134
EAST EUROPEAN JOURNAL OF PHYSICS
East Eur. J. Phys. 3. 134-140 (2020) DOI:10.26565/2312-4334-2020-3-17

PACS: 87.14.C++c, 87.16.Dg

MOLECULAR DYNAMICS SIMULATION OF THE INTERACTION BETWEEN
BENZANTHRONE DYE AND MODEL LIPID MEMBRANES

Olga Zhytniakivska
Department of Medical Physics and Biomedical Nanotechnologies, V.N. Karazin Kharkiv National University
4 Svobody Sq., Kharkiv, 61022, Ukraine
*Corresponding Author: olya_zhitniakivska@yahoo.com
Received 15 June 2020, revised June 28, 2020; accepted June 30, 2020

The benzanthrone fluorescent dyes are known as environmentally-sensitive reporters for exploring the physicochemical properties and
structural alterations of lipid membranes. In the present work the 100-ns molecular dynamics simulation (MD) was used to characterize
the bilayer location and the nature of interactions between the benzanthrone fluorescent dye ABM and the model lipid membranes
composed of the zwitterionic lipid phosphatidylcholine (PC) and its mixtures with the anionic lipid phosphatidylglycerol (PG20) and
sterol cholesterol (Chol30). The MD simulations were performed in the CHARMM36m force field using the GROMACS package.
The ABM molecule, which was initially placed at a distance of 30 A from the midplane of the lipid bilayer, after 10 ns of simulation
was found to be completely incorporated into the membrane interior and remained within the lipid bilayer for the rest of the simulation
time. The analysis of the MD simulation results showed that the lipid bilayer location of the benzanthrone dye ABM depends on the
membrane composition, with the distance from bilayer center being gradually shifted from 0.78 nm in the neat PC bilayer to 0.95 nm
and 1.5 nm in the PG- and Chol-containing membranes, respectively. In addition, the partitioning of the ABM into the neat PC bilayer
was followed by the probe translocation from the outer membrane leaflet to the inner one. A separate series of MD simulations was
aimed at examining the ABM influence on the lipid bilayer structure. It was found that ABM partitioning into the lipid bilayers of
various composition has no significant effect on the orientation of the fatty acid chains and leads only to a small increase of the
deuterium order parameter for the carbon atoms 5-to-8 in the sn-2 acyl chains of the neat PC membranes. In addition, the interaction
of the ABM with the model lipid membranes caused the slight decrease of the surface area per lipid pointing to the slight increase of
the packing density of lipid molecules in the presence of ABM. The results obtained provide a basis for deeper understanding of the
membrane interactions of benzanthrone dyes and may be useful for the design of the novel fluorescent probes for membrane studies.
KEYWORDS: ABM, benzanthrone dye, lipid bilayer, molecular dynamics simulation.

The benzanthrone dyes, a well-known class of fluorescent probes that emit in the spectral region from yellow—green
to red—purple (depending on the dye structure), have found diverse applications in biomedical research and diagnostics
due to their favorable spectral characteristics, such as a large extinction coefficient, a marked Stokes shift; negligible
fluorescence in an aqueous phase, etc [1-10]. Specifically, it has been shown that the benzanthrone dye in combination
with the thin polylactic acid film is capable of displaying the antimicrobial activity against Gram-positive and Gram-
negative bacteria [11]. Staneva et al. also demonstrated a good antimicrobial activity against the Gram-positive B. cereus
and the yeasts C. lipolytica bacteria for the dendrimers modified with eight fluorescent benzanthrone chromophore units
[12]. A good deal of studies indicate that benzanthrone dyes can be used as effective microenvironmental sensors for
monitoring structural changes in biological systems [2-14]. In particular, the benzanthrone derivatives were employed in
DNA [8], protein [4-6] and membrane studies [7,9,10,13]. Notably, Dobretsov and Vladimirov demonstrated that one
representative of the benzanthrone class, 3-methoxybenzanthrone can be effectively used to monitor the membrane
structural changes caused by the alterations in cholesterol (Chol) level, temperature, pH, etc. [3]. Likewise, the high lipid-
associating ability was also observed for other amino- and amidinobenzanthrones [7,13]. Moreover, the spectral responses
of some benzanthrone dyes in different lipid systems have been shown to correlate with the degree of lipid bilayer
hydration [9], rendering these probes highly suitable for examining the membrane-related processes, especially those
coupled with the changes in membrane polarity [7]. The applicability of the novel benzanthrones is not limited to the
membrane studies since these dyes are extensively used in the protein research field, for instance, in the studies of a
particular class of protein aggregates, amyloid fibrils [4-7]. Specifically, it has been shown previously that
aminobenzanthrones are capable of distinguishing between the native monomeric and fibrillar protein states, surpassing
the classical amyloid marker ThT in the sensitivity to the lysozyme amyloid fibrils [3,4,6]. Moreover, it has been shown
that the benzanthrone dyes are sensitive to the distinctions in fibril morphology [4] and can be effectively used to
characterize amyloid fibrils in terms of their fractal-like dimensions [6].

