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It is shown that long-chain fatty acids (palmitate, stearate) can compete with the porphyrins for
binding sites on molecules of serum albumin and hemoglobin, significantly reducing the level of binding of
protein-porphyrin pairs. It is also shown that the main carrier protein of porphyrins in blood is the serum
albumin.

Proteins — fatty acids — porphyrins — serum albumin — hemoglobin — spectroscopy

8nyg £ inpws, np kpupugnpw fwpyupeniubpp (wupdhnhwpenil, unbwuphwpenit) jupnn
ku  dpgulgh] wnpdhphutbph juwwdwb wbknkph hwdwp  ohdnijuyhtt wypnidhth b htdngnphuh
Unkniyubkpnid, hgp qquuphnpkt hokgunud £ uyhinwlynig-ynpbhphtt gnyglph juypdwb wunh&wbp: 8nyg b
npyws bwl, np wpywb dkp wnpdhphuukph hhdtwluw vyhnwlnig mbknuihnhhsp oh&ntuyhts wypnudhii k:

Uy hunwulnighlp — dwpwwppniibp - wynpppphbblp — phdntjuypl uypnidhl -
hlngnphl — vy bunpnulnuypu

ITokaszaro, 4TO [IWHHOIENIOYEYHble >XUPHbIE KHCJIOTHI (IIAJIBMIHOBASs, CTEAPUHOBAsA) MOTYT
KOHKYPHpPOBaTh C HOPGUPHHAMH 32 MECTa CBA3BIBAHUA Ha MOJIEKYJIaX CHBIBOPOTOYHOTO aIbOyMUHA K
TeMOrJI06MHA, YTO 3HAYUTENTBPHO CHIDKAET YPOBEHb CBs3bIBAHWS Iapsl Gemok-mopdupuH. Ilokaszano
TaKXKe, YTO OCHOBHBIM GeJIKOM-HOCHUTeIeM TOPQUPHUHOB B KPOBH ABJIAETCS CHIBOPO-TOYHBIH alb0yMUH.

Benxu — srcupmvle Kuciomul — nopupuHbl - Cb160pOMOUHbLIL ANLOYMUH — 2eMo2100un
— CNeKmpOoCKonus

Blood proteome is a medium, which rapidly respond to a variety of changes in an or-
ganism, including diseases. In photodynamic therapy of tumors (PDT) binding and delivery of
photosensitizers (PS) to the tumor is one of the important tasks of this method [7]. Delivery of PS
was implemented through the blood and such proteins as serum albumin, hemoglobin, and
lipoproteins play a key role in this problem [1, 9, 10, 12]. Presence of ligands, including fatty
acids, greatly complicates the solution of tasks in relation to the possible competition of the two
ligands (porphyrin and fatty acid) for binding sites on carrier proteins. Among photosensitizers
for photodynamic therapy of the most actively being explored cationic porphyrins [7, 13].
Previously methods were developed and a series of cationic porphyrins with different peripheral groups and
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central metals (more than 80 compounds) were synthesized [11, 3]. The aim of this study was to
investigate the influence of long-chain fatty acids (FA) on the binding of porphyrins to
macromolecule of carrier proteins and determination of the most probable carrier protein of
porphyrins in the blood.

Presented problems we solved in two steps: 1) study the photophysical properties of
porphyrins and selection of suitable porphyrins by criterion of generation of singlet oxygen and
2) study of the binding of selected porphyrins to carrier proteins. To solve the problems of the
first stage the studies and detailed analysis of the photophysical properties of new porphyrins and
metalloporphyrins (total 21 compounds) were conducted. The problems of the second stage were
resolved via methods of optical spectroscopy and molecular docking.

