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PECULIARITIES OF ACRIDINE ORANGE BINDING WITH DNA
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Absorption and fluorescence spectra of acridine orange (AO) complexes with DNA at 0.02
M ionic strength of the solution have been obtained. It was revealed that maximums of absorption
spectra of AO complexes with DNA at low concentrations of DNA decrease and are shifted to
longer wavelength region. At further enhancement of DNA concentration the absorption spectra of
AO-DNA complexes start increasing. Moreover, in the spectra of AO-DNA complexes an
isoshestic or pseudo-isosbestic point does not emerge. At the same conditions the fluorescence
spectra of the complexes enhance as compared to AO fluorescence spectrum, which indicates the
intercalation binding mode of AO with DNA.
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[NoyueHsI CIEKTPHI MOTJIOMIEHHS ¥ (ITyOPECIISHIIMN KOMILUIEKCOB aKPHIMHOBOTO OpaHKe-
Boro (AO) ¢ IHK npu nonHoit cuse pactsopa 0.02 M. BeigBieHO, 4TO MaKCUMYyMBbI CIIEKTPOB I10-
riomenust kommiekcoB AO ¢ JIHK npu HU3KHX KOHLEHTpaUusaX NOCIeIHEH YMEHbIIAI0TCs U Ipe-
TEpIEBalOT CABHT B JUIMHHOBOJIHOBYIO 001acTh. [Ipn fanpHeiIneM yBeNTHUSHHUH KOHIEHTPAIUN
JHK cnexrpsl nornomenus komiuiekcoB AO-/IHK naunnarot yBennunBaThes. [Ipu 3ToM B criekT-
pax AO-JIHK m3obectuueckast wim mceBmonzodecTHdeckas Touka He oOpasyercs. Ilpu Tex xe
YCIIOBHSX CIEKTPHI (PIyOpeceHINH KOMIUIEKCOB BO3PACTaIOT 10 CPAaBHEHHIO CO CIEKTPOM (uryo-
pecuennmu AO, 9TO yKa3bIBaeT HA HHTEPKAIAIMOHHBIN criocob ces3biBanus AO ¢ THK.

JHK — axpuounosutii opamndiceswiii — komnaexcovl AO-JHK — cnekmpul noznowenust —
cnekmpul Qyopecyenyuu

Nowadays biomacromolecules (DNA, proteins) are targets for numerous studies
connected to designing of nano-particles and nanotechnologies on their basis. DNA
molecule is one of the main elements in the development of new nano-materials [7, 11].

It is connected to DNA physical-chemical peculiarities and ability to self-
assemble and form highly ordered structures from separate nano-particles. Besides, DNA
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carries negative charge (is poly-anion), possesses certain rigidity (in short areas) [5, 7,
11,12, 18].

Many organic dyes (acridine orange (AO), ethidium bromide (EtBr), methylene
blue (MB) etc.) are biologically active compounds, since they can perform a photo-
dynamic effect. These phenomena can occur due to binding of the mentioned dyes with
DNA [5, 7, 11, 12, 18]. Particularly, AO (scheme 1) is applied as a fluorescence dye and
is intensively used for DNA staining in cell to study apoptosis in the latter [8]. The
interest to acridine dyes is conditioned by the fact that these compounds have different
properties. They have anti-bacterial or mutagenic activity. Their structure and ability to
bind with other biological molecules, including DNA, condition their cancerogenic
properties [7, 11]. Besides, several dyes, including AO, show metachromism, which lies
in the basis of wide application of this ligand in cytochemistry [4]. These properties of
AO can be the result of different binding modes with DNA.

ch\ll\l N/ rl\l,CHg
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Scheme 1. Structure of AO.

The aim of this work is to study the binding of AO to DNA by absorption and
fluorescence spectroscopy methods for revelation of interaction molecular mechanisms.

