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Background: During the past decades, increasing attention has been given to elucidating the molecular
details of interactions between the pharmacological agents and nucleic acids since the drug—DNA
complexation may lead to impairment of DNA replication, strand breaking and mutations. A variety of
techniques have been developed to characterize the drug-nucleic acid binding, among which the
fluorescence dye displacement assay is one of the most informative approaches. Recently, it was
demonstrated that cyanine dyes can be successfully employed for the high throughput screening of the
interactions between nucleic acids and drugs. To the best of our knowledge, so far, the potential
application of cyanine dyes for the drug-displacement studies remains insufficiently evaluated.
Objectives: The aim of the present study was to investigate the ability of a novel cyanine dye to serve as
a competitor for the potential antitumor compounds, lanthanide complexes bearing europium (III) tris-f-
diketonate (EC) for the DNA and RNA binding sites.

Materials and methods: Calf thymus DNA, yeast RNA, trimethine cyanine dye and lanthanide
complexes bearing europium (III) tris-p-diketonate were used for sample preparation. The fluorescence
data were acquired using Perkin-Elmer LS-55 spectrofluorimeter.

Results: Using the fluorescence spectroscopy technique we conducted the displacement reaction
trimethine cyanine dye/europium coordination complexes in the presence of double stranded DNA and
single-stranded RNA. An increase of the EC concentration in the systems AK3-5/DNA or AK3-5/RNA
was followed by a gradual reduction in the AK3-5 fluorescence intensity, indicating that europium (III)
tris-pB-diketonate compounds can serve as competitors for the trimethine cyanine dye on the nucleic acids.
Both the drug chemical structure and the type of nucleic acid proved to control the extent of EC-induced
decrease of AK3-5 fluorescence in the presence of the DNA or RNA.

Conclusion: By recruiting the potential antitumor agents europium chelate complexes as the competitive
ligands for the cyanine dye for the DNA and RNA binding sites, we found that a novel trimethine
compound can be effectively used in the fluorescence drug displacement assays.

KEY WORDS: trimethine cyanine dye; europium coordination complexes; RNA; DNA; antitumor drug;
association constant.
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AKTyadbHiCTb. YTIPOIOBXK OCTaHHIX JECATHUPIYd Bce OUTBIIE yBarm MPHAUIETHCA 3’ SICYBaHHIO
MOJICKYJISIPHUX OCOONHMBOCTEH B3aeMOIi MK (apMakKOJIOTIYHAMH areHTaMH Ta HYKICTHOBIMH
KHCJIOTaMH, OCKUTBKH KomIuiekcoyTBopeHHs Mk JIHK Ta mikapcekuMu mpenapaTamMyd MOKE HPHU3BECTH
no mopymenHs perutikanii JIHK, po3puBy momiHyKII€OTHAHMX JAHMIOTIB Ta MyTaimiid. Po3poGieno
Pi3HOMaHITHI METOIH /JIsl BUBUEHHS 3B'I3yBaHHA JIKapChKUX 3aC00iB 3 HYKJICTHOBUMHE KHCIIOTaMH, CEPel
SKMX MiIXig, mo Oa3yeTbcsi Ha 3aMileHHI (uIyopecleHTHOro OapBHHMKA, € OJHHMM 13 HaWOUIbII
iHpopmaTuBHUX. HemonaBHO OyJi0 NPOAEMOHCTPOBAHO, L0 LiaHIHOBI OapBHUKH MOXYTh YCIHILIHO
3aCTOCOBYBAaTHCh JUIsl JIOCHI/DKEHHS B3a€EMOJIIN MIDK HYKJIETHOBUMHM KHCIIOTAaMH Ta JIIKaPCHKUMHU
npenaparamM. Hackinbkm HaM BiZOMO, MOXJIMBICTH 3aCTOCYBaHHS I[IaHIHOBMX OapBHUKIB sIK
KOHKYPEHTHHX JITaHJIIB 10 IIbOT'0 Yacy 3aJIMIIAETHCS HEOCTATHHO BUBYEHOIO.

Merta po6orn. Meroro naHoi po6orn Oyno AOCHIANTH 30aTHICTH HOBOTO I[IaHIHOBOTO OapBHHUKA
BUCTYNAaTH KOHKYPEHTOM MJIsI TOTEHLIHHUX HPOTHUIYXJIWHHUX CIIONYK, KOMIUIEKCIB JIaHTaHIZAIB, IO
MicTate eBpomiit (III) Tpuc-p-mukeronar (KKE), 3a mentpu 38’ s13yBanas va JJHK ta PHK.