Increasing evidence indicates that one representative of aminobenzanthrones, ABM, may be especially useful for
exploring the alterations of the structural and functional properties of cells during different pathologies such as lung
tuberculosis [14], gastrointestinal tract cancer [15], theumatoid arthritis [16], chronic myeloid and B-cells lymphoid
leukemia [14], as well as for the check-up of the Chernobyl clean-up workers [17]. Specifically, it was found that spectral
characteristics of the benzanthrone dye ABM correlate with a number of parameters of cellular and artificial membranes
such as physicochemical properties of a ipid bilayer, microviscosity, proliferating and lipid metabolic activities of cells,
distribution of lymphoid subsets, etc [14-17]. Despite numerous applications of ABM in the membrane studies, the
molecular details of the dye-membrane complexation, its distribution across the membrane and the depth of location in a
lipid bilayer are still unknown. To fill this gap, in the present investigation the molecular dynamics technique was used
© 0. Zhytniakivska, 2020
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to gain deeper insights into the nature of ABM interactions with a lipid bilayer. More specifically, the aim of our study
was twofold: 1) to uncover the molecular level details of ABM partitioning in the homogenous phosphatidylcholine bilayer
and the bilayers from PC mixtures with anionic lipid phosphatidylglycerol and sterol cholesterol; ii) to examine how the
membrane location of the probe depends on the lipid bilayer composition.

EXPERIMENTAL SECTION

The molecular dynamics simulations and analysis of the trajectories were performed using the GROMACS software
(version 5.1) with the CHARMM36m force field. The calculations were performed at a temperature of 310 K. The input
files for MD calculations were prepared using the web-based graphical interface CHARMM-GUI [18]. The .pdb-file of
ABM was created in OpenBabelGUI 2.4.1, using the structure drawn in MarvinSketch (.mrv format). The partial charges
of AMB were corrected using the RESP ESP charge Derive Server. The topology of the ABM was generated using the
CHARMM-GUI Ligand Reader and Modeler [19]. The obtained files were further used to generate the dye-lipid systems
using the Membrane Builder option [20]. The three different ABM-membrane systems were created for the simulation
with a nearly identical number of lipids. One system was composed of ABM and a lipid bilayer containing 94 PC
(palmitoyl-oleyl-phosphatidylcholine) molecules in each monolayer. The second and the third systems were represented
by the ABM and heterogencous lipid bilayers composed of PC and PG (paimitoyl-oleyl-phosphatidylglycerol) or
cholesterol (Chol), respectively. The molar ratios PC/PG and PC/Chol were 4:1 and 7:3, respectively. In order to examine
the effects of ABM on the lipid bilayer properties, the ABM-free PC, PC/PG (4:1) and PC/Chol (7:3) bilayers were also
simulated. Hereafter, the systems containing 20 mol% of PG and 30 mol% of Chol are referred to as PG20 and Chol30,
respectively. The MD simulations of ABM-lipid systems were carried out in the NPT ensemble. The ABM molecule was
translated to a distance of 30 A from the membrane midplane along the bilayer normal. The TIP3P water model was used.
To obtain a neutral total charge of the system a necessary number of counterions was added. For correct treatment of the
long-range electrostatic interactions, the Particle Mesh Ewald algorithm was utilized [21]. The bond lengths were
constrained using the LINC algorithm [22]. The pressure and temperature controls were carried out using the Berendsen
thermostat [23]. The minimization and equilibration of the system were performed during 50000 and 5000000 steps,
respectively. The time step for MD simulations was 2 fs. The whole time interval for MD calculations was 100 ns. The
GROMACS commands gmx density and gmx order, were used to calculate the mass density distribution for various
components of the lipid bilayer, density distribution of ABM across a lipid bilayer and deuterium order parameter profiles,
respectively. The analysis of the membrane thickness, membrane area and area per lipid were performed using the
FATSLIM package [24]. The molecular graphics and visualization were performed using the VMD software.