Materials and methods. Calf thymus DNA — D-1501 (“Sigma”, USA), AO (“Sigma”,
USA), NaCl, Na-citrate, EDTA (ethylenediamintetraacetate) (chemically pure) were used in
experiments. Preparations were used without further purification. Concentrations of DNA and AO
were determined spectrophotometrically using the following values of extinctions:
€260=6600 M™cm™ for DNA c.t. and €44,=35000 M*cm™ for AO. Experiments were carried out at
t=25°C and pH=7.0, 1=0.02 M.

Spectrophotometric measurements were carried out on double-beam spectrophotometer
UV-VIS Unicam-SP8-100 (England) and single-beam spectrophotometer UV-VIS Jenway 6715.
Absorption measurements were realized in quartz cuvettes with 1 cm optic pathway length and
similar optic parameters. Spectrophotometric titration of solutions was realized by 1 pl total
volume micropipette (“Hamilton”, USA). Fluorescence measurements were carried out on Varian
Cary Eclipse Fluorescence spectrophotometer (Australia).

Results and Discussion. Alterations in the absorption spectra of ligands at their
interaction with DNA really reflect those peculiarities that lie in the basis of molecular
mechanisms of these interactions. Particularly, at complex-formation of some
intercalators with DNA, one or more isosbestic points (IP) can be formed in the
absorption spectra [13-15]. Though the isosbestic point formed in spectra of different
compounds, in majority of cases, is rarely applied for qualitative or quantitative analysis
of information contained in studying system [2, 3, 9, 10, 16, 17]. It is accepted to
consider that IP emerges when one existing compound in the solution, which has certain
absorption, transits to other one with other absorption; moreover, the spectra of these
forms cross in one point (or points) which is called isosbestic [2, 3, 9, 10, 16, 17].
From this point of view, in the case of classical intercalator EtBr all the mentioned
representations are entirely maintained, because this ligand along with intercalation and
electrostatic modes, binds to DNA by semi-intercalation mode as well [13-15].
Simultaneous exhibition of these modes conditions the presence of the isosbestic point in
the spectra of DNA-EtBr complexes.
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From this point of view, it was considered earlier that the presence of IP in the
absorption spectra of DNA-ligand complexes is a sufficient argument for benefit of the
intercalation binding mechanism of the given ligand with DNA. Moreover, our studies
show that the presence of IP in the spectra of DNA-ligand complexes cannot be
considered as a sufficient condition for revelation of the intercalation mode. Particularly,
AO is an intercalator. It is indicated by the fluorescence spectra of the complexes of this
ligand with DNA that are presented in fig. 1.
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Fig.1. Fluorescence spectra of AO (1) and its complexes (2-19) with DNA
at 0.02 M ionic strength of the solution.

It is obvious from the presented figure that the fluorescence spectra of AO-DNA
complexes (curves 2-19) rise with enhancement of DNA concentration in the solution as
compared to AO spectrum (curve 1). This fact is conditioned both by parallel orientation
of this ligand molecules to planes of DNA base pairs (intercalation between planes of
these pairs) and by interaction through stacking contacts. Moreover, in intercalated state
molecules of AO are thoroughly screened from water (fluorescence quencher) [6]. It
should be mentioned that in the case of MB, which also belongs to acridine dyes,
analogous phenomenon is not observed [1], which in turn is conditioned by the fact that
MB is not entirely intercalated into DNA. We assume that the increase of AO
fluorescence intensity at complex-formation with DNA is the result of intercalation
binding mode of this ligand.

Absorption spectra of AO-DNA complexes in the wavelength interval
220<A<600 nm are presented in fig. 2. It is obvious from fig. 2 that IP is not formed in
the absorption spectra of these complexes.