Marepiaau i meToan. [yt npurotyBaHHs 3paskiB BukopuctoByBanuch JJHK tuMyca remnstu, apixmKoBa
PHK, tpumernHOBUiT miaHIHOBHI OapBHUK Ta KOMIUICKCH JIAHTaHIIB, mo MicTaTs eBporiit (I1I) tpuc-p-
mukeToHaT. @DIyopecleHTHI CHeKTpu  peecTpyBaimu 3a  gomomoroto  Perkin-Elmer  LS-55
CHEeKTpOQIyopuMeTpa.

PesyabraT. 3a I0MOMOTO0 METOAY (IYOPECUEHTHOI CIEKTPOCKOIIi OyJI0 JOCHTIHKEHO 3aMillleHHs
TPUMETHHOBOTO I[iaHiHOBOTO 30HAAa KOOPAMHAILIMHMUMH KOMIUIEKCAMH €BPOIII0 IpH IX 3B’S3yBaHHI 3
noasiitHoo cmipammo JIHK ta ogHonanmroroBoro PHK. IligBuimeHHs KOHIIEHTpamii KOOPAMHALIHHUAX
komIutekciB  eBpomito B cucremi AK3-5//JHK um AK3-5/PHK cynpoBo/kyBajgoch MamiHHSIM
inTeHcuBHOCTI (yopecuennii AK3-5, BkasywouMm Ha Te, WO TPHC-PB-IMKETOHATHI KOMIUIEKCH
esportito (I1T) MOXXyTh KOHKYpYBaTH 3 TPHMETHHOBUM I[iaHIHOBUM OapBHUKOM 3a CaiTH 3B’s3yBaHHs Ha
HYKJIETHOBUX KHcnoTaX. IIpuimyckaeTbesi, Mo K XiMi4HA CTPYKTYpa JIKapchKOro Ipenapary, Tak 1 THUI
HYKJIETHOBOI KHCJIOTH BIUIMBAIOTb Ha CTYIiHb 3MeHIIeHHs ¢uryopecueHuii AK3-5, BuknmkaHoro
KOMIUIeKcaMH e€Bporito, B mpucytHocTti JIHK a6o PHK.

BucHoBkn. 3 BHKOPHCTAaHHAM MOTEHIIIMHUX MPOTHUIYXJIMHHUX areHTIB, XeNaTiB €BPOII0, SK
KOHKYPEHTHHUX JIITaHIIB Ul MiaHIHOBOTO OapBHUKa mpu acomiamii nux cmomyk 3 JHK un PHK, 6ymo
BUSBJIICHO, IO HOBUU TpuMmernHOBH OapBHHK AK3-5 Moke e(eKTHBHO BHKOPHCTOBYBAaTHCH B
(hITyOpEeCIEHTHHX PeaKIlisiX 3aMiIIeHHs JIIKapChbKHUX MPETapariB.

KJIOYOBI CJIOBA: TpuMeTHHOBHI IiaHIHOBUI OapBHHUK; KoopauHamiiHi komiuiekcu espomiro; PHK; JTHK;
MPOTUITY XJIMHHUM ITpenapar; KOHCTaHTa acoLialiii.
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AKTyanbHOCTBh. B TedeHHe MOCIIeIHUX NEecATHICTHH Bce Oolblliee BHUMAHUE YAETSACTCS BBIACHCHHIO
MOJICKYJISIPHBIX ~ OCOOEHHOCTEH  B3aMMOJEHCTBHNA MeEXITy (PapMakOJIOTHYECKHIMH areHTaMH H|
HYKJICHHOBBIMH KHCJIOTaMH, IIOCKOJIbKY KoMIulekcooOpasoBanue Mmexay JHK wu nexapcrBeHHbIMEU
IpenapaTaMy MOKeT MPUBOANTE K HapymieHuto perumkanni JJHK, pa3ppiBamM momuHYKICOTHIHBIX ENEH
u MyTanusaMm. Pa3paboTaHbl pa3TUHbBIE METOJIBI JJIS U3YYEHUS CBA3BIBAHMS JIEKAPCTBEHHBIX IMPEIIapaToB
C HYKJICMHOBBIMU KHUCJIOTaMH, CpPE€AU KOTOPLIX IOAXOM, KOTOprﬁ 6331/1pyeTcsi Ha 3aMCIICHUU
(hITyOpecleHTHOrO KpacuTellsi, SBISETCS OJHUM U3 Hauboiee uHpoOpMartuBHBIX. HemaBHO ObuIO
MMPOACMOHCTPHUPOBAHO, YTO HHUAHWHOBBIC KPACUTCIN MOTYT YCICHIHO HPUMEHATHCA JId HUCCIICIOBAHUA
B3aUMOJICHCTBHAN MEXIy HYKICHHOBBIMU KHCIIOTAMH U JICKAPCTBCHHBIMHU MpernaparaMu. Hackoiabpko HaM
W3BECTHO, BO3MOXXHOCTh IPUMEHCHHS I[MAHWHOBBIX KpacHTENEeH KaK KOHKYPCHTHBIX JIMTAHIOB K
HACTOSIIEMY BPEMEHH OCTAETCS HEOCTaTOUYHO N3yUEHHOM.

