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STUDY OF ABSORPTION SPECTRA OF THE COMPLEXES
OF BOVINE SERUM ALBUMIN WITH HOECHST 33258
AND METHYLENE BLUE
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The study on the interaction of DNA-specific low-molecular compounds —
groove binding material Hoechst 33258 and intercalating ligand methylene blue
(MB) with serum albumin has been carried out. The absorption and differential
absorption spectra of complexes of the mentioned ligands with protein were
obtained. Changes of the absorption and differential absorption spectra indicate the
binding of two ligands with albumin. The obtained results indicate that at the
interaction with both ligands, the conformational state of the protein alters, though
these changes are not similar, since in the case of MB a compactization of the
protein folding occurs, while in the case of Hoechst 33258, most apparently, an
unfolding of the compact structure takes place as a result of partial loss of helicity
of a-structures.
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Introduction. Proteins play an important role in living organisms, having
various biological functions. From this point of view, the role of serum albumin is
high, which is used as a model for research of inter-protein interaction in vitro. Many
bioactive molecules and drug preparations reversibly bind to albumin and other
components of blood serum and act as carriers [1]. Binding ability of albumin may
significantly affect the distribution, the non-binding concentration and the
metabolism of drug preparation in blood circulatory system.

Proteins, being targets for singlet, non-radical oxygen (*O2), possess a strong
reaction ability in solved state due to the fact that O, shows a preferable reactivity
to several amino-acidic residues [2—9]. Remarkably, singlet oxygen can be easily
produced via ultraviolet (UV) or visible light in the presence of different photo-
sensitive compounds, including methylene blue (MB) that receive a wide application
in photodynamic therapy (PDT) [10-12]. It was revealed that a change in protein
oxidation mechanisms occurs at the insertion of this ligand into its structure.

Another ligand, possessing an affinity toward proteins, is bisbenzimidazole
compound — Hoechst 33258 (H33258), which is an anti-tumorous material.
Bisbenzimidazole compounds are revealed to increase the irradiation cytotoxicity in
some lines of tumors and, thus, can improve a radiotherapy effect. On the other hand,
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these compounds own radioprotector properties, since they decrease dangerous
effect of irradiation on normal cells [13].

Serum albumin is a multi-functional protein and act as transporter of many
endogenous and exogenous ligands [14, 15]. Albumin is consisted of three
homologous a-helical subdomains — (DI, DIl and DIlI), each of which is divided into
subdomains (A and B). Native conformation of albumin contains two principally
important sites of binding for low-molecular compounds, including ligands — | and
Il, distributed in subdomains IIA and HIA respectively [2]. That is why the
knowledge on interaction mechanisms of ligands with proteins of plasma has crucial
value for understanding of pharmacodynamics and pharmacokinetics of drug
preparations. It should be mentioned that the data on interaction of MB and H33258
with albumin are few, besides hitherto the binding molecular mechanism of these
ligands with albumin is not completely established [2]. Taking this fact into account
the present work is aimed at the spectroscopic study of the binding of the mentioned
ligands with bovine serum albumin (BSA).

Materials and Methods. Bovine serum albumin (BSA), MB, H33258
(“Sigma”, USA), physiological solution, bi-distilled water were used in experiments.
Concentrations of ligands and BSA were determined spectrophotometrically, using
the following values of extinction coefficients: &s:=76000 M-cm™ for MB,
£343=42000 M~tcm™ for H33258, £5=43824 M-*cm for BSA [16]. Interaction of
ligands with BSA by the absorption spectroscopy method was studied on the
spectrophotometer PerkinElmer UV/VIS Lambda 365. Data on absorption were
analyzed using program software Microsoft Excel 2010 and the absorption and
differential absorption spectra in interval 500<4<750 nm for MB and 300<A<450 nm
for H33258 were obtained. Experimental data error does not exceed 5%.
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Fig. 1. Dependence curves of the absorption spectra maxima (Amax) on r for the complexes of H33258
with BSA (a); dependence curves of the maxima of the differential absorption curves (5Amax)
on r for the complexes of H33258 with BSA (b).

Results and Discussion. Studies on interaction of ligands with macro-
molecules in UV/VIS region were carried out via absorption spectroscopy, which is
a simple method, applied for investigation of structural changes and determination
of complicated structures [17, 18]. Taking this fact into consideration we carried out
a study of interaction of MB and H33258 with BSA by the method of absorption
spectroscopy and the absorption as well as differential absorption spectra were
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obtained at the interaction of the mentioned ligands with albumin. From these spectra
the values of maxima were determined and the curves of their dependencies on the
ratio r (r=ligand/albumin) were constructed. The dependence curves of absorption
spectra maxima (Amax) Of the complexes of H33258 with BSA were presented in
Fig. 1a and the dependence curves of maxima of differential absorption spectra
(6Amax) On rin Fig. 1b.