It should be mentioned that the absorption spectra of AO-DNA complexes were
obtained against DNA spectra, moreover, its concentration in the presence and absence
of AO is similar (differential spectra). From the presented figure it is obvious that with
DNA concentration enhancement in the solution the absorption spectra of the complexes
(curves 2-26) decrease in minimums at 400<A<600 nm and are shifted to longer
wavelength region as relative to free AO spectrum (curve 1). It should be also noted that
at DNA low concentrations a monotonous decreasing of maximums of the spectra of
complexes take place, moreover, in these conditions a relevant shift to longer
wavelengths does not occur (this effect is not clearly reflected in the spectra due to
covering). With further enhancement of DNA concentration in the solution a reverse
image is observed — maximums in the absorption spectra of the complexes start
increasing and shifting to longer wavelengths by 15-20 nm in the mentioned interval of
changes.
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Fig.2. Absorption spectra of AO (1) and its complexes with DNA (2-26)
at 0.02 M ionic strength of the solution.

At the same time in the region of A=220-340 nm, at A=275-280 nm the absorption
spectra of the complexes decrease monotonously. This effect emerges along whole
interval of DNA concentration enhancement and indicates that the forming complexes
have less absorption as compared to free AO absorption. We assume that the displayed
hypochromism effect at short wavelengths (in UV region) is a result of parallel
arrangement (intercalation) of chromophore groups of AO molecules bound to DNA. In
the absence of DNA only dilution of AO solution takes place, which results in less
decreasing of maximums of the spectra that is not comparable to hypochromism effect
(spectra are not presented). On the basis of behavior of the absorption spectra of AO
complexes with DNA it is concluded that the absorption intensity decreasing at A=275-
280 nm and enhancement of maximums at A=500-520 nm are conditioned by
intercalation binding mode.

Based on the fact that in A=400-600 nm interval maximums of the spectra of the
complexes decrease at relatively low concentrations of DNA, we assume that AO binds
to DNA by more than one mode. Being a cationic in the solved state, the more probable
mechanism of this mode is electrostatic. Moreover, the other — for instance, stack-like
mode (this binding type corresponds to dimerization) by external side of DNA helix is
not excluded, at which in the fluorescence spectra minor peaks at longer wavelengths
relative to the main peak should appear. Such minor peaks are absent in the
fluorescence spectra presented in fig. 1 [6]. Consequently we assume that the external
stack-like binding does not appear in our experiment conditions, but the second — non-
intercalation mode is electrostatic mechanism at which positively charged ligand
molecules interact with negatively charged phosphate groups of DNA.

Therefore, the obtained data indicate that AO binds to DNA by two modes —
intercalation and electrostatic. It is also revealed that in the absorption spectra of AO-
DNA complexes IP is not formed despite the intercalation binding mode of this ligand.
Based on this it is concluded that this mode is not a reason of IP formation in the spectra
of some intercalators at binding with DNA. Most probably, in the spectra of these
intercalators the peaks emerging at longer wavelengths compared to the main peak are
the result of intercalation mode performance.

This work was supported by the RA MES State Committee of Science, in the
frames of the research project Ne 15T-1F105.

43



10.

11.
12.

13.

14.

15.

16.

17.

18.

P.O. VARDEVANYAN, A.P. ANTONYAN, V.G. SAHAKYAN

REFERENCES

Antonyan A.P., Hambardzumyan L.A., Vardeyanyan P.O. Analysis of fluorescence spectra of
complexes of methylene blue with DNA. Biolog. Journal of Armenia, 67, p. 35-39, 2015.
Berlett B.S., Levine R.L., Stadtman E.R. Use of Isosbestic Point Wavelength Shifts to estimate
the fraction of a Precursor That Is Converted to a Given product. Analytical Biochemistry,
287, p. 329-333, 2000.

Greger M., Kollar M., Vollhardt D. Isosbestic points: How a narrow crossing region of curves
determines their leading parameter dependence. Phys. Rev. B, 87, p. 195140, 2013.
Kapuschinski J., Darzynkiewicz Z., Melamed M.R. Interactions of acridine orange with
nucleic acids. Properties of complexes of acridine orange with single-stranded ribonucleic
acid. Biochemical Pharmacology, 32, 24, p. 3679-3694, 1983.

