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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.
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articles. Tables and graphs must be headed.
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Introduction: Dopamine is one of the most important
neurotransmitters in the central nervous system. Along with
other mediators, such as serotonin, noradrenaline, adrenaline,
it enormously contributes to the human mental health. Any
concentration alterations of dopamine in the brain result in
devastating consequences, expressed as mental disorders,
movement deviations, etc. From this point of view, it is crucial
to make possible to determine the concentration of dopamine in
the blood, and, with more probability, in the urine. Dopamine
concentration monitoring may be possible by implementation
to create dopamine-sensitive biosensors, where there should be
an underlayer, interacting with and detecting dopamine. Nucleic
acids, particularly, DNA can serve as sensitive biomolecules for
dopamine-sensors.

Methods: In this work, the interaction of DNA with
dopamine, depending on the ionic strength of the solution, has
been studied, using the method of UV-melting and absorption
spectroscopy. In the experiments calf thymus DNA, dopamine
hydrochloride (“Sigma-Aldrich”, USA), physiological solution
were used. Concentrations of DNA and dopamine were
determined spectrophotometrically, using the following values
of the extinction coefficients: £, ;=6600 M"'cm™ for DNA and
€,5,=2200 M"'cm for dopamine hydrochloride. The experiments
were carried out at the ionic strengths of the solution 0.02 M and
0.01 M Na*. The medium pH was equal to 7.0.

Result: For this aim, the interaction between dopamine and
DNA, depending on the solution ionic strength, was explored to
reveal whether there exists a binding or not. The results, obtained
in this study, show that dopamine binds to DNA, at least, in
two regions at low ionic strength of the solution and, at least, in
three regions at high ionic strength of the solution. It was shown
that DNA-dopamine complex melting curve is shifted toward
high temperatures, as compared to that of DNA. It results in
melting temperature increasing by more, than 3-4°C, in high
concentration ratios dopamine/DNA. Besides, the absorption
spectra of DNA start decreasing, while titrating by dopamine.
The binding constant of dopamine with DNA was calculated
and it was shown that for the strong binding this parameter is
1.2x10° M and for weak binding — 2.3x10* M. From the data,
obtained in this work, one can conclude that DNA may be used
as a possible sensitive biomolecule in the dopamine-sensors.

Key words. DNA, dopamine, interaction, UV-melting,
absorption.

Introduction.

Dopamine is a small catecholamine molecule, which has
an irreplaceable importance in the central nervous system. It
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is a neuroactive amine in the catecholamine synthesis chain
(noradrenaline, adrenaline). Via special enzymes, dopamine is
synthetized from L-tyrosine and immediately from Levodopa in
the middle brain neurons and adrenal glands, then consequently
through -hydroxylase dopamine turns to noradrenaline in the
adrenal glands, after which the last one turns into adrenaline
through N-methyl-transferase. Being synthetized in the middle
brain, dopamine, via dopaminergic pathways, gets to the
subcortical and cortical regions of the big hemispheres and
regulates number of important functions. From the middle
brain, dopamine gets to the frontal cortex, limbic system and
subcortical nuclei through three dopaminergic pathways. In
the frontal cortex, the functioning of dopamine is connected
to the number of the supreme psychological actions, such as
recognition, memory, attention, emotional behavior, learning
processes. The dopamine circuit block in this pathway
contributes to schizophrenia, bipolar depression, major
depressive disorder, etc. [1-4]. However, it is shown that in the
patients with schizophrenia, the dopamine level in these regions
is sufficiently high. On the other hand, dopamine affects human
working memory in the prefrontal cortex. Though, this influence
of dopamine is not properly paid to attention. There are few
studies, devoted to this problem [5,6], as well as experiments
on the nature of recognition of the emotional valence of visual
stimuli by carriers of different Val/Val and Val/Met genotypes
[7]. Nowadays, the role of prefrontal dopamine in working
memory and cognitive control is intensively researched [5,8-
10].

In the limbic structures, dopamine controls pleasure,
orientation, addiction, emotions and perception. Dopamine
pathway block in this region results in sharp decreasing of
strengthening role of emotions in the learning processes. In the
subcortical nuclei, the functioning of dopamine is connected to
the movement and sensory. Dopamine block in these pathways
results in development of Parkinson’s disease. Thus, dopamine
level alterations in the brain are immediately bound to the
changes in psycho-emotional state, including depression, stress
and anxiety. Nowadays, it is evidenced that disorders in the
human mental health are connected not only to the various leisure
and injuries in the nervous centers, but also to the functional
connection deviations. Dopamine, noradrenaline, adrenaline,
serotonin, acetylcholine are considered to be the most important
neurotransmitters in the brain and can serve as an important
biomarker for different pathological situations [1,11].

