Neutron scattering helps in
developing burn wound dressings

Neutron scattering made it possible to obtain
comprehensive data on changes in the crystalline
and supramolecular structure of cellulose nanogel
films at a level from several nanometers to several
micrometers at different stages of their hydrolysis
during the enzymatic treatment. Cellulose produced
by bacteria (BC) in the form of a gelled film with a
fine-fiber net structure, has a smaller fiber diameter
and an increased surface area compared to those in
plant cellulose, and exhibits exceptional properties,
including high mechanical strength and elasticity,
water and vapor permeability, high water absorp-
tion capacity, non-toxicity and good biocompatibil-
ity. What is more, BC can promote wound healing.
Among already realized and promising applications
of BC in medicine are hemostatic agents, implants
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A photograph of wound healing dressing.
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and artificial blood vessels, materials for skin tissue
engineering and wound healing dressings.

Wound dressings based on bacterial cellulose
are becoming a promising alternative to traditional
bandaging materials, since the requirements for
wound dressings are quite extensive. They should
be easy to apply and painless to remove, be bio-
compatible, non-allergic, protect against bacterial
infections and provide a moist environment and ef-
fective oxygen circulation, and be able to change
shape at a rate matching the formation of new tis-
sue.That is, BC-based wound dressings should have
a controlled biodegradation rate, but there are no
enzymes in the human body that are capable of cat-
alyzing cellulose degradation.
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HenTpoHHOe paccesaHre NO3BONWIO MNONYUYUTb
ncyepnbiBaoLmne cBeAEHUs 06 N3MEHEHUAX B KpW-
CTanNM4eCcKom N HAAMONEKYNAPHONW CTPYKType Len-
NIONIO3HbIX HaHOreNeBbIX MJIEHOK Ha YPOBHE OT
HECKOJbKUX HAHOMETPOB O HECKOJIbKNX MUKPO-
METPOB Ha Pa3HbIX CTaAuAX UX TMAPONn3a npu ob-
pabotke pepmeHTOM. Llenntonosa, nponssogmmas
6aktepusamu (bLI) B BMAE NNOTHOM NNEHKWN C MENKO-
BOJIOKHWNCTON ceTyaToOM CTPYKTypon, obnagaet
MEHbLUM AUAMETPOM BOJIOKOH 1 YBEIMYEHHOMN
naoLwaabo NOBEPXHOCTM MO CPaBHEHMIO C ee pac-
TUTENbHBIM aHAJIOrOM U NPOABAET 0COOEHHbIE Ka-
yecTBa: MEXaHNYECKYI0 MPOYHOCTb U 3/1aCTUYHOCTD,
BOZ0- M MApOMpPOHNLIAEMOCTb, TMTPOCKOMUYHOCTb,
HETOKCMYHOCTb M BUOCOBMECTUMOCTb. Kpome Toro,
BLl MoXeT cnocobCcTBOBATb 3aXKUBJEHNIO PaH. YKe
peann3oBaHHbIE N MepPCrneKTUBHbIE NMPUTOXKEHNA
bl B MeauMLHe — KpOBOOCTaHaBNMBatoLLne Cpea-

CTBa, MMAHTATbl N UCKYCCTBEHHbIE KPOBEHOCHbIE
cocyfibl, MaTepuanbl TKAHEBOWN MHXEHEPUN KOXN 1
3aKMBNALLME NOBA3KM.

PaHeBble MOBA3KM 13 GaKTepUanbHON Liensto-
NO3bl CTAHOBATCA NEePCNeKTUBHONM anbTepHaTMUBOM
TPaAUUMOHHBIM MEeAULMHCKAM CpeacTBaM, Bedb
TpeboBaHWI K TaKMM NOBA3KaM JOBOSIbHO MHOTO.
OHW JOMKHbI NIErKO HAHOCUTLCA U YAANATLCA, ObITh
61OCOBMECTVMbIMM 1 He Bbl3bIBaTb anfepruyeckmx
peakuuii, 3awmatb oT UHGeKL M 1 obecneynBaTb
BNAXHYI0 Cpeay U AOCTYN KNCI0POAa, a TakxKe Me-
HATb cBOl0 GOPMY CO CKOPOCTbl 06pazoBaHMA
HOBOW TKaHM y NnauneHTa. To eCTb NOBA3KM AOKHbI
obnapatb KOHTPONMPyemo CnocobHOCTbIO K 61o-
pa3noKeHuto, HO B OpraHM3Me YyenoBeka OTCYyT-
CTBYIOT GepMeHTbl, CNoCobOHble KaTanu3nmpoBaTb
pa3fioxeHune Lennionosbl.

[1] L. Ivanova et al. Materials 2020, 13, 2087; doi:10.3390/ma13092087.

To obtain a controlled technology based on en-
zymatic hydrolysis of cellulose, it is necessary not only
to understand the relationships between the structure
and the physical and chemical properties of bioma-
terials, but also to possess tools to change them.

