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AHHOTanus. JeKTpoGopMOBaHUeE [I03BO/SIET CO3/IaBaTh IO MepHBble MeMOpaHBbl, COCTOSIIHE U3 HAHOBO-
JIOKOH. OTU MeMOpaHbI HaX0AsT IIPMMeHeHH e B Pa3/IMUHbIX 33/lauax GUIBTPALIMU, H3TOTOBIEHUS PaHeBBIX
MOKPBITUI M TKAaHEHH>KeHePHBIX KOHCTPYKIHUI, a KpOoMe TOr0, MX pacCMaTPUBAIOT KakK I1epCIleKTHUBHBIE I10/-
JIOKKH IJ11 UMMYHOaHaIn3a. HecMOTpsl Ha aKTUBHBIM HHTePeC Hay4HOoro coobuiecTBa K IpUMeHEeHHUIO 3J1eK-
TpodopMOBaHHEIX MeM6paH [/1 KMMYHOAHaIK3a, HAa HACTOS U MOMEHT He IIPOBe/IeHO UX IIPSIMOro COIIO-
CTaBleHUSs ¢ MeMbpaHaMU, cCOOPMUPOBAHHBIMHU C IIOMOIIBIO IPYTHX TeXHONOTUI. B 1aHHOI paboTe MBI IIpo-
BeJIM TaKoe COIOCTaB/eHHe U [0Ka3a/lu, YTO JeTeKIHs MeJaTOHUHA MeTOJ0M HMMYyHOPepMEeHTHOr0 aHa-
NK3a IPOMCXOAUT IIPaKTHUeCKH OJMHAKOBO Ha MeMbpaHaXx, U3TOTOBIIEHHBIX METO/IOM 3/1eKTPOOPMOBAHUS,
1 0OBIYUHBIX KOMMEePUeCKH NOCTYIIHBIX MeMOpaHax.
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Abstract. Electrospinning enables manufacturing of polymer membranes composed of nanofibres. These mem-
branes find application as filters, wound coatings, and tissue engineering scaffolds. They are also considered
promising substrates for immunoassays. Despite the scientific community’s keen interest in the immunoassays
based on electrospun membranes, a direct comparison with membranes formed through alternative technolo-
gies has not been conducted to date. In this study, we performed such a comparison and demonstrated that the
detection of melatonin via enzyme-linked immunosorbent assay (ELISA) is virtually identical on the electrospun
membranes and the conventional commercially available membranes.
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BBEAEHUE

HMIMMYyHOaHa/IU3 SIB/ISeTCSI HeOThbeM/IeMOM YaCThIO
KJIUHUYECKON J1abopaTOpHON AMATHOCTUKU
M Hay4YHBIX UCCIeOBAaHUM. B ero ocHOBe JIeXKUT
crenudrUUeckoe B3aUMOJENCTBUE MeXJy aHTU-
reHOM M aHTHUTeJOM; KOHCTAaHTa AUCCOLHMAIUU
3TOTO B3aKMMOJEHNCTBUS 0OBIUHO JIeKUT B AHAIA-
30He ~0,1-1 HM [1]. JIro6ast MoseKya U3 Iaphl "aHTHU-
reH-aHTHUTeN0" MOKeT ObITh AaHAJIUTOM ~ IIPH HU3Me-
PeHUHU yPOBHS aHTUTEN B KPOBHU UX y/lIaBIUBAIOT
C IOMOII[bI0 AaHTUI€HOB, a /11 00Hapy>KeHU S aHTHU-
reHoB, Ha0b60pOT, MX yJaBJIHUBAKT C NOMOIIBIO
AHTUTeI.

Pa3BHUTHe HAHOTEXHOJOTHUH II03BOJIMJIO 3HAUH-
TeJIbHO yCOBePIIeHCTBOBATh MHOTHE BU/ bl HUMMYHO-
aHanu3a. Hanpumep, B 1ab0paTOpHYIO IPaKTUKY
BOII/IM HAHOYACTHUIIbl, MOAUPHUIIMPOBAHHBIE AHTH-
TenaMu (2], u abdUHHBIe OHOCEHCOPHI, CO3MaHHBIe
C MCII0/Ib30BaHHEM HaHOTeXHOJOTHH [3]. Briu pas-
paboTaHbl YHHKa/JbHbIe PeKOPAHO UYBCTBUTEIb"
Hble HMMYyHOaHa/JIUTHYeCKHe CUCTeMbl Ha OCHOBe
KpeMHHEeBBIX "HAHOKOJIOLeB", ClIoCOOHBIE 3aperu-
CTPUPOBATh AaHAJIUT B KOHLeHTpauuu ~0,1 oM [4].
B Llesom, HaHOMAaTepHalbl CTaJkd HeOTbeMJle-
MBIM KOMIIOHEHTOM MHOTHMX HMMYHOaHa/UTHYe-
CKHUX CHUCTeM M I03BOJIMJIH BBIIIONHSATh aHATHU3EI
bricTpee, TouHee U femeBsae. Ha 3Tom doHe oco-
OBIFI HHTepecC Mpe/CTaB/IsgeT UCII0Ib30BAHHUE 3/IeK-
TpoYOPMOBAHHEIX MeMbpaH B KaueCTBe IO/ JI0KeK
IJ151 AIMMYHOCEHCOPOB.

dnexTpodopMOBaHHBIE MeMOpaHB - 3TO
MoJIMMepHble HeTKaHble MaTepHasbl, COCTOA-
Imye M3 BOJTOKOH CYyOMHKPOHHOIO AHAaMeTpa.
BolBIIMHCTBO KOMMePYeCKH JOCTYIHBIX HETKa-
HBIX MaTepHa/IoB, H3TOTOBIEHHBIX C IIOMOIIbIO TPa-
OUIMOHHBIX IIOX0/I0B, COCTOSAT K3 BOJIOKOH C AHA-
MeTpaMu mnopsaka ~1-100 MKM, a Oy 371eKTpodop-
MOBAaHHBIX MeMOpaH AHaMeTpPhl BOJTOKOH JIeXKaT
B nuarasoHe ~100 HM - 1 MKM, a uHorga ~10 HMm [5].
Marnsli fraMeTp BOJIOKOH obecriedrBaeT MeMbpaHe

INTRODUCTION

Immunoassay is an integral part of clinical laboratory
diagnosis and research. It is based on the specific inter-
action between antigen and antibody; the dissociation
constant of this interaction is usually in the range of
~0.1-1nM [1]. Any molecule from an antigen-antibody pair
can be an analyte - when measuring antibody levels in
the blood, they are captured by antigens, and conversely,
to detect antigens, they are captured by antibodies.

