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1. llonodunnorokcun u sronosua B3aumoznekctsyor ¢ JIHK IByMs THIAMH: CHIBHBIM M
cnabeiM. 1o CpaBHEHMIO C MONODHIIOTOKCHHOM, TONMO3WA CHiIbHee cBssbiBaercs ¢ JIHK,
XOTsl YHUCJIO MECT CBS3bIBAHMS Y HETO MEHBIIE, YeM Y MOAOPHILIOTOKCHHA.

2. Bzaumopeiicreue Tenunosupa ¢ JJHK He Habmomaercs. DTonosua B3aMMOJCHCTBYET C
KOHUEBbIMM M JedextHbiMu ydactkamu JIHK, He B3aumoneiictBys c ikenobkamu JIHK.
ITapameTpsl B3auMOAEHCTBHUS 3TONO3KAA“C Caxapo-PochaTHBIMM TPYNNAMH COTOCTABUMEI €
TaKOBBIMH MOA0(HILIOTOKCHHA.

3. P'unepuumH CBA3BIBAETCA Kak ¢ (ochaTHBIMU rpynnamu caxapo-(pocdartoro ocrosa JTHK,
TaK M C apaMH OCHOBAHHH, B YaCTHOCTH, C IyaHMHOM. B3aumoieicTBrE OCYIECTBIsAETCS KaK
00pa3oBaHHEM BOJOPOJHBIX CBSI3EH, TaK M 3IEKTPOCTATHYECKMMH CHIIAMH.

4. BUHONACTMH ¥ BHHOPENOMH B3aMMOACHCTBYIOT C (oCaTHBIMM Trpynnamu caxapo-
¢ocdarroro ocrosa B GC-Gorarsix yuactkax JJHK, B clydae BUHKPHCTHHA B3aHMOZEHCTBHE
He Habmoaercs.

5. MeToa MONEKyISPHOH JHHAMUKHM, Hapsily C APYTMMH METOJaMH, MOXET CTaTh YI0GHBIM
MHCTDYMEHTOM TIDH HCC/IC/OBaHMAX, KaK C TOYKHA 3PEHHS KOHCTPYMPOBAHHS MIH
MOJM(HUKALMK HOBBIX JIEKAPCTBEHHBIX COCAMHEHHMH (drug - design), Tak W mis U3YYCHHUs
B3aHMOJICHCTBHS Pa3HbIX COEMHEHMH C CyOKIETOYHBIME CTPYKTYpaMH, B yacTHOCTH ¢ JIHK.
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ZNPLULBUL LEFLbY UNRCPYD

TFue-b 2GS ZhNECPSP LD B NN HNIPLASNLUPLLESP ONULTESNRE8UL
NhUNRULUURLARESNPULE UNLEYNRLUSPL H*PLUUDRUUSE UBENYP
OGuLNPE3UUR

uUoeNeuapr
Zwugniguyht  puwnkp:  ppondwgqus  Ephphnud, UE, juwydwi hwunwnmib,
Yoy kipumgnjugdwt tukipghw, hhwbphght, dnjkynyughtt ghtudhljugh  dbpeny
(U1U), ynnndhinnnpuhl, Yhupjuunhi:

Lhpjuynudu ninugnpdwlwi puljpmpnibukpp inp ninuidhgngubph unbtnduwi
1 thnpdwupyuwi Jpw dSwhunmd G wkjh pwtt mwu mwph b nwubyul dhjhnbwynp
mnupubp: Quuyws npuit unwugyws ninudhengutpp ny vhown L widwu b hwdwpu
wnwowugumu ki nipg pupnmipniutp ophtil, wuydwiuwynpjwd dunwhqulju
niph htiwn nhnudhengutph widhpwjwi thnpuugntgnipjudp:

