktepuii B D20-cpeae * [lpucnocobneHue K cTpeccy (6 net Ha cnyTHUKe HACA)
* BHeppeHue B 6akTepuun H/D->KMPHbIX KNCNOT e [lpoayumpyeT aHTUMUKPODOHbIE NenTuabl

NPW reHeTUYecKom perynmposaHum bnoxmmmm ¢ OUYNCTKa CTOYHbIX BOA,

KK B K/1eTKax. * [lepepaboTKa naacTuKa

Bacillus Subtilis

*  Onpegennnn ToNWmMHY rmapoPobHOM YacTn membpaHbl
B KMBOW HakTepun (24.3 £ 0.9 A).

* YBunaenu popmmpoBaHume paptoB B membpaHax XKnsom baktepumn

b De-Mixing Homogeneous Mixing De-Mixing
a : o : ’ j " H,0 Growth Gonditions Uniform H/D ratio in both phases Uniform 70:30 H/D ratio NON-Uniform H/D Distribution
S-layer proteins . : . : —— Salvent Frotein (No Neutron Contrast) (No Neutron Contrast) (Neutron Contrast)
06 pMA ——Sugars
{——RNA  ——Lipids b c
04

104 002
Cell Wall

p [fmiAY]

0.24

00
0 20 40 &0 80 |
% D,0

Cell Membrane

3

1— Estimated Total Scattering

1+ Observed Total Scattering g
S from H,Q Growth Canditions £
Cytoplasm 0% AT :%_ e
= 1 ‘/‘/’ : E Fig“l..l?é‘lac_ﬁngmlfteml‘!i!:idf)rg?.niz:aﬁuni'rln:lB.suPIIin’is..(g)S(illu?lt\ia.ﬁcal‘ﬂje'eisfpe.ﬁmenl.N?ul‘ror‘rt:onlvaslirl\I.he-mvemllar:anewas
R S "mou
% D,0
Envelope structure and scattering properties of B. subtilis.(a) Representation of the cell lateral features smaller than 40 nm that are consistent with the
wall, the membrane and a portion of the cytoplasm. notion of lipid rafts.

Nickels JD, Chatterjee S, Stanley CB, Qian S, Cheng X, Myles DAA, Standaert RF, Elkins JG, Katsaras J. The in vivo structure of biological membranes and evidence for lipid domains. PLoS Biol. 2017 May 9
23;15(5):e2002214.



MYPH, HeuTtpoHHaa audpakuua

1. 300poBbe U AoNroNeTne

dopmuposaHue pmnbpunn

Bone3Hb Anburemmepa, bonesHb NapknHcoHa, anabert Il Tmna,
noAnHenponaTua, NPUOHHbIe bonesHu

TpaHCTUPETUHOBbLI amuUI0MA03 o
(nepudepunyeckaa n aBTOHOMHaAA HEPBHAA CUCTEMA)

72005-9000s
r 54005-7200s
100 b oA - 3600s-5400s

E e iis 1800s-3600s

Chain A
D Ser50

Q) (em ™)

o-helix ?{ \w

6

Q&A™

T119M-TTR S52P-TTR /

MyTauma AI\A:ZII;ZL;MHO':_; Jlnrang, Feiogg OueHeHa CKOpOCTb pocTa M cpeaHasa AnvHa
CTabunbHbIN A ctabunusunpytowmi amunongHbix unbpunn (a-synuclein-rensia Jlesu) U3
PassepHyTas neTnio. AenTepupoBaHHbIX MOHOMepPOB. Bpems-
neTnA Ob6paTtHas 3ameHa D Ha H. pa3pelueHHoe MYPH. LieHTpbl HyKneauum
He[/JITpOHHaﬂ AMd)paKLllVlﬂ +peHTreHOBCKas (obnactu, bonee nogBeprHyThbI «3aHyneHbl» 3a CYET KOHTpacTa.
AeHaTypauum 1 arperaymm) OTcyTCTBME CNOHTAHHOIO 3apOXAEHNSA LIEHTPOB
,u,mcbpa KUunAa + monekynapHaa AMHaMmnKa Hykneaumy donbpunn. 6,3 A/MuH; onuHa 4,2mm.

Yee, A.W., Aldeghi, M., Blakeley, M.P. et al. A molecular mechanism for transthyretin Eves BJ et al. Elongation rate and average length of amyloid fibrils in solution using isotope-labelled small-angle
amyloidogenesis. Nat Commun 10, 925 (2019). neutron scattering. RSC Chem Biol. 2021 Apr 14;2(4):1232-1238. 10



1. 300poBbe N goAroneTmne

N3meHeHne gUHaMUYECKUx CBOUCTB ApU NAaTONOIrNAX

6enKa TPoOnoHMHa.

MbILLLLbI.
QENS

Surface Monolayer of
Phospholipids and
Free Cholesterol

Apolipoprotein
\ Hydrophobic Core

of Triglyceride and
Cholesteryl Esters

AtepocKknepos

OnHamunueckmit oteeT vnonpoTtenaos (/1M) B Hopme 1 €
NaToONOrMYEeCKMMM CBOMCTBAMM MPU NOBbILLEHHOM
rmapoanHamuyeckom gasnenum (20 6ap, 3 kbap)
Amnnutyabl KonebaHuna ansa natanorndeckux JM
YMEHbLLATCA NPU NOBbILWEHNUN AaBNEHUA

EINSIN13

Matsuo, T.; Peters, J. Sub-Nanosecond Dynamics of Pathologically Relevant Bio-

Macromolecules Observed by Incoherent Neutron Scattering. Life 2022, 12, 1259.