Henr pa6orbl. llenpto gaHHONW paboOTBl ObLIa ONEHKA BO3MOXXHOCTH MPUMEHEHHUS HOBOTO
TPUMETHHOBOTO [HAHWHOBOTO KPACHTENI B KayecTBE KOHKYPEHTHOTO JIMTaH[a IJs MOTCHIHAIBHBIX
IMPOTUBOOITYXOJICBBIX npenaparos, KOMIIJICKChI JJAaHTAaHOU /0B, coaecpkaue TpMC-B-HI/IKeTOHaT
esporus (1) (KKE), 3a uentps! cs3piBanust Ha JJTHK u PHK.

Marepuansl W Meroabl. J{ns npuroroBnenus: oOpasuoB wucnonb3oBanu JHK Tumyca TteneHka,
npoxcokeBytlo PHK, TpumeruHoBuii 1uanuHOBBI KpacuTenb AK3-5 W KOMIJIEKCHI JIaHTaHOHJIOB,
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conepxanue Tpuc-f-mukeronar esporus (I111). diayopecueHTHBIC CIEKTPBI OBLIH MOIYYEHBI C IIOMOIIIBO
Perkin-Elmer LS-55 cnekrpoduryopumerpa.

PesyastaTsl. C momomnipio MeTona (IyOpPECHEHTHOH CIIEKTPOCKONUH OBLTO HCCIIEAOBAHO 3aMeEIICHUE
TPHUMETHHOBOTO IIHAHMHOBOTO 30Ha KOOPAMHAITMOHHBIMU KOMITJIEKCAMH €BPOITHS TIPU WX CBSI3BIBAHUH C
neorHoi cnupanbio JHK m ogHouenoueunoit PHK. ITloBbllieHHE KOHLEHTpauMH KOOPAMHALMOHHBIX
KoMmIutekcoB eBpormsi B cucremax AK3-5/THK wu AK3-5/PHK compoBoxganoch —IageHHEM
uHTeHCUBHOCTH (yopecuenimn AK3-5, ykaspiBas Ha TO, UYTO COEAWHEHHS TpHUC-P-IUKETOHATa
esporus (III) moryt konkypupoBath ¢ AK3-5 3a caiiThl CBS3bIBaHHMS HAa HYKIEHHOBBIX KHCIIOTaX.
[Ipenmnonaraercs, YTO KaK XUMHUYECKasl CTPYKTypa JIGKAPCTBEHHOIO TIpernapara, Tak U THI HYyKJICHHOBOI
KUCJIOTHI BIIMSIFOT Ha CTerneHb yMmeHbleHus diayopecueniun AK3-5, MHIyHMPOBAaHHOIO KOMILIEKCAMH
esponus B mpucyrcrsun JJHK nmn PHK.

BeiBoasl. C UCIONB30BaHUEM MOTCIHATIBHBIX MPOTHBOOITYXOJCBBIX arcHTOB, XEIATOB CBPOIHS, Kak
KOHKYPCHTHBIX JIUTAHAOB JIJIsl IMAaHHHOBOT'O KPACUTENs P accouuanmu 3Tux coequnenuit ¢ JTHK wim
PHK, 0110 00HapYKEHO, YTO HOBBIN TPHUMETHHOBBIN KPACUTEIh MOXKET 3(PPEKTHBHO HCIOIH30BATHCS B
(hITyOpEeCIeHTHBIX PeakIusAX 3aMeIIeHHUs JICKapCTBEHHBIX IpenapaToB.