Thus, the monitoring of the concentration of these
neurotransmitters will give an opportunity to make detectable
many mental and movement diseases at original states of
the new developing disease. In the contemporary diagnostic
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methods, it is intensively elaborated new techniques to detect
the concentrations of dopamine, serotonin, noradrenaline,
adrenaline, acetylcholine, etc. Traditional detecting methods
include electrochemical sensors [12], which allow to detect the
material concentration in real time, during several milliseconds.
There exist many works, devoted to the various detection
techniques to monitor dopamine concentration in vivo, among
them electrochemical, optical, etc. [1,2,12-21]. However, the
application of biosensors can be an appropriate solution for the
dopamine concentration determination. The underlayer, which
should be used in the biosensor for dopamine binding and its
concentration determination, should be a macromolecule,
binding to dopamine. Since dopamine in the biological fluids
may be bound with the proteins, it is convenient to use nucleic
acids as an underlayer. Among nucleic acids, particularly, DNA
may be used. There are several works in the literature, insisting
that DNA may bind to dopamine [22-24].

Nonetheless, dopamine solution is used in medicine for
increasing cardiac pumping strength and blood flow to the
kidneys in stressful conditions. On the other hand, dopamine
leads to water amount increasing in the human organism.
Because of dopamine adverse effects, water was proposed to
purify from dopamine contamination [1,25].

In this work, the dopamine interaction with DNA is studied,
with the further purpose to apply this interaction as the basis of
creation of dopamine sensors with DNA-underlayer.

Materials and Methods.

In the experiments, calf thymus DNA, dopamine hydrochloride
(“Sigma-Aldrich”, USA), physiological solution were used.
Concentrations of DNA and dopamine were determined
spectrophotometrically, using the following values of the
extinction coefficients: ¢, =6600 M'cm' for DNA and
€,4,=2200 M'cm" for dopamine hydrochloride. The experiments
were carried out at the ionic strengths of the solution 0.02 M and
0.01 M Na*. The medium pH was equal to 7.0.

UV-melting measurements: The samples of DNA and
dopamine solutions were placed in the cells in UV-VIS
spectrophotometer Perkin Elmer Lambda 365 (Netherlands)
and the temperature of the solutions was being increased in
cuvettes by temperature controlling equipment up to 90°C,
with the rate 0.5°C/min. The concentration ratio dopamine/
DNA of the complexes was equal to 1/5, 1/2 and 1/1. Thermal
denaturation started from 50°C up to 90°C. At each increment
(after each 1 minute), the values of the temperature and
respective absorption were fixed on PC. The absorption value
was fixed at the wavelength A=260 nm. Obtaining the total
data, the denaturation curves were constructed — dependence
of denaturation degree (1-8) on temperature (t, °C). The
methodology of denaturation curve construction is described in
[26]. From the denaturation curves the denaturation parameters
were determined — denaturation degree (T, ) and denaturation
interval width (AT). From the change of these values, one can
judge about the thermostability alteration of the complexes.

Absorption spectroscopy measurements: The absorption
measurements were carried out on the spectrophotometer Perkin
Elmer Lambda 365 (Shelton, CT, USA), using quartz cuvettes
with hermetically closing Teflon caps with optic pathway length
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1 cm and volume 3 ml. The absorption spectra of dopamine
and the complex dopamine-DNA were obtained in the interval
220-350 nm, while the solution of dopamine was titrated by
the solution of DNA, the concentration ratio of dopamine/
DNA changed from 1/5 to 1/1. From the absorption spectra, the
binding curve was constructed and the binding constant (K) was
calculated. It was calculated, according to Scatchard’s equation:

(v Cﬁee)x(cboun/ CDNA) :nK_K(Cbauna/ CDNA) (1

where C, , and C,  are concentrations of bound and free
dopamine respectively, C,  is DNA total concentration, K —
binding constant and #» — number of binding sites. The dopamine
free and bound concentrations were calculated, using the
maximal absorption value at the fixed wavelength.

The statistical analysis was carried out by the method of Student.

Results.

