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STUDY OF STRUCTURAL TRANSITIONS OF COMPLEXES
OF DIFFERENT LIGANDS WITH DNA AND BSA
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Structural transitions of DNA and bovine serum albumin (BSA) and their
complexes with methylene blue (MB) and Hoechst 33258 (H33258) by UV-denatu-
ration method have been studied. The obtained results revel that MB stabilizes
both protein dimensional structure and DNA double-stranded structure, while
H33258 stabilizes double-stranded structure of DNA and destabilizes protein
structure. It was also revealed that the stabilizing effect of MB on native structure
of DNA is more pronounced at relatively low ligand concentrations, than on
protein.
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Introduction. Study of structural transformations of biomacromolecules
(nucleic acids and proteins) and their complexes with ligands has an important
value for solution of a number of questions, lying at the basis of organism
functioning. One of approaches is the study of denaturation of DNA and proteins
and their complexes with ligands. For revelation of molecular basis of protein
denaturation, one should explain why they are divided by free-energetic barrier
(which creates the transition of the type “all or nothing”) [1, 2]. From this point of
view, denaturation of nucleic acids (NA) occurs otherwise by intermediate states,
than of protein. Particularly, when DNA water solution is heated up to 100°C or pH
changes up to extreme values, its secondary structure is broken down and double-
helix chains, which are held together, are separated [3-6] (Figs. 1, a and b).

Structural state of biomacromolecules plays a prominent role as well as at
their interaction with different biologically active compounds [7-16]. Among
various ligands the compounds can be important that showing specificity to NA are
able to interact with proteins as well. Such compounds are methylene blue (MB),
which is a feno-thiazine cationic aromatic dye or bis-benzimide compound Hoechst
33258 (H33258) that can stain NA. MB possesses anti-malaria action and is widely
used as a photosensibilizing agent for photodynamic inactivation of RNA-viruses,
including HIV, virus hepatitis B and virus hepatitis C in plasma, intracellular
viruses B-CoV and SARS-CoV2. Though, the fact is considered more important
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that MB also shows therapeutic properties toward the rest viruses from coronavirus
family [10-14, 16].

Bisbenzimidazole compound H33258 also has a practical application in
medicine as an anti-tumorous preparation. This ligand enhances irradiation
cytotoxicity in some lines of tumors and therefore improves radiotherapy effect.
H33258 also possesses radioprotector properties, since it decreases a bad influence
of irradiation on normal cells [17].

The present work is aimed at comparatively studying of structural transitions
of MB and H33258 complexes with DNA and BSA.

Materials and Methods. In this work Calf Thymus DNA, bovine serum
albumin (“Sigma”, USA), MB, H33258 (“Sigma”, USA), physiological solution,
bidistilled water were used in experiments. Concentrations of MB, H33258 and
DNA were determined spectrophotometrically, using the following coefficients
of extinction: &=76000 M~cm™ for MB; 4=43000 M-cm™ for H33258;
£60=6600 M-lcm™ for Calf Thymus DNA, &8=43824 Mcm for BSA [18].
Denaturation of the complexes of MB and H33258 with DNA and BSA was
carried out on double-beam spectrophotometer PYE Unicam-SP8-100 (England).
Heating of thermostating cells was carried out with program device SP-876 Series
2. Absorption changes of the complexes were registered at DNA absorption
wavelength 4 = 260 nm and at BSA absorption wavelength 4 = 280 nm. In the
interval 220 < A4 < 300 nm these ligands absorb intensively, though this effect
significantly does not affect analysis of the obtained data. Data on absorption were
displayed on PC monitor with the application of LabVIEW software.

Results and Discussion. Structural transitions of the complexes of DNA and
BSA with MB and H33258 were studied by UV-denaturation method, increasing
the temperature of sample solutions. On the basis of absorptions, the denaturation
curves were constructed [12], from which the values of denaturation temperatures
were determined and generalized in Tabs. 1 and 2. MB, like many ligands-
intercalators, as well as groove-binding compound H33258 are stabilizers of double-
stranded (ds-) structure of NA that is why at the binding of these ligands to ds-
DNA an increase of NA transition temperature takes place in single-stranded (ss-)
state [12-14]. This effect depends on ligand concentration and enhances with the
increasing of ligand/DNA ratio, as it is obvious from Tabs. 1 and 2 data. As it is
obvious from presented data for MB at relatively low values of r (1/5), ATn~ 6°C
(Tab. 1), for H33258 ATy~ 11°C (Tab. 2).