KiroueBble cj10Ba: TPUMETHHOBBI LIMAaHMHOBBIM  KpacHTENb; KOOPAMHAILMOHHBIH KOMIUIEKC EBPOIIHS
npotuBoonyxoiuessiit npenapat; PHK; JIHK; konctanra acconuanuu.

Cyanine dyes, photosensitive compounds possessing two quaternized nitrogen containing
heterocyclic structures which are linked through a polymethine bridge, have found numerous
applications in a variety of fields as optical imaging agents [1, 2], active ingredients in
semiconducting materials [3,4], laser dyes [5], photographic sensitizers [6, 7],
photopolymerization initiators [8, 9], stains and fluorescent labels [10-13], to name only a
few. These compounds are of particular interest for biomedical research and diagnostics due
to their favorable spectral characteristics, namely, an intensive absorption in a broad spectral
region from UV to NIR; a high sensitivity to physicochemical properties of their
microenvironment; a capability to convert light energy to electricity, etc. Likewise, due to
dual hydrophobic and cationic nature of cyanines, which leads to a strong interaction with
polyanionic DNA duplex, cyanines have been mainly employed for sizing and purification of
DNA fragments [14, 15], DNA damage detection [16], microarray-based expression analysis
[17], DNA sequencing [18], staining of nucleic acids in electrophoresis [19], and as
fluorescent ligands in drug displacement assay [20]. The application of cyanines for high-
throughput analysis of the drug-nucleic acid interactions is of particular importance because
ethidium bromide, a most widespread dye in the fluorescence drug displacement assay, is
shown to be carcinogenic, mutagenic, teratogenic and toxic [21]. Since DNA and RNA
represent the prime targets for various anticancer drugs and antibiotics [22, 23], the
fluorescence drug displacement assay seems to be an especially promising tool in clarifying
the mechanisms underlying the interactions between nucleic acids and drugs.

To the best of our knowledge, the cyanine dyes have not yet found a wide application in
the drug-displacement studies. To exemplify, Achyuthan et al. [20] have demonstrated that
the supramolecular self-assembling cyanine dye may serve as an alternative to the mutagenic
ethidium bromide in probing the DNA-drug interactions. To fill this gap, herein we directed
our efforts towards assessing the applicability of a novel trimethine cyanine dye as a
competitor to the potential antitumor compounds, europium chelates for the DNA and RNA
binding sites. The choice of Eu(Ill) tris-B-diketonato coordination complexes as the model
drugs was dictated by the fact that these agents have been reported to exerta cytotoxic effect
against different tumor cell lines whereas the DNA-intercalating motifs in the structure of
europium complexes is a key to the augmentation of their cytotoxicity [23].

MATERIALS AND METHODS
Calf thymus DNA and yeast RNA were from Sigma (Sigma, St. Louis, MO, USA).
Trimethine cyanine dye [24] and Eu(IIl) coordination complexes [23] denoted here as VS5,
V7, V9 and V10 were synthesized in the University of Sofia, Bulgaria, as described
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previously (Fig. 1). All other materials and solvents were commercial products of analytical
grade and were used without further purification.
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Fig.1. Structures of the cyanine dye AK3-5 and europium coordination complexes V5, V7, V9 and V10.

The stock solutions of the cyanine dye and Eu(IIl) coordination complexes were prepared
by dissolving the compounds in dimethyl sulfoxide, while the calf thymus DNA and yeast
RNA were dissolved in 5 mM sodium phosphate buffer (pH 7.4). The concentrations of the
dye, EC complexes and nucleic acids were determined spectrophotometrically using their

molar  extinction  coefficients:  g4°° =1.5x10°M"em”, &> =2.6x10°M"ecm”,
ere =2.6x10*M"em™, e =3.4x10'M"em™, ey =3.4x10'M"em™,
em' =6.6x10°M"em™ and 5! =6.9x10°M'em™ .

The fluorescence data were acquired using Perkin-Elmer LS-55 spectrofluorimeter
equipped with 10 mm quartz cuvettes at 20°C. The measurements were carried out in 5 mM
sodium phosphate buffer (pH 7.4) within the range 620-800 nm upon excitation at 600 nm.
The excitation and emission slit widths were set at 10 nm.

The dye-nucleic acid binding was analyzed using the McGhee-von Hippel formalism for
non-cooperative ligand binding to a one-dimensional lattice [25]:

£=KaP(1-ﬁ){ 1-(nB/ P) } o
F P )| 1-(n—-1)(nB/P)




115
Novel cyanine dye as competitive ligand for probing the drug—nucleic acid interactions

where B and F are the concentrations of the bound and free dye, respectively, P is the total
phosphate concentration, K is the association constant and 7 represents the site exclusion

parameter (i.e. the number of base pairs excluded by the binding of a single ligand molecule).
The values of K, and 7 were estimated using the nonlinear least-square fitting procedure.