The nanotechnology development has significantly
improved many types of immunoassays. For example,
antibody-modified nanoparticles [2] and affinity
biosensors created using nanotechnology [3] have
entered laboratory practice. Unique record-sensitive
immunoanalytical systems based on silicon “nanowells”
capable of registering an analyte at a concentration
of ~0.1 fM have been developed [4]. In general,
nanomaterials have become an integral component of
many immunoanalytical systems and have enabled
faster, more accurate and cheaper analyses. Based in
this background, the use of electroformed membranes as
substrates for immunosensors is of particular interest.

Electroformed membranes are polymeric nonwovens
consisting of submicron diameter fibres. Most
commercially available nonwovens fabricated using
conventional approaches consist of fibres with diameters
on the order of ~1-100 pm, while for electroformed
membranes, fibre diameters are in the range of ~100 nm -
1 pm and sometimes ~10 nm [5]. The small fibre diameter
provides the membrane with a high specific surface
area (~10 m?/g) and ability to immobilise a large number
of receptor layer molecules that will bind the analyte
from the sample [6]. A number of works claim that
electroformed membranes can be used as a promising
element in systems for dot-blotting and similar laboratory
analyses. For example, this has been demonstrated in
experiments with Dengue virus - it is usually detected
by enzyme-linked immunosorbent assay (ELISA), and
detection limit can be reduced by about 10 times if the
reaction is carried out on the of electroformed membrane
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Puc.1. Cxema 3nekmpogopmosarus (3AeKmpocnuHHUHza). Pacmeop noAuMepa Haxodumcs e Wnpuue, uzad KOmopozo pacnoAo-
XKeHa Hanpomue npogodsueli naacmuHel (koadekmopd). HaHo80A0KHA Gpopmupyomcs npu UcnapeHuu pacmeopumens U 3amaep-

desaHuu cmpyu pacmeopa noAumepa

Fig.1. Diagram of electroforming (electrospinning). The polymer solution is in a syringe, the needle is located in opposite to the conductive
plate (collector). The nanofibres are formed by evaporation of the solvent and solidification of the polymer solution jet

BBICOKYIO y/le/IbPHYIO IIOBEPXHOCTH (~10 M?/T) U BO3-
MOXXHOCTb UMMOOHU/IK30BaTh 60/IbIIOE KOJIHUUECTBO
MOJIeKYJI pelLlelITOPHOro CJI0sl, KoTopsle 6yayT CBs-
3bIBaTh aHAMUT U3 pob6rl [6]. Psix paboT yTBepsK-
JaeT, YTO 3JIeKTPOPOpMOBaHHBIE MeMOPaHBI MOTYT
HCII0/Ib30BAaThCsl KaK MePCHeKTUBHBIN 3/1eMeHT
B CHCTeMax A/ AOT-0/0TTHHTAa U aHAJOTUYHBIX
nabopaTopHbIX aHanK30B. Hanpumep, 3To 661710
NPOJeMOHCTPUPOBAHO B 3KCIIEPHMEHTAX C BUPY-
com JleHre - ero o6pI4YHO OOHAPY>KHMBAIOT MeETO-
noM uMMyHOodepMeHTHOro aHanusa (M®A), u npe-
nen obHapysKeHUS MOXKeT ObITh CHUKeH MpH6OIu-
3UTeNbHO B 10 pas, ec/Jiu peaKkIUs NPOBOAUTCS He
Ha JIOHBIIIKe IOJHMCTUPOJBHOIO MJIaHIIeTa, a Ha
IIOBEPXHOCTH BOJIOKOH 3/1eKTPOPOPMOBAHHOM MeM-
6pansl [7, 8.

B ocHOBe 31eKTpopopMOBaHUS (3T1€KTPOCIHH-
HHHTIA) JIeXUT Ufess 0 TOM, YTO CTPys pacTBopa
Io/jiMMepa CTAHOBUTCS TOHBIIE, eC/IU Ha Hel eCTh
CHJIBHBIM 37IeKTPUYeCKHU 3apaf. JleNCTBUTEe/BHO,
OTTaJKHUBAaHHUE MeX/Jy OJHOMMEHHBIMHU OIH3KO
PacCIOJIOKeHHBIMHU y4aCTKaMH CTPYH IPHUBO-
OUT K ee PaCTSIKeHHIO U YMeHbIIEHHUIO ee JhaMe-
Tpa. JlabopaTopHoe 371eKTpodpopMoBaHUe pabo-
TaeT ciaemypomuM obpasom (puc.l). PacTBOp moau-
Mepa MOMeIlalT B MIIPHUI] U BEIAABAUBAIOT Yepes
HIJy, PACIOJIOKeHHYI0 HAaIIPOTHUB IIPOBOJSIIErO
37leMeHTa — KOJIJIeKTopa. MeXay KOJ/JIeKTOpoM
Y MTJI0M MPHUKJIAJbIBAIOT BBICOKOE HAIIPSIKeHHUe,
nmopsaaka ~10-40 xB. 3apsaskeHHas CTpys pacTBopa
IoJiMMepa JBUKeTCS K KOJJIEKTOPY, IIPH 3TOM OHa
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fibres surface rather than on the bottom of a polystyrene
plate [7, 8].

Electroforming (electrospinning) is based on the
idea that a polymer solution jet becomes thinner if
there is a strong electric charge on it. Indeed, repulsion
between homonymous closely spaced regions of the jet
causes it to stretch and reduce its diameter. Laboratory
electroforming works as follows (Fig.1). The polymer
solution is placed in a syringe and squeezed out through
a needle located opposite the conductive element, the
collector. A high voltage, on the order of ~10-40 kv, is
applied between the collector and the needle. The charged
jet of polymer solution moves towards the collector,
usually deforming and becoming thinner. The solvent
evaporates - and a polymer fibre is formed, the diameter
of which is several orders of magnitude smaller than the
diameter of the syringe needle. The fibre is deposited
chaotically on the collector, where the electroformed
membrane is assembled.