RESULTS AND DISCUSSION

During the last decades the molecular dynamics simulation has become a powerful tool in characterizing the
atomic-level details of the interaction between peptides [25,26], proteins [27], organic solvents [28,29] and drugs [30]
with lipid membranes. Moreover, MD simulation appeared to be especially useful in studying the behavior of
fluorescent membrane probes [31-34]. The increasing use of the MD techniques in the dye-membrane studies is
dictated mainly by the difficulties in the determination of the probe location by the experimental methods [*]. To
exemplify, the molecular dynamics simulation was used to characterize the partitioning and disposition of the
diphenylhexatriene probes [32], ESIPT fluorophores [31], coumarin derivatives [33], membrane polarity probes
Prodan and Laurdan [34,35], to name only a few. In the present study the 100-ns molecular dynamics simulation was
used to investigate the lipid bilayer location and interactions between the fluorescent probe ABM and the model lipid
membranes composed of zwitterionic lipid PC and its mixtures with anionic lipid PG and sterol Chol. Fig. 1 illustrates
the disposition of the benzanthrone dye with respect to the lipid/water interface at different simulation times. From a
simple visual inspection of simulation snapshots, it is apparent that ABM molecule, which was initially placed at a
distance of 30 A from the bilayer midplane, after ~10 ns of simulation was found to be fully incorporated into the
membrane and remained within the lipid bilayer for the rest of simulation time. Specifically, the probe moved to the
bilayer polar region and is positioned at the level of glycerol moiety of the upper leaflet of PC and PG20 membranes
(the distance from bilayer center ~ 1.5 nm) and at the level of PC choline nitrogen of the Chol30 lipid bilayer (the
distance from bilayer center ~ 2.0 nm). During the further time of simulation, the deeper penetration of ABM in the
membrane interior was observed coupled with the slowdown of the dye movement. The right panel of the Fig.1
demonstrates location of ABM at the 100 ns of simulations. The snapshots demonstrate that lipid bilayer partitioning
of ABM strongly depends on the membrane composition. Accordingly, ABM is localized mainly in the hydrophobic
part of the PC and PG20 lipid bilayers. In turn, in the Chol30 bilayer ABM prefers the binding sites which are closer
to the membrane surface.

Fig.2 shows the time evolution of the separation of ABM center of mass from the bilayer center for the neat PC
(black line) and the mixed PG20 (blue line) and Cho30 (red line) lipid bilayers. The bilayer center is defined as the
average position of the C316 and C218 carbons on the termini of PC tails. The analysis of the positions occupied by
ABM molecule during the molecular dynamics simulation (Fig.2.) indicates that this probe prefers the region separated
by a distance ca. 0.8 nm from the PC bilayer center. Remarkably, the obtained results are in good agreement with the
experimental measurements [7,10]. More specifically, based on the quantitative parameters of the dye-membrane
binding derived from the fluorimetric titration data and the red-edge excitation shift of the membrane-bound dyes it
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was hypothesized previously that ABM is localized in the nonpolar bilayer region near the lipid carbonyl groups [7].
Interestingly, these findings are consistent with those obtained for other benzanthrone dyes [10]. Specifically, the study
of the Forster resonance energy transfer between the anthrylvinyl-labeled phosphatidylcholine as a donor and the
newly synthesized benzanthrones as acceptors showed that benzanthrone dyes tend to penetrate into the hydrophobic
region of PC bilayer, with limiting separations from the membrane center falling in the range 0.5-1.3 nm [10]. Notably,
the diphenylhexatriene membrane probes DPH and TMA-DPH which are commonly used for the measurements of
membrane fluidity are located also at the non-polar membrane region (with the distance from bilayer center ~ 0.7 nm
and 0.9 nm for DPH and TMA-DPH, respectively) [32].

