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Background: While antiviral and interferon-inducing agent tilorone is used as a reactant of a number of
popular pharmacological preparations, the molecular mechanisms of its biological antiviral activity are
under discussions among the specialists. That is why the molecular level model studies of interactions of
tilorone with targeting biomolecules and their components are considered to be urgent and useful for
understanding the molecular mechanisms of the agent biological activity.

Objectives: The current model study is devoted to mechanistic examining of the intermolecular
interactions of tilorone with its possible biomolecular targets which are believed to be nucleic acids and
such their components as nucleosides containing purine or pyrimidine nitrogen bases.

Materials and methods: The objects of the study are model systems composed of tilorone
dihydrochloride (Til*2HCI) and its potential targeting biomolecules: single-stranded RNA (ssRNA)
obtained from Saccharomyces cerevisiae yeast or nucleosides - adenosine (Ado), thymidine (Thd), or
uridine (Urd). Dynamic light scattering (DLS) measurements aimed at observation of drug-biomolecules
aggregation is applied to the system (tilorone+ssRNA) (1:10 molar ratio) in RNA-free phosphate buffered
saline solution (with 10% fetal bovine serum). Electrospray ionization (ESI) mass spectrometry is used to
examine the intermolecular interactions in the binary (tilorone + nucleoside) (Ado, or Thd, or Urd in 1:10
molar ratio) and triple (tilorone + Ado + Urd) (1:10:10 molar ratio) systems dissolved in polar solvent
methanol.

Results: The obtained DSL data demonstrate that under conditions similar to the physiological ones,
introduction of tilorone into the ssSRNA solution results in formation of tilorone+ssRNA aggregates which
more than 10 times exceed in size the particles observed in the ssSRNA solution itself. The ESI mass
spectrometry experiments reveal that while the mass spectra of all studied (tilorone + nucleoside) model
systems contain ions characteristic of the individual components of the mixtures, in the spectra of
(tilorone + Urd) system the ions of stable ion-molecular clusters of uridine with tilorone dication
UrdTil*2H*" are recorded. The examining of the three-component model system (tilorone + Ado + Urd)
testifies to the selectivity of tilorone binding: while the peak of noncovalent complex of UrdeTils2H*" is
detected, any peaks of the complexes of Ado with tilorone are not found in the mass spectrum.
Conclusions: Formation of large-scale molecular aggregates of tilorone with ssRNA in the solutions
which are similar to the physiological solution in physical and chemical characteristics is revealed in the
performed DLS investigation. Creation of stable UrdeTile2H>" noncovalent complexes in
(tilorone + nucleoside) model systems was demonstrated by ESI mass spectrometry, while the complexes
of tilorone with Ado and Thd are not detected in the experiments. It testifies to the possibility of
formation of stable noncovalent complexes of tilorone with ssSRNA and their components in biological
systems, and pointed at Urd as one of the potential centers of specific binding of RNA molecules with
tilorone.

KEY WORDS: tilorone; RNA; nucleosides; intermolecular interactions; dynamic light scattering; mass
spectrometry.
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AkTyajbHicTh. He3Bakaioun Ha 3acTOCyBaHHsS aHTHUBIPYCHOTO Ta iHTEp(EpOH-IHAYKYIOHOTO areHTy
TWJIOPOHY B SIKOCTI JiI0YOi PEHYOBMHHU PsAy CydacHHMX (hapMakoJOriYHMX IpenapariB, MOJEKYJISIpHI
MeXaHi3MU HOT0 aHTHBIPYCHOI il 3aIMIIAIOThCs MIPEIMETOM HAyKOBOI JIHcKycii. ToMy mociikeHHs Ha
MOJIEKYJISIPHOMY DIiBHI B3a€MOIil THJIOPOHY 3 OiOMOJIEKYyJIaMHU-MIMICHSIMH Ta iX KOMIIOHEHTaAMH €
aKTyaJhbHUMHU Ta BAXXJIMBHMH 3 TOYKH 30py BCTAHOBJICHHS MOJIEKYJISIPHUX MEXaHi3MiB HOro 0ionorigHoi
AKTHBHOCTI.