The electroforming method was proposed in the middle
of the XX century by Academician Petryanov-Sokolov, and
it was used to produce air filters to remove aerosol particles
from the air [9, 10]. At the beginning of the XXI century,
interest in electroforming has increased dramatically,
and this can apparently be attributed to two factors.
Firstly, scanning electron microscopes have become
widespread and are a necessary tool for controlling the
structure of electroformed membranes and measuring
fibre diameters. Secondly, tissue engineering emerged
and it became clear that electroformed membranes
made of biodegradable polymers could be used to
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06bIYHO JepOpPMUPYeTCS U CTAHOBUTCS TOHBIIE.
PacTBOpHUTeb UCIIAPSIETCS, U IIPU 3TOM GOPMHUPY-
eTCsl IOJIMMepHOe BOJIOKHO, JUaMeTp KOTOPOI0 OKa-
3pIBaeTCsl Ha HeCKOJIbKO IIOPSIAKOB MeHbllle JhaMe-
Tpa UIJIBL IIIIPUIlA. BOJIOKHO XaoTHYeCKHUM obpa-
30M OCa’kIaeTcsl Ha KOJJIeKTOp, e u cobupaercs
35eKTpodopMOBaHHASI MeMbpaHa.

Mertopn 31eKTpodopMOBaHUS OBl IIpedoKeH
B cepenurHe 20 Beka aKaZeMHKOM IIeTpIHOBBIM-
COKOJIOBBIM, U C €r0 IIOMOIIbIO IIPOXU3BOLU/IH BO3-
OyLIHble QUIBTPBL AJISI yoAJleHUS a3PO30JIbHBIX
4JacTHUI U3 Bo3ayxa [9, 10]. B Hauane 21 Beka HHTe-
pec K 3/1eKTpoQOPMOBAHHUIO Pe3KO BEIPOC, U 3TO,
IIO-BUAHMMOMY, MOXHO CBSI3aTh C ABYMS QaKTO-
paMu. Bo-mepBhbIX, MIMPOKOE PaCIpPOCTPaHeHHe
[IONY4YH/IH CKAaHUPYOIIHe 3JIeKTPOHHBIe MUKPO-
CKOIIBI, KOTOPbIE SIBJISIIOTCS HEOOXOAUMBIM HHCTPY-
MeHTOM /11 KOHTPOJIS CTPYKTYPEL 3JIeKTpodop-
MOBAaHHBIX MeMOpaH U HM3MepeHHUS JHUAMeTPOB
BOJIOKOH. BO-BTOpBIX, BO3HHKJIA TKaHEeBAs MHXKe-
HepHUS U CTAJIO SICHO, YTO 3/1eKTPOYOPMOBAHHEIE
MeMOpaHBI, U3TOTOBJIEHHBIe U3 OHOpa3iaraeMbIx
IIOJIMMEPOB, MOT'YT UCII0JIB30BATHCSI, YTOOB UMHU-
THUPOBATh CTPYKTYPYy BHEKJIETOUYHOIO0 MaTpUKca [5].
TaxkuM 06pa3om, TeXHOIOIHUS 31eKTPOPOPMOBAHHUS
Obl7a aflalITUpPOBaHa IS OMOMOTUYECKHUX 3adad,
U Ha 3TOM QOHe BO3HHKJIA THMIIOTe3a O IPUMeHU-
MOCTH HM3TOTOBJIEHHBIX C ee IIOMOLIbI0 MeMOpaH
B 6roceHCOpax.

B HemaBHeM 0630pe [6] 6BIJIO0 TOKA3aHO, YTO 3/1€K-
TpodopMoOBaHHBIe MeMOPaHBI MOT'YT OBITH HCIIOJb-
30BaHBI B OMOJIOTHYECKUX U XUMUYEeCKHUX CeHCOpax,
npegHAa3HAYeHHBIX /I OOHAPY>KeHHUS IHUPOKOTO
KJIACCa AaHAJIMTOB — OT HOHOB METAJIJI0OB U B3PbIB-
YaTBIX BeIleCTB /IO LieJIbHBIX BUPYCOB U HaKTepHUH.
Cpenu 6HOMOTUYECKUX CEHCOPOB ocoboe mecTo
3aHHMMAIOT MMMYHOCEHCOPBI, B KOTOPBIX pPeLlelITOp-
HBIF CJIOM UMMOOUIM30BaH Ha IOBEPXHOCTH 3JI€K-
TpodOPMOBAHHBIX BOJIOKOH (C MOJIeKYy/IaMU pellel-
TOPHOTO CJI0SI CBSI3bIBAETCSI AHAMHUT). B HEKOTOPHIX
C/y4asix TaKHe CeHCOPHI IO3BOISAIT PaJHUKaIbHO
CHHU3UTb BpeMs aHalIMu3a. Hanmpumep, C UCII0/Ib30-
BaHHUEM CEHCOPa Ha OCHOBE 3JIeKTPOPOPMOBAHHOU
MeMOpaHBIl, aHTHUTeJIAa IPOTUB BUPyca MERS-CoV
MOTYT O6bITh 06HApY>KeHBI MeHee, 4eM 3a 6 MHH ~ 3TO
HeCpaBHEHHO MeHbllle, YeM TUIIMYHOe BpeMs IIPo-
BefeHUs MDA (-8 u) [11]. B ocHOBe TaKkoro pajau-
KaJIbHOTO COKpallleHUS BPeMeHMU JIeKUT HUAes
0 MPONyCKAaHUU IPOOBI Yepe3 MOPUCTYIO MeM-
OpaHy, Ha KOTOPOH NMPOUCXOAUT abHUHHOE CBSI3BI-
BaHHe aHaJIMTa. AHAJIOTUYHOe, XOTS U He CTOJIb
pafuKaabHOE, COKpallleHHMe BPeMeHHU aHaJIu3a,
HHOIAA AOCTHUTAeTCS IIPU UCIIOJb30BAHUU LOT-
6iaorTHHra [12, 13]. B 3TOM MeToze B KayeCcTBe IO~
JIOKKH HCITI0/IBb3YIOT IIOPUCTY 0 HUTPOLIE/IIIONI03HY IO

mimic the extracellular matrix structure [5]. Thus, the
electroforming technology was adapted for biological
applications, and against this background, the
applicability of the membranes fabricated with its help in
biosensors was hypothesised.

In a recent review [6] it was shown that electroformed
membranes can be used in biological and chemical
sensors designed for detection of a wide class of analytes
- from metal ions and explosives to whole viruses and
bacteria. Among biological sensors, a special place is
occupied by immunosensors in which the receptor layer is
immobilised on the electroformed fibres surface (analyte
binds to the molecules of the receptor layer). In some
cases, such sensors can drastically reduce analysis time.
For example, using an electroformed membrane sensor,
antibodies against MERS-CoV can be detected in less than
6 minutes, which is incomparably shorter than the typical
ELISA time (~8 hours) [11]. This radical reduction in time is
based on the idea of passing the sample through a porous
membrane on which affinity binding of the analyte
occurs. A similar, although not so drastic, reduction in
analysis time is sometimes achieved using dot-blotting
(12, 13]. In this method, a porous nitrocellulose membrane
isused as a substrate, and most solutions and reagents are
applied using a vacuum pump.