Table 1
Values of denaturation temperature of DNA-MB and BSA-MB complexes
- - Transition temperature, Tm,°C
r = [ligand]/[biomacromolecule] DNA BSA

0 70.0+0.2 79.540.2

0.02 71.540.2 -
0.05 73.0£0.2 81.040.2
0.2 76.0£0.2 82.040.2
1.0 - 84.040.2
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Transition temperature shift to high temperatures occurs at MB binding to
BSA, which is reasoned by stabilizing effect of this ligand on protein structure. It is
known that albumin has two regions for drug preparation binding, which are
localized in subdomains 1A and I11A and called sites 1 and 2. Although, site 1 is
more hydrophobic, but site 2 is preferable for MB binding [15].

Table 2
Values of denaturation temperature of DNA-H33258 and BSA-H33258 complexes
o . Transition temperature, Tm, °C
r = [ligand]/[biomacromolecule] DNA BSA
0 70.0+0.2 79.5+0.2
0.02 73.2+0.2 -
0.05 778+0.2 78.1+0.2
0.2 81.0+0.2 77.2+0.2
1.0 - 73.8+0.2

On the basis of the aforementioned we assume that MB binding to albumin
has an electrostatic nature. However, the localization of aromatic ligand in
hydrophobic chamber of protein cannot be excluded. There are hydrophobic and
hydrophilic regions in DNA that are adsorption centers for ligands. As compared to
albumin, hydrophobic adsorption centers (inter-plane spaces between adjacent
nucleotides or nucleotide pairs) for majority of intercalators, including MB, can be
considered specific binding sites, with which this ligand interacts by intercalation
mechanism [12-14]. On the other hand, ligands-intercalators can also bind to
ds-DNA non-specifically: this mechanism corresponds to electrostatic one, as a
result of which ligand molecules bind to sufficiently hydrophilic sugar-phosphate
skeleton of NA. Taking into account a single-direction of MB effect on native
structure of BSA and DNA as well as forces, conditioning known molecular
binding mechanisms of this ligand to DNA, we assume that MB also binds to BSA
under the effect of these forces, especially by hydrophobic and electrostatic
interactions. It results in stabilization of DNA ds-structure and additional wrapping
of 3D structure of albumin [12-14].

DNA-specific ligand H33258 binds to albumin as well, meanwhile in
contrast to MB, it invokes loosening of dimensional structure of macromolecule.
Though, along with increasing of r, the denaturing effect of H33258 on albumin
strengthens, attaining to its maximum at the ratio r=1. At further enhancement of r,
this effect is not observed at all (that is why the data are not brought). It can be the
result of the fact that the binding stoichiometry of H33258 binding to albumin, as
for MB, corresponds to 1:1.

On the basis of T, the values of denaturation temperatures of the complexes
at different concentration ratios r=[MBJ]/[biomacromolecule] were obtained and the
dependence curves of AT, on r were constructed (Figs. 1 and 2). It is obvious from
Fig. 1, that the curve 1, corresponding to the complexes MB-DNA, is significantly
sharper, than the curve 2, corresponding to the complexes MB—-BSA. Practically, at
the same concentration ratios the increase of Tn of the complexes MB-DNA is
more by four-times, as compared to the complexes MB-BSA. This fact can be
explained proceeding from the presence of at least two types of adsorption centers
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for MB on DNA (as for other ligands-intercalators or groove-binding compounds),
with which MB binds by various constants of association — K; and K.. Moreover,
the literature data indicate that Ki/Ky~10 [12-14], since one of the modes, the
stronger one is realized by intercalation mode, another one — weaker mode is
electrostatic binding that stabilize ds-DNA. For BSA, as it is shown from Tab. 1
data, the biggest effect of stabilization is obtained at r~1/1, which indicates that
albumin contains one adsorption center for this ligand. It is not excluded that the
ligand association constant with this center is less, than that of MB with by the
mentioned modes.

Analogously, for H33258 a big shift of the transition temperature toward
DNA native structure stabilization is observed, that is why the curve 1 in Fig. 2 has
a big slope. Though, T of the complexes of H33258-DNA is much more higher,
than for MB (Fig. 2). From this point of view, for BSA a radically another scene is
observed: the dependence curves of the complexes are shifted to low temperatures,
which indicates the denaturing effect of H33258 on protein structure.

7 1 ATn, °C

1.2

Fig. 1. Dependence curves of denaturation temperature changes (ATm) 0On
concentration ratio r = [MB]/[biomacromolecule].