Kapp,uomuonamn, BbI3BaHHAA TOYEYHOM MyTaLI,VIEI\/'I B reHe

MNMosblWeHHaA NOABUMKHOCTb HeynopAg04eHHOro y4actka
6enka mewaet B3aVIMO,£I,EI\;1CTBVII'O MWUO3NHA U aKTUHAQ, a
cnepnoBaTesibHO, NPaBUIbHOMY COKpalleHUIO cepp,equﬁ

Treatment with
paclitaxel (15 nM) Treated cells
for24h (1)

breast cancer cells with 15 nM of paclitaxel for 24 h

PaKoBble KneTKu
OnHammMKa BoAbl 3aBUCUT OT TUMA PaKa Mo CPABHEHUIO C o

HOPMOW. B HOpMme e TKaHM He MMEIOT PasnYnit
[AnHamMKnKa Boabl KaK MapKep paKa
MOHATb MONEKYNAPHBIN MEXaHM3M

MpucyTCTBME NEKAPCTB U3MEHAET ANHAMMUKY BOAbI.

QENS BASIS SNS 3.5mkeV

HEﬁTpOHHaﬂ CNEeKTpocKonuA
(QENS, INS)

(@)

Native Partially unfolded

7

Unfolded Amyloid fibri

L L L L} L}
O Amyloid fibril state
| @ Monomer state

3.0

<u2> [A’]

2.0

280 285 290 295 300
Temperature [K]

Amunongos (EINS)

MosblweHMe NoaBUKHOCTU BOKOBbIX rpynn 6enka 8 pubpunnax
Crabunmsmpyiouiee cBOMCTBO BMONPOTEKTOPA TPUTaNOo3bl
B3sanmocsAasb ycnosua ¢opmmnposaHma dubpunn —
nonnmmopdusm Gubpunnbl — NOABUKHOCTb — TOKCUYHOCTb
(cTeneHb B3aMmoaelicTBMA ¢ membpaHoi)

Martins, M.L., Dinitzen, A.B., Mamontov, E. et al. Water\c/ii amics in
MCF-7 breast cancer cells: a neutron scattering descriptive study. Sci
Rep 9, 8704 (2019).



1. 300p0OBbEe N AOATONETUNE

HeuTpoHHaAa pedpnekrometpus

MYPH
C6o0pKa BUPYCHOro Kancmaa
Glycoprotein Viral
envelope
1. Ana popmmnpoBaHmna 060/104KH
o Capsid
Heobxoanmo 3 B3aMMoOAEeNCTBUA: RNA -
Gag+Gag N | e o
Gag+PHK ol TR
6
Gag+membpaHa A

2. BansHue coctaBa membpaHbl Ha
dbopmmpoBaHmMe 060/104KM (AHMOHHbIE
amnunabl)

neat tBLM  Fresnel normalized reflectivity, R/R

S & o no
T

Residuals with

Figure 1 Gag dimensions. (A) Gag assembly at
different stages of immature virion formation
imaged by EM. Protein shell in both the spherical
virion and incomplete arcs has a thickness of = 200

3. Gag He cnocobeH popmmnpoBaThb
Kancua, noka HeT KOHTAKTa C
membpaHon n HK

e 1.5

2
wo
c . 2
! —_— < i
MA NC  RNA 2\ g '
Y A :

=]
]
1

T
100

200
Distance from Au Surface, z, (A)

E:@ —
|
=

HenTpoHHaa pednekTomeTpuaA: UsSMeHeHne
KoHbopmaumm Gag npum CBA3bIBAHUU C
membpaHoi (tBLM) n OHK (TG).

Plasma Membrane

50 100 150 200 250
Distance (A)

300

MYPH: nameHeHune KoHpopmaummn KancugHoro 6enka Gag
B NpucytcTeumn PHK

Datta SA, et al. HIV-1 Gag extension: conformational changes require simultaneous interaction with membrane and nucleic acid. J Mol Biol. 2011 Feb 18;406(2):205-14.



2. MeanumHa n papmakonormns

* Pa3paboTKa M NOMCK HOBbIX JIEKAPCTB;
* AApecHaa AO0CTaBKa /ieKapcCTB
* AHTUMMKPOOHaAsA 3aWNTa;

* BaKuWHbI;

* Tepanua paka;

* BMonNpUHTUHT

* [lpoTe3snpoBaHune




2. Melﬂ1|/| II/]Ha N Cl)apMaKOﬂor[/]ﬂ HelitpoHHas gudpakuus

140 Kpuctannos nccnepgosaHo H/

Pa3paboTtka Hosbix JlekapcTts (Rational Drug Design) Pasmep kpuctannos <0.5mms3
80% Kpuctannos — AeNTepUpPoBaHUE B OKPYKEHUM
Kpucrtanna

3HATb CTPYKTYPY BEJIKA

3HaTb pacnonoxenune BOAOPO/JA, BOAOPOAHbLIX CBA3EW,
rTMAPATALUMN (H20 H30+ OH- H+) — OCHOBHbIE Y4aCTHUKK B
CBA3bIBAaHWM /IEKAPCTB

[eTtanun cBA3bIBaHUA KNETOYHOIO peLenTopa C BUPYCoOM
HabntogeHna npy KOMHATHOMW TemnepaTtype

MomoLLb ANA KOMMNbIOTEPHOrO0 MOAEIMPOBAHUA

PacwudpoBKa Xumun ¢pepmeHTOB U perynaumm ux paborbl:

* [lepeHoC NPOTOHOB

* YyacTue BOAbl B nepeHoce NpOTOHOB

* YyacTue BOAbl B NONOXKEHUUN NNUTaHAa B aKTUBHOM LLeHTpe
depmeHTa

* [IpPOTOHUpPOBAHME XUMUYECKUX FPYNnN

* [IpoMeKyToUYHble COCTOSAHUA NNUraHa0B B GepmeHTe npu
y4acTMM BOAOPOAHbIX CBA3EM