This raises the question: isit true that an electroformed
membrane consisting of thin nanofibres has advantages
over conventional, commercially available porous
membranes? To answer this question, it is necessary
to compare the results of ELISA performed on the two
types of membranes, and they must be made of the
same material. In order for the experiment to be most
representative, it is necessary to use a membrane clamp
with a vacuum pump, which is designed for dot-blotting.
Such an experiment was performed with nitrocellulose
(NC) membranes; a reagent kit for melatonin detection
was used as the ELISA system. It was shown that the
electroformed membrane and commercially available
porous NC provided almost identical results, with similar
sensitivity and dynamic range.

MATERIALS AND METHODS
Membranes. Two types of NC membranes were used in
this work - commercially available, mass-produced Bio-
rad membranes (number 1620115), and original, electro-
formed membranes. They were fabricated as follows. The
Bio-rad membrane was dissolved in acetone, dimethylfor-
mamide (DMFA) or a mixture thereof. The concentration
of NC was 100 mg/ml. Electrospinning was carried out on
a Nanofiber Electrospinning Unit (China) under the fol-
lowing conditions 38-40 kV voltage, 15 cm collector dis-
tance, 0.514 mm needle inner diameter (21g gauge), and
1 ml/h solution feed rate.

Scanning electron microscopy. For scanning electron
microscopy (SEM) study, the samples were coated with a
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MeMObpaHYy, a 60TBIIMHCTBO PACTBOPOB U PeareHTOB
HAHOCST C IIOMOIIIBIO BAKYYMHOI'0 Hacoca.

B CBSI3U C 3TUM BO3HHKAeT BOIIPOC: BEPHO JIH,
4YTO 3/IeKTpodopMOBaHHAS MeMbpaHa, COCTOsIIAS
M3 TOHKHUX HAaHOBOJIOKOH, ob6ajgaeT mpeuMyiie-
CTBAaMH Ilepesi OOBIYHBIMHU, CEPUIHO BBIIIyCKae-
MBIMHU IOPUCTBIMH MeMbpaHaMmu? [ OTBeTa
Ha 3TOT BOIIPOC HeOOXOJMMO CPAaBHUTD Pe3yIbTaThI
H®A, BBIIIOTHEHHOro Ha MeMbpaHax JBYX THUIIOB,
IIpUYeM OHU JJOJIKHBI OBITh U3TOTOBJIEHBI U3 OLHOTO
U TOTO Ke MaTepuana. [1s TOro 4To6bl 3KCIIepHU-
MeHT 6511 HauboJjiee ImoKka3aTeabHbIM, HEOOX0LHUMO
HCII0JIb30BAaTh 3a3KUM [JIsI MeMO6paH C BaKyyM-
HBIM HAaCOCOM, KOTOPBIH IpefHA3HA4dYeH IS 0T~
6roTTHHTa. TaKOM 3KCIEPUMEHT OBIJ BHIIIONIHEH
c MeMmbpaHaMu K3 HUTpoLe/Io01036 (HI]); B Kaye-
cTBe cuCTeMBbl Aysi UPA 6bl MCIIONb30BaH Habop
peareHTOB A5 06HApY>KeHHU S MelaTOHHHA. BbIIOo
IIOKa3aHo, YTO 3JeKTpodopMoOBaHHAsI MeMbpaHa
U KOMMepUYeCcKH AOCTyIHas mopucrtas HII obe-
CIIeYMBAIOT INPAKTHYECKH HUIEHTHUYHbIE pe3yb-
TaThl - OLMHAKOBBle 3HAYEHHU I YYBCTBUTEIbHOCTHU
U JHHAMHYEeCKOro AHala3oHa.

MATEPUAJIbI U METO/LbI

Mem6paHBsI. B paboTe HCII0TB30BAIH ABA TUIIA MEM-
6paH u3 HIJ - KoMMepUeCcKH JOCTYIIHBIe, BBIIIyCKa-
eMble cepuitHO MeMbpaHbl Bio-rad (Homep 1620115),
Y OpPUTHHAJbHBIe, 31eKTpodopMOBaHHBIe. HX
M3TroTaB/IHUBaIHU CleyomuM obpasom. MeMmbpany
Bio-rad pacTBopsinu B alleToHe, JUMeTHIGOpPMa-
Mmuge (IM®A) unu ux cMecu. KormerTtpanus HIJ
cocTaBisiaa 100 MI/Mi. D1eKTpopopMoOBaHUe IIPO-
BoauIu Ha yctaHoBKe Nanofiber Electrospinning
Unit (KuTam) Opu CAeAy0MUX YCIOBUSX: HAMpsi-
sKeHHe 38-40 KB, paccTosgHUe I0 KoJIJIeKTopa 15 cMm,
BHYTPeHHUU fuamMeTp Uil 0,514 mm (kanubp 21g),
CKOPOCTb IT0Jlau K pacTBopa 1 my/d.

CKaHHpy0OIas 371eKTPOHHAasI MHKPOCKOIIHS.
[l MccnefoBaHUS METOOM CKaHHUPYIOIIel 3/1eK-
TPOHHOM MHUKpPoCcKonuHu (COM) 06pasipl IOKPHI-
BaJiM TOHKHUM CJIOeM 30/10Ta C TOJILMIMHOM 20 HM
c momombio pacnbeinutenss Eiko IB3 (Smonus).
CTPYKTypy HcCC/IeoBalIu C moMouibio COM TM3000
(Hitachi, SimoHmMs) npu yckopsioeM HaIpsKe-
HHUU 15 KB. H306paskeHu s 06pabaTsiBaly C HCIIOb-
30BaHMeM IIporpaMMHoro obecreueHnus Fiji.

HNMmmyHoaHanus. [lns onpepenenus KO menaTo-
HUHa MeTo0M M®A ncronbp3oBaau KOMMepUeCKU
Habop KSA908Cell komnmanuu Cloude-Clone Corp
(USA). Peakuuu IIPOBOAMIU B SUehKaX 96-TyHOU-
HOTO IJIaHIIeTa W/IM Ha moBepxHocTH HII mem-
6paH. B 0oboux cnydasix aHaJIM3 BKAKYATI B cebs
psiZ, IaroB, KOTOpBIe 06BIYHO UCIIONB3YIOT IPH KOH-
KypeHTHOM H®A (tabn.l). ITocme KaXk[oro mara
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thin layer of gold with a thickness of 20 nm using an Eiko
IB3 sputterer (Japan). The structure was examined using a
TM3000 SEM (Hitachi, Japan) at an accelerating voltage of
15 kV. Images were processed using Fiji software.