PC

@

Chol30

0 ns 10 ns

Al

&

100 ns

Figure 1. The snapshots of the partitioning of ABM into PC, PG20 and Chol30 bilayers at different simulation time points. The
ABM is depicted in red using the VDW drawing method. The lipid tails are represented as sticks in cyan, the phosphorus and
nitrogen atoms of the lipid headgroups are shown by orange and blue, respectively. For clarity, water molecules and ions are not
shown. (For the interpretation of the references to color in this figure legend, the reader is referred to the web version of this article).

It should be noted that in the PG20 and Chol30 lipid bilayers the benzanthrone dye under study tends to occupy
more polar membrane binding sites since ABM center of mass was localized at the distances ~ 0.95 nm and 1.5 nm from
the membrane midplane, respectively. The obtained results are in good agreement with the recent studies indicating that
inclusion of anionic lipids into PC bilayer induces a relocation of the benzanthrone dyes from the hydrophobic membrane
core to the lipid-water interface [10]. Moreover, taken into account the ability of cholesterol to alter the lipid packing
density of the PC bilayer [36] and a well-known Chol condensing effect [37], it seems energetically unfavorable to ABM
to penetrate deeply in the Chol30 bilayer hydrophobic region and the probe tends to locate at the level of glycerol

backbone.
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Figure 2. Time evolution of the ABM distance from the bilayer center

Another interesting observation is the translocation of the ABM molecule from the upper leaflet to the lower one of
the PC bilayer (Fig. 1, right column). Therefore, at the next step of study the ABM distribution across the lipid bilayer
was studied. Fig. 3 represents the mass density distribution of the ABM probe, the molecular groups of lipids (polar heads,
glycerols and acyl chains) and water. The position of the selected groups was averaged with respect to the bilayer normal
for all atoms over the 100 ns of the MD sampling trajectories. As can be seen, the peak of the ABM mass distribution in
the PG20 (Fig.3 B) and Chol30 (Fig. 3C) bilayers is observed at the distances 0.95 and 1.5 nm from the bilayer center.
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Figure 3. Mass density distribution of the ABM probe( green
solid) across the PC (A), PG20 (B) and Chol30 (C) bilayer. The
density distribution of water (magenta), acyl chains (blue),
glycerols (red) and polar heads (black) are ploted with respect to
the bilayer center. To improve the visualization, the mass density
of ABM was scaled by a factor of 20. Shown in the inset of panel
A is the ABM structure (For the interpretation of the references to
color in this figure legend, the reader is referred to the web version
of this article)

In turn, the ABM mass density profile in the PC bilayer is characterized by two peaks. The first low-intensive peak
is placed at 1.2 nm from the bilayer center (the region of carbonyl groups) at the outer membrane leaflet, while the second
one at ~0.75 nm is attributed to the probe location in the acyl chain region. As seen from Fig. 1., A, the ABM is able to
change its bilayer leaflet within the timescale of the simulation. It is noteworthy that the possibility of the probe
translocation between the bilayer leaflets was previously observed for DPH [32,36]. Specifically, Repakova et al.
observed the four leaflet changes for DPH in the fluid 1,2-dipalmitoyl-phosphatidylcholine bilayer during 400 ns MD
simulation [36]. The translocation of DPH was described also for the palmitoyl-oleyl-phosphatidylcholine (POPC)
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bilayers and Chol-containing membranes, with the magnitude of this effect being significantly higher for a less ordered
POPC bilayer [32].

Next, to ascertain the ABM influence on the lipid bilayer structure, the deuterium order parameter profiles
characterizing the average orientation of the fatty acid chains with respect to the bilayer normal were calculated (Fig. 4).

—=—PC y LS
PC+ABM 0,351 + PC+ABM
0,35’ +~ 4 * s PG20O
FO2 0,304 e T PG20+ABM
e 20+ I
0,301 PG20+ABM O « ; nj 2
Chol30 0.254 v Q * 10l
0,251 Chol30+ABM " « —— Chol30+ABM
7 L 2 2
0.20 - L t
£ 0,20 « A \ j "
%) \ o 015 " "~ ;
0,154 : e i
0104 " —a_ 0,104 Sy
: Su
0,051 0,05
0,00 T T T T T T T T T 1 0.00 T T T T T T 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12 14 16
Carbon position Carbon position

Figure 4. The calculated deuterium order parameter versus carbon position for sn-7 (right panel) and sn-2 (left panel) chain for PC,
PG20 and Chol30 bilayers in the absence and presence of the ABM. Shown in the inset are lipid order parameters for the neat PC
bilayer.