The melting curves of DNA and DNA-dopamine complexes
are presented in the figure 1. In the figure 1a, the melting curves
of DNA and the complexes dopamine-DNA are presented at the
ionic strength of the solution 0.02 M Na+ and in the figure 1b —
that at the ionic strength of the solution 0.01 M Na".

As it is obvious from figure la, dopamine stabilizes the
structure of DNA, which is reflected by the melting curve
shift toward high temperatures. From the melting curves, the
melting temperature was determined. The values of the melting
temperatures are presented in the Table 1.

r=0 r=1/5 r=1/2 r=1/1
Ionic strength of the solution 0.02 M Na*

T, 69 72.9 73.8 73.8
Ionic strength of the solution 0.01 M Na*

T 63 63 65 67
T, 63 75 79 82
T’ 63 82 86 88

From the table data, it is obvious that dopamine binding to
DNA results in increasing of the melting temperature of DNA.
It indicates that there exists an interaction between DNA and
dopamine. On the other hand, the melting interval width of DNA
is equal to 16°C and 10°C at the ionic strengths of the solution
0.02 and 0.01 M Na" respectively, while in the case of the
complexes dopamine-DNA it is widening, which also indicates
the stabilization of DNA by dopamine. The melting interval
widths of DNA-dopamine complexes are not calculated, since
these melting curves are not monophasic, which indicates that
dopamine binds with DNA in more, than one region. Even from
the shape of the melting curves of the complexes, it is obvious
that they are biphasic and triphasic, indicating that there exist,
at least, two and three binding regions on DNA for dopamine.

To confirm the results, obtained by UV-melting method, the
absorption spectroscopy method was applied. In the figure
2, the absorption spectra of DNA and its complexes with
dopamine are presented at the ionic strength of the solution
0.02 M Na'. As it is obvious from the figure 2, the absorption
maxima of DNA at A=260 nm are decreasing along with
titration with dopamine solution. On the other hand, dopamine
has an absorption maximum at A=280 nm, however, because
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Figure 1. a— Melting curves of DNA and DNA-dopamine complexes. The curve 1 corresponds to pure DNA melting curve; the curve 2 corresponds
to the melting curve of DNA-dopamine complex at the dopamine/DNA ratio 1/5; the curve 3 — 1/2; and the curve 4 — 1/1. The ionic strength of the
solution was equal to 0.02 M Na".

b — Melting curves of DNA (1) and DNA-dopamine complexes. The curve 1 corresponds to pure DNA melting curve, the curve 2 corresponds to

the melting curve of DNA-dopamine complex at the dopamine/DNA ratio 1/5, the curve 3 — 1/2; and the curve 4 — 1/1. The ionic strength of the
solution was equal to 0.01 M Na".

Dopamine conceniration, M

Wavelsngth. nm

Figure 2. Absorption spectra of DNA and the complexes dopamine-DNA at the ionic strength of the solution 0.02 M Na®.
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Figure 4. The binding curve of dopamine to DNA in Scatchard’s coordinates at the ionic strength of the solution 0.01 M.

the dopamine concentrations in the presence and the absence
of DNA are similar, at the wavelength 280 nm, the peaks are
not formed. Since the absorption of bound dopamine is smaller,
than that for free one, the absorption maxima go to the negative
absorptions out of DNA and dopamine absorption layer (A>300
nm). Moreover, dopamine binding to DNA leads to decreasing
of the transmitter free molecules, due to which a decrease of
the absorption at the wavelength 260 nm takes place. In the
input figure, the dependence of DNA absorption maxima on the
dopamine concentration is performed.

It was shown that at the ionic strength of the solution 0.02
M, the decrease of absorption maximum is pronounced. It is
obvious from the input figure in the figure 2 that the absorption
maximum of DNA decreases linearly along with addition of
dopamine. In the figure 3, the absorption spectra of dopamine
and its complexes with DNA are presented at the ionic strength
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of the solution 0.01 M. Here also a decrease of DNA absorption
maxima occurs along with titration by dopamine solution. In
the input figure 3, the dependence of DNA absorption maxima
on the dopamine concentration is performed. It was shown that
at the ionic strength of the solution 0.01 M, the decrease of
absorption maximum is not linear, but with two grades. This fact
maintains that, at low ionic strengths of the solution, dopamine
binding to DNA is more pronounced. In the figure 4, the binding
curve was constructed, in Scatchard’s coordinates.

From the binding curve (Figure 4), the binding constants were
calculated. It was shown that for the strong mode of the binding
K=1.2x10° M and for the weak — electrostatic interaction
K=2.3x10° M. From the value of the binding constant for
strong interaction, and from melting data, as well as based
on the literature data, one can note that the interaction, most
apparently, takes place by the mode of intercalation [24,27].