Kawabe Y., Wang L., Nakamura T., Ogata N. Thin-film lasers based on dye-deoxiribonucleic
acid-lipid complexes. Appl. Phys. Lett., 81, p. 1372-1374, 2002.

Lakowicz J.R. Principles of Fluorescence Spectroscopy (Third Edition), University of
Maryland School of Medicine Baltimore, Maryland, USA, 954 p.. 2006.

Lantukh Yu.D., Pashkevich S.N., Letuta S.N., Alidzhanov E.K., Kul’sarin A.A. Spectroscopic
properties of DNA-Acridine orange biopolymer films. Optics and Spectroscopy, 110, 6,
p. 932-937, 2011.

Nafisi Sh., Saboury A.A., Keramat N., Neault J-F., Tajmir-Riahi H-A. Stability and structural
features of DNA intercalation with ethidium bromide, acridine orange and methylene blue.
Journal of Molecular Structure, 827, p. 35-43, 2007.

Pouet M.-F., Baures E., Vaillant S., Thomas O. Hidden lIsosbestic Point(s) in Ultraviolet
Spectra. Applied spectroscopy, 58, 4, p. 486-490, 2004.

Sanjeev R., Jagannadram V., Veda Vrath R. Implications of a novel interpretation of the
isoshestic point. Chemistry in New Zealand, p. 133-135, 2012.

Seeman N.S. Nanomaterials based on DNA. Annu. Rev. Biochem., 79, p. 65-87, 2010.

Van den Beucken J.J.J.P, Vos Matthijn R.J., Thune P.C., Hayakawa T., Fukushima T.,
Okahata Y., Walboomers X.F., Sommerdijk N.A.J.M., Nolte R.J.M., Jansen J.A. Fabication,
characterization and biological assessment of multilayered DNA-coatings for biomaterial
purposes. Biomaterials, 27, 5, p. 691-701, 2006.

Vardevanyan P.O., Antonyan A.P., Parsadanyan M.A., Shahinyan M.A., Melkonyan G.A.
Behavior of ethidium bromide-Hoechst 33258-DNA and ethidium bromide-methylene blue-
DNA triple systems by means of UV melting. Int. J. of Spectroscopy, 2015, p. 1-5, 2015.
Vardevanyan P.O., Shahinyan M.A., Antonyan A.P., Parsadanyan M.A., Minasyants M.V.
Spectral Characteristics of DNA-EtBr and DNA-MB Complexes, J. of Biomol. Struct. &
Dyn., Albany, The 19th Convers., June 9-13, p. 87, 2015.

Vardevanyan P.O., Antonyan A.P., Parsadanyan M.A., Minasyants M.V. Absorption and
fluorescence spectra of polynucleotide complexes with ethidium bromide. Proc. Of NAS of
Armenia, Physics, 50, 4, p. 511-519, 2015.

Vardevanyan P.O., Elbakyan V.L., Shahinyan M.A., Minasyants M.V., Parsadanyan M.A.,
Sahakyan N.S. Determination of the isosbestic point in the absorption spectra of DNA-
ethidium bromide complexes. J. of Applied Spectroscopy, v. 81, N6, 2015, p. 1060-1063.
Vyazmin S.Y., Ryabukhin D.S., Vasilev A.V. Electronic spectroscopy of organic compounds.
Academic hand-book, S. Peterburg, SPbGLTA, 2011, p. 10-11.

Yevdokimov Yu.M., Salyanov V.l., Zakharov M.A. A novel type of microscopic size chip
based on double-stranded nucleic acids. Lab. Chip., v. 1, 2001, p. 35-41.

Received on 12.07.2016

44


http://www.jbsdonline.com/c4327/c4329/spectral-characteristics-dna-etbr-and-dna-mb-complexes-p18773.html

