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CyuacHi Komn’ioTepHi metoam
DOCNIAKEeHHA HAHOPO3MIPHUX Ta @
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Nekuia Ne 10
Mpouecu 38’a3yBaHHA NONAPHUX, HENONAPHUX Ta IOHHUX
MOAEeKyAN 3 ninigHo membpaHolo

Umbrella sampling scheme
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MnaH NekKuii Ne 10

- Mpouecu 38’aA3yBaHHA NONAPHUX,
HEeNONAPHUX Ta IOHHUX MONEKYN
3 niniaHo0 membpaHolio

- Metop, BinbHOI anudysii

- NNoKanisayia ximivyHMX cnonyK y memb6paHi

- Bnaus pisHOMaHITHUX CNONYK Ha
BNACTUBOCTI membpaH

- MeTtop, noteHuiany cepeaHboi cunu




Knaccudpukauua npoueccos andpdpysumn B membpaHnax
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Haccuenwvtit memopannviit mpancnopm. /{ugpghysus.

IHepeuwtit 3axon Pura:
(MOTOK BewIe CTBa MPONOPIHOHATCH

—
aJHEHTY KOHLICHTPaLIHH)
s ] i J —— J+(3J/0x)dx
J==D = -
dx

B cayuae ctaunHoHapHoro rnotoka (de/dx=const)
(Ha Kpasax MeMOpaHBI TOIIIHHEL h
MOIEPAKHBAIOTCA KOHUEHTPALHH C; H C,,
CBSA3aHHBIC ¢ KOHLICHTPALHAMH B OMBIBAIOIIEM
MOTOKE C; = ¥C;H Cy = Y¥Cy, TO OTOK PABEH:

J =—Ddc/dx = D(cs — ¢1)Y/h = P(¢cs — ¢1)
¥- K03 HUIHEHT pacnipe e IeHHA
P=Dy/h — npornnaemMoctTs MeMOPaHEI 111 JAHHOTO BElIeCTBA

B cayuae HEcTaunoHapHOro 1oToKa, ypaBHEHHE HENPEPHIBHOCTH IMTOTOKa  —().J / or = Oc /Bt

Otkyaa noay4uM BTopoii 3axoH @uka: t=D 2. 2
o/ Jeoe {57 MyShared



Moaenb membpaHbl KaK AU3NEKTPUHECKOTO KOHTUHYYMA

Explicit N = 200000 Implicit (GBIM)

B by lonic solvent
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MonekynapHO-auHaMmMU4eCcKoe MogenupoBaHue
Mertop ceoboaHoit audpPpysuu

21092
oiqoydoipAy

[ A. Kyrychenko J. Waluk. Distribution and favorable binding sites of pyrroloquinolines and its analogues in a lipid bilayer studied by molecular
dynamics simulations. Biophysical Chemistry, 136(2-3), 128-135 (2008). ]




NMpumep Ml mogenupoBaHmUA B3aMMOAECMUCTBUA MOHOB C
membpaHou




MerTopa, csobogHoit auddpysuu
AuvuHamuka B3aumogenctasma ¢ membpaHou

CH,

ZA) 1

+30 A
+20 1

#10

[ Kyrychenko A., Wu F., Thummel R. T., Waluk J., Ladokhin A. S. Partitioning and localization of environment-sensitive 2-(2'-pyridyl)- and 2-(2'-
pyrimidyl)-indoles in lipid membranes: A joint refinement using fluorescence measurements and molecular dynamics simulations, Journal of
Physical Chemistry B, 114, 13574-13584 (2010). ]
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MeTtopa cBo6oaHOU auddy3um
AunHamuKa B3aumogencrasua ¢ membpaHou
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MeTtoa ceobogHo auddy3un
PacnpeaeneHue npobbl B membpaHe
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PacnpepeneHue npobbl B membpaHe,
nony4yeHHoe nytem M3yyeHus ee
cBoboaHOM Tepmuueckoi guddysum B
cucteme membpaHa/Boaa, nossonser
OLLeHUTb ee NpeanoYTUTENbHYIO
NOKanusaumio
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MeTtopa cBoboaHoOI auddysuu
Cneuudurueckme mexxmoneKkynapHbie B3ammogeimcraua npoboi
¢ membpaHoun




Mertop csoboaHoit andodysuu
Nokanusauyua KopeuHa B "MNnuaAHOU membpaHe
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@grqgsyggg}s Partitioning of caffeine in lipid bilayers reduces
membrane fluidity and increases membrane

Cite this: Phys. Chem. Chem. Phys.,

2017, 19, 7101 thickness

Adree Khondker,® Alexander Dhaliwal,* Richard J. Alsop,” Jennifer Tang,”
Matilda Backholm,®® An-Chang Shi® and Maikel C. Rheinstadter*®

