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Momusayuss u yenv. I'epnernueckas uHpekius, Bbi3biBacMmas JIHK-comepxarmu
BUpycaMmu cemeiictBa Herpesviridae, HecMOTps Ha 6eCUHCIIEHHOE KOJTMYECTBO TOMBITOK
YCTAQHOBJICHHUS €€ MOJICKY/IAPHBIX AaTOr€HETHYECKUX MEXaHU3MOB, OCTAETCS 00BEKTOM
AKTUBHBIX HAay4YHBIX HCCIENOBAaHMA M 1O cedl AeHb. [lomaB oxHakapl B OpraHusM,
WHQEKIHUS COXpaHsSETCS B HEM HAaBCerAa M MOXKET JIATCHTHO IMEPCHUCTHPOBATh Ha
MPOTSHKEHUH BCEH JKU3HU B HEMpOHax WHPUITMPOBaHHEIX ofeil [ 1]. Hanbomnee pacmpo-
CTpaHEHHBIM U3 JIEBATH BUIOB [2] cunTaeTcs Bupyc mpoctoro repreca 1 tuma (BIIT'1),
KOTOPBI HAXOIUTCS B HEAKTUBHOM COCTOSIHUM, & TIPH aKTHUBALIMU CTAHOBUTCS IIPUYH-
HOW OpajJbHOTO W T'CHUTAIBHOTO Tepreca, KOHBIOHKTHBHUTA, BTOPHYHOTO OeCIIonus,
HeoHaTanbHON THOenn pedenka [3]. IlpopbiBoM B nedeHWH 3TUX WHQEKIUH CTaIo
coznanue B 1980-X rr. mepBoro NpoTHBOBUPYCHOTO Tpemapara « AIUKIOBUP», CHHTETH-
YEeCKOTO aIMKINYECKOr0 aHaIora I'yaHO3WHA, KOTOPBIM SIBISIETCS ONHHUM M3 CaMbIX
9acThIX KOHLIEBBIX U BHYTpeHHUX Hykieo3nnoB JJHK repnec-Bupycos, 4o 00ycioBuio
OUYCHb BBICOKYIO TEpAaIeBTUUECKYI0 aKTHBHOCTH 3TOro mpemnapara. OIHAKO CEroxHs
POCT 4YHMCIIa PE3UCTEHTHBIX K anukioBupy mrtamMoB BII'1 yka3eiBaeT Ha HE0OX0au-
MOCTb Pa3pabOTKH HOBBIX IPOTHBOBUPYCHBIX CPEACTB Ul OOpPBLOBI C reprec-BUpyCcamMH.
1976-i rom cranm nmaToid, Korja OBLIO MPOBEIESHO OJHO W3 TMEPBBIX HCCIEIOBaHUM,
MPOIEMOHCTPUPOBABIIINX MPOTHBOBUPYCHYIO aKTUBHOCTHh MOJH(PEHOIBHBIX COENUHE-
Huii [4]. Ha ceromHsamHuii AeHh YK€ CYIIECTBYIOT TOKa3aTelbCTBA BBIPAKEHHOTO
JeficTBUS MOMM(EHOIOB MPOTHB PA3IUYHBIX BUPYCOB: Ipumnmna, 3uka, renatura B u C,
JMXopaKky 3anajaHoro Huma, kopu [5], a Takxke npoTus Bupyca repreca [ 1, 6]. [Toatomy
HafpaBJIeHHUE TOWCKa HOBBIX COCAMHEHHWU JUis Tepamuu W npodunaktuku BIIT1,
KoTopsie Ob1 3exkTrBHO Brusm Ha (akTopsl maroreHe3a BIII'1, obnanas npu 3Tom
npodunem Oe30macHOCTH, U, Oojee TOro, OOBSICHEHHE MEXaHU3MOB JEMCTBHUS 3THX
COCJIMHEHUI SBISIOTCS aKTyalbHOW 3ajaueil NaHHOW oO0nacTu HaykH, TpeOyromiei
YCHUJIMH XUMHUKOB, OM0JIOr0B, (hapMarieBTOB U MeIMKOB. L{enbio HacTosmel paboTs! ObLI
MOWCK MTOTEHIUAIILHBIX CAHTOB CBS3bIBAHMS MTOJIN(EHONBHBIX COETUHEHUH B CTPYKTYpE
pubonykineornapenykrasst BITI'.