Immunoassay. A commercial kit KSA908Cell from
Cloude-Clone Corp (USA) was used to detect melatonin by
ELISA. Reactions were performed in the cells of a 96-well
plate or on the surface of NC membranes. In both cases,
the assay involved a series of steps that are commonly
used in competitive ELISA (Table 1). After each step, the
surface on which the reactions were performed was
washed.

The analysis is based on the idea that a special reagent,
a biotinylated competitor, must be introduced into each
solution under investigation. This is a conjugate of
albumin with MT and biotin, and it competes with the
MT contained in the test solution for binding to antibodies
immobilised on the surface. The biotin in this conjugate
allows it to be shown using standard reagents such as
streptavidin with horseradish peroxidase and substrates
for optical detection (colourimetric or chemiluminescent).

Three buffers were used for reagent dilution:
phosphate-salt buffer (PBS, pH 7.4), phosphate-salt buffer
with 0.075% Tween-20 (PBST), and proprietary buffer with
pH 9.5 for antibody dilution (Coating buffer, Cloud-clone).
Blocking buffer solution (Cloud-clone) was used to block
non-specific binding sites. Between incubations, the solid
carrier was washed in PBST buffer to remove unbound
molecules.

In the case of experiments in a 96-well plate, all
incubations were performed in a thermostat at 37 °C
and shaking at 130 rpm. The contents of the wells were
removed by decantation. In the final step of the assay,
90 pl of tetramethylbenzidine was added to each well
as a substrate for horseradish peroxidase, incubated for
15 min, then the reaction was stopped by adding 50 pl
of 0.5 M sulfuric acid. Optical density of the plate wells
was measured on a Hidex Chameleon reader (UK) at a
wavelength of 450 nm.

In the case of membrane assays, incubations were
performed at room temperature without shaking. The
contents of the wells were removed by drawing the liquid
through the membrane using a pump. At the final
stage, the results were visualised using Affinity ECL
chemiluminescent substrate (ProteinAntibodies LLC,
RF). Chemiluminescence intensity was measured on a
ChemiDoc device (BioRad, USA).

RESULTS AND DISCUSSION

Membrane morphology. The electroforming method is
applicable to a very wide class of polymers - polyolefins,
polyamides, polyesters, and others. At the same time, the
number of papers devoted to the electroforming of NCs is
relatively small [14,15]. This seems particularly strange in
view of the fact that it was in experiments with NCs that
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Tabauya 1. OcHosHble wazu MDA u ucnonb308aHHble peazeHmel
Table1. Basic steps of DMFA and reagents used

PeareHT (6ydep, MCNob30BaHHbIN 06bem (MKn) KoHueHTpauus Konuuectso
AJISl ero pasBefeHuns) Volume (pl) Concentration OTMbIBOK
Reagent (buffer used for its dilution) Number of
washings
YnasnvBatoLme aHTuTena
Coating buffer 100 0,83 Mkr/mn | pg/ml T4y|h 1
B/IOKMPOBOYHbI PACTBOP _
Blocking solution 20 I jin L
- . 0-250 nr/mn KanmbpoBoY-
KanmbpoBOYHbI pacTBOP, CMELLIAHHbIN HOF PACTROPA, 0,5 MKF/MN
C 6BMOTUHUANPOBAHHbLIM KOHKYPeHTOM (PBS) 50450 KOHKVDEHTa 141k 3
Calibration solution mixed with biotinylated 0_255/p e e e lu-
competitor (PBS) ) pg/mi calibration solu
tion, 0.5 pg/ml competitor
CTpenTaBuanH-nepokcmaasa xpeHa (PBS) _ )
Streptavidin horseradish peroxidase (PBS) 12 SO 7 .

[IOBEPXHOCTh, Ha KOTOPOM IIPOBOJMU/INCH PeaKLHH,
OTMBIBAJIH.

B ocHOBe aHa/IM3a JIESKUT U 0 TOM, YTO B KasK-
OBIM HCCIefyeMBblll PAaCTBOP HeoOXOAMMO BHe-
CTU CIlellMaJIbHBIN peareHT - OMOTHUHUIUPOBAH-
HBIH KOHKYPeHT. TO KOHBIOTaT aabbymuna c MT
Y 6MOTHUHOM, U OH KOHKYPHPYeT C CojlepsKallluMCs
B HcclefyeMoM pacTBope MT 3a cBA3bIBaHHUE
C aHTHUTeJaMH, UMMOOU/IHM30BaHHBIMH Ha I10BEPX-
HOCTH. BUOTHH, BXOJSIIHI B COCTAB 3TOTO KOHBIO-
raTa, I103BOJIgeT IIPOSIBUTh €0 C IIOMOIIBIO0 CTaH-
NAapTHBIX PeareHTOB, TAKUX KaK CTPeNTaBUAUH
C MepOKCHUAA30M XpeHa U cybCcTpaThl Al ONTH-
YeCKOM AeTeKUHHU (KOJIOPUMETPHUYECKOH HIIHU
XeMH/TIOMHUHEeCLIeHTHOMH).

i pa3sBeleHHs peareHTOB MCIIONb30BajIu TPHU
bydepa: docdaTHo-conenon bydpep (PBS, pH 7.4),
docdarTHO-coneBo 6ydep c mobaBrenuem 0,075%
Tween-20 (PBST), a Tak>ke IIpOIIPHeTapHBIH Oydep
c pH 9,5 nns pasBenenus aututen (Coating buf-
fer, Cloud-clone). Ins 610OKUPOBKHU HeCIeLU-
dHYeCKHUX CaHTOB CBSI3BIBAHHUS HCIIOJb30BalH
pactBop Blocking buffer (Cloud-clone). Mexny
MHKY6aLUSIMHU OIS yAATeHUs He CBS3aBIIUXCS
MOJIeKYJI TBePJBIM HOCUTEIb OTMBIBAIHU B bydepe
PBST.

B cnydae 3KCIIepUMEHTOB B 96-JIYVHOUHOM
IJaHIIeTe BCe HHKY6allMK NMPOBOSHUIU B Tep-
mocTaTe Opu 37 °C M MOKAYMBAHHUHU C YacTo-
Tol 130 o6/mMmuH. Comep>KHMMOe JTYHOK yha-
N4NKA JeKaHTanuen. Ha 3aKIOYUTENBHOM
3Tale aHaJHK3a B KadecTBe cybcTpaTa mepok-
CHUJa3bl XpPeHa B KaXAyl JIyHKYy BHOCHIH

the electroforming process was carried out for the first
time [9, 10].