It is obvious from Fig. 1a, the maxima of the absorption spectra at the
interaction of H33258 with BSA decrease along with increasing of r. This effect
indicates that DNA-specific ligand H33258 binds to albumin, as a result of which a
hypochromic effect is appeared. Meanwhile, the hypochromic degree decreases
depending on increasing of r, which indicates that the binding sites of this ligand on
albumin are limited and along with their saturation the interaction is stopped. It is
also obvious in Fig. 1a that the dependence curve (Amax) has a hyperbolic form. If
conditionally we divide this curve into two linear regions, it becomes obvious that
the linear region, corresponding to low values of r, has big slope in the interval of
change 0<r<1.0. It can be the result of the fact that stoichiometry of H33258 binding
to albumin tends to the ratio albumin: H33258 =~ 1 : 1.

The maxima of the differential absorption complexes of H33258 with albumin
are presented in Fig. 1b. To obtain differential absorption spectra (6A on A), the
absorption of the complexes of ligands with BSA was measured against absorption
of the solution of free ligand. Though, in two solutions the ligand concentration was
similar. It should be mentioned that the differential absorption spectra at the
interaction of H33258 with albumin consist of two peaks: positive — in the interval
of change 300<1<350 nm and negative — in the interval of change 350<4<450 nm.
Nonetheless, the maxima of positive peaks correspond to A~335 nm; those of
negative peaks — A~380 nm. It is obvious from Fig. 1b that the dependence curve
OoAmax (curve 1), corresponding to positive peaks of the differential absorption spectra
(short-wave peaks), increases along with increasing of r, while the curve 2
(corresponding to negative peaks of differential absorption) decreases (long-wave
peaks). Hyperchromic change at relatively short and hypochromic change at
relatively long wavelengths in the differential absorption spectra of H33258
complexes with albumin, most apparently, are the result of the fact that a
conformation of the protein changes due to the binding to H33258. Taking into
account that hypochromic effect occurs at relatively long wavelengths, we assume
that the molecules of this ligand form hydrogen bonds with amino-acidic residues of
a-helices of the protein, as a result of which a decrease of parallel dipole-dipole
interactions between peptide groups takes place. It is not also excluded that
hypochromic effect is conditioned by stacking distribution of aromatic
benzimidazole groups of bound molecules of H33258 [19-21]. Taking into account
that denaturation temperature of albumin in the complex with H33258 decreases
[22], we assume that the aforementioned hyper- and hypochromic effects are resulted
from the partial losses of a-helical polypeptide chains of albumin, induced by the
binding of H33258 with these regions.

We also carried out the studies on the interaction of BSA with MB. The
dependence curves of the maxima of the absorption spectra (Amax) for the complexes
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of MB with BSA (a) and those of the differential absorption spectra (6Amax) for the
complexes of MB with BSA (b) on r are presented in Fig. 2.
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Fig. 2. Dependence curves of the maxima of the absorption spectra (Amax) on r for the complexes of
MB with BSA (a); dependence curves of the maxima of the differential absorption spectra
(0Amax) on r for the complexes of MB with BSA (b).

It is seen from the Fig. 2 that the maxima of the absorption spectra of the
complexes MB-BSA monotonously decrease along with increasing of r, which
indicates that MB, as H33258, binds to albumin. Though, the shape of the absorption
spectra of the complexes MB-BSA sufficiently differs from the analogous curve of
the complexes H33258-BSA. The differential absorption spectra are also obtained
for the complexes MB-BSA (Fig. 2b). As it is obvious from the Fig. 2, the absolute
values of the differential absorption curves decrease depending on r and passing
through the minimum, start increasing. This effect is reflected on the binding of MB
with BSA up to ratios ~1 : 1.5, as a result of which the differential absorption spectra
change negatively, after which they start increasing, which, most apparently,
indicates the fact that beginning from the values r ~ 2, the binding of MB to albumin
is impeded and more molecules of the ligand are in free state. This result indicates
that the binding sites of MB with BSA are more limited, than the adsorption centers
for H33258. Most apparently, molecules of MB that have smaller sizes, than
extended molecules of H33258, can be localized in inner cavity into site 11, which is
in subunit IIA. This site has less hydrophobicity, than the site I, which is in subunit
IIA. However, the site Il is the main center of adsorption for MB [2]. Though,
probably, BSA is subjected to such conformational changes that the adsorption
centers for MB become more limited, than for H33258.