Phys. Chem. Chem. Phys., 2017, 19, 7101
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JencTBue aHeCTeTUKOB Ha IMNUAHYI0O MeMbpaHy

AHeCTeTUKM - IeKapCTBEHHble

cpeacTsa, obnagaoLme OaHa n3 nonynAapHbIX rMnoTes -
CNOCOBHOCTbIO BbI3blBaTb aHecTeTU4yecKknim apdpeKT Bo3HMKaeT
aHecTe3suto. npu moaudurKaumum CBOMUCTB
aMnugHoro éucnos
AHecTe3unH
HoBOKauH
JIngaoKaunH
Lipid
bilayer
R ”enmanam -
nentacam 2% E5
<1 |
[ P MoneKynbl aHecTeTUKa ¢

P et pa3sHbIM MONIEKYNAAPHbIM 06BbEMOM

10 1alneros no 0.3 ¢
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Mertoa ceoboaHoit gudPpysuu
MoaenupoBaHue aHeCTETUKOB B IMNUAHON membpaHe
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0O630pHbIe cTaTbU NO

M/, moaenupoBaHUIO aHECTETUKOB B IMNUAHOIK membpaHe

J. Chem. Theory Comput. 2018, 14, 2895-2909
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© Supporting Information

ABSTRACT: Prediction of membrane permeability to small molecules
represents an important aspect of drug discovery. First-principles calculations
of this quantity require an accurate description of both the thermodynamics
and kinetics that underlie translocation of the permeant across the lipid bilayer.
In this contribution, the membrane permeability to three drugs, or drug-like
molecules, namely, 9-anthroic acid (ANA), 2',3"-dideoxyadenosine (DDA),
and hydrocortisone (HYL), are estimated in a pure 1-palmitoyl-2-
oleoylphosphatidylcholine (POPC) and in a POPC:cholesterol (2:1) mixture.
On the basis of independent 2—5-us free-energy calculations combined with a
time-fractional Smoluchowski determination of the diffusivity, the estimated
membrane permeabilities to these chemically diverse permeants fall within an
order of magnitude from the experimental values obtained in egg-lecithin
bilayers, with the exception of HYL in pure POPC. This exception is
particularly interesting because the calculated permeability of the sterol-rich
bilayer to HYL, in close agreement with the experimental value, is about 600 times lower than

HYL. In contrast, .ﬂ'lE permeabilities to ANA and DDA differ by 15.5 ﬂ-mn a factor of 1‘ progesterone l
POPC:cholesterol bilayers. The unusual behavior of HYL, a large, amphiphilic comp d, ma

perturbation of the lipid bilayer it induces, compared to ANA and DDA, suggestive of =

mechanism. We find that the tendency of lower permeabilities of the POPC:cholesterol bila

POPC one is a consequence of increased free-energy barriers. Beyond reporting accur:

permeability, the present contribution also demonstrates that rigorous free-energy calculationg chlorpromazine
are key in revealing the molecular phenomena linking the composition of a membrane to its

o

This is an open access article published under an ACS AuthorChoice License, which permits
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redicting a Drug’s Membrane Permeability: A Computational Model
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ABSTRACT: Membrane permeability is a key property to consider
during the drug design process, and particularly vital when dealing with
small molecules that have intracellular targets as their efficacy highly
depends on their ability to cross the membrane. In this work, we
describe the use of umbrella sampling molecular dynamics (MD)
computational modeling to comprehensively assess the passive
permeability profile of a range of compounds through a lipid bilayer.

Thpnmndpl was initiallv calibrated thranch in vitro validation studies
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KceHOHOBbIN HApPKO3 U BO34eMCTBUE KCEHOHA Ha IMNUAHYIO

KceHOHOBLIN HAPKO3
ceuou HEeTOKCMUYEH, Kax\

MHEepTHbIXM ra3 — He Bbi3blBaeT
XMMMUYEeCKMX nocneacrBMm. J1o
Nno3BONAEeT MCMnonb30BaTb pAaH-
HbIXM BM HApPKO3a NpPaKTUYeCKu
6e3 orpaHMuYeHMN.