It is known that H33258 also binds to DNA by more, than one mode, which
together significantly stabilize its ds-structure [12]. Moreover, the interaction of
this ligand with DNA by different modes is characterized by high values of
association constant. On the other hand, the destabilizing effect of H33258 on
dimensional structure of albumin cannot be conditioned by low value of the
association constant and the denaturing effect can be the result of force breakup,
stabilizing the protein dimensional structure as well as by changes in micro-
surrounding of protein surface. Consequently, from our data one can conclude that
the effect of various ligands on structure of biomacromolecules can have a
differently directed character, which lies at the basis of their biological activity.
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ATm, °C
12 4

Fig. 2. Dependence curves of denaturation temperature changes (ATm) on
concentration ratio r = [H33258]/[biomacromolecule].

Thus, the obtained data indicate that the thermal denaturation is sufficiently
informative in the study of structural transformations of proteins and nucleic acids.
Moreover, this method permits also studying the interaction of various ligands with
both DNA and proteins, as well as conformational transformations of their
complexes. This method can light out molecular basis of binding mechanisms of
ligands to biomacromolecules.

Conclusion. The obtained data allow to conclude that MB and H33258
interaction with DNA is realized both specifically (intercalation mechanism) and
non-specifically (electrostatic mechanism) [11-13]. In the case of albumin there is
no revealed a certain specific mechanism of binding by UV-denaturation method,
however, it is not excluded that these ligands bind to proteins by hydrophobic and
electrostatic interactions or formation of hydrogen bonds, which all together result
in increasing of protein folding and stabilizing of their molecules in relation to
temperature, as denaturing factor.

These results can light out the peculiarities of de-protonation and transporta-
tion of biologically active compounds, being specific to NA, toward targets (DNA
and RNA). It, in turn, can have an important biological value, since it can lie at the
basis of modulation of various cellular processes through biologically active
compounds. It is also important to mention that biologically active compounds,
including drug preparations, should be tested, if the possess and affinity to blood
albumin toevaluate the effect of their effective concentrations on organism.
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1. < JUMBdUL3Uy, L. - MESrNuU3dyu

QUle-b B4 86U-bh <63 SUrLGM LhGULYLENE UNUMNLELULEN D
HUNANESIUSLU3hL ULSNFULE R NFUNFULUUDRLAORGESOAFLL

Nuunudtwuppdly G AU06-h W gnijh ohnijuyhtt wypnidhth (8GUW),
htswtu twle dhphtbughh juwynymh (UY) L Hoechst 33258-h (H33258) htin
npubg Yndytiputitiph Junnigudpwyhtt wbgnidttipp NFU-phiiuwmni pughwyh
dtpnny:  Uwmwgywd wpynibpbbipp  pwgwhwywmmd G, np  UG-O
Junmbwginid £ 0 uyghmwlnigh mwpwowiud juongguopp L AUe-h
tinlpnew Junnigywdpp, dhivntn H33258-p uynibwginid t ULe-h tplpnpw
Junnigwopp b wyuiuynibwgbnid £ uyhmwlnigh Junnigwodpp: 8nyyg L
wnpytp twb, np UU-h Junibwgbnng wgntignipnitpn AU6-h  bunhy
Junnigyuwoph  Ypw  wdbth wpnmwhuymwd o jhqubnh thnpp
Untgtitinpughwttiph nhypnii? hudEbdwnmwd vy hnwinigh htin:

I1. 0. BAPAEBAHSIH, H. P. IIETPOCSH

N3YYUEHUE CTPYKTYPHBIX IIEPEXOJOB B KOMIUIEKCAX
PA3JIMYHBIX JIMTTAHAOB C JHK M BCA

M3yduensr crpykrypHble mepexonsl B JIHK m Obl9beM CBIBOPOTOYHOM
anpOymune (BCA) u B ux xomiuiekcax ¢ metwieHoBoiM cuHM (MC) u Hoechst
33258 (H33258) meronom Y®-nenarypanuu. [lomydeHHble pe3yabTaThl BHISIBUIIH,
yto MC cTrabmmm3upyer Kak MPOCTPAHCTBEHHYIO CTPYKTYpy Oenka, Tak M JBYX-
nenoyeunyo crpykrypy JHHK, B 10 Bpems kak H33258 crabumusupyer
aByxuenoueunyto ctpykrypy JHK u necrabunmmsupyer crpykrypy Oenka. Berssie-
HO Takxke, uto crabwimmsupyromuii 3¢dekr MC Ha HatuBHYO cTpykTypy AHK
JIOCTUTAeTCsl MPU CYNMIECTBEHHO OoJiee HU3KUX KOHIIGHTPAIMSX JINTaH7a, YeM B
ciydae Oernka.
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