Merta poboTu. MeTto0o poOOTH cTano BHUBYEHHS MDKMOJEKYSIPHUX B3a€MOJil TWIOPOHY 3
MOTEHIIMHUMHU  01OMOJIEKYJIaMU-MIIIICHSAMHU: HYKJICTHOBUMH KHCIOTaMH Ta iX KOMIOHEHTaMH —
HYKJICO3UJIaMH, 1[0 MOXKYTh MICTHTH, SIK ITypUHOBI, TaK i MIPUMIiJMHOBI a30THCTI OCHOBH.

Marepianu i meToan. O6’exTamu qociimkeHHs 0yi10 00paHo MOZEIbHI CUCTEMH, 110 MiCTUJIN THIOPOHY
JUTiIPOXJIOPH]] Ta OTEHIMHI MoyieKkyu-MimieHi omunonaHiorori PHK (ssRNA), ski Oyno orpumasno 3
IPULKIKIB Saccharomyces cerevisiae, abo mykieosunau: aneHo3uH (Ado), Tuminua (Thd), yn ypumun
(Urd). Maroun 3a MeTy BHUBUEHHS MOXJMBOI arperamii TWJIOpOHY 3 OiOMOJIEKyJIaMH, METOIO0M
JUHAMIYHOTO  po3ciloBaHHS cBiTia Oyino jocnimpkeHo cucremy (tunopor+PHK)  (mossiphe
criBBigHOIIEHHS KommoHeHTiB 1:10) y po3umHi, B CKiIagi gkoro — HaTpid-pocdarHuit Oydep 3
monaBaHHsM  10%  cupoBaTkm  KpoBi  TenmsTH. MeToxm  Mac-CHEKTpOMeTpii 3  iOHi3ami€ro
€JIEKTPOPO3IMIICHHAM OYyJI0 3aCTOCOBAHO ISl TOCIIKEHHS MIKMOJIEKYIISIPHAX B3a€MOJII B MOJIEIBHUX
OiHapHux cucremax (tuiaopon+uykieo3un) (Ado abo Thd, ado Urd, monsipue criBBigHOIeHHs 1:10) Ta
TPbOXKOMIIOHEHTHIH cucteMi (Tunopon + Ado + Urd) (momsipre chiBBigHomenns 1:10:10), sxi Oyno
PO3YMHEHO B IOJISIPHOMY PO3UMHHHKY — METaHOI.

PesynbTaTn. Jlani, oTpuMaHi METOJOM IMHAMIYHOTO PO3CIOBaHHS CBITJIa, CBiMYaTh, IO B YMOBax,
HaOnmmkeHux 10 (i3ioNoriyHux, BBENEHHS THIOpPoHY Yy po3unH PHK mpusBoauth 1o ¢opmyBaHHS B
cUcTeMi MOJIEKYJIIpHUX arperariB TWIOpoH+ssRNA, ski y 10 pa3iB nepeBHIIyIOTH 332 PO3MIpOM
YaCTHHKH, NPUCYTHI y BuxigHoMmy po3unHi PHK. Pesynbratn Mac-CieKTpOMETPHUYHOTO E€KCHEPHMEHTY
MIOKa3yI0Th, III0 MAC-CIEKTPH yCiX JOCHIKEHNX OIHApHUX CHUCTEM (THJIOPOH+HYKIJICO3WI) MICTITH IIKH
10HIB, SIKI XapaKTepHi JUIs IHIMBIyaTbHIX KOMIOHEHTIB cyMilleH, a B criekTpi cucremu (TritopoH + Urd)
TIOPSA 3 BUIE3a3HAUYCHIUM PEECTPYETHCSA JOCUTH IHTEHCHBHUI CHTHAJN CTAOUTFHOTO 10H-MOJEKYIISPHOTO
knacrepy UrdeTile2H?". Mac-crieKTpoMeTpiyHe T0CITiKEHHS TPhOXKOMIIOHEHTHOI MOJEIBHOI CHCTEMH
(tunopon + Ado + Urd) miaTBepamio [aHi LIOA0 MOXJIMBOI BHOIPKOBOCTI 3B’sI3yBaHHS THIIOPOHY 3
HYKJICO3MIaMH, OCKIIBKH TIPH HASBHOCTI y CIIEKTPi CHTHaTy HeKoBameHTHoro xommiekcy UrdsTils2H>"
miky KiaactepiB Ado 3 THIOPOHOM B CIIEKTPI HE BHSIBIICHO.