* OueHKa 3HavyeHna pKa 6OKOBbIX rpynn akTUBHbIX LLEHTPOB Npw
TUTpoBaHuu H/D

v

YAYYLNTb UIN CKOMNEHCUPOBATb PYHKLNIO

BenokK yenosekKa

BO34€eMNCTBOBATb Ha GYHKLMOHANbHO 3HA4YMMble Benkn
MMUKPOOpPraHmn3ama n 6,10KMpoBaTb UX PYHKLUIO

YyKepoaHbI MUKPOOPraHU3M

v

'__\
'S




2. MeanunHa n Gapmakonorma

» Paspabotka Hosbix JlekapcTs (Rational Drug Design) HenutpoHHas audpakuma

hCA Il (Bcero 16 nsomepos)

‘To be or not to be’
protonated

* KaTtanusupyet obpatumyto rugpataymio CO2.
* [naykoma

*  3Jnuaencusn

* BbicoTHaA 6onesHb

* HeKoTopble BUAbl paka

ILL INSTRUMENT USED: quasi-Laue diffractometer LADI-III
* KomHaTHasa TemnepaTypa (peHTreHOBCKasa Kpuctannorpadpua — 3amoposKa
Kpuctannos npu -170 -180 oC)

OnpeaeneHo NosioKeHne aToMoB BOAOPOAa, HalJeHa CeTb BOAOPOAHbIX CBA3EM
naes BBECTU JONOJHUTE/IbHYIO BOAOPOAHYIO CBA3b A5 YCUNEHUSA CBA3bIBAHUA C IMTaHA0M

PeHTreH — brinzolamide — xBocTt B ruapodobHOM KapmaHe
HenTpoHbl — B rnapoduabHOM KapMmaHe
-> 06paTUTb BHUMaAHUE Ha TMAPOdUNbHbIE KAPMaHbl Y APYrMX N30MePOB

A. Kovalevsky et al., "To Be or Not to Be" Protonated: Atomic Details of Human Carbonic Anhydrase-Clinical Drug Complexes by Neutron Crystallography and Simulation Structure, 2018, 26, 383.

15



2. MeanunHa n GapmaKkonorma

BaKLMHbI SARS-CoV-2 fusion peptides during infection

LEGEND w 1 FP1 binds to the host membrane, forming a fusion initiation
g 72/ point
—
o/\/\o{r\/ol/\g 2 = viral membrane bilayer

) — 2 The point enlarges with lipids mixing between viral and host
membranes, leading to the growth of a hemifusion diaphragm
- -
host membrane bilayer

3 FP4 bridges the two membranes together, facilitating fusion
into a single bilayer
52’ protein
FP1and FP4 = ovals : :

structured 52 protein = circle

PEG-
DMG

s )
DSPC WWCCCVMWY

Cholesterol _‘C@ﬁ?{ﬁﬁg\/\(

mRNA Detector In situ

A

Scattering

A hemifusion diaphragm forms.

= — 4 . o
“ In the endosome, lower free calcium leads to FP1 orienting
like FP4, providing further contact between the membranes

direction of the protein

e~

+ a 5 Thetwo membranes form a pore which expands as the Spike

direction of the lipids j r protein is excluded by the two membranes coming together

€2 removed

"".,Q\",.x.,.'

rel. q)

| —

EoE
'/\’ ( X—ra\gélL\ll:CL;tmn

ILL instruments :

Neutron reflectometer FIGARO,

SANS instrument D22,

Thermal neutron backscattering spectrometer IN13,
Spin-echo spectrometer IN15,

Backscattering spectrometer IN16B,

cold neutron multichopper spectrometer IN5

Sample

Copyright:— BioNTech, Cristina Sala

https://www.fz-juelich.de/en/jcns/jcns-
1/news/announcements/2021/2021-03-
08_biontech https://www.ill.eu/news-press-events/news/scientific-news/neutron-scattering-

techniques-reveal-the-roles-of-sars-cov-2-fusion-peptides-during-infection 16
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2. MeanunHa n GapmaKkoaorma

AZpecHas A0CTaBKa JIEKapCcTB

Aokenn

Jinunocombl

benkosble
HaHo4YacCTULbI
(anbbymumH)

HaHouacTuuybl metannos
MarHuTHble YacTuubl

* BMOCOBMECTUMOCTb
*  YCTOMYMBOCTb NPU TPAHCMOPTUPOBKE
* AApecHOCTb

JinnonnekKcol * CuHTes
NMonunnekcol

MmoanPpUUNPOBAHHDIN

Scheffold, F. Pathways and challenges towards a complete characterization of microgels. Nat Commun 11, 4315
(2020). https://doi.org/10.1038/s41467-020-17774-5

https://biomolecula.ru/articles/nanochastitsy-instrument-adresnoi-dostavki-lekarstv

17



2. MeanunHa n GapmaKkonorma oA

* JloCcTaBKa NneKapcCTs

* buoceHcopbl maoporenu
* BUONPUHTUHT

* [lpoTe3npoBaHue

PeaKuua Ha BHeELWHUe YCN0BUA
(ymeHblweHne obbema n pasmepa
3a HCeK):

* pH

* Temnepatypa

* Monekynbl (rnoKo3a)

* YNnbTpasBYK, MarHUTHOE None,

@
X ¥ .. . @

246 s Ta ¥, * . ® 0o,
Pt B0 e %e . ® @ ) -
:-'.- — 0% mmmm) 8.4 % ore 06
. .' r .‘. & - & '.". :..