Discussion.

In this work, the binding of dopamine with DNA has been
explored to find out the opportunity of DNA application as
an underlayer in dopamine-biosensors, aimed at revealing
dopamine concentration alterations in the blood and urine. The
interaction was studied by the methods of UV-melting and
absorption spectroscopy. From the melting curves, presented
in the figure 1, one can notice that in comparison to the DNA
melting curve, those for the complexes dopamine-DNA are
shifted toward higher temperature region. Thus, the melting
temperature of the complexes DNA-dopamine increases,
compared with the DNA melting temperature. Moreover, the
value of the melting temperature for the complexes dopamine-
DNA also rises with the enhancement of the ratio dopamine/
DNA. On the other hand, the melting curve shape, i.e.
interaction type depends on the ionic strength of the solution.
Thus, it is obvious from figure 1a that along with concentration
ratio enhancement dopamine/DNA, at the ionic strength of the
solution 0.02 M Na', the shapes of the melting curves turn to
be biphasic. It indicates that at the mentioned ionic strength of
the solution there exist, at least, two binding regions on DNA
for dopamine. From the figure 1b, it is obvious that at the ionic
strength of the solution 0.01 M Na*, along with dopamine/DNA
concentration ratio enhancement, the shapes of the melting
curves become triphasic, indicating that there are, at least, three
regions of the interaction. Whether, at the ionic strength 0.02
M Na*, DNA melting temperature is equal to 69°, it increases
by 3.9°C for the dopamine/DNA ratio r=1/5 and by 4.8°C for
the ratios r=1/2 and 1/1. These experimental results indicate
that there exist a significant stabilization of DNA, induced
by dopamine binding. On the other hand, the melting curve
shapes for the complexes dopamine-DNA are biphasic, while
the melting curve shape for pure DNA is monophasic. This
experimental fact indicates that dopamine interacts with DNA
in more, than one region. Consequently, one can presume that
there may be two interaction modes — strong and weak.

Similarly, discussing the figure 1b, one can notice that whether
the melting temperature of pure DNA, at the ionic strength of
the solution 0.01 M Na*, is equal to 63°C, it increases by 6°C
for the dopamine/DNA ratio r=1/5, by 8°C for the ratio r=1/2
and by 11°C for the ratio r=1/1. These results indicate that the
dopamine stabilizes DNA structure at the high concentration
ratios, however, the stabilization is stronger at 0.01 M, than for
the case of that at the ionic strength of the solution 0.02 M Na*.
The second peculiarity is that the shapes of the melting curves
of the complexes dopamine-DNA are triphasic, indicating that
at the ionic strength of the solution 0.01 M Na*, there exist, at
least, three regions of binding. From the figure 1b, it is also
obvious that the melting curves of the complexes dopamine-
DNA are triphasic that is why we cannot determine one value
for the melting temperature. Proceeding from this fact, we have
divided the melting curve into three regions. We assume that the
below part of the melting curve corresponds to the dopamine
binding to AT-rich sequences, forming hydrogen bonds.
The middle part is the main binding region, where the strong
binding mode is thought to exist. The top part of the melting
curve corresponds to the GC-rich region binding. Considering
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these assumptions, for the melting curves of the complexes
dopamine-DNA at the ionic strength 0.01 M, three values for
the temperatures were determined and presented in the Table
1. It is obvious from the table data that the melting temperature
of DNA is decreasing with the decrease of the ionic strength of
the solution. Besides, the melting temperature increases along
with dopamine/DNA concentration ratio enhancement for three
regions in the melting curves of the complexes dopamine-DNA
at the ionic strength 0.01 M.