The chain order parameter S, is defined through the order parameter tensor:
Sep = 1/2(3(cos’ G501
where 6., is the angle between the CD bond and the membrane normal. As seen in Fig.4, the ABM partitioning in the

PC, PG20 and Chol30 lipid bilayers does not affect the order of sn-/ and sn-2 acyl chains, except the sn-2 acyl chains of
PC membranes (the inset in Fig.4) for which a small increase of the S, value was observed for the carbon atoms 5-to-

8. These results correlate well with the previously reported observations that the low and moderate concentrations of the
probe molecules have no essential influence on the structure of lipid bilayers [31,35].

One of the macroscopic parameters describing the ordering and packing of lipid molecules is the surface area per
lipid molecule. The average values of the surface area per lipid calculated in MD simulations were equal to 63.4 + 1.0 A2,
66.3+1.0A2 552+0.9 A2, for the PC, PG20 and Chol30 lipid bilayers, respectively. These values are in good agreement
with the results from previous simulations and experiments [37,38, 39]. The ABM partitioning into the lipid membranes
caused the slight decrease of this parameter to 62.9 + 0.9 A2, 65.5 + 1.0 A2, 54.6 £ 0.9 A2 for the PC, PG20 and Chol30
lipid bilayers, respectively. The obtained results are in harmony with the previously reported findings that the binding of
some fluorescent dyes and drugs could lead to the decrease in the surface area per lipid.

CONCLUSIONS

In the present study the behavior of the benzanthrone dye ABM as a membrane probe was investigated using the
100 ns molecular dynamics simulation of this compound in the neat phosphatidylcholine and the mixed
phospatidylcholine/phosphatidylglycerol or phosphatidylcholine/cholesterol lipid bilayers. The MD simulation results
showed that the ABM molecule, which was initially placed at a distance of 30 A from the bilayer midplane, after ~10 ns
of simulation became incorporated into the membrane and remained within the lipid bilayer for the rest of the simulation
time. The analysis of the positions occupied by the ABM in the lipid bilayers of various composition revealed that this
reporter molecule enters into the depth of the neat PC membrane preferring the region separated by a distance ca. 0.8 nm
from the PC bilayer center. In turn, in the PG20 and Chol30 lipid bilayers the examined benzanthrone dye tends to occupy
more polar membrane binding sites distributing at the distances ~ 0.95 nm and 1.5 nm from the membrane midplane,
respectively. It was found that ABM does not significantly perturb the lipid bilayer structure. Overall, the outcomes of
this study may prove of importance for the structural design of the novel fluorescent probes for membrane studies.
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MOJIEKYJISIPHO-TUHAMIYHE JOCJLIKEHHS B3AEMO/IIi BEH3AHTPOHOBOI'O 30H/1Y 3 MOJAEJIbHUMHU
JIIIMIIHUMU MEMBPAHAMU
O. KuTHsAKiBCcbKa
Kadgheopa meouunoi ¢hizuxu ma 6iomeduunux Hanomexronoziu, Xapxiscokuil HayionarvHuil yHigepcumem imeni B.H. Kapasina
M. Ce0600u 4, Xapxis, 61022, Ykpaina