O. 4 8, & ‘i

g e L ] .-- @ L ]

Drug loaded swollen Drug release from

microgel/nanogel Stimuli environment microgelinanoge!

renapuH, rmanypoHoBas
KucnoTta, akpunamua, NnoAMBUHUAOBBIA CANPT U T.A4.

01 01
cBeT (BHeApeHMue
001} — 001 s M = 10 Py e o
MeTaIZIMYeCKUX YacTuL,) : : i i P
- & £ £ 2
0.001 0.001 = 04 = gt = 04y
Ay Dm\ 0.0 o ‘ 0.0 04 oo 0.0 a1
. 2l a1 1 1
Anﬂ He”TpOHOB' OO e o 20 a0 so w0 he o 20 4w 60 e Scatiering Vectar, Q (A1) Scattering Vector, Q (A7) Scattering Vector, Q (A1)

BHYTpeHHAA CTPYKTypa resiem Npu pasINyHbIX YC10BUAX
Fig. 4
Pasmepbl KaHanoB HO—

o
g
T
s
8

Intensity {cm
Intensity (om™1}
Intensity (cm!

AE (neV) AE (ueV) E 100,
ig. 4 QENS spectra of DexM 10 microgels at 293 K (left), 323 K (right) Ll = . = 10 \
) a = 1157 A" (a) experimental data, (b) total fit, (¢) elastic polymer FEER = = 1 3
component, (d) quasielastic polymer component, (e) slow relaxing water 5 &
rl NOTH OCTbI no p nUcTo CTbI MATKO CTb/TBe ptulo CTb component and (f) fast relaxing water component. For the sake of clarity 1 o 1
only 30% of the data points are shown. 0,01 0,01 001

PACNoNOXKeHUe HarpyXeHHbIX BELLeCTB
AHamumKa n anddysmna KUOKOCTU BHYTPU
KnHeTtunKa

Selin S. et al, Responsive biopolymer-based microgels/nanogels for drug delivery applications, In Woodhead
Publishing Series in Biomaterials, Pages 453-500,https://doi.org/10.1016/B978-0-08-101997-9.00021-7.

o0.01 01 0.01 0.01 o1
Scattering Vector, Q (A”T) Scattering Vector, Q (A ‘] Scattering Vector, Q (A7)

Emily R.Draper et al. “Using Small-Angle Scattering and Contrast Matching to Understand Molecular Packing in
Low Molecular Weight Gels.” Matter Volume 2, Issue 3, 4 March 2020, Pages 764-778

Ghugare, Shivkumar V. et al. “Biodegradable dextran based microgels: a study on network associatef8water
diffusion and enzymatic degradation.” Soft Matter 8 (2012): 2494-2502.



2. Melﬂ]MLLMHa l/l d)apl\/\aKOﬂOrl/]ﬂ * W30TONbI ANA ANArHOCTUPOBAHMUA U

Tepanun paka;

» [leTekTUpoBaHuMe onyxonu (single-photon emission computed
tomography (SPECT); positron emitting tomography (PET))
* O6ny4yeHune onyxonu (ramma-yacTuubl)

1926 Eur J Nucl Med Mol Imaging (2019) 46:1919-1930

TepaneBTUYECKNIN «3010TOM CTaHAapT» lutetium-177 Fig 3. SPECTICT images of

b PSMAGL shovm s

maximum intensity projections. a

Scan obtained 1 h p.i.. b Scan

ohuiilleﬂ 4 h p.i.. ¢ Scan obtained
KombunHmnposaHmne nsobparkeHuna n tepanmu: e PSMA+  PSMA- PSMIA+
Tb-161 n Tb-149 (TepaneBTHUYECKME CBOICTBA), >

Tb-152 1 Tbh-155 (imaging)

ILL nponssoacTteo Th-161
obnyyeHmne muwenn Gd-160

PSI
OuncTtka ion-exchange chromatography

CERN-ISOLDE
using a proton beam to break up nuclei in a tantalum-foil target, followed by
so-called on-line mass separation of the isotopes

19



2. MeanunHa n GapmaKkonorma

PEHTreH HENTPOHDI Neutrons

PEeHTreH HENTPOHDI

Radiographies Tomography

Comparison of images obtained with (4) X-ray tomography (Zeiss-
XRM3520 laboratory tomograph, 26 um voxel size) and (B) neutron

views. Images iii show the same slices as ii after segmenting the
bone from the background.
CTapeHue maTepuana naombbl, NPOHUKHOBEHUE B

f Scintillation screen
TPELMHbI U NOIOCTU BOABI.
O6HapyrKeHa NoBbIWEHHAA NOABUMKHOCTb BOAbI B PEMO,EI,E.I'II/IpOBaHMe KOCTHOW TKAHW Ha

matepunane. rpaHnue ¢ meTaain4yeCkKMm MMMN1aHTOM. Figure 17

EXtraCted teeth reStored With GIC (glass ionomer Left: photograph of a rat lung at the neutron beamline. Right: lateral and frontal newtrom

radiographs of the lung showing the lung physioloey such he irachea lobesand airways (Meizke
Cements )' el u.[.-':’ﬂlll]]. 'I'I:n.' .*.'|:la].|-ljil r-L'M:IluII::ﬂI. .wmsz}m::::n:i-u:;tﬁtrﬁlﬂm}ulrl.'I'Ivu yielkow cl]l]m"‘“lu:dlclau:hlill.c
The neutron images also suggest that Hanna Isaksson, Sophie Le Cann, Christina Perdikouri, Mikael J. Turunen, Anders e e, Ll (o mCT: b sm bl My b it it
. . . . Kaestner, Magnus Tagil, Stephen Hall, Erika Tudisco , Neutron tomographic imaging of o
Inte_rconne(:tmg_ pores or cracks are filled with bone-implant interface: Comparison with X-ray tomography, XOpOLUMM KOHTPACT mexay Bo34yXOom U TKaHblO
liquid (b, f), while some of the larger pores seem Bone (2017)