Memoovt u ancopummol. Bei0op puOOHYKICOTHAPEAYKTA3bl B KAUECTBE MHIICHNA OBIT
00yCJIOBJIEH TeM, YTO JJaHHBIH OeIOK OTBETCTBEHEH 3a peakTuBauuto BIII'l n3 narent-
HOTO COCTOSIHUS B IOKOSIIIMXCSl HEHPOHAX IMOCPEICTBOM CHHTE3a I€30KCUITPUMHUINHOB
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n3 pudonupumuannoB [2]. Tlonmnoaromuas 3D Mozenb BHUPYCHOW pPHOOHYKICOTHI-
peaykrasbl Oblla MOJTYYeHA IMYTEM MOCTPOCHHSI TOMOJIOTMYHBIX MOJIEICH Ha OCHOBE
CTPYKTypHI uenoBedyeckoro Oenka pS3R2 (3HF1) m mocrmenoBaTenbHOCTH BHPYCHOI
pubonykneoruapenykrassl (P06474) B mporpamme MOE. B kauecTtBe mcciemyeMbix
MoJM(EHOMBHBIX COCJAMHCHUI ObLTH BBIOPAHBI CIIEAYIOIIME BEIISCTBA: IUC-PECBEpa-
TPOJI, TpaHC-pECBepaTpoi, KBEPIETHH, MHIEATAHON, KYpKYMHH, MOJO0(HIOTOKCHH,
JIaJaHEHH, XOHOKHOJI, TIeJIApTOHHU/INH, PO3HHUANH, TpULIeTHHUANH [5]. st BBIOpaHHBIX
MOJM(EHOIBHBIX COCIUHEHUH K TIONyYEHHOW MOJENU BUPYCHOW pPHUOOHYKICOTH]I-
peaykTasbl Oblia IMPOBEICHA MPOIIeypa MOJICKYJISIPHOTO JJOKHMHTA.

Pezynomamur: TlonudeHnonpHbIC cCOeTUHEHUS TOKa3aIu Hanndue 14 BO3MOXKHBIX CAiTOB
CBSI3BIBAaHUS B CTPYKType puboHykiIeotuapeaykrassl BIIT'1 (puc. 1).

Hawunyumnyro auHHOCTE CBS3bIBaHUS (—6.5 KKaJ/MOJIh) IPOJAEMOHCTHPOBAJ KYPKYMUH,
MOTEHIMATBHO B3aHMOJICHCTBYIONMIA C aMHHOKHCIOTHBIMH octatkamu Glul87,
Gly188, Phel190, Phel91, Alal92, Phel95, Alal96, Ser218, Glu221, Ala222, Thr225,
Thr226, Tyr284, Ser288, Arg291, Leu292, Leu295, Phe311 (tabm. 1 u 2).

Ta6auna 1. IloTeHIManbHbIE CalThI CBA3BIBAHUSA B CTPYKTYpE
pudonykieotuapenykrassl BIIT'1

Ne | Size | PLB | Hyd | Side Residue

Glu77, Gly78, Ser81, Phe82, Phe85, GIn265,
2| 16 |-036 ) 8 10 Ala266, Pro267, Leu273

Glu77, Ser81, Phe82, Arg84, Phe85, Argl46,
4 29 0.09 22 34 Tyr149, Val150, Thr153, GIn265, Ala266,
Pro267, Leu273

Leu8, Prol0, Glyl7, His18, Serl19, Leu236,

5 20 | 094 | 6 8 Gly237, Gly238

1 nens: Pro34, Glu35, Arg36, Tyr37, Gly102,
Ser105, Gly106, Leul07, Phe108, Glu109,

8 62 2.20 17 37 Lys111, Leull4

2 nenb: Ser9l, Ala92, Ala93, Asp95, Leu96,
Thr98, Glu99, Gly102, Glu121, Asn132

1 wens: Val97, Glu99, Gly102, Gly103, Glul21

o 25 05 6 14 2 nens: Gly102, Ser105, Gly106, Leull4

Pro306, Pro307, Asp308, Ala309, Leu313,

10 24 10191 7 | 13 Ser314, Leu315, Met316, Ser317, Lys320

Glul87, Gly188, Phe190, Phel91, Ala192,

Phe195, Alal96, Ser218, Glu221, Ala222,

Thr225, Thr226, Tyr284, Ser288, Arg291,
Leu292, Leu295, Phe311

11 76 2.85 26 41

12 11 -0.74 3 11 Alal99, Arg202, Thr203, Asp215, Ser310

IMpumeuanue. Ne — HOMep caiiTa CBSI3bIBAHUS;, SiZ€ — KOJTMYECTBO 0-CyObeAUHHUII, COCTABIIAIOIINX
caiit; PLB — mokasaTejb CKJIOHHOCTH K CBsi3piBaHMio juranga [7], Hyd — xommuectBo
ruApo(OOHBIX KOHTAKTHBIX aTOMOB B perentope, Side — KOJHMYECTBO KOHTAKTHBIX aTOMOB
00KOBOI 1ler B perentope, Residue — aMUHOKUCIOTHBIE OCTATKH.
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Puc. 1. [loreHunanbHbIe CalThl CBS3bIBAHUS MOIH(EHOIBHBIX COSTUHEHUI B CTPYKTYpe
pubonykieoruapenykrassl BIIT'1