BeH3aHTPOHOBI 30HAM ITMPOKO BiOMI SIK YYTIMBI O 3MIiH IX MIKPOOTOYEHHS CEHCOPH JUIL JOCIIJUKEHHS (i3MKO-XIMIYHHX
BIIACTUBOCTEH Ta CTPYKTYypHHUX 3MiH JiMiZHUX MeMOpaH. B naniii po6oTi MeTOmoM MOJEKYJSIpHO-JHHAMIYHOTO MOIETIOBaHHS
JIOCJTI/DKEHO JIOKAIi3aIliio B JiMigHOMY Oiliapi Ta IpUpOLy B3aEMOi MiK OCH3aHTPOHOBHUM (IIyopecleHTHUM 30HaA0M ABM i
MOJIeTTBHUMH MeMOpaHaMu, 1110 CKJIagajncs i3 uBiTTepioHHoro niniay gocharununxomniny (OX) i ioro cymimeii 3 aHIOHHUM JIiiJOM
docharugurninepuaom (OI) i xomecrepuroMm (Xom). MoneKynsipHO-IHHAMIYHE TOCHIIKEHHS HPOBOIWINA 3 BHKOPHUCTaHHIM
CHARMM36m cunoBoro nons B nporpamaomy nakeri GROMACS. [IponemoHcTpoBaHo, mo Monekyina ABM, ska crnouyatky Oyna
posTamoBaHa Ha Biactasi 30 A Bix menTpy Gimapy, HpoHHKana B MeMOpaHy IPOTATOM HepmuX 10 HC MOIETIOBAHHS, 3aIHIIAIOYNCEH
B JimiHOMY Oimapi Ha IMPOTA3i PELITH Yacy CUMYJIMii. Pe3ynpraTi MONEKyISpHO-THHAMIYHOTO JOCHTIPKEHHS CBIYaTh Mpo Te, [0
JoKautizamis 6eH3aHTpOoHOBOTO 30HAY ABM B nimigHoMy Gimapi B 3HaUHIN Mipi 3aJIeKHUTH BiJ] CKJIaay MeMOpaHH, Ta BapiloeThCs Bil
0,78 M B unctomy X Gimapi 10 0,95 Hm 1 1,5 HM B mimigaux Oimapax , mo mictiim OI' Ta Xon, BianosigHo. Buseneno, oo npu
B3aemofii ABM 3 unctum ©X GirmapoM BiiOyBa€eThCsl Mepexi 30HAY 3 30BHIIIHBOTO MOHOIIAPY JIIMIIHOTO Gillapy Ha BHYTPIIIHIH.
JlociipkeHo BIUIMB 30HIY Ha CTPYKTYpY JinigHux Oimapi. Bymno BusBneno, mo posnonin ABM B ninigny ¢asy He Mae CyTTEBOTO
BIUIMBY Ha OpI€HTALIIO JIAHLIOTIB XXMPHHUX KUCIIOT Ta BUKJIMKAE 301IbIICHHS IeHTEPieBOro MapameTpy IMOPAAKY IS aTOMIB BYTJIEILIO
5-8 B sn- 2 amupHux nanmporie @X mimigHoro Gimrapy. Kpim Toro, B3aemoniss ABM 3 MoaenbHUMH JiMiAHUMH MeMOpaHamu
CYNPOBO/IKYBajlach HE3HAYHUM 3MEHIICHHSIM IUTOLII MOBEPXHI Ha JIMiJ, OI0 BKa3ye Ha He3HaYHE 30UTBIICHHS MIUIBHOCTI YHaKOBKU
JMIIIHIX MOJIEKyN y mpucyTHOCTi ABM. OTpuMaHi pe3ynbTaTH CTBOPIOIOTH OCHOBY UIS OUTBII TIIMOOKOTO PO3YMIHHS B3a€MOZIl
OEH3aHTPOHOBHX 30HAIB 3 MEMOpPaHAMH Ta MOXYTb OyTH KOPHCHI JUIsl pO3pPOOKH HOBHX (IIyOPECIEHTHHX 30HJIB JUIST MEMOpaHHHX
JIOCII1JKEHb.

KJIFOYOBI CJIOBA: AGEM, 6GeH3aHTPOHOBHIA 30H1, JIMTIAHUI GiCI0M, MOJICKYJISIPHO-THHAMIYHE MOJICITIOBAHHS

MOJIEKYJIIPHO-TUHAMHUYECKOE UCCJEJIOBAHUE B3AUMOJAENCTBUA BEH3AHTPOHOBOI'O 30H/IA C
MOJAEJIbHBIMHU JIMITUJHBIMH MEMBPAHAMHU
O. KutHaxoBckas
Kadgheopa meouyuncxou gpusuxu u 6UOMeOUYUHCKUX HAHOMEXHOLO02U,
Xapvroeckuii Hayuonanonviid ynusepcumem umenu B.H. Kapazuna
ni. Ceo600wt 4, Xapwvros, 61022, Yrpauna