Summarizing the experimental data, obtained by the method
of UV-melting, we assume that depending on the ionic strength
of the solution, dopamine, at high concentration ratios, binds to
DNA in more, than one region and consequently, by more, than
one mode. Remarkably, there exist two and three interaction
regions in the case of high ratios of dopamine/DNA, because
at the ratios, lower, than 1/5 occurs weak binding, possibly by
only one binding mode. At the ionic strength of the solution
0.02 M Na*, dopamine interacts with DNA, by strong and weak
— possibly electrostatic modes [25]. Though, it is not excluded
that with these regions dopamine binds by more, than one mode,
among them the one mode is electrostatic interaction. Taking
this fact into account, biphasic or triphasic melting curves are
not possible to explain from the point of existence of only
weak interaction mode. Based on this, we assume that apart
from the weak — electrostatic interaction, dopamine interacts
with DNA by the other modes as well. In all appearances, the
strong binding mechanism of dopamine to DNA is intercalation
[24], though; the outside amino-groups form hydrogen
bonds with DNA nucleotides. This fact leads to the melting
temperature enhancement of the complexes, as well as induces
a heterogeneous melting of the different regions of DNA. We
assume the following process of dopamine binding to DNA at
this ionic strength of the solution: at first, dopamine binds to
DNA AT-rich regions by hydrogen bonds, then, it stabilizes
by the strong binding mode. Later, when these regions start
melting, dopamine binds to other regions, including GC-rich
satellites and stabilizes them. It is not excluded that during
the first phase, the ring of dopamine is localized in the minor
groove; amino groups form hydrogen bonds with adenine [25].
During the second phase, it binds to the random nucleotide
sequence in the same mode.

To maintain this presumption, the study was carried out by the
method of absorption spectroscopy. In the figure 2 and 3, the
absorption spectra of DNA were obtained without dopamine,
then along with titration by dopamine. As it is obvious from
figures 2 and 3, the spectra decrease along with addition of
dopamine to DNA solution. The total decrease in absorption
value at the wavelength 260 nm is pronounced at the ionic
strength of the solution 0.02 M Na', and more pronounced at
the ionic strength of the solution 0.01 M. These data obtained
indicate that at relatively higher ionic strength of the solution
the absorption decreases less, than at the lower ionic strength
of the solution. Most apparently, it is connected to the fact that
at low ionic strengths dopamine binds stronger to DNA, than at
high ionic strength of the solution. This fact also indicates that
there are two or more types of interaction between dopamine
and DNA at high concentrations ratio. It is remarkable that the



results, obtained by the absorption measurements, confirm those,
obtained by UV-melting method. From the absorption spectra,
the values of the binding constants were calculated. The value
of K for the strong mode of the binding — 1.2x10° M™! indicates
the strong binding mode of the interaction of dopamine with
DNA, while the value of K for the weak interaction — 2.3103 M
indicates that there is also a weak — electrostatic binding, which
is natural for mostly protonated dopamine and polyanion DNA.

Conclusion.

Thus, the results, obtained in this work, indicate that
dopamine interacts with DNA at least in more, than one regions
and possibly by more, than one mode — strong and weak —
electrostatic interaction. Though, at low ionic strength of the
solution, the third binding region on DNA for the dopamine is
appeared. The data, received by the UV-melting method, show
that DNA melting curves are shifted toward higher temperature
region, along with dopamine interaction with DNA. Although
dopamine leads to DNA stabilization, this effect is detectable
at the high ratios of dopamine/DNA — equal to 1/5, 1/2 and
1/1. DNA melting temperature increases along with dopamine
binding to it, as compared to that for pure DNA. On the other
hand, the melting curves of the complexes dopamine-DNA
acquire biphasic shape at the ionic strength of the solution 0.02
M Na“, and triphasic shape — at the ionic strength of the solution
0.01 M Na“, while the melting curve of DNA is monophasic.
This fact experimentally insists on the existence of more, than
one binding mode of dopamine to DNA. To confirm these
assumptions, the absorption spectra of DNA were registered,
while titrating by dopamine. The absorption spectra of DNA
decrease along with titration by dopamine. Thus, we assume that
at low ionic strengths of the solution, dopamine is less screened
by anti-ions from DNA, compared to high ionic strengths of
the solution. That is why at low ionic strengths of the solution
dopamine can easily enter to GC-rich regions in DNA, since
these regions come out to major, more hydrophilic groove, as
well as DNA owns more relaxed (less compact) conformation
at low ionic strengths of the solution.

Thus, the experimental results, obtained in this work,
ensure that DNA may be used as a sensitive biomolecule for
the dopamine-detection in biological fluids, since dopamine
possesses a sufficiently high affinity toward nucleic acids. It is
remarkable, that the affinity of dopamine toward DNA depends
on the ionic strength of the solution. Taking into account that
dopamine concentration is higher in the urine, than in the blood
[1,11], we can propose to apply the urine as a biological fluid to
make an express test. Based on the above mentioned, we assume
that among biological fluids in the human organism, urine
may be used as the most appropriate material for revelation of
dopamine concentration, with the application of nucleic acids.
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