Crnenyronuii o aUHHOCTH pe3yabTaT (—5.9 KKaji/MoJib) ToKa3all Moa0(UIOTOKCHH,
MOTEHIMATBHO B3aMMOICHCTBYOIIMI ¢ amuHOKKcIoTamMu Glu77, Gly78, Ser81, Phe82,
Phe85, GIn265, Ala266, Pro267, Leu273. Tpetuii o ahUHHOCTH PE3yJabTaT MOKa3asl
XOHOKHOJ (—5.7 KKaJI/MOJIb), B3aUMOJICHCTBYSI B TOM JK€ CaiiTe, YTO U KypKYMHUH (CM.
Tabm. 1 u 2).

Ta6auna 2. B3aumojeiicTBue mnoau)eHOIBHBIX COCAMHECHUH C MOTCHIMAIbHBIMU
caiiTaM¥ CBS3BIBAHUS M 3HAYCHUE SHEPTUU CBSI3U

Has3Banue coenquHenus Howmep caiita cBa3pIBaHusA OHeprus CBisH,
KKaJI/MOJTh

uc-pecBepatpon 12 4.4
Tpanc-pecBeparpon 2 -5.1
Ksepuernn 4 5.2
ITunearanon 9 5.1
Kypkymun 11 -6.6
IMonodpunorokcun 2 -5.9
X OHOKHOJ 11 -5.8
Jlananeun 11 -54
[Menapronnanx 8 -5.3
Posunnann 5 -5.5
TpuneTnHUINH 10 -5.2

Buigoowi: IlpensokeHpl MOTEHUMAJIbHBIE CAMTBl CBA3BIBAHUS MOJTH(EHONBHBIX
COCIMHEHUH  KypKyMHHa, TMOJO(QUIOTOKCMHA W  XOHOKHONAa C  OelIKOM
pubonyxieoruapenykrazoit BIII'l mis nocnenyroreli 3kcriepuMeHTaIbHON TPOBEPKH.
Qunancuposanue. VccnenoBanue nojaepxato rpantom Poccuiickoro HayuHoro honna
Ne 24-24-00563 na temy «Pa3paboTka muppoBBIX 00pa30BATENBHBIX MPOTPaMM B
OnomMenuIuHe».
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Motivation and Aim: Herpes infection, caused by DNA-containing viruses of the
Herpesviridae family, despite countless attempts to establish its molecular pathogenetic
mechanisms, remains the object of active scientific research to this day. Once the
infection enters the body, it remains there forever and can persist latently throughout life
in the neurons of infected people [1]. The most common of the nine types of this virus
[2] is considered to be herpes simplex virus type 1 (HSV1), which is in an inactive state,
and when activated becomes the cause of oral and genital herpes, conjunctivitis,
secondary infertility, neonatal death of a child [3]. A breakthrough in the treatment of
these infections was the creation in the 1980s of the first antiviral drug “Acyclovir”, a
synthetic acyclic analogue of guanosine, which is one of the most common terminal and
internal nucleosides of the DNA of herpes viruses, which led to the very high therapeutic
activity of this drug. However, today, the increase in the number of acyclovir-resistant
HSV1 strains indicates the need for the development of new antiviral agents to combat
herpes viruses. 1976 was the date when one of the first studies was conducted to
demonstrate the antiviral activity of polyphenolic compounds [4]. Today, there is already
evidence of a pronounced effect of polyphenols against various viruses: influenza, Zika,
hepatitis B and C, West Nile fever, measles [5], as well as against the herpes virus [1, 6].
Therefore, the search for new compounds for the treatment and prevention of HSV1,
which would effectively influence the factors of HSV1 pathogenesis, while having a
safety profile, and, moreover, explaining the mechanisms of action of these compounds
is a very urgent task in this area of science and requires the efforts of chemists, biologists,
pharmacists and doctors. The purpose of this work was to search for potential binding
sites for polyphenolic compounds in the structure of HSV1 ribonucleotide reductase.
Methods and Algorithms: The choice of ribonucleotide reductase as a target was due to
the fact that this protein is responsible for the reactivation of HSV1 from a latent state in
resting neurons through the synthesis of deoxypyrimidines from ribopyrimidines [2]. An
all-atomic 3D model of viral ribonucleotide reductase was obtained by constructing
homology models based on the structure of the human p53R2 (3HF1) protein and the
sequence of viral ribonucleotide reductase (P06474) in the MOE program. Cis-
resveratrol, trans-resveratrol, quercetin, piceataanol, curcumin, podophyllotoxin,
honokiol, ladanein, pelargonidin, rosinidin, tricetinidin [5] were selected from all the
polyphenolic compounds as study compounds. For selected polyphenolic compounds, a
molecular docking procedure to the resulting model of viral ribonucleotide reductase
was carried out.
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Results: Polyphenolic compounds showed the presence of 14 possible binding sites in
the structure of HSV1 ribonucleotide reductase (Fig. 1).