Zwoyh wnubkny wnfjuy thwuwnp, phun wpphwiwi Eohwdwpnd  wpug
quwhwundwl  Ubpngubph unbpdnudp’ hbwpwynp hwjwbwlwi phuykph U
ynnuuwlh puppmpemuibph wpwowgiwi mundbwuhpmpui dudwiwly: Uy
Ubtpnyubph pyht b wunjuinud dnjkynyuyhtt ghtwdhyuyh dbpeagp, npte hpkihg
ubpjuyugimd . hundwhwpqyught  thnpd, npunkn : dudwbwhh pupwgpmu
Unphjunpynud. £ dnjinijughtt hwdwljwpgbph Juppp oqunugnpsting swipdnudp
pumpuqgpnn pluybugjuwd hwjwuwpmdubp: Zknwgnunmpimuibph tyunwlh £
bk oquuignpdtiny Unjkynyuyht ghunfhyuyh dkpnnp, pugwhwpnty pdonipjul
Uk npywhtu hwlwmbpmgpuyht pinuuhgngubp oquuwgnpdynny  hhwybkpghth
wnnnphnunnpuhitiph FuE-h htn thnjuwqpkgnipjut htwpunp Ukjawtthquubpp,
nupwdwsuthulub nyuikpp, hiyyhu twh hnjpwqnigmpiut phpdnphtudhljw-
Jub yunlbpp: Npybu yunhwbhy oquugnpdyly b ppodwgyws tphghnudh FLE-h
htn thnjwgpigmpui dnnpkjp: OQuwmdbwuppdl) i hhwbkphghth, wnnndhin-
unpuhtth b bpw wdwbguutph (bnnuynqhnh U wbkuhwnghnh), huyybtu twb
Jhupjwuwnph b tpw wdwugyujkph (Jhuyphunhth b Jhunpkjphth) Fu@-h htwn
thnjuugpigmpyui  Ukjuwbhqububkpp, hwpquplyl; o wdjuy dhwgmpymuubph
thnjuuqpignipywt  tubkpghnhly, wwpwdwswthwliwb  wufubkpp,  juydwb
hwunwnmbubpp b Juydwb wnbnbpp: Ywnwpdl] b doinyughtt ghtwdhyugh
Ukpnnh b wy) Ukpnpukpny uinwugyws ndjujiiph hwdbduwnwljwt JEpnidnipynih:

Zundwlwpqyughtt thopdkpp gnyg ki wdk, np pugh wbkinwynghnhg U
yhuljphuinhihg poinp mumdtwuhpjws vhwgmpiniuutpp thnfjuwgnmud Eu Fu@-h
htw, pun npmd hnjuuqngnmpyjut Ukhwmtthquutpp b whuybpp, wuppkp Bu:

Yunwpjws hbnwgninmpimuubpp gnyg ki wmwhu, np hhykpghp thnppwgnnid



E FuE-h htwn hiyywhu HEjnpuunwnphl tnuwbwyny, wbybu § wowgwghnd
gpwotwlju  juwyhkp: @nuuqpbgnipniip  wbknh . mbbkimd  hhybkpghuh
hhnpnpupjughts  pufpkph b FU@-h  pwpmpwPnupuwiught  Yhwluph,
dwubwynpuybu  $nupnpuwlwi  fudph htw, hbywhu twlb qoyg hhdplphg,
dwubwynpuybu  gouwbhth  hkwn:  ®npdtph wpymbpmd  uwnwugdud
thnjuwqnkgnipjut Unnkip gnyg t nwhu, np hhuykpghtip thnjuwgymud £ FuE-h htan,
ny pt npybu Untndbp wy nhdtpughl duny: Zwpyh welking uwnwugyws nyuibpp,
Juwwpyt) i  hhwykphghth Jhountynyuyht  thnpjuwqpgniput  numdbw-
uppnipjmitt’ pugwhwynbint nfjuy dnikynyh wwhywsdpp epuyhtt Uhgwyuypnud:
Fuguwhuyngly t, np gpuyhtt thgunjuypmud hhujkphghtip quingnud k ojhgnutp dutpnd,
npunbkn wnljw i dntmdkp (50%), nhutp (30%), mbwnpudtp (15%), hipuwdtp (5%),
olhgnutpubtp: Zwpywplhyws L wfjuy ojhgnubpuyht dukph wwpwdwswhwyui,
Fubpgbnhy wwpudbnpbpp: Ywnwpjws thopdbph wpymbphtpp Jyuynd &b, np
pugh unwgiud ophgnutpughi dukph hhwkphghth pwpdp Ynbgkinnpughugh
nhypomd (>103 Un)) wpwowimd btu twb “bwbp” wgphqunbbp npnbp pugh
gpwstwfu juykphg thnpuqnnud B Uhdjuig htn hwb GEupnununpy mdtph
Uhgngny:

Quuupjws nundbwuppmipyniibpp qyuymid b, np  wnnndhinunpuhip
thnjumgymd £ YLR-h UkS whnuh htn UR-hwpniun hunnywstbpnud,udpnnenyhis
Swolkiny LS wlnup: Pwgh npubhg weiw b bwb thnjpwugpbgmpmb FLE-h
Suypuyhtt b phdblhnughtt hwnywdubph htn, pin npmu hnpjpwgptgmpyut poypp
Upwidwt t U wopndpininnpuhpih dmbymjubpp hwijws sk thnjuwmqptigmpyub
Ynuyptnn hwnyjwsubph: buy Jipupkpynud k& binwynqhnht, wwyw iz silico thopdkpp
gnyg kb nwhu, np b wwuppbpmpinit wngndhinnnpuhth bnwwghnh dnjtynyutpp
skl thnjumgynud Fu@-h wlnububkph htw: Onjuwugptgmpmibip winh § odbbkimd
Suypuyhtt b phdbinuyhtt hunnjuwdhbph htw, pun npmud bnnwynghyp wykjh mdtn £
Yuiygynud pwtt yngnphininnpuhtip, vwuyh juwdwh nknkph phip wbih phy t:

Uwnugjws wpyniipukpp gnyg i wwihu, np Jhuhphunpiip b Jhunptphp
thnfuuqymd &b FuR-h UES  wlynuh  pwpwpwdnupwinughtt  Yuwjuph  htan'
EEjunpnununhy mdbph ounphhy: Cuy npoid Jhupjwunhh thnjuwqpkgnipniiip
nith ptnponujut pinype: Lu hofwqynud £ swpwpwbnupwnughtt Yuwpeph 8-
hwpniun hwnwsubph 5'-8U3-3' hwgnpuljuim pyniitiph htw, wyh ghypnd, kpp
3'-8U9-5' hwgnpnulijuimpnibitph htwn thnjuwgpigmpmt sh Wjuwndnud: b
wnwpplpnipynit Jhuipjwunhuh, Jhuinpkphip thnjpwqynud £ Y00-h Uks wynuh htin
gqnpduwuinpkl thwykin] uyi: Unwgws tukpghnhly wndjuybtpp Jyuymd b, np
Yhunpkphtip wykh mdtn khnpwgnid ¥uE-h htin pwh Jhipjuunhbp:

Uwnwgywd wpynitptbph hhudw ypw, jupk) b iqpuijugut), np dnjbynyuyght
phtudhyuyh Ukpngp jupng b hwinhuwbug wuppp whyh dhwgnpnibbtph b
Unjtynyuyhtt hwdwljwpgqbph nuunftwuhpmpyu hwpdwn gnpshp, hsybu wpykh
huynh plquidthgngutiph Unphphyughwbtph b tnp phnunihengiitph wnbnduwip
(drug design), wjiybu b wwppkp whwyh dhwgmpymbbtph hojuwnglgnpyuh
niunfbwuhpnipjutip ppouhtt junnigywdputph htwn:
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HUNANYAN LERNIK SURIK

THE INVESTIGATION OF HYPERICIN AND PODOPHYLLOTOXINS INTERACTION
WITH DNA BY THE METHOD OF MOLECULAR DYNAMICS

SUMMARY
Key words: binding constant, complexation energy, DNA, ethidium bromide, hypericin,
method of molecular dynamics (MMD), podophyllotoxin, vinblastine.

