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ABSTRACT

A guantum chemical modeling of the interaction of the NQO1 enzyme with a several quinones was carried
out. The calculation of the geometric and energy parameters of the studied substrates was done. The potential
energy surface of reduction of heterocyclic quinones by the enzyme was drawn. Relationships between structure
of substrates and their binding strength with NQO1 were pointed out.

AHHOTALUA

[IpoBeneHO KBaHTOBO-XMMHYECKOE MOAEIHPOBaHUe mporecca B3anmoneiicteus gpepmerta NQO1 ¢ psgom
XUHOHOB. OCYIIECTBIEH pacyeT T€OMETPHUUECKHX W DHEPreTUYECKUX MapaMeTpoB H3ydaeMbIX CyOCTpaToB.
HpOBeI[eHO IMOCTPOCHHUEC MMOBEPXHOCTHU HOTeHL[PIaJILHOﬁ SHCPIUuu Nponecca BOCCTaAaHOBJICHUS I'CTEPOLUKINICCKUX
XUHOHOB (DepMEHTOM. Y CTaHOBJIEHBI 3aKOHOMEPHOCTH B3aUMOCBSI3H MEXKY CTPOSHHEM CyOCTpPaToB M CHIION UX

cBsi3piBaHMs ¢ Mosiekysoid NQOL.

Keywords: Quantum chemical calculations, semi-empirical methods, PM7, heterocyclic quinones.

KiaroueBbie CJI0BaA: KBanToBo-xumMuueckue

TCTCPOLUKIINYCCKHUEC XNHOHBI.

Background.

Among the many potential therapeutic targets for
cancer treatment, the NQO1 NAD(P)H enzyme:
quinone oxidoreductase is an enzyme that is
overexpressed in a number of tumors, including lung,
colon, breast, liver cancer, 2-50 times more than in
surrounding normal tissues [1-4]. NQO1 can
specifically catalyze the two-electron reduction of
various quinones directly to hydroquinones. Therefore,
prodrugs containing a quinone fragment that are
activated by NQO1 must exhibit specific anti-tumor
activity.

The aim of this work was to study the process of
enzymatic reduction of several heterocyclic quinones
using semi-empirical quantum-chemical calculation
methods.

Methods.

The construction of structures, the initial
configuration of the simulated systems and the

pacdeTbl, TOMySMIUpHUYECKHe  MeToasl, PM7,

subsequent quantum-chemical modeling were carried
out according to the following scheme:

The construction of simulated systems and the
creation of source files containing z-matrices with the
coordinates of the structure for calculation were
performed using the CambridgeSoft ChemOffice 2010
software package.

Quantum chemical calculations were performed
using the MOPAC 2012 software package (Molecular
Orbital PACkage), using the semi-empirical PM7
method. Visualization of the calculation results was
performed using the JMol 12.0.3 program.

Results.

The structures of quinones - substrates for the
human enzyme NQOL are presented in Figure 1.

In the process of quinone reduction, coenzyme
flavin adenine dinucleotide (FAD), which is part of
NQOL, is directly involved.
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Figure 1. Molecular structures of the studied quinones

Figures 2-3 show the optimized spatial FADN + QH, where Q - denotes quinone) (Figure 2)
configurations of one of the simulated compounds for  and C (intermediates formed after the transfer of the
the initial molecular systems A (FADH2 + quinone), second hydrogen atom from FADH2 to quinone, i.e.,
systems B (intermediates formed after the transfer of FADH + QH2) and the final systems D (FAD +
the first hydrogen atom from FADH2 to dione, i.e., hydrobenzimidazoledione) (Figure 3).

Figure 3. The spatial structure of system C (left) and D (right)
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Conclusions.

Quantum chemical modeling of the reduction of
heterocyclic quinones by the NQO1 enzyme was
carried out; optimal configurations of quinone-FADH2
systems were established taking into account the results
of docking of the corresponding ligands with NQO1
and taking into account the necessary distance between
the reaction centers.

The process of reduction of quinones by the
FADH2 molecule was studied, accompanied by the
transfer of two hydrogen atoms from the flavin ring of
the FADH2 molecule to the carbonyl groups of
quinones, followed by the oxidation of FADH2 to FAD
and the reduction of quinone to hydroquinone. The
geometric and energy parameters of the starting
compounds, intermediates, and reaction products were
studied.