BucHoBkH. MeTo0M JMHAMIYHOTO PO3CIIOBaHHS CBITJIa TMOKa3aHO (OpMyBaHHS BEIMKOPO3MIPHHX
MOJIEKYJISIpHUX arperariB Tuiaopony 3 PHK y pozumHi, sikuit 3a (i3MKO-XIMIYHHMH HapameTpamu
HaOmKeHuid a0 (iziosoriuHoro. B JOCHIPKEHHSX METOJOM Mac-CIIEKTPOMETpii 3  i0HI3alli€ro
EJIEKTPOPO3IMICHHSM BHSBJICHO YTBOPEHHs CTabilbHHX HekoBameHTHHX KommiekciB UrdeTile2H®" B
MOJIETIBHUX CHCTeMaX (THJIOPOH + HYKJICO3W[), YTBOPEHHsI KOMIUIeKciB THiaopoHy 3 Ado um Thd He
3apeectpoBaHo. OTpuMaHi J1aHi CBiT4aTh IPO MOXJIMBICTH (POPMYyBaHHS CTAOIIBHUX HEKOBAJCHTHHX
KOMIUIEKCIB THIOpOHY 3 onHonaHioroumu PHK Ta iX koMmmoHeHTamMu B OIlOJOTIYHMX CHCTEMax Ta
Bka3ytoTh Ha Urd sk Ha OIWH 3 NMOTEHHIMHUX HEHTPiB cnenuidHoro 3B’s3yBaHHS Monekyn PHK 3
THIJIOPOHOM.

KJIIOYOBI CJIOBA: tunopon; PHK; Hykieo3nan; MbKMOJIEKYIIIpHa B3a€EMOJIs; JUHAMIYHE PO3CIIOBaHHS CBITIIA;
Mac-CIIeKTPOMETPisl.
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AKTyajbHOCTb. HecMOTpsi Ha WCIOJb30BaHKWE MPOTUBOBUPYCHOTO M HMHTEP(EPOH-UHIYLHPYIOLIEro
areHTa TWJIOPOHa B KauecTBE JICWCTBYIOLIETrO BELIECTBA psjia COBPEMEHHBIX (hapMaKOJIOIHYECKUX
nmpenapaToB, MOJICKYJIAPHbBIE MEXAHU3MbI €0 aHTUBUPYCHOI'O HeﬂCTBHH OCTarTCA NpEAMETOM Hay‘iHOﬁ
quckyceun. [loaToMy wuccienoBaHMsS Ha MOJIEKYJSIDHOM YpPOBHE B3aWMOJIEHCTBHH THJIOpOHA C
MOTCHIMATBHBIMI  OMOMOJICKYJTAMHU-MUIICHIMA W WX KOMIIOHCHTAMH SBISIOTCSI aKTyaJlbHBIMH H
Ba)XHBIMH JJIS OTIPEJICIICHNS] MOJICKYJISIPHBIX MEXaHH3MOB €ro OHOJIOTHYECKOi aKTHBHOCTH.

Heas padorsl. Llenpro HacTosmedr paboThl CTal0 H3YYEHHE MEXKMOIEKYISIPHOTO B3aMMOICHCTBHSA
TWIOPOHA C TIOTCHIUATBHBIMH OHOMOJICKYJIaMU-MHAIICHIMHU: HYKICHHOBBIMH KHCIOTAMH W UX
KOMIIOHEHTaMH HYKJICO3UIAMHU, COJIEPKAIMUMH KaK IIyPHHOBBIC, TaK W NMHPHUMHIMHOBBIC a30THCTHIC
OCHOBaHHA.