’ pacnpeneneHne so3ayxa B 1erknx
to be empty (d).
Nakanishi. T.M.. Okuni. Y... Furuk I etal Wat ti Metzke RW, Runck H, Stahl CA, Schillinger B, Calzada E, Mihlbauer M, Schulz M,
alantls b -I Ib unlt, N buru awa,l -etat IT er mo'\éemen n Schneider M, Priebe HJ, Wall WA, Guttmann J. Neutron computed tomography of

a plant sample by neutron beam analysis as we' as positron rat lungs. Phys Med Biol. 2011 Jan 7;56(1):N1-N10. 20

emission tracer imaging system. Journal of Radioanalytical and
Nuclear Chemistry 255, 149-153 (2003).



3. Opr}Kal'OLLLaH Cpe|ﬂla N SKOJIOTWNGH HeitrporHeiit aktusaumorHeiii aHanms

MOHUTOPUHT 3arpa3HeHun (noTpebaeHna opraHM3Mom) TAXKENbIMMU MeTaNNaMMU

Fig. 1
Map of sample collection
sites of moss biomonitors e 5 M larar
in2015-2016. WASSES AS SIONGHTORS 0F AIR POLLUTION:
2015/ 2010 servey i@ beavy metals. -
miiregan and POPs in [arege and beyand Qﬁ =
Puc. 1 Fig. 1

Mussels Mytilus
galloprovincialis.

Kapta npobootbopa
MXOB-61OMOHUTOPOR
8 2015-2016rr.

Puc. 1

Muguu Mytilus
galloprovincialis.

600 =

Female Offspring

Fig. 2

Mass content of silver in the brain of
female mice and their offspring determined
by neutron activation analysis.

400

HAA nomMmoraeTt oueHUTb
6e30nacHOCTb MOpPEenpoOaoYKTOB

Puc. 2

Maccosoe conepaHue cepebpa B mosre
CamoK 1 NX NOTOMCTBA, onpegeneHHoe
MEeTOLOM HEATPOHHOIO aKTMBaLNOHHOMO
aHanusa. —

Specific mass of silver, ng
3
=3
1

T T T T
Control Experiment Control Experiment
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3. OKpyXatoLwaa cpeaa U 3KO10MA

BanaHue atmocdepbl HA KAMMAT U 340pOBbeE

PedbnekromeTtpus

UNDERSTANDING OZONE POISONING
NEUTRON STUDIES REVEAL HOW OZONE POLLUTION DAMAGES
3| e it THE LINING OF THE LUNG

o d variable (d==4}, p=0 fixed

1.5x10"

2

-4 259 ;E 1.0 :‘?‘ 50 -
i % 3 - : g
=N Esl i1
3 S 5
A goo ¥ %%: g “n E% h
10 20 30 40 50 604q,40° 4c|:n stlm 12'D_0 a :5
(a) Q (A") (b) time /s qg_ 35 - u :
Figure 52. (a) Neutron reflectivity, R, as a function of momentum transfer, (). The depicted fit b =
(black line) results in a layer thickness of 2.1 nm; (b) The three fitting approaches described S8 30 -
above lead to negligible uncertainties; the error bars are omitted for clarity. 5 i
< H
20 A T T
0 2 4 6 8
MexaHn3m obpa3oBaHUA 0CagKoB Time/10 s
BnanaHmne aspo3onen Ha KAMmaT (KpyroBopoT BOAbl) The damaging effect of ozone on
an unsaturated lipid monolayer
Mpouecc oKncneHns (yTOHbLIEHMNS) OPraHNYeCcKmnx Ageing showing how one hydrocarbon
MAB nneHoOK B aTMoccbepe NO3, OH’ 03  ~10min tail bends round and breaks off

as the surface pressure of the

monolayer increases

® CKOpOCTb POCTa Kanenb,

® moaennpoeaHme BKAa4a aapo3onel71 B OTPaXKae€MOCTb ILL INSTRUMENT USED:
O6f|aKOB, BEPOATHOCTb OCaA4KOB U KPYrosopoT BOAbl FIGARO reflectometer

S. H. Jones et al., Atmospheric Environment, Volume 161, (2017), Pages 274-287, Katherine C. Thompson et al., Langmuir, 2013, 29, 4594,
https://doi.org/10.1016/j.atmosenv.2017.04.025. dx.doi.org/10.1021/1a304312y | 22



3. OKpyXatoLwaa cpeaa M 3KON0MA v

[lpmeHeHMe necTMuMaoB

bonee a¢ppekTMBHOE AenCTBME NECTULNAO0B

+ 8 TA
Wax Temperature
Solubilised increase
Pesticide +
Solubilised &
- + 8 A v

=

Wax
Solubilised

—

. P Temperature
increase

MeHbllee Konn4ecTso npnmeHAaemsbIX nectuungons

Wax solubilization caused pesticide release and shell hydration, and shortened the length of the

cylindrical micelles of the CP loaded C12E6. Temperature increase led to a significant rise in the amount of the
dissolved waxes, increased pesticide release, increased micellar length, and caused shrinkage and
dehydration of the shell. This study indicates that agrochemical sprays are capable of dissolving leaf

waxes, and may trigger pesticide release from surfactant micelles upon contact with plant surfaces.