As a variant of such a tool for improving the
properties of bacterial cellulose for biomedical ap-
plications, scientists from PNPI, in a joint study with
specialists from a number of research centers, used
the fungal enzyme cellobiohydrolase isolated from
yeast-like fungus Scytalidium candidum 3C, and for
the first time studied the process of BC degradation
in detail. One of the reasons why bacterial cellulose
is actively used in the engineering of materials for
skin and bone regeneration is its morphological
similarity on a nanometer scale to collagen, which
is the main structural protein with a fibrillar struc-
ture found in the body's various connective tissues.

Fibrils of native collagen are larger than fibrils of na-
tive bacterial cellulose and have a cylindrical shape,
while fibrils of native BC have a lamellar shape. Under
the action of enzymes, as shown by neutron scat-
tering methods, the size and shape of the compo-
nents of BC polymer matrix begin to approach
those in natural collagen.

In this study, a wide range of physical and mi-
croscopic methods were used, including small-angle
neutron scattering, X-ray diffraction and atomic
force microscopy (FLNP JINR), ultra-small-angle
neutron scattering (Heinz Maier-Leibnitz Zentrum),
as well as scanning electron microscopy (Kurnakov
Institute of General and Inorganic Chemistry of
RAS). The obtained results will contribute to the cre-
ation of biotechnologies for the development of
wound dressings with desired properties for the
treatment of various skin lesions.

Fig. 2. Structural changes in BC as a result of its treatment with enzyme.
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Puc. 2. CrpykTypHble nameHeHus bLl B pesynbTate ee 06paboTky pepmeHTOM.

YT1o0bl MONYUUTL KOHTPONMPYEMYIO TEXHONO-
10, OCHOBaHHYI0 Ha pepMEeHTaTMBHOM A ponn3e
Lienniono3bl, HEOOXOAMMO He TONbKO COCTaBUTb Kap-
TUHY B3aMIMOCBA3EN MeXAY CTPYKTYPOM 1 pusnye-
CKUMU I XUMNYECKUMY CBONCTBAMM G1ONIOrMYECKIX
MaTepuasioB, HO 1 061aaTb MHCTPYMEHTaMU, KOTO-
pble MOTYT NOBAUATb Ha NX U3MEHEHMA.

B KauecTBe BapuvaHTa Takoro MHCTPYMeHTa
yCOBepLUeHCTBOBaHNA baKTepuanbHOW Lenionosbl
Anst GUOMeaNLMHCKUX NpUMeHeHN, yuyeHble NMNAD
B paMKax COBMECTHOTO CO crieLmanncTamm paga Ha-
YUHbIX LIEeHTPOB MCC/Ief0BaHMA NCNOoSb30Banu dep-
MEHT, uennobrornaponasy, BblieneHHy 13 ApoX-
)enogob6Horo rpuba Scytalidium candidum 3C, n
BrepBble Npocneannv 3a Tem, Kak Npu 3TOM Nnpo-
ncxoauT ee paspylieHne. OgHa 13 NPUYKH, NO KO-
TOpOW GaKTepuanbHY Loy MCNob3yloT
npu pa3paboTKe mMaTepuanoB ANA pereHepayumn
KOM 1 KOCTel, Bbl3BaHa ee CXOCTBOM B HAHOMET-
poBOM MaclTabe co CTpoeHnem KonnareHa, punob-

punnsapHoro 6eska. Ero ubpunbl LUNMHAPUYECKON
dbopmbl Gonblue, yem nnacTMHYyaTble GUbpUnbl y
HaTUBHOW OaKTepranbHOM Lensnono3sbl. MNog BnnaHu-
eM GepMeHTa, KaK NoKasanu MeToflbl HENTPOHHOTO
paccesHus, pa3mepbl U Gopma YacTel NONMMEPHON
MaTpuLbl 6GaKTePUaNbHOW Lieniono3bl HaunHatoT
NPUOGNMKATLCA K pa3Mepam HaTUBHOTO KoJilareHa.

B paboTe ncnonb3oBaH WNPOKNUI cnekTp ¢u-
3UYECKNX 1 MUKPOCKOMUYECKNX METOAOB, BKIHOYan
ManoyrioBoe paccesHne HeNTPOHOB, PEHTFEeHOBC-
Kyt AMdpaKLMIo 1 aTOMHO-CUIIOBYH MUKPOCKOMMIO
(JTHO ONAN), ynbTpamanoyrnoBoe pacceaHne Hew-
TpoHoB (Heinz Maier-Leibnitz Zentrum), a Takxe me-
TOAbl CKaHUPYIOLWEN SNEeKTPOHHON MUKPOCKONUN
(KM MOHX PAH). Pe3ynbTaTbl uccnefoBaHuii 6ygyTt
CNoco6CTBOBATb CO3AaHNI0 OMOTEXHOMOT I MO pas-
paboTKe paHeBbiX MOBA3OK C 3afaHHbIMU CBOW-
CTBaMM AN NIeYeHNA PasfINYHbIX MOPAKEHUIN KOXKMU.