Marepuaibl 1 MeToAbl. OOBEKTAMH HUCCIIEIOBAHMS ObLTH BHIOPAHBI MOJEIBHBIC CHCTEMBI, COCTOSIBIITHE
W3 JTUTHAPOXJIOPWAA TWJIOPOHA W €ro IOTEHIHANBbHBIX MOJEKyJI-MuileHeil oxnornenodeynsix PHK
(ssRNA), monyueHHBIX U3 ApOXoKed Saccharomyces cerevisiae, Wi HyKJI€03ua0B: aneHo3uHa (Ado),
tumuauHa (Thd), wimm ypumuna (Urd). C wenblo u3ydeHHsT BO3MOXKHOM arperauyd THJIOPOHA C
OMOMOJIEKYJTaMH ~ METOJIOM  JMHAMHUYECKOrO  CBETOpAacCEesHWs ~ Obula  HCCIIEIOBaHA  CHUCTEMa
(tunopon + PHK) (monsipHOoe cootHomenne kommoHeHTOB 1:10) B pactBOpe HaTpmii-pocdarHOro
Oydepa ¢ nobasnennem 10% CHIBOPOTKM KpPOBH TENSAT. METOA Macc-CIIEKTPOMETPUH C WMOHHU3aluer
3JIEKTPOPACIBUICHHEM OB HCIOJIB30BAaH JUISL MCCIIEIOBAHHMS MEKMOJIEKYJISIPHBIX B3aUMOJICHCTBUH B
MOJICIBHBIX OWHApHBIX cucteMax (TwinopoH+Hykieo3nn) (Ado wmm Thd, wmm Urd, wmomspHoe
cootHomeHue 1:10) m TpexxoMmmoHeHTHOH cucteme (TmiopoH + Ado + Urd) (MomnspHOE COOTHOIIEHWE
1:10:10), pacTBOPEHHBIX B TIOJSPHOM PACTBOPUTENIE METAHOJIE.

PesyabTatsl. [lanHbIe, MOTyYeHHBIE METOJJOM AWHAMHYECKOTO CBETOPACCESHUS, CBUICTENBCTBYIOT, UTO
B YCIIOBHSAX, NMPHONMKECHHBIX K (DPHU3UOJOTHYECKHM, BBeZeHHe TmiopoHa B pactBop PHK BrI3eiBano
dopMupoBaHHe B MOJEIBHOM cucTeMe arperatoB THIOpoH+SSRNA, koropeie Oonee yem B 10 pa3s
NpeBBIIAIM 1O  pa3Mepy  YacTHIbl, MPUCYTCTBOBaBIIME B  HcXonHoM  pactBope PHK.
OKCIepUMEHTANIbHBIE PEe3YyJIbTAThI, MOIY4YEHHBIE METOJIOM Macc-CIEKTPOMETPUH, JEeMOHCTPUPYIOT, YTO
Macc-CIIeKTPBl BCEX MCCIIEJOBAaHHBIX OWHAPHBIX CHCTEM (THIOPOHTHYKJICO3H]) COAEPXkAT MUKH HOHOB,
XapaKkTEepHBIX JUIS WHAWBHUIYalbHBIX KOMIIOHEHTOB CMECH, a B CHEKTpe cucrembl (TmiopoH + Urd),
Hapsily ¢ 3THM, OOHapyXeH JIOCTaTOYHO HMHTEHCHBHBIA CHIHAI CTaOMJIBHOTO HOH-MOJIEKYJISIPHOTO
xnacrepa UrdsTils2H?". Macc-CrieKTpOMeTpHYeCcKOoe HCCIIeOBAHHE TPEXKOMIIOHEHTHOH MOJEIbHOM
cucreMsl (TropoH + Ado + Urd) monTBepamino OdaHHBIE O BO3MOXKHOH CEJICKTHBHOCTH CBSI3BIBAHUS
TWIOPOHA C HYKJICO3WAAMH, IMOCKOJIBKY NP HAUYUU B CIEKTPE CHCTEMBI IHKA HEKOBAJICHTHOTO
xomrrekca UrdsTils2H?" muku knactepos Ado ¢ THIOPOHOM B CIIEKTpPE HE OOHAPYIKCHSI.

BbiBoabl. MeTomoM  IUHAMHUYECKOTO  CBETOPACCESHHS  MOKa3aHO (OPMHPOBAHME  KPYIHBIX
MOJIEKYJISIpHBIX arperatoB TmiiopoHa ¢ PHK B pactBope, 61m3koM mo hHU3NKO-XUMHYECKHM HapamMeTpam
K ¢usnomorndeckomy. B wHccrenoBaHMSX ~— METOIOM — MacC-CIIEKTPOMETPUM C  HOHHU3aLuel
AIIEKTPOPACIBUICHUEM TPOIEMOHCTPUPOBAHO 00pa30BaHHE CTAOMJIBHBIX HEKOBAJIECHTHBIX KOMILIEKCOB
UrdeTile2H*" B MozmenpHBIX cHcTeMax (THIOPOH + Hykieo3u). Kommnekcs: tunopona ¢ Ado u Thd B
CHEKTpaX HE 3aperucTpupoBaHbl. lloyydyeHHBIE JlaHHBIE CBHJETEJLCTBYIOT O BO3MOXKHOCTH
(opMupoBaHHs CTaOMIIEHBIX HEKOBAJIICHTHBIX KOMILUICKCOB THIIOpPOHA ¢ onHolenodeuyHsiMu PHK m ux
KOMIIOHEHTaMH B OHOJIOTHUYECKMX CHCTeMaxX M yka3bpiBaloT Ha Urd Kak Ha OOUH W3 MOTEHIMATHHBIX
HEHTPOB crenmduiaeckoro cesi3piBaHusd Mosekyn PHK ¢ tumoporom.