Currently, pharmaceutical companies spend more than ten years and tens of millions of
dollars to create and test new drugs. Despite the waste of time and resources, the received
drugs are not always harmless and often lead to serious complications. The most dangerous of
the possible side effects are those caused by the interaction of drugs with the hereditary
material. In this regard, it is extremely important to develop methods of rapid assessment of
potential and possible real risks and to forecast the probable side effects. One of the modern
techniques is the method of molecular dynamics (MMD). MMD is a computer experiment on
simulation of molecular system behavior in time period by numerical integration of equations
of motion. The aim of this work is to study the interaction of anticancer drugs lignans and
diantrons with DNA by the method of molecular dynamics. It should be noted that the model
of ethidium bromide interaction with DNA was used as a standard. The interaction of hypericin
(Hy), podophylotoxin (Ptox) and its semi-synthetic derivatives etoposide (Eto) and teniposide
(Ten), and also vinblastine (VB) and its semi-synthetic derivatives vincristine (VC) and
vinorelbine (VIN) with DNA was studied to identify possible interactions, mechanisms, spatial
and energy parameters of the process. We calculated the constants, the number of binding sites,
spatial and energy parameters of interaction. The results of computer experiment show that
except to Ten and VC all other compounds interact with DNA, in fact that the mechanisms and
types of interaction are different. /n silico experiments show that Hy binds to DNA. This
binding is performed both by hydrogen bonds formation and by electrostatic interaction forces.
It was identified the binding sites of Hy on the DNA molecule. The Hy molecule binds both to
the phosphate groups of sugar-phosphate backbone, and with the base pairs, in particular with
guanine. It should be noted that the interaction is weak character Ky, = 1.1. It was calculated
that in average one Hy molecule binds to 10 base pairs of DNA and the Hy molecules are not
in monomeric, but in dimeric forms. The used MMD allowed us to investigate the oligomeric
forms and to get both spatial and energy parameters of oligomerization process. The
distribution of oligomers was as follows: 50% monomers; 30 % dimers;15 % tetramers ; 5 %
hexamers. From our results it follows that the limit of Hy dosage at accepting may be due to
the possibility of the molecule to form the aggregates, which can lead to undesirable side
effects. With regard to direct interaction on the DNA molecule, it is not the main way of
impact, as the parameters at binding are of weak character. We must assume that the action on
the cell has another, perhaps multiplet character. The carried out in silico investigations prove
that Ptox interact with DNA in two types. The first type of binding is with phosphate groups of
the sugar- phosphate backbone of DNA. Also, there is interaction with the end and defective
DNA sites, which corresponds to the second type of interaction. Our results show that Ptox
interacts with sugar-phosphate backbone in the AT- rich parts of DNA. Thus there is a block of
the groove. It should be noted that the binding sites are both hydrogen bonds formation, and
electrostatic types of interactions. There is also interaction with defective and end portions
while the Ptox molecule has no predisposition to specific sites. The obtained parameters of
interaction Eto with sugar- phosphate groups show that the types of binding comparable to
Ptox. Spatial parameters of interaction Eto with defective and end parts are different. Eto is not
included in defective part like Ptox, but binds with the outside; and this interaction is stronger.
Thus, Ptox and Eto interact with DNA, and this interaction is realized by two types: strong and
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weak. Eto binds to DNA stronger compared with Ptox, though it has less binding sites than
Ptox. As our results show interaction of VB and VI with DNA. Moreover, the interaction is on
a big groove of DNA. Our results imply that the VB interacts with the phosphate groups of the
sugar-phosphate backbone in GC -rich parts. This is accompanied by the selective binding
type. Our results indicate that the interaction occurs in the direction 5'-CAG-3 ', and is not
observed in the direction of 3'-CAG-5'. On the basis of binding energy parameters, we can say
that Vi has a stronger bind to DNA, compared with WB. Taking into account the fact that the
VC has a high cytotoxicity, and the VIN has a stronger bind to DNA, practically blocking the
big groove, it is more preferable to use in“medicine the VB, which is less cytotoxic and has an
average affinity with DNA as compared with the others.

To summarize , we can say that the MMD has every opportunity to become a convenient
tool for studies both in terms of design or modification of new drug compounds (drug- design),
and for studying the interaction of different compounds with cellular structures. The obtaining
of such valuable data, such as spatial and energy interaction parameters and comparing these
data with the results of well-known experimental techniques, can become the basis for a more
detailed study of processes in the cell.
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