For this work, electroforming conditions were
chosen to produce membranes consisting of fibres
with an average diameter of 280+60 nm (Fig.2a, b).
This is generally close to the size of pore boundaries in
commercially available membranes (Fig.2, c, d). Optimal
results were achieved using a two-component solvent
consisting of a mixture of acetone and DMFA in a ratio
of 7:3 or 8:2 by volume. A similar approach was used in
(16]. When attempting to electroform NC from a solution
in acetone, the syringe needle quickly clogged, and we
failed to obtain a nonwoven membrane, although such
experiments are described in [14, 15]. When using a
solution of NC in DMFA, a different problem arose: DMFA
has a relatively high boiling point of 153 °C and belongs to
non-volatile solvents, it did not evaporate quickly enough,
and a continuous film was formed on the collector. As a
result, it turned out that the two-component solvent was
optimal and allowed to obtain thin NC fibres.

Membranes of the two types described (Fig.2) were used
in dot-blotting experiments.

Immunoassay results. To evaluate applicability
of electroformed membranes in dot-blotting, it is
necessary to select an analyte and a set of biochemical
reagents for its detection. Melatonin (N-acetyl-5-
methoxytryptamine, molecular weight 232 g/mol), a
hormone that is responsible for regulating the sleep-
wake cycle, was chosen as the analyte. Melatonin (MT)
is usually measured using high-performance liquid
chromatography with tandem mass spectrometry
(HPLC-MS), which is the method used by clinical
diagnostic laboratories in Russia. At the same time, there
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nmo 90 MKJI TeTpaMeTuabeH3UAHUHA, UHKY6U-
poBanu 15 MUH, 3aTeM peaKLHUI0 OCTaHAaBJIHU-
BaJIM BHeceHHeM 50 MKJ 0,5 M cepHOI KHCJIOTHI.
ONTHYECKYI MJIOTHOCTb COLEPXKHMOIO JIYHOK
IJIaHIIeTa U3Mepsiiu Ha punepe Hidex Chameleon
(BenmuKoOpUTAHUS) IIPU IJIMHE BOTHEI 450 HM.

B cnydae mpoBemeHHUSs aHaAKM3a Ha MeMbpaHax
MHKYOaLlMM IPOBOJUJIHN IIPU KOMHATHOM TeMIIe-
paType 6e3 mokauMBaHUN. CoLep>KHUMOe JIYHOK
yoansau, NPOTSATHUBAs KUAKOCTh Yepe3 MeM-
OpaHy Cc MoMOIIbIO Hacoca. Ha 3aKIIOUNUTe/TIbHOM
3TaIle pe3ylbTaThl BU3YyaJIU3HPOBA/IH C IOMOIIBIO
XeMHUTIOMHUHeclleHTHOTO cybcTpara Affinity ECL
(OO0 "BenkuAHTUTena", Poccus). UHTeHCUBHOCTD
XeMHJTIOMUHECIeHIIUH U3Mepsau Ha npubope
ChemiDoc (BioRad, CIIIA).

PE3Y/IbTATbI N OBCYXAEHUE

Mopdonorus membpaH. MeTo/ 3/1eKTPodOpPMOBa-
HUS [IPUMEHHM K OYeHb HIMPOKOMY KJIACCY I10JIK-
MepoB - MojauoJedHUHAM, IIOJIHAMHLAM, IIOJIH-
3¢upam U Ap. IIpu 3TOM KOJIMYeCTBO CTaTeH, IOCBS-
IIeHHBIX 3JIeKTpopopMoBaHUIO HII, OTHOCHUTEIBEHO
Maso (14, 15]. 3To nmpencTaBisieTcst 0cobeHHO CTPaH-
HBIM C Y4eTOM TOr'0, YTO MMEHHO B 3KCIIepPUMeHTaX
¢ HII npoiecc anexTpodopMoBaHUS ObIT OCyIIecT-
BJIeH BIlepBhIe [9, 10].

[I715 BBITIOJIHEHH I LAHHOM paboTsl OI1H BEIOPAHEI
YCI0BH S 3JIeKTPOPOPMOBAHHU I, KOTOPbIE II03BOIH/IH
co3maTh MeMbpaHBI, COCTOSIIIHe U3 BOTOKOH CO CpeJl-
HUM auameTpom 280+ 60 HM (puc.2a, b). B menom
5T0 61M3KO K pa3Mepy IPaHHUIL MeXAy IOpPaMH
B KOMMePYeCKH JIOCTYIIHbIX MeMbpaHax (puc.2c, d).
OnTuMasIbHbIe Pe3y/IbTaThl JOCTUTA/IMCh [IPH UCIIOTIb-
30BaHUM [OBYXKOMIIOHeHTHOTO PaCTBOPHUTes,
COCTOSIIEr0 U3 CMeCH aleToHa U JIM®A B cooTHOIIe-
HHH 7:3 UIHU 8:2 10 06'bemy. AHaJIOTUYHBIH IIOAXO0/I,
HCII0/1b30Banu B pabore [16]. IIpu IMOMBITKe Ie1aTh
3/eKTpodpopmoBaHue HII M3 pacTBopa B alleTOHe UIJa
mrpuna 6eicTpo 3abuBanacek, U HaM He yIaBaloch
IIOTTYYUTh HETKAHYI0 MeMOPaHy, XOTs TaKHe 3KCIIe-
PUMEHTHI OIIMCaHHI B paboTax (14, 15]. IIpu HCIIOIB30-
BaHMHU pacTtBopa HII B IM®A Bo3HHMKaJIa UHas IIPO-
6nema: IMPA mMeeT CpaBHUTEIBHO BBICOKYIO TeM-
repaTypy KumneHus 153 °C ¥ OTHOCUTCS K HeJIeTYYUM
PacTBOpPUTENSIM, OH HeJOCTATOUHO BBICTPO HcIIa-
pssics, U Ha KOJJIeKTOpe GOpMUPOBaach CIJIOMIHAL
IJIeHKa. B pe3ynbTaTe 0Ka3aaoch, YTO JBYXKOMIIO-
HEHTHBIM PAaCTBOPUTEH OBIT O THMAaIBHBIM U I103BO-
JIHJI IIOJTyYHUTh TOHKHE BOJIOKHA K3 HII.

MeM6paHBl JBYX OMMCAHHBIX THUIIOB (pHC.2)
OBIIM HMCHOONB30BAHB B 3KCIHEPHUMEHTaxX
I10 1OT-O/IOTTHHTY.