K/IFOYEBBIE CJIOBA: tunopon; PHK; Hyxmeo3uabpl; MexXMoyeKyJIsSpHBIE B3aUMOJACHCTBHUS; AWHAMUYECKOE
CBETOPACCEAHUE; MACC-CIIEKTPOMETPUSL.

Tilorone is known as an effective antiviral and interferon-inducing agent from the
seventies of the last century [1-3]. Tilorone is a reactant of the national pharmaceutical
preparation Amixin IC (InterChem SLC, Odessa, Ukraine) and some other preparations which
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are widely used in the treatment of a number of viral infections and some other diseases [4-8].
The interferon-inducing action of tilorone and, in particular, stimulation of synthesis of all
three types of interferon in a human body is considered as the basic mechanism of the
preparation activity [9].

However, in spite of active usage of tilorone in medical practice in Ukraine and some
others FSU countries, the discussions about its efficiency and investigations of its
pharmacological activity as well as toxicity are currently continued [10-12]. For example,
there is investigation testified to miscoordination of interferon-inducing and antiviral effects
of tilorone [13]. The problem of molecular mechanisms of antiviral tilorone activity is
remaining open since it is still not clear whether this activity is related just to interferon-
inducing activity or it is also connected with other intracellular cascade reactions and
intermolecular interactions. That is why the molecular level model studies of interactions of
tilorone with potential targeting biomolecules and their components are considered to be
helpful in understanding the molecular mechanisms of the agent biological activity, which is
necessary for development of more efficient and less toxic medicines. In particular, one of the
existing hypotheses about nucleic acids and their constituents as potential molecular targets
for tilorone binding requires experimental confirmation.

The current study is devoted to examining the mechanistic intermolecular interactions of
tilorone with its possible molecular targets in the viral and host cells, which are believed to be
RNA and nucleosides. An experimental investigation of biologically significant
intermolecular interactions of tilorone with sSRNA and a number of nucleosides (adenosine
(Ado), thymidine (Thd), and uridine (Urd)) has been performed by dynamic light scattering
(DLS) and electrospray (ESI) ionization mass spectrometry methods.

MATERIALS AND METHODS

Materials

Tilorone — 2,7-bis[2-(diethylamino)ethoxy]-9-fluorenone  dihydrochloride from the
Sigma-Aldrich company (Germany) was used in all experimental investigations. The
chemical structure of tilorone dihydrochloride (Tile2HCI) is presented in Scheme 1.

Single-stranded RNA (ssRNA) for DLS experiments was obtained from Saccharomyces
cerevisiae yeast as described in [14]. The following dilution buffer composition was used as a
solvent: RNA-free phosphate buffered saline solution (PBS, Sigma, USA) and 10% (volume
to volume) of fetal bovine serum (FBS, Sigma, USA), pH=7.4. After preparation of solutions
of tilorone (10 g-L™" or 2.07107 mol-L™") and ssRNA (8 g:.L™") in the above mentioned
solvent, they were ex tempore filtered through 0.2 um syringe filter Minisart® NML with
surfactant-free cellulose acetate (SFCA) (Sartorius AG, Germany). The samples of the model
system (tilorone + ssSRNA) were prepared just before DLS measurements by mixing of the
two solutions to obtain the final molar ratio of tilorone to sSRNA as 1:10.