Fig. 1. Potential binding sites for polyphenollc compounds in the structure
of HSV1 ribonucleotide reductase

The best binding affinity (-6.5 kcal/mol) was demonstrated by curcumin, which
potentially interacts with amino acid residues Glu187, Gly188, Phe190, Phe191, Ala192,
Phel95, Alal96, Ser218, Glu221, Ala222, Thr225, Thr226, Tyr284, Ser288, Arg291,
Leu292, Leu295, Phe311 (Table 1, Table 2).

Table 1. Potential binding sites in the structure of HSV1 ribonucleotide reductase

No.

Size

PLB

Hyd

Side

Residue

2

16

—-0.36

8

10

Glu77, Gly78, Ser81, Phe82, Phe85, GIn265,
Ala266, Pro267, Leu273

29

0.09

22

34

Glu77, Ser81, Phe82, Arg84, Phe85, Argl46,
Tyr149, Val150, Thr153, GIn265, Ala266,
Pro267, Leu273

20

-0.94

Leus, Pro10, Gly17, His18, Serl9, Leu236,
Gly237, Gly238

62

2.20

17

37

1 chain: Pro34, Glu35, Arg36, Tyr37, Gly102,
Ser105, Gly106, Leul07, Phe108, Glu109,
Lys111, Leull4
2 chain: Ser91, Ala92, Ala93, Asp95, Leu96,
Thr98, Glu99, Gly102, Glul21, Asn132

25

14

1 chain: Val97, Glu99, Gly102, Gly103, Glul21
2 chain: Gly102, Ser105, Gly106, Leul14

10

24

-0.19

13

Pro306, Pro307, Asp308, Ala309, Leu313,
Ser314, Leu315, Met316, Ser317, Lys320

11

76

2.85

26

41

Glul87, Gly188, Phe190, Phe191, Ala192,

Phe195, Ala196, Ser218, Glu221, Ala222,

Thr225, Thr226, Tyr284, Ser288, Arg291,
Leu292, Leu295, Phe311

12

11

—0.74

3

11

Alal99, Arg202, Thr203, Asp215, Ser310

Note. No. — binding site number; Size — number of a-subunits making up the site; PLB is an
indicator of the propensity to bind a ligand [7], Hyd is the number of hydrophobic contact atoms
in the receptor, Side is the number of contact atoms of the side chain in the receptor, Residue is
amino acid residues.

The next highest affinity result (5.9 kcal/mol) was shown by podophyllotoxin,
potentially interacting with the amino acids Glu77, Gly78, Ser81, Phe82, Phe85, GIn265,
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Ala266, Pro267, Leu273. The third highest affinity result was shown by honokiol
(-5.7 kcal/mol), interacting at the same site as curcumin (Table 1, Table 2).

Table 2. Interaction of polyphenolic compounds with potential binding sites and
binding energy values

Compound's name Binding site number Binii:r;gl;/ﬁ]n;rgy,
Cis-resverantrol 12 -4.4
Trans-resverantrol 2 -5.1
Quercetin 4 -5.2
Piceataanol 9 5.1
Curcumin 11 —6.6
Podophyllotoxin 2 -5.9
Honokiol 11 -5.8
Ladanein 11 5.4
Pelargonidin 8 -5.3
Rosinidin 5 -55
Tricetinidin 10 -5.2

Conclusion: Potential binding sites for the polyphenolic compounds curcumin,
podophyllotoxin and honokiol with the HSV1 ribonucleotide reductase protein were
proposed for subsequent experimental testing.

Funding: The research was supported by a grant from the Russian Science Foundation
No. 24-24-00563 on the topic “Development of digital educational programs in
biomedicine”.
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