Pe3ynbTaThl HMMYHOaHaaH3a. [/ OLleHKHU
IPUMEHHUMOCTH 371eKTPoPOPMOBAHHBIX MeMOpaH
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*& WT’ 4 o A AVl ot A" s>
Puc.2. N306paxkeHus membpaH, noayveHHole memodom CIM.
a, C = 3NeKkmpopopMOoB8aHHble MembpaHbl; b, d — 06bi4HbIe Mem-
6paHbl. MacwmabHas memka pasHa 5 mkm (a, b) u 10 mkm
(c.d)

Fig.2. Images of membranes obtained by SEM method. a, ¢ - elec-
troformed membranes; b, d - conventional membranes. The scale
markis 5 ym (a, b) and 10 pm (c, d)
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B LOT-6/I0TTHHTIe Heob6XoLUMO BEIOpATh aHANHUT
U Habop OMOXMMHUUYEeCKHX PeareHTOB JJIsI ero obHa-
pPy’keHHS. B kKauecTBe aHa/KTa Obls1 BBIOPaH Mesa-
TOHUH (N-aLleTHU/I-5-MeTOKCUTPUIITAMHUH, MoOJe-
KyJasipHast Macca 232 r/M0/b) - TOPMOH, KOTOPBIH
OTBedYaeT 3a peryJasLHI0 LHUKJIA CHAa U 6ompcTBO-
BaHUA. OBBIYHO HM3MepeHHe MeJlaTOHHHA (MT)
IIPOBOJST C IIOMOIIBIO BBICOKO3)YEKTUBHOM KU/~
KOCTHOMN XpoMaTorpaduu c TaHIeMHOH Macc-
cneKTPOMeTpHeﬁ (B2)KX-MC), MMEeHHO 3TOT MeTO[,
HCIIONB3YIOT KJIMHUKO-IHUArHOCTHYeCKHe 1abopa-
TOPUHU B Poccuu. B TO 3Ke BpeMs CyILIeCTBYIOT KOM-
MepUeCcKH JOCTyIIHble HabOopHl IIs onpeleleHHUs
MT metogom MPA. MT aBIseTCS HU3KOMOJIEKYISAP-
HBIM BellleCTBOM, II03TOMY yJIaB/JIHBalOIIHe aHTH-
TeJla HallpaBjIeHbl He IPOTUB HEro, a IPOTUB ero
KOHBIOTATa C GBIYBPHUM CHIBOPOTOUHBIM aJlbbyMHU-
HOM, U 5TOT K€ KOH'BIOTAT HUCIIO/Ib3yeTCs B KayecTBe
CTaHAapTa. AHAJIHN3 IIPOBOOUTCS KOHKYPEHTHEIM
criocobom - B mccnenyeMyo nmpoby BHOCIT 6HMOTH-
HUJIUPOBAHHBIN KOHKYPEHT, U MT, HaXoA S HICsS
B n1pobe, KOHKYpHUPYeT C HUM 3a CBSI3bIBAHHUE
C aHTHUTeNaMHU. 3aTeM GMOTUH MOKHO AeTeKTHUPO-
BaTh KOHBIOTAaTOM CTPelTaBUAHHA C IePOKCHUA30H1
xpeHa. THIIMYHAsA KaAUOPOBOYHAS KPUBAs TAKOTO
aHaaM3a, [oJy4eHHas B 0OBIYHOM 96-TyHOUHOM
[JIaHIIeTe, IpeacTaB/ieHa Ha PUC.3a — I10 Mepe yBe-
JTUYeHU S KOHIIeHTpauuu MT, CUTHa/I CHU>KAaeTCs.

PeareHTHI M3 OIIMCAHHOI0 Habopa OB HCII0/Ib-
30BaHBL O/I51 OOT-OJIOTTUHIA, C IPUMeHEHHEM
BaKyyMHOro 3a>kuMa (puc.3b). Korma B HeM pasme-
meHa MeM6bpaHa, OH aHaO0THU4YeH 96-TyHOUHOMY
IIJIAHIIETy C IPOHHIIA€MBIM JHOM. JKHKOCTb,
BHeCeHHas B S4YelKH, He IIpoTeKkaeT yepe3 MOPHU-
CTOe AHO CIOHTAaHHO, TaK KakK ee 3aJepKHUBaeT
CHJjla [IOBePXHOCTHOIO HAaTsAXXeHHs. OLHAKO IpHU
BKJIIOUEeHHHU HacoCa BO3HHKAaeT Ilepelaj AaBJjie-
HUS, KOTOPBIM 3aCTaBisieT XUAKOCTb IIpoCadym-
BaThCs CKBO3b MeMb6paHy U cobHUpaThCs B pesep-
Byap, pPacIlo/oKeHHBIH I1oJ Her. CKOPOCTb IIPO-
TeKaHUS KUJKOCTHU dyepe3 MeMOpaHy 3aBUCHUT He
TOJIBKO OT Ilepeliajia JaBjIeHH s, CO3LaHHOIO HaCo-
COM, HO U OT PacCIIONIOKeHHU s SUYeNKHU B Ipejenax
3akuMa. BeposiTHO, B6MM3K naTpybKa mjis mox-
KJIDUeHH s Hacoca Ileperaj gaB/JIeHU s Bhllle, YeM
BJlaJIK OT Hero. [Io3ToMy, 4To6bI CpaBHEHHUE ABYX
THUIIOB MeMb6paH 6710 KOPPEeKTHO, UX pacIiona-
rajlu B COCeAHHUX PALax B LJeHTPAJbHOM YacTHU
3a’KHMMa, IIpUYeM psjl g4eeK, 3aKPbIThIX 37IeKTPO-
dbopMoBaHHON MeM6paHOI pacrosarauacs Mexay
IBYMS pSLaMU, 3aKPHITEHIMU GabpHUUHON MeM-
6panou (puc.3b, d). Takoe pazmemeHue MeMbpaH
I103BOJIMJIO CBeCTH K MUHUMYMY BapHallUH yCJIO-
BUM HaHeCeHUS peareHTOB U COCPeJOTOUUTHCS
Ha CBOMCTBaX MeMbpaH.

are commercially available kits for determination of MT
by ELISA. MT is a low molecular weight substance, so the
capture antibodies are not directed against it, but against
its conjugate with bovine serum albumin, and the same
conjugate is used as a standard. The assay is performed
in a competitive manner - a biotinylated competitor is
introduced into the sample being assayed and the MT in
the sample competes with it for binding to the antibody.
Biotin can then be detected by conjugating streptavidin
with horseradish peroxidase. A typical calibration curve
of such an assay obtained in a conventional 96-well plate
is shown in Fig.3a - as the concentration of MT increases,
the signal decreases.