Xuzhi Hu et al. // Journal of Colloid and Interface Science, 556, 2019, Pages 650-657




3. Opr}Kal'OLLLaﬂ Cpeﬂa N SKOJZIOTUNSA HeltpoHHaa andpakuma

napHMKOBbIe rasbl, ICTOYHHNKWN NMPUPOAHOIO ra3a

— w0 | (210)
MeTaH — 06nafaeT BbICOKMM NapHUKOBbIM 3hpeKToM S0 ; (211) |
MMApaTbl NPUPOAHOTO rasa — AHO OKeaHa, NeHUKM E | I i .
dopmupoBHMe B HedTe- 1 ra3onposoax T‘ﬁ P (200) ]
MOWCK MHIMBUTOPOB HYKNEeaLMM TMAPaToB NPUPOAHOTO rasa 7 (110) s
MpucyTcTBME NpUMeceii (HaHOYACTULL) He BAMAET Ha KMHETUKY GOPMUPOBAHMUA rMAPaTOB MeTaHa f .
(Hy»HO nckaTb Ha pasaene ¢as soga/ras uau in the bulk) 8 o

0.9 — Control 4

time-resolved neutron diffraction in conjunction with H/D isotopic labeling.

NIMROD and SANDALS, ISIS

These instruments are optimized for studies of liquids and amorphous materials containing a high proportion of
hydrogen (1H), and they provide continuous access to a momentum transfer range 0.02 <Q<50A-1

hydrate formation not on particles

Figure 1. Methane hydrate formation as studied by neutron diffraction
from CH, + D,0 solutions at 180 bar and 278 K. All results obtained
with the “standard” agitation regime. (a) The effects of agitation time
for a sample containing 0.5 wt % Laponite RD clay, showing the
increase of the DCS level (Eq. $2) and evolution of the s1 methane
hydrate Bragg peaks. It is clear that the overall scattering level increases
as methane is dissolved into the D;0. (b) The effects of different solid
additives (0.5 wt %) as seen in the DCS at time £, Note that the
scattering level is highest for the control sample of CH, + D0
without added solids. The Si0), sample consists of 20 nm spheres.

crystalline methane hydrate sl structure of composition
CH4:D20=1.0:5.75

Stephen J. Cox, Diana J. F. Taylor, Tristan G. A. Youngs, Alan K. Soper, Tim S. Totton, Richard G. Chapman, Mosayyeb Arjmandi, Michael G. Hodges, Neal T. Skipper, and Angelos Michaelides
Journal of the American Chemical Society 2018 140 (9), 3277-3284



4. MpucnocobneHne n yCTOMYNBOCTb K
CTPECCOBbIM YC/OBUAM

Paanauua

AKTMBHble dopMbl KNCNOpoAa
[laBneHune

TemnepaTypa

BblCOKME KOHUEeHTpauuu conu
JKCcTpemasibHble pH
KpnonpoTteKTopbl

PaKoBble KNEeTKM TOXe adanTUPYIoT HOpMasibHble NyTH
CMAMYeHun cTpecca, YTobbl ONyXo/ab NPOrpeccMpoBana,



4. MpucnocobneHre 1 yCTOMYMBOCTD K
CTPECCOBbIM YCN0BUAM

: : : YCTOMUYMBOCTb K pagmaumm
Tardigrade disordered proteins . pasanall
YCTOMUYMBOCTb K BbICbIXaHUIO

* KpuonpoTeKTop

° TpaHCI'I}'IaHTOJ'IOI'VIFl - ANnNTE/NIbHOE XpPaHEHUE 6M006pa3u,0|3
* Kocmuyeckue nonertsbl

Ocobas rpynna HeynopaaoyeHHbIX 6enKoB:

* KomnnekcoobpaszoBaHue c gpyrumu 6enkamu, AHK,
ManibIMN MONEKYyNamm

) CMI’Ha}'IVI3aLI,VIFI n perynaumna KneTo4yHblX npoueccos
Damage suppressor protein (Dsup)

dusnyecknnm wmt ana AHK ot usnyyeHma v pagmkanos

e [MHammyeckue CBOMCTBA

* [entepupoBaHue M BapmaLuma KOHTpACTa

* WHPopmaums o cpegHem COCTOAHUM
AMHAaMUYECKoro aHcambna KoHpopmaumii
N BblAENEHHbIX Cpean aHCaMbBNA CTPYKTYP

26
Minguez-Toral M, Cuevas-Zuviria B, Garrido-Arandia M, Pacios LF. A computational structural study on the DNA-protecting role of the tardigrade-unique Dsup protein. Sci Rep. 2020 Aug 7;10(1):13424.




4. MNpuncnocobneHmne n yCTon4mBoCTb K
CTPECCOBbLIM YC/IOBUAM

Transmembrane-bound

doTopeuenTtop ranoankanmdunbHble apxen N. pharaonis
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Ryzhykau, Y.L., Orekhov, P.S., Rulev, M.I. et al. Molecular model of a sensor of two-component signaling system. Sci Rep 11, 10774 (2021). https://doi.org/10.1038/s41598-021-89613-6
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5. bnotexHonormu

Buonormyeckune 3aBoabl: NPOM3BOACTBO XMMUYECKMUX COEANHEHUN U3 BUOMACCHI, SNEKTPOSHEPTUN U T.M.
BuonepepaboTka oTxoa0B (NnacTuk, HedTb, ypaH)

BuoceHcopbl/6uMomapKepsl

BruopoboTbl

Co3pgaHue 6VIOMaTepVIaIIOB C 3a4dHHbIMUA CBOMCTBaMMU —I'VI6pVI,£I,HbIe mMmaTepmnanbl



5. bnotexHonormu

®dnyopodopbl HA OCHOBE KBAHTOBbIX TOYEK

H
7 o 4E AE AE
J—‘-‘ I— — =
= F — B
= B B F
wm m SB& O f‘% s Cd O6onouka U3
5 i P LUMPOKO30HHOTO
X Zﬁ NnoNynpoBOAHMKA
®S
BHelwHAA
nonnMmepHasn
200 6200 obonouka

dTOMOB dTOMOB

https://biomolecula.ru/ Aliaksandra Rakovich, et al. Nano Letters 2010 10 (7), 2640-2648

MYPH

Mpobnema — TOKCMYHOCTb M TMAPOHOOHOCTD

PeweHune — noKkpbIiTMEe BUOCOBMECTMMbBIMU MaTepUanamm +
N3MEHAOLWMMM CBON CBOMCTBA NPU pa3Hbix pH, TemnepaType, MOHHOM
cune, U3Ny4eHnu, aNeKTpuieckoe/MmarHMTHoe nose u T.4.