Adenosine (Ado), thymidine (Thd), and uridine (Urd) nucleosides and methanol (MeOH)
for mass spectrometric experiments were purchased from the Sigma-Aldrich company
(Germany). Initial solutions of tilorone and nucleosides (5 mM) were prepared in methanol
(polar solvent which is commonly used in ESI mass spectrometry) and used for preparation of
binary (tilorone + nucleoside) (1:10 molar ratio) and triple (tilorone + Ado + Urd) (1:10:10
molar ratio) model systems. In our study we did not investigate the model systems including
guanosine, since from our previous experimental experience we know that guanine
derivatives have less solubility in polar solvents in comparison with other nucleosides. It
could result in distortion of mass spectrometric information about intermolecular interactions
in the multicomponent model systems containing guanosine.
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The mixtures were kept at the room temperature for at least 10 minutes before the ESI
mass spectrometric analysis. The spraying procedure required dilution of the solutions to be
studied to the final 250 uM concentration of the diluted components of the model systems in

each solution.
« 2HCI
H

SCW rCH3
HSCVN\’/\O OO O/\/N\/CHg
@]

Scheme 1. Tilorone dihydrochloride (Tils2HCI) chemical structure (adapted from the web site of the Sigma-
Aldrich supplier https://www.sigmaaldrich.com/catalog/product/aldrich/220957?1ang=en&region=UA).

Dynamic light scattering

Dynamic light scattering (DLS) method, which is also known as photon correlation
spectroscopy, is a powerful tool for studying the size distribution of molecular particles, and
in particular their aggregates, basing on their diffusion behavior in solution. The diffusion
coefficient, and hence the hydrodynamic radii calculated from it, depends on the size and
shape of the particles present in solutions.

The particles sizes and distribution as well as polydispersity indexes (PdI) of solutions of
ssSRNA and (tilorone + ssRNA) mixture in the dilution buffer are measured using Malvern
Zetasizer Nano-ZS instrument (Malvern Instruments Ltd., Malvern, UK) and analyzed by
Zetasizer software (Malvern Instruments). For each sample a separate disposable polystyrene
cuvette (Sarstedt AG & Co., Germany) is used. Water is used as a dispersant. All DSL
measurements are carried out at a standard temperature of +25°C, and three measurements
with at least 10 sub-runs are performed for each sample.

The Zetasizer software supplied with the instrument provides a number of analysis tools
to study aggregation by the DLS. “Size Distribution by Intensity” and “Size Distribution by
Volume” are the most widely used tools. The Size Distribution by Intensity method is suitable
for detection of high molecular weight particles including aggregates, which scatter light
disproportionately relative to smaller particles, enabling detection despite their relatively low
concentration in a sample [15]. The Size Distribution by Volume method is used in our study
with the aim to investigate of characteristics of the particles of ssSRNA and aggregates in
(tilorone + ssRNA) system in the dilution buffer.

ESI mass spectrometry

Electrospray ionization (ESI) mass spectra of the systems studied are obtained in the
positive ion mode using triple quadrupole (QqQ) Micromass Quattro Micro mass
spectrometer (Waters, Manchester, UK) equipped with the electrospray ion source. This
source is operated in the standard ESI mode. The ESI source temperature is set to 120°C and
the desolvation temperature is 200°C. The spraying capillary is operated at 3.5 kV. The cone
voltage (CV) value of 10 V is used. The analyzed solutions (20 pL) are injected into the mass
spectrometer at a constant flow rate of 0.2 mLemin™' of methanol solvent. The ESI spectra are
recorded in the mass range of m/z 100-2000. Data acquisition and processing are performed
using MassLynx 4.1 software (Waters, Manchester, UK).

RESULTS AND DISCUSSION
DSL experimental study

DLS method was applied to examine the size characteristics of the particles present in
solutions of ssSRNA and (tilorone + ssRNA) system (1:10 molar ratio) in the dilution
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buffer. The obtained (Pdl) and Size Distribution by Intensity values are summarized in
Table 1.

Table 1. Polydispersity Index (PdI), Size Distribution by Intensity and Z-Average data for solutions of
ssRNA and (tilorone + ssRNA) in dilution buffer *

(tilorone + ssRNA) system

Parameter ssRNA solution (1:10 molar ratio)
Pdl 0.192+0.009 0.330+0.062
Size Distribution by Intensity

Pk 1 Mean Int (d, nm) 152.6+1.99 1882+139.5
Area Int (%) 100 75+18

Pk 2 Mean Int (d, nm) - 5096+474.4
Area Int (%) — 25+18

Z-Ave nm 126.43£1.63 not applicable

"Notes: the results are presented as Mean and St Deviation; the Size Distribution by Intensity data are
represented as a certain number of peaks (Pk 1-2) corresponding to the populations of particles of certain size
(Mean Int — d, nm) and their input into the total scattering intensity (Area Int — %). Z-Average size (Z-Ave) is
harmonic intensity averaged particle diameter.