Conclusion. Thus, the obtained results indicate that H33258 and MB interact
with blood serum albumin. These ligands are DNA-specific; meanwhile, they bind
to DNA by different mechanisms: H33258 is localized in DNA minor groove and
specifically binds to AT-sequences, MB binds by intercalation mechanism. As in the
case of DNA, these ligands bind to albumin by various mechanisms: H33258 mainly
binds to a-helices via hydrogen bonds, partially decreasing the helicity degree of
these polypeptide structures; MB is localized in inner cavity of the protein, invoking
some conformational reconstructions. We assume that in the case of MB some
increase of the protein folding takes place, resulting in limitation of the binding sites
for this ligand. In the case of H33258, probably, the reverse phenomenon occurs —
some unfolding, as a result of which the protein denaturation temperature decreases,
as it is revealed in [22]. Actually, both ligands, binding to albumin, induce



162 STUDY OF ABSORPTION SPECTRA OF THE COMPLEXES OF BOVINE SERUM ALBUMIN ...

conformational reconstructions in the protein molecule, but these changes are not
similar, which is reflected on the structural stability of macromolecule: in the case
of H33258 some destabilization is revealed [22], while in the case of MB, vice versa,
a stabilization of the protein dimensional structure occurs [23].
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HOECHST 33258-h 4. UG(+hLEULUShL WUMNNF3Sh <GS 8AFLh
éhanruudshvy ULANFUDPLD <UUULPLLELD UWLULUUY
UunGusS/rve/t NFUNFULUURLORESNFLL

bpujubwgyty £ gnyh phniuyhtt wpnidhith htin Ao (-uwtighdhy
lhquinttiph? thnpp wynunid Juwynn Hoechst 33258-h W htwmbiplujugynn
lhquin dtphtiuwht Juwnynh (UY) thnpjuugnbgnipyubl niunidbwuhpni-
pPnLl: Unwgyly &b uyhwmwlnigh htmn Gpgwd (hquibnbbph Ynduytipulitiph
Quutdwid b nhytipibghwy Juiiwb vyblunpbtpp: GQubtdwb b nhytiptibghuy
Juutdwt uytljunpitph hnthnpunipgnibbbpp Juynid G wyt dwuhl, np wyu
thquitinttpp juwynid &b uwypnidhth htin: Unwgud wipnynibpbbpp Jiuynid
b wyb dwupl, np Gpyni jhqubnbitiph htim § tinjuwgnbtignipgubt nliypnid
uyhunwlnigh Ynidnpiwghntt Jhewlp thnpuynid E, vmjuytt wyd thnthnhuni -
pmiabtpp Jhwidwb kb, pwdh np UU-h phypmd wmbnh b nibbbnd
uyhunwynigh fuhn thwptpwynpnid, dhisntn Hoechst 33258-h nhiwypnud,
hujubtwpwn, §niyuljn Jupnigguopp wyuthwpbpuwynpynid k o-fjunnig-
Jwoptbph wupnipguonipjut dwubwlh Ynpunmh wipnynibpnid:
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H.T. IIETPOCSH

NCCJIEOAOBAHUE CIIEKTPOB IIOI'VJIOINEHMA KOMIIIEKCOB
BBIYBEI'O CBIBOPOTOYHOI'O AJIbBBYMHWHA C HOECHST 33258
N METWJIEHOBBIM CHUHUM

IIpoBeneHo wmcciaenoBanue 1o B3aumozeicTeuo JHK-cneruduueckux
HU3KOMOJIEKYJISIPHBIX BEIIECTB — KeTOOKOBO-CBSI3BIBAIOIIETOCS  COEMHEHUS
Hoechst 33258 u uHTepkanupytomero nuranga mermwieHoBoro cudero (MC) c
CBIBOPOTOYHBIM aNIbOYMHHOM. [loJydeHBbl CIIeKTphbI MOTJIOMIEHUS] W Pa3HOCTHOTO
MOTJIONICHNS KOMIUIEKCOB YKAa3aHHBIX JIMTAHAOB C MPOTEHHOM. V3MeHeHUs
CIEKTPOB MOTJIOMIEHNUS U Pa3HOCTHOTO TOTJIOIIEHHS YKa3blBAIOT Ha CBS3BIBAHHUE
00oux nuranaoB ¢ ans0yMuHOM. [lonydeHHBIe pe3ynbTaThl yKa3bIBaIOT Ha TO, YTO
Opy  B3aMMOJICHCTBUM C OOOMMH JIUTaHJaMU KOH(OPMAIMIOHHOE COCTOSHHUE
MPOTEeNMHA HM3MEHSETCA, ONHAKO 3TH HM3MEHEHHS HE OIWHAKOBBIC, MOCKOJBKY B
ciydae MC uMeeT MecTo KoMIakTh3aus GoanuHra 6eiKa, B TO BpeMs Kak B cliydae
Hoechst 33258, ckopee Bcero, MpOUCXOIUT aH(OIIMHT KOMIIAKTHON CTPYKTYPhI B
pe3ynbTaTe YaCTHYHON MOTEPH CIUPATBHOCTH O-CTPYKTYD.
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