+ NPULWNTb METKY

CuHTte3 KT HenocpeaCTBEHHO B MPUCYTCTBUU NOJIMMEPOB.

Mpamaa ¢pyHKUMoHanm3aumna KT makpomosekynamu (T.e.
MOJIEKY/1TaMU NOJIMMEPOB).

PasgenbHbi cnHTe3 KT 1 noaMmepoB € AaibHENLLMM NOSTyYEHUEM
rmbpnaoB KOMOUHALMAMM Pa3HOro poaa CTPaTernii MONEKYIAPHOM
cOopKM.

PbS-DA:TET-CA

D. T. W. Toolan et al. Insights into the Structure and Self-Assembly of Organic- 30
Semiconductor/Quantum-Dot Blends Advanced Functional Materials(2022), 32



5. bnotexHonormu

Mpeobpa3oBaHMe COTHEYHOMN SHEPTUM

baKktepmnopoaoncuH + KBaHTOBbIe TOYKN = HAHOKOHBEPTEP C BbICOKOM
apdeKTnBHOCTLIO (OT AanbHero YO ao suanmoro ronyboro)

* OnNTO3/1EKTPOHHbIE U GOTOHHbIE YCTPOUCTBA
* DNIeKTPO3HepreTukun
e apyrue suabl GOTO3EKTPUYECKNX Npeobpa3oBaHUM

Aliaksandra Rakovich, et al. Nano Letters 2010 10 (7), 2640-2648 31



5. bnortexHonormm

dnyopecueHTHble bBromapKepbl

LimaHoBbIn pnyopecueHTHbIM 6enok Cyan Fluorescent Proteins
(CFPs)

MHoro1BeTHbIC N300paXEHUS KJICTKH/TKaHEH
buomapkep u3MeHSIONUXCS MapaMeTpoB
kieTku (pH, KoHIIEHTpaIiu HOHOB,
MEMOpPaHHOTO MOTEHIINAaa 1 T.II.)

Mapkep B3aMOACHCTBHS MEXIY OeIKaMu
CraexxeHue 3a OSJIKAMH B KJIETKE

PHCYHOK 8. DJIyopeCteHTHEe MHKPOOTOTPadiH ¢ Fallepelt eXerofHoro KoHKypea Nikon Small World. 1.
ubpotnacts: mpim. 2. Becnonoruii patox Temora longicornis. 3. Mit03 5 KieTKax nerxix Tpurona. 4, Knerku
MM MOHEURA MLIITH in

https://biomolecula.ru/articles/fluorestsentnye-
reportery-i-ikh-molekuliarnye-reportazhi

Elastic incoherent neutron scattering (EINS)

[Touck HyxHOM MoAaudUKAIMKU OeJIKa JJIsi U3MEHEHUS Tharna3oHa
(byopecleHIuY U €€ yCUJICHUS
[IBeT 3aBUCUT OT aMUHOKHUCJIOTHOTO COCTaBa B IICHTPE -> U3MEHSET

Tumuose

i il
....... aprileet

0 % e 1o 20 20 3%
Tk

p —

HellTpoHbI MOKA32J1H CBA3b MEXKAY MOABUKHOCTHIO / JKECTKOCTHIO
XpoModopa U ero OKpy:keHus 1 3PPEeKTUBHOCTHIO

dayopecueHuuun

protein motions were mainly connected to a part of the protein core
which is organized as a B-barrel — specifically to the seventh strand of
this barrel.

Elastic incoherent neutron scattering (EINS) experiments were led on spectrometers IN6, IN13 and IN16B.

https://www.ill.eu/fr/news-press-events/news/scientific-news/investigating-cya n—fIuorescent—proteins—for—bioimafing—with—
neutron-experiments 2


https://www.ill.eu/fr/users/instruments/instruments-list/sharp
https://www.ill.eu/fr/users/instruments/instruments-list/in13
https://www.ill.eu/fr/users/instruments/instruments-list/in16b

OpraHbl Ha Ynne

Purpose of experiments
¢ Complex and elaborate microstructure
(tunable membrane, cantilever)

* Mechanical tunability (exert mechanical
forces)

¢ Gas permeability (hypoxic condition)

* Biocompatibility
* Microelectrode array (gold or platinum)
¢ Non-conducting substrate

¢ Chemical durability

e Large-scale drug screening (HCS equipment)

¢ Small-molecule screening (low surface
absorption)

¢ High-throughput screening

* Low cost and ready-made

e Rapid prototyping
e Scalable manufacturing

e Complexity and design freedom

High resolution

Rapid processing

* Biocompatibility (natural

or synthetic bio-ink)