Reagents from the described kit were used for dot-
blotting, using a vacuum clamp (Fig.3b). When a
membrane is placed in it, it is similar to a 96-well plate
with a permeable bottom. The liquid introduced into
the cells does not flow through the porous bottom
spontaneously because it is held back by the surface
tension force. However, when the pump is switched on,
a pressure differential occurs which causes the liquid to
seep through the membrane and collect in a reservoir
below it. The rate at which liquid flows through the
membrane depends not only on the pressure drop created
by the pump, but also on the location of the cell within
the clamp. Itis likely that the pressure drop is higher near
the pump connection than away from it. Therefore, in
order to compare the two types of membranes correctly,
they were placed in adjacent rows in the central part of the
clamp, with the row of cells covered by the electroformed
membrane placed between the two rows covered by the
fabricated membrane (Fig.3c, d). This arrangement
of membranes allowed us to minimise variations in
reagent application conditions and focus on membrane
properties.

The calibration curves obtained with the conventional
and electroformed membrane are compared in Fig.3c.
These are decreasing curves similar to that obtained
with the conventional ELISA (Fig.3a). The calibration
curves obtained with the two types of membranes match
well. We were unable to detect any obvious differences
in sensitivity or in the width of the dynamic range.
Apparently, in this case, the structure of nanofibres
and the electrostatic charge present on them have little
influence on the analysis results.

CONCLUSIONS

In this study, we performed a competitive ELISA for mel-
atonin detection; the ELISA was performed in a dot-
blotting variant using two types of nitrocellulose mem-
branes, standard commercial and electroformed nano-
fibre membranes. It turned out that the membranes of
these two types showed almost identical behaviour, with
no obvious difference in sensitivity or dynamic range
width. Nanostructured EF membranes may be of interest
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Puc.3. Pesyabmambl U®A. a - kanubposodHas kpusasi IGA Ha MT, noay4eHHAas 8 06bI4HOM NAdHLIeme; UCNoAb308dHA KOAOpUMempuye-
cKkas oemekuyus; b — cxema 8akyymHozo 3axxuma 045 00m-6a0mmuHaa; ¢ — KanubposodHble Kpusbie DA Ha MT, noay4eHHble npu dom-
6A0MmMUHze; UCN0Ab308aHA XeMUAMUHECUEeHMHAs demekyusl; d — cxema pasmeLieHust MemopaH 6 3axume

Fig.3. EFA results. a - EFA calibration curve for MT obtained in a conventional plate; colourimetric detection was used; b - schematic of
the vacuum clamp for dot-blotting; c - calibration curves of ELISA on MT obtained by dot-blotting; chemiluminescent detection was used;

d - scheme of membrane placement in the clamp

KanubpoBouHble KPHBbIE, II0JyUeHHBIE C IIOMO-
110 OOBIUHOM U 371eKTPOPOPMOBAHHON MeMbPaHBI,
COTIOCTaB/IeHbI Ha PUC.3C. ITo ybbIBaIOLI e KPUBLIe,
aHaJIOrMYHBbIe TOM, KOTOpas MojydyeHa IpU obbIu-
HoM M®A (puc.3a). KanubpoBouHble KPUBBIE, IOy~
YeHHBIe C IOMOILIbI0 MeMOpaH IBYX THUIIOB, XOPOIIO
coBagaoT. HaMm He yganoch BEIIBUTDH IBHBIX pa3-
TUYHUN HU B YYBCTBUTEJBHOCTH, HU B IIHPHHeE
OUHaMHUYECKOro AHara3oHa. [fo-BUIMMOMY, B JaH-
HOM Cjiy4ae CTPYKTypa HaHOBOJIOKOH H HMeIO-
IUICS Ha HUX 3JIEKTPOCTATHYECKU K 3apsf caabo
BJIIMAIOT Ha Pe3yJIbTaThl aHAIH3A.

3AK/NIOYEHUE

B naHHOM paboTe MBI MpoBeaM KOHKYPEHTHBIH
HN®A nns neteKuuu MejlaToHUHA; MDA mpoBoarIn
B BapHaHTe NOT-0JO0TTHHTIA C UCIIONb30BAHHUEM
HUTPOLe/II0I03HBIX MeMOPaHBI [IByX TUIIOB ~ CTAH-
JapTHBIX KOMMep4YeCKHUX U 371eKTPOQOPMOBAHHBIX,
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in other applications such as air purification or tissue
engineering, but to our knowledge they have no clear
advantage in immunoassays. The possibilities of improv-
ing the analytical performance of ELISA achieved by elec-
troformed membranes require further investigation.
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COCTOSIMX M3 HAHOBOJIOKOH. OKa3aj10Ch, YTO MeM-
OpaHBI 3THUX ABYX THUIIOB IIPOSIBUIU cebsi MpaKkTH-
YeCKH OfIMHAKOBO, 0e3 IBHOM Pa3HUIIbl B UyBCTBHU-
Te/IbHOCTH UM MIHPHUHe JHMHAMHUYeCKOro Juara-
30Ha. HaHOCTpyKTypupoBaHHble DP-MeMb6paHE
MOT'YT IIPeACTaBIsITh HHTePeC B JPYTUX IIPUJIOXKe-
HHSIX, HalIpUMep B OUYHCTKe BO3/yXa MU TKaHe-
BOM MH’XeHEepPHUH, HO 10 HAllUM JaHHBIM OHHU He
MMeIOT SIBHBIX IPEeHMYIIeCTB B KMMYHOaHalIH3e.
BO3MOXKHOCTH y/Iy4IleHH s aHATUTUYeCKHUX XapaK-
TepucTuk MDA, mocTuraemsole 3a c4eT 3/1eKTPoO-
dopmoBaHHBIX MeMOpaH, TPeOyIOT JalbHEHNIIEro
H3y4eHMUS.
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WHOOPMALIMUA O PELEH3UPOBAHWUN

Pemakuus 61arofapuT aHOHHMHOTO pelieH3eHTa
(peLleH3eHTOB) 32 UX BKJIAJ B pelleH3UPOBaHUE ITON
paboThl, a TaksKe 3a pa3MelleHHe CTAaTel HA CAUTe
SKypHajaa M Iepefady HX B 3JeKTPOHHOM BHe
B HOb eLIBRARY.RU.

Jeknapauus o KOHPAUKMe UHMepecos. ABMopbl 3a58ASK0M
06 omcymcmauu KOHPAUKIMOB UHMepPecos UAU AUYHBLX OMHOUle-
HUil, Komopble Mo2Au bbl nosAuLMb Ha pabomy, npedcmasieH-
HYI0 8 daHHOUl cmambe.
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