The summarized data on the particles Size Distribution by Volume are presented in
Table 2.

Table 2. Particles Size Distribution by Volume in solutions of ssRNA and (tilorone + ssRNA)

Solutions Particles Size Distribution (d, nm + St Dev) by Volume
ssRNA 132.1+£67.1
(tilorone + ssRNA) 1711.0£351.0

Statistic graphs of the particles size distributions in solutions of ssRNA and (tilorone +
ssRNA) system by volume are presented in Fig. 1.

The experimental results demonstrate that ssSRNA solution in the dilution buffer is quite
monodisperse system, since it contains particles of similar sizes. Indeed, the mean diameter of
these particles is between 150 and 154 nm and the size distribution is narrow, as is evidenced
by the polydispersity index values (ranging from 0.18 to 0.20) (Table 1). The data obtained
for PdI and Size Distribution by Intensity for the sSRNA solution most probably point to
creation of similar sizes molecules aggregates of ssSRNA with Bovine Serum Albumin (BSA)
and/or other molecules existing in the used buffer solution (Pkl in Table 1, peak in the
statistic graph, Fig. 1). Value of Z-average (also known as the “cumulants mean”) testifies to
the monodispersity of the ssSRNA solution sample too.

Introduction of tilorone solution into the solution of ssRNA in the buffer resulted in
almost twice reliable increase of Pdl values (range of PdI value is 0.27 — 0.39) comparing
with the values for the ssRNA solution itself. In the statistic graph of (tilorone + ssSRNA)
system (Fig. 1) there are two peaks showing the presence of two different size particles
populations in the system. The first peak (which input into the total scattering intensity is
75%) is most probably related to aggregates of tilorone with the initial particles of sSRNA,
and mean diameter of the aggregates is more than 10 times exceeds the mean diameter of the
particles in the ssSRNA solution itself. The second peak (with input into the total scattering
intensity of 25%) is related to bigger aggregates of the system components (obviously,
including BSA and other serum components) with the mean diameter ranging between 4.62
and 5.57 um.
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Statistic graph (5 measurements)

I
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tilorone + ssRNA (molar ratio 1:10)

Fig. 1. Particles size distribution in solutions of ssSRNA and (tilorone+ssRNA) system by volume.
The results are presented as Mean with Max-Min error bar.

It should be noted that in our investigation, with the purpose of obtaining reliable results
for sizes distribution and taking into account the ranges of the equipment sensitivity, we take
solutions which contained more high concentrations of tilorone and ssRNA than usually are
used for biological objects in vitro [16, 17].

Thus, the obtained DSL data demonstrate that under conditions similar to the
physiological ones, the introduction of tilorone into the system of ssSRNA solution in the
buffer results in active aggregation of tilorone with the ssSRNA particles and in enlargement of
the aggregates likely contained tilorone, ssSRNA and other components of the used dilution
buffer. Earlier it was showed that (tilorone + ssSRNA) complex with 1:10 components ratio
demonstrated significant antiviral activity [16], and also induced interferon formation in vitro
[17] as well as in vivo [18]. The data obtained in the current and earlier investigations are in a
good agreement with the modern ideas about the effect of double-stranded allogenic RNA of
different length on the formation of interferon-mediated or interferon independent antiviral
resistance of the cells [19, 20].

To confirm the (tilorone + ssRNA) noncovalent complexation at the monomer level and
with the purpose to find the possible RNA components which can be considered as centers of
tilorone binding to the nucleic acid molecules, the following ESI mass spectrometry study of
interactions of tilorone with nucleosides was performed.

ESI mass spectrometry investigations
At the first stage of the ESI mass spectrometric experimental study solution of tilorone in
methanol was investigated. The characteristic mass spectrum of tilorone is presented in Fig. 2.
It contains the abundant peak of the tilorone dication Tils2H*" (m/z 206.3) and set of clusters
of tilorone with various number of protons and chlorine anions.
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Fig. 2. Positive ion ESI mass spectrum of
tilorone solution in methanol.

Fig. 3. ESI mass spectrum of
(tilorone + Uridine) (1:10 molar ratio)
model system in methanol solvent.

