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It is shown that methods of the fluorescent speatralysis allow determi-
ning the binding constants of porphyrins with ttevine serum albumin (BSA)
and their localization on the protein globule cotiyeenough. Low values of bin-
ding constants of cationic porphyrins prove somptd porphyrins on the surface
of proteins.

Cationic porphyrins — serum albumin — fluorescgrgcroscopy
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IlokazaHo, 4TO MeTOABI (HIIyOPECIEHTHOTO aHAIH3a MTO3BOJITIOT JOCTaTOYHO
KOPPEKTHO ONpPEeIISITh KOHCTAHTHI CBSI3bIBAHUS MOPGUPHHOB C OBIYBUM CHIBOPO-
tourbiM anpOymuHoM (BCA) 1 ux nokamusanuio Ha GenkoBoit roOyie. Huskie
3HAUEHHs] KOHCTAHT CBSA3BIBAHUS KAaTHOHHBIX MOP(GUPHHOB CBUAECTENLCTBYIOT O
copOuun mopHUPHHOB HA OBEPXHOCTHU OeJIKa.

Kamuonnvie nopghupunet - cbiéopomounsiii anbOymun - hyopecyeHmnas CneKmpocKonus

The use of visible light in combination with adnstmation of the
photosensitizing drug is the key feature of photadyic therapy of tumors (PDT) [3, 7].
Photosensitizers (PSs) which show high selectivitgccumulation in relation to tumor
cells and tissues are introduced into the orgamiEthe patient and then the tumor area
is being illuminated by light. PSs excited by ligeacting with surrounding molecules
generate radicals and reactive oxygen species wigstroy tumors due to cytotoxicity
[3, 7]. The photosensitizers of cationic naturesitally porphyrin-related compounds)
show especially high selectiviig vivo [18]. The main carriers of porphyrins are large
proteins of blood (serum albumin and hemoglobinP[@ and also high and low density
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lipoproteins [12, 14]. Serum albumin plays an imaot role in the system of blood
plasma proteins in the context of its relativielyge quantities (about 60 % of plasma
proteins) as well as of its functions (binding ammdnsport of fatty acids, steroids,
porphyrins, bilirubin, thyroxin, etc.) [19]. Thenaiof the present work was a study of
binding of new cationic porphyrins [17, 10] to bo&i serum albumin in vitro and
determination of binding constants of porphyrintpio complex by a method of
fluorescent spectroscopy.

Material and Methods.BSA was purchased from Sigma-Aldrich Chemical GdSA).
New water-soluble cationic porphyrins and metallpbgrins with different central atoms of
metal (Zn, Ag, Co, Fe, Mn, Cu, etc.) and differpetipheral functional groups (oxyethyl, butyl,
allyl, and methallyl) were synthesized at the Yarewstate Medical University according to the
methods described in works [17, 10]. The followBigiew cationic porphyrins and metallopor-
phyrins were used in the present work: meso-tetil-{2 -oxyethyl) pyridyl]porphyrin
(TOE4PyP), Zn-TOE4PyP; meso-tetra-[4-N-(2’-butyyigyl]porphyrin (TBut4PyP), Zn-TBut4PyP;
meso-tetra-[4-N-(2 -allyl)pyridyl] porphyrin (TAIRyP), Zn-TAIll4PyP, Co-TAll4PyP; Co-meso-
tetra-[4-N-(2°-methallyl) pyridyl]porphyrin (Co-TMAII4PyP). The binding ability of these pre-
parations was compared with the well-known photsgizer chlorines (Chl, "The enterprise on
manufacture of diagnostic and medicinal preparatioMinsk, Belorussia). All other reagents
were of analytical grade

The concentration of BSA in a solution was regulaby absorption (A) on 279 nm
considering the absorption of its 1 % solution éAb;¢ = 6.67 [21].

Fluorescent emission spectra of BSA solution an8-p8rphyrin complex were measured
with ETC-273 FP-6500 spectrofluorometer (JASCOadqpn 1 cm quartz cell and recorded in a
region from 300 to 450 nm (excitation at 295 nmheTbinding of the porphyrins to BSA was
studied by titration of the protein with increasicgncentrations of the porphyrins and monitoring
the changes in the florescence spectra of protimd versus free porphyrin. For the quantitative
analysis of the interaction between porphyrins VB®BA, the Stern—-Volmer equation was used.
For static quenching, fluorescence quenching carermdyzed using modified Stern—Volmer
relation [16]:

lo/lo-l=1/fK[Cp] + 1/f (1)

where | and J are the fluorescence intensities of BSA in thespnee and absence of quencher
(porphyrin), respectively; K is the Stern—Volmeregohing constant and [Cis quencher
concentration; f is the fraction of the initial ditescence accessible to quencher. The plots of
lo /lo-1 versus 1/[Q] yields 1/f as the intercept, and 1/fK as thepsl In a number of works it
was shown that the binding constant in the reaatiboomplex formation was the constant of
static quenching which arose from the formationaoflark complex between fluorophore and
guencher [2, 8]. Proceeding from these results wecansider that determining Stern-Volmer
constant K we determine protein-porphyrin bindingstants.

When determining the values | and lo of the fluoesd intensity we used the software of
spectra processing "Spectra Manager for SpectrdysisaVersion 1.53.00, JASCO Corporation,
2000 ". This program corrects the value of fluoeggantensity | in view of spectra asymmetry
and deviation from a base (zero) line. The valuK & determined according to relation of Stern—
Volmer (1). The results of experiments have beercessed statistically with use of Student
criterion.