Materials and methods. Bovine serum albumin (BSA), bovine serum albumin free fatty acid
(BCA, FFA), human serum albumin-free fatty acid (HSA), human hemoglobin (Hb), sodium salts of fatty
acids (palmitic and stearic) were purchased from Sigma-Aldrich Chemical Co. (USA). Water-soluble
cationic porphyrins and metalloporphyrins with different central metal atoms (Zn, Ag, Co, Fe, Mn, Cu, etc.)
and various peripheral functional groups (hydroxyethyl-, butyl-, allyl-, methallyl-) were synthesized at the
Yerevan State Medical University in accordance with the procedures described in [11, 3]. The structure of
synthesized compounds was investigated and confirmed by NMR, IR, and absorption spectroscopy. In fig. 1
shows the basic structure of the investigated porphyrins:

M =H,, Ag(Il), Zn(ID), Cu(ID), Ni(II), Pd(IL)

R= CH,-CH,-CH,-CH; TBut4PyP _\j
R= CH,-CH,-OH TOEt4PyP e o
R= CH,-CH=CH, TAII4PyP it

X =Cl,Br, NOs

Fig.1. Basic structure of cationic porphyrins.

All other reagents were analytical clean grade.

For studies of photophysical properties of porphyrin solutions were prepared in distilled water and
studied at room temperature in 10 mm quartz cuvette. To determine the fluorescence quantum yield we used
a relative method. As a standard solution we used of Zn-tetraphenylporphin in toluene with the fluorescence
quantum yield 3.0%. The quantum yields of singlet oxygen (y,) we were determined by a relative method.
As a standard we used meso-tetra [4-N-metilpiridil] porphyrin (TM4PyP) with y, = 77% [2].

Luminescence spectra were recorded on the laser fluorometer, created in the laboratory of Photonics
of molecules of the Institute of Physics, NAS of Belarus. In standard configuration, excitation of samples
was carrying out by laser pulses with energies of 4 uJ and duration 0.7 ns, with the frequency of 1 kHz at a
wavelength of 531 nm.

Absorption spectra and binding constants of porphyrins with proteins was determined by the method
described in [5]. Fatty acids were injected with the proteins in the appropriate ratio (the ratio of protein-fatty
acid ranged from 1:1 to 1:5). The binding constant (K) of protein-porphyrin pairs (as well as protein-
porphyrin-fatty acid) was determined by analyzing the decrease in the absorption of the Soret band when
increasing concentrations of the corresponding protein (or protein-fatty acid) were added to the porphyrin
solution, according to the modified equation of Kapp et al. [8]:

AJAA=11K[Cpoi] + UF 1

where A, and A are the porphyrin solution absorbance in the absence and presence of the protein,
respectively. The value of K was defined from an adsorption isotherm. On the adsorption isotherm A /A,-A
(ordinate) vs. 1/[C,yo] (abscissa), the value 1/fis a segment on the axis A,/A,-A
corresponding to a point 1/[Cp] = 0.
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The experimental results were statistically processed using a Student test.

Results and Discussion. /. Luminescent properties of new cationic porphyrins. For all 21
compounds absorption and fluorescence spectra were measured. Moreover, for all complexes of
metalloporphyrins containing atoms of Co, Ag, Fe and Cu, were not found own glow of complex
or the impurity luminescence of free-base porphyrin. For other compounds - free porphyrins and
their complexes with Zn atoms characteristically a significant fluorescence. All the studied
compounds were photostable.

2. The quantum yields of singlet oxygen and triplet characteristics of water-soluble
cationic porphyrins. From the set of all new porphyrins maximum close of spectral absorption
characteristics to the known porphyrin TM4PyP had TBut4PyP. The quantum yields of singlet
oxygen, and kinetic characteristics of the glow of singlet oxygen for TM4PyP were investigated
in tris-buffer and for TBut4PyP in various aqueous solutions (tris-buffer, deionized, distilled and
redistilled water): for TM4PyP y,=77%, for TBut4PyP y,=78-79%. Table 1 shows the quantum
yields of singlet oxygen, and kinetic characteristics of the glow of singlet oxygen of solution of
zinc porphyrin complexes which investigated in distilled water at room temperature.