Surface of potential energy of reduction processes
are built. It is shown that the maximum energy on the
PES corresponds to the stage of attachment of the
second hydrogen atom to heterocyclic quinones.

The nature of the charge redistribution on the
flavin ring of the FAD molecule as a result of the
reaction was established: the most significant changes
occur on the carbon atoms of the benzene ring of the
flavin ring, and nitrogen atoms bonded to the leaving
hydrogen atoms.

The nature of charge redistribution on heterocyclic
quinones has been established: the most significant
changes occur on the carbon atoms of the middle link
of the polycyclic quinone system, as well as on the
nitrogen atoms directly associated with them.
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UCCJIEJOBAHUE OPTAHOJIENTHYECKHUX U ®U3UKO-XUMHUYECKHUX CBOMCTB
BE3AJIKOT'OJIBHBIX HAITUTKOB JIVIsA CHATHUSA IOXMEJBHOI'O CUHAPOMA "KJIIOKBA-
OBJIEIIUXA" U "KJIIOKBA-UEPHUKA".

"Texnonoeus 6poOUnbLHBIX NPOU3800CcME U guHoOdenus um. I'. I Aeabanvanya

"Texnonoeus 6poOuUnbLHBIX NPOU3800CcM8 U guHoOdenus um. I 1. Aeabanvanya’

Xnonoeckan Anena Anvbepmosna
Mazucmp, xaghedpa

n
Kuposa Bepa Brhaoumuposna

Kanouoam mexnuueckux nayx, doyenm, kageopa
’
Bockanan Onvea Cmanucnagosna

Jokmop mexnuueckux Hayk, npogeccop, kageopa

«Texnono2ust npoOyKmos uz pacmumenbHo20 Colpbsi U NAPHIOMEPHO-KOCMEMUYECKUX US0ETULLY
Mocxosckuii I'ocyoapcmeennvlii ynugepcumem mexuonoeul u ynpagienus umenu K.I'.

AHHOTAIUA

B pa60Te NpeACTAaBJIICHO  HCCJICAOBAHNC

OpPraHOJCOTHYCCKUX

Pazymoscroco(IIKY)
Poccus, 2. Mockea

n (l)I/ISI/IKO -XUMHYECKHX CBOMCTB

0€3aJIKOTOJILHBIX HAIIUTKOB JJISl CHATHS IMOXMebHOro cuHapoMa "KimokBa-oonenuxa” u "KirokBa-uepanka'.

ANNOTATION

The paper presents a study of the organoleptic and physico-chemical properties of soft drinks to relieve the
hangover Cranberry-sea-buckthorn and Cranberry-blueberry.

KnroueBble ciaoBa: 0e3alKOTOJIBHBIN
OPraHOJIENTUYECKHE CBOMCTBA, AaHTUOKCHIAHTBI.

HAaImUTOK,

TMOXMEIIbHBIN CUHAPOM, HaATypajlbHO€ CBIPBEC,
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IToxmense — 310 COCTOAHHUE, KOTOPOC HACTYyNacT

B pe3ynbTaTe WHTOKCHKAIIH OopraHn3Ma
QJIKOTOJbHBIMH HanmuTkaMd. OHO CONPOBOXKIAETCS
HENBIM  PSIIOM  HENPUSATHBIX ~ 3(GQEKTOB  Kak
(u3MyecKOro, TaK | INCHXOJIOTHYECKOTO CBOICTBa:
OJIyTJIOBATOCTBIO Jmna, TOJIOBHOU 6o1blo,
MOBBIIIEHHOM Pa3ApaXUTEILHOCTHIO U TaK
nanee. OcHOBHasA TIpUYHHA BO3HHKHOBEHHS

MMOXMEeNbs — 3T0 H30BITOK TPOTYKTOB pacmajaa
AJIKOT OIS, KOTOpEIE OTPAaBJISIOT OpTaHU3M.
[on neiictBueM (epMEHTOB 3TAHOJI  pacnafaeTcs
Ha COCTaBJISIOLINE, YTO BJIEeYET 3a cO00H MOoCTeNneHHOe
orpe3sieHue. OIHAKO KPOME STaHOJA aJKOTOJIbHBIE

HalMTKK ~ 4YacTo  COZAep)KaT W MHOTHE  Jpyrue
npuMecH — HarpuMep METaHOJI, KOTOPBIH
pacnmagaercst  Ha GOpPMaNbAETHI U MypPaBbUHYIO