B 1999 roay npukaszom MwuHUcTepcTBa
3apaBooxpaHeHua P® Ne 363 kceHoH
6bln  paspewéH K MeaMUMHCKoMy
NMPMMEHEHWNIO B KadyecTBe cpeAacTBa AnA

WHraNsiuUMOHHOM 0bLLen aHecTesun.

membpaHy

- KceHOH B cTOMaTONOrMM

I‘\ )
w%

CerogHa AOCTaTOYHO NMPOYHO BoOLWeNn B apceHarn
aHeCTe3MOoNIorM4ecKnXx CpeacTB  YHUKalbHbIN
aHeCcTeTUK NpUPOAHOro NPOUCXOXAEeHUSA
MHepTHbIN ra3 kceHoH (MEJOKCEHOH). Mo cBoum
cdapmakonornyeckum CBOMCTBAaM OH UMeeT
AIBHble npenmMyLiecTea nepes Apyrumu
aHecTeTUKaMn, CO34aHHble YMOM WU pyKamu
yenosBeka...

- KceHOH npu neueHum
nocneacTBMM MO3roBbiX TpaBMm

- KceHOH npm nevyeHmMm HapKkoMmaHmMm



Mertoa cBob6oaHoit audPysum
Bo3aeiicTBue KCEHOHA HAa membpaHy

KceHOHOBbLIN HApPKO3

HeraTtuBHbIe CTOPOHbDI KCEHOHOBOW aHecTe3uu:

KceHoH o06napaet BbicokoM  AndPy3noOHHOM
CNOCOBHOCTbIO n no 3aKOHY pa3HULbI
napunanbHbiX  AABAEHUA  MOMKET  3aMNOHATb
3aMKHYTble Noa0CTH C HeXKenaTe/ibHbIM
yBenmyeHnem nx obvema ...

B cBA3M C ObICTPOM 3AMMMHALMENR KCEHOHa W3
opraHM3ma MO OKOHYAHWUM HapKo3a, OH co3aaeT
deHomeH "anddysmoHHoN" rmnokeum ...

MA mopgenupoBaHue




HakonneHue opraHU4ecKux pacrsopurenen B membpaHe

TokcukomaHua — 310 3aboneBaHue, NpPosiBNSAKLLEEcs
B ncuxmyeckonm (a wnHorga M pusmnyeckon)
3aBUCMMOCTbIO OT BellecTBa, He BKMHYEHHOIo B
odpmumarnbHbIN CNUCOK HAPKOTUKOB.

UHransiHTHass TOKCUMKOMaHMA - BAbIXaHWe napoB
OeH3uHa, aLueToHa, Kpackm 1 T.4.

UHransaHTbl - 9TO 0OOWMpHaa rpynna opraHU4ecKux
neTydmx Kugkoctem wn  rasoB (GeH3WH, aueToH,
pacTBOpuUTENM  naka, pasfndHble BuAbl  Kred,
OYUCTUTENbHbIE >XWOKOCTWU, aldpo3onnm un T.4.). ITU
cpeacTBa OTHOCATCA B OCHOBHOM K TEXHUYECKOW W
bbiTOBOM XMW, Hu3kaa CTOMMOCTb, OTCYTCTBUE
CTpororo y4vyeta M  OOCTYNHOCTb  AenawT  ux
nonynapHbIMN cpean OeTen M NoAPOCTKOB, a TaKxKe
cpeau nuu, He UMEKLLKUX BO3MOXHOCTM npuobpectn
OOPOrocTosLlmne HapkoTU4eckne cpencrea.




Xumuueckue KaHueporeHbl U 6uonoruyeckas membpana

KaHueporen (ot n1aT. cancer — pak v Ap.-rpey. YEWAw — PoKAal) —
XMMUYECKME BeLLecTBa BO3AENCTBME KOTOPbIX Ha OPraHU3m YenoBeka Uam
}KMBOTHOTO MOBbIWAET BEPOATHOCTb BOSHUKHOBEHUA 3/10Ka4eCTBEHHbIX
HoBoobpa3sosaHuit (onyxonen).

B 6osblunHCTBE ciyyaes paK y yenoseka (80%) BbisbiBaeTcA XMMUYECKMMU
KaHLUeporeHamm.
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MeTtop cBob6ogHoOI auddysuu:
HakonneHue aueroHa B aMnuaHoit membpaHe

[ Y. O. Posokhov, A. Kyrychenko. Effect of Acetone Accumulation on Structure and Dynamics of Lipid Membranes Studied by Molecular Dynamics
Simulations. Computational Biology and Chemistry, 46, 23-31 (2013). ]



MeTtop cBob6ogHoIt auddpy3uu:
HakonneHue auetoHa B caMnuaHoit membpaHe
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[ Y. O. Posokhov, A. Kyrychenko. Effect of Acetone Accumulation on Structure and Dynamics of Lipid Membranes Studied by Molecular Dynamics
Simulations. Computational Biology and Chemistry, 46, 23-31 (2013). ]