The competition between the cyanine dye and EC complexes for the binding sites on the
DNA or RNA matrices was analyzed in terms of the model proposed by Gaugain et al. [26].
In the ternary systems nucleic acid—cyanine dye-EC, the concentration of the bound dye
(B, ) was calculated by the numerical solution of the system of two equations:

dee _ K dye I:P —n dyeB e ~ Marug Bdrug }"dye
(Zdye - dee ) |:P - (ndye - 1) dee - (I’deg - 1) Bdrug ]nm—l (2)
Bdrug = Kdmg [P ~ e dee T Nyg B drug :Ind"“g ’

(deg - Bdmg ) _ [P B (ndye - 1) dee - (I’ldmg - 1) Bdrug ]n""“g )

where K, , n,, are the association constant and stoichiometry of the dye-nucleic binding

found in the absence of a drug; Z, , Z

we> Lang are the total concentrations of the dye and EC,

respectively; K,

g > Mang 1€ the association constant and stoichiometry of the drug-nucleic

complexation. The experimental dependencies of the EC-induced decrease of the dye
fluorescence AI*"(Z,, ) were approximated by the following expression:

rug
Almlc = (abound - afree )(BO - dee) = Fmol (BO - dee) b (3)
where B, and B,, are the concentrations of the bound dye in the absence and presence of a

drug, respectively, [, , = (abm — aﬁ,ee) is a coefficient proportional to the difference of the

dye quantum yields in buffer and when bound to macromolecule.

RESULTS AND DISCUSSION

In general, to explore the drug-nucleic acid interactions, the fluorescence displacement
assays can be carried out in two ways: i) a drug associated with DNA or RNA is then
displaced by a dye; and ii) a dye bound to nucleic acid is dislodged by a drug [20]. Reasoning
from the ability of the examined cyanine dye to respond to nucleic acid complexation by a
marked fluorescence increase, we conducted our measurements using the latter of the above
approaches. The first step of the study was aimed at quantifying the binding of the novel
cyanine dye AK3-5 to DNA and RNA. More specifically, the following questions have been
addressed: i) what are the binding mode and the parameters of the dye association with
nucleic acids; ii) is the cyanine dye capable of distinguishing between a double stranded DNA
and a single stranded RNA structures. To this end, we performed a series of the fluorimetric
titrations of AK3-5 with nucleic acids. The typical fluorescence spectra of this dye in the
DNA- and RNA-containing systems are presented in Fig. 2 A. The examined cyanine dye was
found to have a negligible fluorescence in the buffer solution, in the absence of nucleic acids.
Such a dramatic fluorescence reduction of cyanine dyes is explained by their rapid
deactivation from the singlet excited state as a result of rotation around the doublebond
joining the benzothiazole and quinoline rings [16]. As seen from Fig. 2 A, the fluorescence
intensity drastically increases upon the AK3-5-nucleic acid complexation because of the
restricted motional freedom of the dye on the nucleic acid matrix leading to the energy
dissipation via fluorescence [16]. It appeared that the enhancement of AK3-5 fluorescence is
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significantly stronger on the dye binding to DNA, compared to RNA, whereas the dye
emission maximum in the presence of RNA is bathochromically shifted by ~10 nm compared
to that of dsDNA. This finding can be used to differentiate between DNA and RNA in
solution. Despite a long-standing tradition of the use of cyanine dyes in the nucleic acid
studies, only a few cyanines are capable of distinguishing between DNA and RNA [27, 28].
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Next, the binding parameters and the underlying binding mechanisms were obtained from
the fluorescence titration data. The experimental dependencies of the dye fluorescence
increase upon DNA or RNA binding (A/) as a function of phosphate concentration are
presented in Fig. 2 B and C, respectively. These dependencies were analyzed in terms of the
non-cooperative McGhee & von Hippel model (Eq. (1)) [25]. The association constants for
the dye-DNA and the dye-RNA complexes were found to be (5.1+1.1)x10° M,
(3+£0.6)x10° M™", respectively, while the site exclusion parameters were equal to 2 for both
systems. Based on the analysis of the available information [12, 14, 16] on the nucleic acid
interactions of intercalating agents the following two tendencies can be highlighted: i) the
highest possible dye-base pair ratio is 1:2, since, according to the principle of the nearest
neighbor exclusion, the binding of one intercalating molecule between the two base pairs
hinders the access of the next binding site to another intercalator [12, 14, 16, 29]; ii) the
association constants for intercalators do not exceed 10° M [12, 14, 16]. Allowing for the
fact that the association constants and the neighbor exclusion parameters recovered here for
the novel trimethine dye under study in the presence of the double stranded DNA and single
stranded RNA are in accordance with those observed for typical intercalators, we assumed
that the examined dyes associate with nucleic acids via intercalating binding mode.
Importantly, despite the fact that the calculated thermodynamic parameters of the AK3-5 in
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the RNA-containing systems are similar to those of typical intercalators, one cannot exclude
the possibility of a “partial” intercalation of AK3-5 between the RNA bases [30, 31].