¢ 3D cellular architecture

https://www.nature.com/articles/s43586-022-00118-6

Material and fabrication selection

a PDMS-based soft lithography

b PDMS-based laser processing

IV

¢ Glass PDMS-based lithography

d Thermoplastic-based injection moulding
(mass production)

e UV curable resin-based 3D printing

f Hydrogel-based 3D bioprinting

Neutron Tomography
SANS

1. TecTupoBaHne papmMaueBTUHECKUX U XUMUNYECKUNX
coeNHEHN

2. TectupoBaHuMe buomartepmana

3. bnonornyeckme uccnenoBaHuA

MuKpobAIOUAHBIN YMN + TKAHU

https://www.cell.com/cell-stem-cell/pdfExtended/S1934-5909(21)00295-2
33

https://www.helicon.ru/support/methodological/life-sciences/organ-na-chipe-preodolevaya-razryv-mezhdu-in-vivo-i-in-vitro/



Magnetotactic
bacteria \ Magnetosome chain

| YA

Magnetic MamA Magnetosome
nano-particle complex membrane

Magnetococcus marinus

MC-1-LP

& 0k d B w30 0 SELY

Zeytuni N, et al. Self-recognition mechanism of MamA, a magnetosome-associated TPR-containing protein, promotes complex
assembly. Proc Natl Acad Sci U S A. 2011 Aug 16;108(33):E480-7. doi: 10.1073/pnas.1103367108.
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Felfoul, 0., Mohammadi, M., Taherkhani, S. et al. Magneto-aerotactic bacteria deliver drug-containing nanoliposomes to
tumour hypoxic regions. Nature Nanotech 11, 941-947 (2016). https://doi.org/10.1038/nnano.2016.137
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INnaepmMmanbHaa 3N1EKTPOHMKA: NPUMEHEHME
rmaporenen

Epidermal Electronics

MnacTbipb
=— Smm '.'
Mg miies LEL__cooiingomgs tumnamads prdlem il i )

+,detached J
+from skin Ty
L Koxa ’ i

rniokosa O
after partially detach from the skin

== 3mm

J \ ﬂOBbILueHIAeT b @
crumpled KOHUeHTpauun e

clrouit

FMIOKO3bI
PE J
f i 30pm — o oliedbe /.
& A e (~50 kPa) f PUliei / VHCYNUH
wireless power coil  RF coll RF diode ECG/EMG sensor after fully detach from the skin b
Harpy><eHHbIn MHCYNMHOM MaTpPUKC, BbicBo60XXAEHME NHCYNUHA,

"IyBCTBVITeanbIIz K rnoKose BbI3BaHHOE [/IOKO30M1

ectronice| | electronics

backside of tattoo  —* after transfer =* after integration onto skin —* after deformation

Fig. 1. (A) Image of a demonstration platferm for multfunctional eec-
tronics with physdcal properties matched to the epidermis. Mounfing this
device on a sacrificial, water-soluble film of PYA, placing the entire structure
against the skin, with dectronics facing down, and then dissobding the PVA
leaves the device conformally attached to the skin through van der Waals
forces alone, in a format that imposes negligible mass or mechamical loading
effects on the skin. (B} EES partially (top) and fully (bottom) peeled away
from the skin. {Inset) A representative cross-sectional fllugration of the druc

ture, with the neutral mechanical plane (NMP) defined by a red dashed line.
(© Multifunctional EES on skin: undeformed {left), compressed (middle), and
sretched irght). iD) A commercial temporary transfer tattoo provides an
dternative to polyesterPVA for the substrate; in this case, the system in-
cludes an adhesive to improve bonding to the skin. Images are of the back-
side of a tattoo {fr left), dectronics integrated onto this surface (middle left),
and attached to skin with electronics facing down in undeformed (middle
rght) and compressed (far ghth states

wwwsciencemagorg  SCIENCE  VOL 333 12 AUGUST 2011

Dae-Hyeong Kim et al. SCIENCE, 2011, Vol 333, Issue 6044, pp. 838-843 DOI: 10.1126/science.1206157

83¢

https://biomolecula.ru/articles/pobeda-nad-diabetom-razbor-novogo-gibridnogo-plastyria-s-mikroiglami
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Choi, Y.S., Yin, R.T., Pfenniger, A. et al. Fully implantable and bioresorbable cardiac pacemakers without leads or
batteries. Nat Biotechnol 39, 1228-1238 (2021). https://doi.org/10.1038/s41587-021-00948-x
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BaXXHO MeToauku

* Manoyrnosoe pacceaHne HEMTPOHOB
* CneKkTpocKonua:
Heynpyroe pacceaHue

* JlabopaTtopua ANA NONYYEHUA AATEPUPOBAHHBIX COEANHEHUN U
AenTepmpoBaHmsa BMONOrM4yecknx o6 LEKTOB

* KomnbloTepHoe MmoaennpoBaHue CI0XKHbIX MY/IbTUKOMNOHEHTHbIX CUCTEM Heynpyroe crmH-axo

* CoBMeCTHOE UCNO/Ib30BaHME HECKO/IbKUX MEeTOA0B (peHTreHOBCKoe Ksasuynpyroe paccesHue
pacceaHune, AMP, DM u 1.4. NSE+MYPH, guHamunyecKkoe ceetopacceaHmna u HekorepeHTHOe
ap.)

* [lporpammbl AN OAHOBPEMEHHOIO aHaM3a AaHHbIX Pa3HbIX METOA0B * Pednextomertpusa

*  YcNnoxHeHUe CUCTEM U UCCe0BaHME MOEKYAAPHBIX MEXaHU3MOB BHYTPM * Andpakuna AnA MaKPOMOIEKYNIADHBIX

KpUcTannos
 Tomorpadua
*  AKTMBAUMOHHbIN aHaNn3

KNeTKU

* Bpemsa-paspelueHHble 3KCNepPUMEHTbI (3anyCcK NPOLLEeCCOB CBETOM,
CUTHANIbHbIMU XUMUYECKMMWN MONIEKY/ITAMU, MIOHHOW CUNOW, AAB/IEHUEM,
TemnepaTypoin n T.4.)
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