BensanTpoHOBBIE (IIyOpECLCHTHbIE KPAaCHTENIH IIMPOKO W3BECTHHI KaK YyBCTBHUTEIBHBIE K OKPYXKAIOIICH Cpele CEHCOphI Ui
MOHHUTOPHHra ()U3UKO-XHUMHYECKHX CBOWCTB M CTPYKTYpHBIX W3MEHEHHWH JMNUAHBIX MeMOpaH. B nanHo#t pabore Meromom
MOJIEKYJISIPHO-ANHAMHYECKOTO MOJICIUPOBAHNUS UCCIIEI0BAaHA JOKAIU3aIMs 30H/a B IUIUIHOM OHCIOE U MPUPOJA B3aUMOIEHCTBUS
MeXJy OEH3aHTPOHOBBIM (IyopecueHTHbIM 30HIOM ABM M MOAENBHBIMH JIMIHAHBIME MeMOpaHaMM, COCTOSILIMMU H3
uBuTTeproHHOro JHnuaa QocoarumunxoiarHa (OX) m ero cmeceit ¢ aHHOHHBIM JHnUAOM (ocharuanmnriaunepuHom (OI) u
xonectepruHOoM (Xom). Monenmupoanue M1 npoBoamiocs B ciioBoM mojie CHARMM36m ¢ ncnonezoBannem maketa GROMACS.
ITokasano, uto Monexy1a ABM, xoTopas OblTa IIepBOHAYANBLHO pasMelieHa Ha paccTosauu 30 A o meHTpa 61ciI0s, BCTpanBanack B
MeMOpaHy B TeueHHe INepBbIX 10 HC MOAENMPOBAHHUS, OCTaBasiCh B JHIMJHOM OHCIIOE HA IPOJOJDKEHHH OCTAIBHOTO BPEMEHHU
CHUMYJSIIUH.  Pe3ynbTaThl  MOJEKYISPHO-JHHAMHUYECKOTO MOJCNUPOBAHMS  CBHAETEILCTBYIOT O TOM, YTO JIOKAIM3amuUs
OeH3aHTPOHOBOTO 30HIa ABM B JIMIIMIHOM OUCIIOC B 3HAYUTEIBHON CTETICHU 3aBUCHT OT COCTaBa MeMOpaHsbl, cBUrasich ot 0,78 HM
B uucrom ®PX Oucimoe mo0 0,95 uM u 1,5 um B OI'- u Xon-comepxammx MeMOpaHax, COOTBETCTBEHHO. OOHApyKEHO, UYTO
B3aumogeiicteie ABM ¢ uncteiMm @X GHCIOEM CONMPOBOXKAAIOCH MEPEXOJOM 30HAA M3 BHEIIHEro Iapa JIMIMIHOTO OHCIOS BO
BHyTpeHHHH. OTaenbHas cepust cumynsaiuii MD Obuta HampaBiieHa Ha u3ydeHue BIusHAS ABM Ha CTpyKTypy JTUNHUIHOTO OWCIIOS.
Beio oOHapyxeHo, uto BcTpanBaHue ABM B numuaHble OHCION Pa3IMIHOTO COCTAaBa HE OKA3bIBAeT CYIIECTBEHHOTO BIMSHUS HA
OPHEHTAIHIO IETeH XKUPHBIX KUCIOT U MIPUBOANT JIHIIb K HEOOIBIIOMY yYBEIHUSHHUIO ICHTEPHEBOTO MTapaMeTpa IMOpsIKa Ul aTOMOB
yriepona 5-8 sn- 2 anmneHbIx neneit @ X membpan. Kpome Toro, o0HapyxeHo, 9to B3auMoelcTsue ABM ¢ MOIeTbHBIME JIMITHTHEIMI
MeMOpaHaMU BEI3BIBACT HEOOIBIIOE YMEHBIICHHE TUIOMIAAN TOBEPXHOCTH HA JIMIHJ, YTO YKa3bIBaeT Ha HE3HAYUTEIHHOE YBEINICHHE
IUIOTHOCTH YIAKOBKHM MOJICKYJ JUMUAOB B mpucytcTBud ABM. IlosyueHHbIe pe3yabTaThl CO3MAIOT OCHOBY Ui OoJice TITyOOKOTro
MOHMMAHUS B3aMMOJCIHCTBHSL OCH3aHTPOHOBBIX KpacHTelled ¢ MeMOpaHaMH M MOTYT OBITh IIOJIE3HBI Uil pa3pabOTKH HOBBIX
(i1yopecleHTHBIX 30HIO0B AT HCCIIeI0BaHUs MeMOpaH.
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