Recently we demonstrated that the cyanine dye AK3-5 can be employed in the
fluorescence displacement assay [29]. Specifically, we have evaluated the ability of the
potential pharmacological agents, Eu(Ill) tris-B-diketonate to coordination complexes to
dislodge the AK3-5 dye bound to the double stranded DNA [29]. In a continuation of our
interest in fluorescent dyes suitable for the drug displacement analysis on the nucleic acid,
herein we directed our efforts towards investigation of the ability of a novel cyanine dye
AK3-5 to serve as a competitor for europium coordination complexes for DNA and RNA
binding sites. Importantly, for the quantitative analysis of the AK3-5 displacement assays it
was reasonable to collect the multiple data sets. Therefore, we performed the competitive
binding experiments under conditions of simultaneous varying the concentrations of EC and
nucleic acids. The plots of the fluorescence intensity decrease vs EC concentration are
presented in Fig. 3.
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Fig. 3. The fluorescence intensity decreases of AK3-5-DNA (A-C) and AK3-5-RNA (D) complexes in the
presence of the increasing concentrations of europium complexes V5(a), V7(b), V9(c), V10 (d).The
concentrations of DNA were 9.3 uM (A), 27.9 uM (B), 46.5 uM (C), respectively. The RNA concentration
was 24.5 uM. The concentration of AK3-5 was 0.25 uM.

However, due to a significantly smaller binding affinity of AK3-5 to the single stranded
RNA, no significant fluorescence decrease was observed at RNA concentrations lower than
25 uM (Fig. 3 D). As seen in Fig. 3, Eu(Ill) coordination complexes produced a dose-
dependent fluorescence decrease reflecting the competition between the cyanine dye and EC
for the binding sites on DNA or RNA. Notably, the magnitude of the fluorescence intensity
decrease in the RNA-containing systems, similarly to the DNA-containing systems, was more
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pronounced for V5 and V10 compared to other europium complexes under study [29]. Next,
the dependencies of the AK3-5 fluorescence decrease with increasing concentration of
europium complexes were analyzed in terms of the competition model proposed by Gaugain
et al. (Egs. 2, 3) to obtain the association constants of the drug binding to DNA or RNA
[26, 29]. The calculated values of this parameter were estimated to be (1.8+0.4)x10* M and
(5£1.1)x10° M for V7 and V9, respectively, regardless of the DNA concentration in the
tested sample. However, in line with our previous results [29], the values of the binding
parameters for the europium complexes V5 and V10 in the DNA-containing system were
unrealistic. The above finding most probably stems from: i) the quenching of the AK3-5
fluorescence by V5 and V10, accompanying the competition between the dye and EC for the
DNA binding sites; and ii) the limitations of the competition model [26] in describing the
complex nature of interactions between europium complexes, AK3-5 and DNA. Moreover,
we obtained inappropriate association constants for all EC under study in the presence of
single stranded RNA, which, most likely, may be related with the law binding affinity of the
europium coordination complexes to the RNA. To the best of our knowledge, the exact
mechanisms and EC binding mode to the single stranded nucleic acids are still unclear.
Therefore, further studies are needed.

CONCLUSIONS
In conclusion, by recruiting the potential antitumor europium chelate complexes as the
competitive ligands for the cyanine dye associating with DNA or d RNA, we found that the
novel trimethine compound AK3-5 can be effectively used in the fluorescence drug
displacement assays. Both the drug chemical structure and the type of nucleic acid seem to
control the extent of EC-induced reduction of AK3-5 fluorescence in the presence of the DNA
or RNA.
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