Results and Discussiont is proven that the photosensitizers upon adnration
distribute and bind to serum proteins [12.] There &o complementary spectral
methods for research of the protein binding torldje vitro: absorption and fluorescent
spectroscopy. The method of absorption spectrossbyyved that study of protein-
ligand binding should be carried out at sufficigtlw concentration of proteins because
of their possible dimerization and polymerizatidnlazger concentrations. In this case
formation of isosbestic point (the common pointspectral curves intersection) is a
good criterion of two-component system (the protaid ligand monomers) presence in
the solution [1]. The investigations carried outliea by the method of absorption
spectroscopy demonstrated the competence of sugppanach; the binding constants
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of new cationic porphyrins with some blood protefesrum albumin and hemoglobin)
were obtained [13, 20]. However the investigatiohthis kind by the method of absorp-
tion spectroscopy at low concentration of proteires limited by the factor of sensitivity
of measurements. The method of fluorescent specpgsis considerably more sensitive
than absorption spectroscopy and allows registedngignal from 18’ M of a
fluorescent substance solution [5]. To preservedirdependence of fluorescence signal
strength (I) and concentration of substange the optical density of solution A scL
should be less than 0. {s a molecular factor of extinction, L is a thigss of a
solution layer) [5]. The concentration of BSA wagial to 1.5x16 M in all experiments
with studying of BSA solution titration by solutisnof various porphyrins which
corresponds to absorption value of A = 0.0667 < B.lypical series of fluorescence
spectra of BSA solution (in 0.01 M the phosphatidipH 7.2) is presented in Fig. 1 at
titration by increasing concentrations of porphyAn-TOE4PyP (ratio Lopn / Coror =
0.88; 1.31; 2.36; 3.77; 5.17; 9.61; 17.93).
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Figure 1. Fluorescence spectra.{. = 295 nm) obtained via titration of BSA solutioithv
porphyrin Zn-TOE4PyP (the top curve is a spectriB ®A fluorescence without addition of
porphyrin, decreasing curves are the fluorescehBSa-porphyrin complex upon addition of

increasing concentration of porphyrin).

For determination of binding constarKsaccording to relation of Stern—Volmer
(1) the adsorption isotherms in coordinatg$,-1 vs 1/[Gyorp] have been plotted. In
Fig. 2 experimentally obtained valuegl 4| for increasing concentrations of porphyrin
Zn-TOE4PyP at the wave length which correspondhé¢opoint of BSA fluorescence
maximum {emiss = 345 nm) are presented as points. The points haga obtained via
the program of spectra processing "Spectra Manage®pectra Analysis, ver. 1.53.00,
JASCO Corporation, 2000" which also considered filaet of small dilution of a
porphyrin solution at each step of the protein nettion addition.

According to the above-stated, the binding consi@)jt to BSA has been
determined for each investigated porphyrin. Theultesof determination of binding
constants for 8 new porphyrins and metalloporplsyras well as for the known
photosensitizer chloriss (Chl) to the BSA are presented in Table 1.

From the results of the Table 1 it follows, that thetalloporphyrins bind a little
bit better than porphyrins without metal (except m-TOE4PyP). The high binding
constant of Chl with BSA is close to results of w¢t5] in which the binding constant
of BSA with Chl was obtained via two independentimels of the fluorescent analysis.
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The constant of static fluorescence quenchifig= 4.110° M™) determined from
the data on quenching of protein fluorescence,tipadly coincides with the binding
constant
(Kping = 3.610° M™), found from the polarizing measurements of Chiihescence [15].
Such coincidence of results testifies to practychlll quenching of protein fluorescence
at incorporation of Chl in the protein globule. Qlata together with the results of work
[15], and also with present-day ideas about bindihgeme in subdomain | B of serum
albumin [9] allow drawing the conclusion on incorgtion of chlorine6 in nonpolar
(hydrophobic/waterproof) sites of a protein matrix.
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Fig. 2. Absorption isotherm of metalloporphyrin Zn-TOE4PgFBSA

Table 1. The binding constants of porphyrins and metallppgrins to BSA

NN | Porphyrins and metalloporphyrirs BSA KxQMY
1. TOEt4PyP 3.48+0.21
2. Zn-TOEt4PyP 1.01 £0.05
3. TBut4PyP 0.95 + 0.05
4, Zn-TBut4PyP 2.29+0.14
5. TAI4PyP 1.01 £0.05
6. Zn-TAll4PyP 1.02 £0.05
7. Co-TAll4PyP 2.25+0.13
8. Co-TMetAll4PyP 1.95+0.12
9. Chlorin ¢ 6.44 £ 0.32

Relatively lower values of cationic porphyrins bimgl constants (0.95-3.5x101%)
prove absorption of porphyrins on the surface aoftgins and also binding electrostatic
character of porphyrins positively charged groujth wegatively charged amino acids
residues on a surface of BSAf#t 7.4 negative charge of SA is equal to 18 [4])eJé
results are also in agreement with conclusionsark13] that being positively charged
the cationic porphyrins bind on surface of BSA ard not capable of getting into
hydrophobic subdomains of BSA.

Thus, methods of the fluorescent analysis allowermeining the binding
constants of porphyrins with protein and the porptsylocalization on protein globule
correctly enough. Electrostatic character of porpisybinding to SA, probably, allows
them to compete with fatty acids for binding plaaes albumin; the method of the
fluorescent analysis is perspective for studying phocesses of competitive binding of
these substances on serum albumin.
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