BAnaHME NOAULUKAUYECKUX apOMATUHECKUX COeAUHEHUHA
Ha membpaHy

55 55 &5

NHpeH BenzolainupeH Anbenzia hjaHTpauen

LY oﬁ ﬂ Caution
Carcinogen

METUNHONAHTREH benzole)nupen Anbenzia hjakuguH

MHoOorme nonMuuMKnuuyeckKume apomMmarmyeckKme
yrnesopgopoabl ABNAOTCA CUJNIbHBIMM
XMMUYECKMMU KaHLUueporeHamMmm



Mertopg cBoboaHoit andpdysuu:
HakonneHue nupeHa B membpaHe




MeTtopg cBobogHoOU auddysuu:
HakonneHue nupeHa B membpaHe

Colloids and Surfaces A: Physicochem. Eng. Aspects 480 (2015) 296-306

Contents lists available at ScienceDirect

Colloids and Surfaces A: Physicochemical and
Engineering Aspects

journal homepage: www.elsevier.com/locate/colsurfa

Behavior of pyrene as a polarity probe in palmitoylsphingomyelin and @Cmssmﬂk
palmitoylsphingomyelin/cholesterol bilayers: A molecular dynamics

simulation study

Anténio M.T.M. do Canto?, Patricia D. Santos?, Jorge Martins®, Luis M.S. Loura &d-*

a Centro de Quimica de Evora, Departamento de Quimica, Escola de Ciéncias e Tecnologia, Universidade de Evora, Rua Romao Ramalho, 59, 7000-671 Evora, .
Fig. 1. Structures of PSM (A), Chol (B), and pyrene (C).

Portugal
b IBB-CBME and DCBB-FCT, Universidade do Algarve, Campus de Gambelas, 8005-139 Faro, Portugal
© Faculdade de Farmdcia, Universidade de Coimbra, Pélo das Ciéncias da Satide, Azinhaga de Santa Comba, 3000-548 Coimbra, Portugal
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Tunbl andPpysumn B membpaHe
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MeTopa, noteHuMana cpeaHeit cunbl:
PacnpepenerHue npobbl B membpaHe

B meToae noteHuuana cpegHen
cunbl npoba NnpuHyaAUTENbHO
nepemetyaerca Yyepes membpaHy
noa AeUcTBMEeM AONONAHUTENbHOrO
noteHyuana

AG, kcal/mol

B npouecce nepemewieHUn npobbi

yepe3s memb6paHy MOXKHO paccuUTaTb

npo¢unb cBo60aHOI 3HEprumn



Metoa noTteHuuana cpegHein CUunbl:
NMpoHUKHOBEHME MONEKYNbl BOAbI B MeMbpaHy
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FIGURE 8 Five snapshots depict process of water permeation.



MeTopa noteHuMana cpegHeit cunbl:
JHeprua U3BNeYEHUA OAHOU MONEKYNbl AMNUAA U3 MeMbpaHbl

z=u(r)

Y

ko =42-K

calc nm-mol

Ed

A




Mpumep M/ pacueta KoapPULUEHTa NPOHULLAEMOCTU 3TAaHONA
yepe3 membpaHy

Mpodunb IHeprun Mb6Ca

Mmapo¢dobHbIn

/ bapbep
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AGlkcal/mol]
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Mertopg noteHuuana cpegHeun cunbl
Pacnpeaenenue npobbl B membpaHe

Umbrella sampling scheme
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[ Kyrychenko A., Sevriukov I. Yu., Syzova Z. A., Ladokhin A. S., Doroshenko A. O. Partitioning of 2,6-bis(1 H-benzimidazol-2-yl)pyridine
fluorophore into a phospholipid bilayer: Complementary use of fluorescence quenching studies and molecular dynamics simulations.
Biophysical Chemistry, 154(1), 8-17 (2011). ]



MeTtopa cBo6oagHOU auddy3uum:
AuHamuKa B3aumogenctasma c membpaHou

0 10 20 30 40 50 60 70
Time, ns

BBP Pacuetbl nokanusaummn npobbl metogom cBo60aHOM
Aanddy3um n metoaom noTeHuMana cpeaHen cunbl
AOJ/KHbI NOKa3blBaTb CXOAUMOCTb pe3ynbratos !




Mertopg noteHuuana cpeaHen Cunbl
MexxmoneKkynsapHble B3aumopgeuncraue u obpasosaHue yCToluMBou
BOAOPOAHOM CBA3U MmexXay Nnpoboit u monekynoit oAbl




Mpumep M/, pacueTta KoapPuuymueHTa NPOHULLAEMOCTHU
XonecrepuHa yepes membpaHy coaepiKallyto XonecrepuH

(E) 119 nsec (F)139nsec‘
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