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Zastosowanie dokowania molekularnego w badaniu wigzania
6-Merkaptopuryny z albuming surowicy krwi ludzkiej
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ABSTRACT

Human serum albumin (HSA) is a major protein component of blood
plasma and due to its endogenous and exogenous ligand binding proper-
ties, plays an important role in the distribution and therapeutic effective-
ness of drug. The studies of interaction of ligands with HSA by molecular
docking are important from a theoretical viewpoint as they attempt to
explain the relationship between the structure of ligand and the function
of protein and also in terms of practical applications in medicine. In the
work, the interaction of HSA with 6-Mercaptopurine (6-MP) used as an-
ticancer and immunosuppressive drug was examined by molecular dock-
ing. The docking procedure was performed with the program Molegro
Virtual Docker (MVD). The initial 6-MP conformation was energy-mini-
mized using semiempirical (AM1) method implemented in CS Chem3D
Ultra CambridgeSoft v.7.0.0 software and then imported to MVD. The
X-ray structure of HSA (1AO6) was obtained from the Protein Data Bank
(PDB). The potential binding sites (cavities) were identified automatically
using the cavities detection algorithm. The 6-MP molecules in solution at
pH 7.4 occur as a mixture of neutral and anionic forms, therefore both
forms of 6-MP were docked one at a time. Docking experiment uncovered
at least two binding sites of 6-MP in HSA structure. It was found that in
case of neutral form of 6-MP the binding force was mainly hydrophobic
interaction, while the electrostatic interaction and hydrogen bond were
involved in the binding process of anionic form of 6-MP.
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STRESZCZENIE

Albumina surowicy krwi ludzkiej petni wazng role w transporcie i rozmieszczeniu w organizmie
substancji endogennych i egzogennych, w tym rowniez lekéw. Znajomos$¢ mechanizmu oddziaty-
wania lekoéw z albuming moze by¢ pomocna w przewidywaniu potencjalnych interakcji z inny-
mi lekami i substancjami chemicznymi na etapie wiazania z albuming, zapewniajac bezpieczna
terapie, szczegblnie w terapii wielolekowej. Symulacja tego oddziatywania metoda dokowania
molekularnego pozwala na opisanie zaleznoSci miedzy strukturg i aktywnoscig biologiczna
i moze by¢ alternatywg lub uzupetnieniem badan in vitro. W pracy przedstawiono mozliwo$¢
wykorzystania techniki dokowania molekularnego do oceny oddziatywania 6-Merkaptopuryny
(6-MP), leku stosowanego w terapii przeciwnowotworowej i immunosupresyjnej, z albuming
surowicy krwi ludzkiej. Procedure dokowania 6-MP do czgsteczki albuminy przeprowadzono
za pomoca programu komputerowego Molegro Virtual Docker (MVD). Strukture rentgenow-
ska HSA opisang kodem 1AO6 pobrano z bazy biatek Protein Data Bank (PDB.org). Uktad
przestrzenny czasteczki 6-MP o zminimalizowanej energii opracowano za pomoca programu
CS Chem3D Ultra CambridgeSoft v.7.0.0. Czasteczke 6-MP, ze wzgledu na fakt, ze w roztworze
wodnym o fizjologicznym pH wystepuje w mieszaninie formy zdysocjowanej i niezdysocjowanej
dokowano jednocze$nie w obu formach. Uzyskane wyniki wskazujg, ze 6-MP moze wigzac sie
do albuminy w co najmniej dwoch miejscach wigzgcych. W przypadku czasteczki niezdysocjo-
wanej oddziatywania wigzace maja charakter hydrofobowy, natomiast czasteczka zdysocjowana
oddziatuje z albuming gtéwnie poprzez wigzania wodorowe oraz oddziatywanie elektrostatyczne
z dodatnio natadowang resztg lizyny, ktore stabilizuje powstajacy kompleks.
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voir in order to maintain equilibrium. The un-
bound fraction of one drug can be altered by
other drugs that are used at the same time and
bind to the same binding sites. The number of
albumin binding sites is limited, therefore con-
current binding will exist between two drugs.
Co-binding of two drugs or displacement of
one drug by another with higher affinity may
increase free drug concentration in serum and
consequently may alter the pharmacological
response. It is important when drugs are used
in patients who received multi-drug therapy,
that drugs are highly protein bound and have
low therapeutic index [1,2,3].

The study of the binding characteristics of
drugs to albumin is important in pharmacol-

INTRODUCTION

Human serum albumin (HSA) is a major pro-
tein component of blood plasma (52-60%)
and due to its ligand binding properties, plays
an important role in the transport and distribu-
tion of many endogenous and exogenous sub-
stances, such as hormones, fatty acids, metals
and numerous pharmaceuticals. The biological
half-life in the body, distribution, metabolism
and finally therapeutic effectiveness of various
drugs can be significantly altered as a result
of binding to HSA. If the drugs are reversibly
bound to albumin then they exist in bound and
unbound forms in serum. The bound fraction
may act as a depot from which drug is slowly

released. The unbound fraction exhibits phar-
macological effects and may be metabolized,
because only that portion of a drug which is
not bound with albumin is bioactive. Between
bound and unbound states exists the chemical
equilibrium. Since the unbound portion is be-
ing metabolized or excreted from the body, the
bound portion will be released from the reser-

ogy and clinical medicine, and also in research
and design of new compounds. Numerous
methods have been frequently employed for
detailed assessment of molecular interaction
and pharmacokinetic implication of drug-pro-
tein binding. The techniques for investigation
of the serum albumin binding of drugs include
among others equilibrium dialysis, electro-