Fig. 4. ESI mass spectrum of
(tilorone + Adenine + Uridine) (1:10:10)
model system

in methanol solvent.

At the next stage the intermolecular interactions of tilorone with selected nucleosides
Ado, Thd, and Urd were examined by the ESI mass spectrometry probing of methanol
solutions of (tilorone + nucleoside) mixtures in 1:10 molar ratio. In the current measurements,
we applied the ESI approach, which we developed and effectively harnessed in our previous
investigations [21-25] for the study of intermolecular interactions of biologically active
compounds, including drugs, with the targeting biological molecules.
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The mass spectra of all studied model systems (tilorone + nucleoside) contain ions
characteristic of the individual components of the mixtures. At the same time, the most
interesting result from the biophysical point of view relates to observation in the spectra of
(tilorone + Urd) system (Fig. 3) the ions of stable ion-molecular clusters of uridine with
tilorone dication. The presence of the peak of doubly charged ion UrdsTile2H*" (m/z 328.3)
with relative intensity about 10% in the ESI mass spectrum testifies to the formation of stable
noncovalent complexes of uridine with tilorone in solution. It is notable that in the other
model systems examined the formation of such complexes of tilorone with adenosine or
thymidine is not detected by the ESI method.

To check the idea about selectivity of tilorone interaction with uridine we examined a
three-component model system of (tilorone+Ado+Urd) (1:10:10 molar ration). The ESI mass
spectrum of the triple system (Fig. 4) contains characteristic peaks of tilorone, adenosine, and
uridine. The signal of the cluster of tilorone with uridine the peak of UrdeTils2H>" at
m/z328.3 has been detected too, while the peak of the complex AdosTils2H*" with expected
m/z 339.4 or other peaks of any noncovalent complexes of adenosine with tilorone have not
been found in the spectrum.

To determine the structural and energetic parameters of the registered in the mass
spectrometry experiments noncovalent complexes of tilorone with uridine we are planning to
perform quantum-mechanical calculations in our following study, similarly to approach
developed in [23-25]. However, right now we can suggest that registered UrdsTils2H*"
complexes can be stabilized by electrostatic interactions of partially negatively charged two
carbonyl groups of uridine and positively charged quaternary ammonium groups of tilorone.
The partially negatively charged carbonyl groups of thymidine may be less sterically
accessible, because of methylation of Cs of pyrimidine cycle in thymidine, that can cause less
stability of noncovalent complexes of tilorone with thymidine (the complexes are not
recorded in the mass spectrum). As for adenosine, in its structure there are no carbonyl groups
with significant partial negative charge, and therefore electrostatic interactions of adenosine
with positively charged protonated groups of tilorone will be weaker in comparison with the
ones for uridine.

Taking into account that uridine is affiliated just with RNA (but not DNA) the obtained
data testifies to the possible specificity of interactions of tilorone with the RNA (not DNA)
components, which can be important for revealing the mechanisms of the tilorone biological
activity.

CONCLUSIONS

The performed DLS investigations reveal the formation of large-scale molecular
aggregates of tilorone with ssSRNA in the buffer solution contained RNA-free phosphate
buffered saline solution and 10% of fetal bovine serum, which is similar to the physiological
solution in physical and chemical characteristics. The addition of tilorone into the ssSRNA
solution in the buffer in the molar ratio of 1:10 results in the formation of complexes of
ssSRNA particles with tilorone with the mean diameter of 10 times larger than the diameter of
the particles in the ssSRNA solution itself. We suggest that similar complexation of tilorone
with ssSRNA could take place in real biological systems and could provoke the tilorone
antiviral effect as well as induce activation of interferon-mediated or interferon independent
pathways of formation of antiviral resistance of the host cells.

The ESI mass spectrometric study of the model systems of (tilorone + nucleosides) (Ado,
Urd, or Thd) demonstrates the formation of stable noncovalent complexes UrdeTile2H*",
while the complexes of tilorone with Ado and Thd are not detected in the experiments. It
testifies to the possibility of formation of stable noncovalent complexes of tilorone with the
RNA and their components in biological systems and pointed at Urd as one of the potential
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centers of specific binding of tilorone to the RNA molecules. Such intermolecular interactions
of tilorone with viral RNA and/or with RNA in the host cells could be considered as the
molecular mechanism of antiviral activity of tilorone as well as the molecular basis of the
possible drug toxicity for the host cells.
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