We note that there are the differences in rise time (tr) of signal of singlet oxygen for 3-N-
pyridyl and 4-N-pyridyl of derivatives and of free bases. In solutions of metalloporphyrins
similar were only durations of Iuminescence quenching of singlet oxygen (t,). Perhaps the
introduction of the metal ion has significantly changed the triplet characteristics of porphyrins,
which reflected in the differing for all metallocomplexes values v, and tr.

Table 1*. The quantum yields of singlet oxygen production of porphyrins

Compound Ya, Yo Tr, mKs Tp, MKS
H,TByt4PyP 78 1.9 3.7
ZnTByt4PyP 90 2.7 3.9
ZnTByt3PyP 84 3.0 3.9
ZnTOEt4PyP 87 2.8 3.7
ZnTOEt3PyP 87 2.5 3.6
ZnTAII4PyP 91 2.6 3.7

*The sta

ndard deviation does not exceed 5%

3. The influence of fatty acids on the binding of porphyrins with carrier proteins.
Previously [4-6], we investigated the binding of cationic porphyrins with carrier-proteins of
ligands in the blood (serum albumin and hemoglobin) and it was shown that the binding is non-
specific and reversible, and also depends on the pH. So for ZnTByt4PyP porphyrin the binding
constants with BSA changed from 6.0x10* M to 2.0x10° M™" at pH 4.0 and 9.5, respectively [5].
Relatively low binding constants of porphyrins and metalloporphyrins (0.95-3.5x10° M™)
indicate the electrostatic character of interactions of cationic porphyrins with negatively charged
molecule of BSA [4]. At the same time it is well known that a major function of serum albumin
in blood is the binding and transport of fatty acids. In this connection we investigated the effect
of long chain fatty acids (palmitic and stearic) on binding of porphyrins with carrier-proteins.
Using the received binding constants for the two porphyrins (TBut4PyP and Zn-TBut4PyP) and two
proteins (HSA Fatty Acid free and Hb) in the absence of fatty acids [5, 6], we assessed changes in the
binding constant in the presence of fatty acids (palmitic and stearic). The results for two proteins and two
porphyrins indicate a clear tendency to reduce the binding constant with increasing ratio fatty acid/protein in a
solution of porphyrin (tab. 2 and 3). In this case, the binding constant of pair porphyrin TBut4PyP-HAS with
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competition of fatty acid (at a ratio of fatty acid/protein = 1:1) according spectral data is reduced
in the 1.3-1.6 times, whereas for Hb the decrease is more significant: in the 2.2-2.4 times. From
these data an important conclusion follows that the fatty acids (palmitic and stearic) play an
essential role in the binding of ligands for SA and Hb. Tables testifies also that binding with
porphyrins in the presence of fatty acids compared with the BSA in the case of Hb in solution
occurs the more significant decrease of binding constants. This testifies that the main carrier
protein of porphyrins in blood is serum albumin.

Table2*. Evaluation of binding constants for HSA/porphyrin pairs in the
presence of fatty acids.

* Each value
e HSA (Zn-TBut4PyP) HSA (TBut4PyP)
Ratio FA: K (x10°M™) K (x10°M™)
protein Na palmitate Na stearate Na palmitate Na stearate

1:1 2.07 1.68 2.43 1.87

2:1 1.65 1.47 0.77 1.02

4:1 1.11 1.22 0.70 0.64

5:1 0.74 1.0 0.31 0.57

average of 4 experiments. The standard deviation does not exceed 5%.

Table3*. Evaluation of binding constants for human Hb/porphyrin pairs in the presence
of fatty acids.

Ratio FA: Hb (Zn-TBut4PyP) Hb (TBut4PyP)

protein K (x10° M) K (x10° M™)
Na palmitate Na stearate Na palmitate Na stearate
1:1 1.35 1.28 1.36 1.24
2:1 1.08 1.26 1.23 1.18
4:1 0.81 1.19 1.14 1.15
5:1 0.69 1.05 0.92 0.86
*

Each value is the average of 4 experiments. The standard deviation does not exceed 5%.

Based on studies of photophysical and spectral properties of porphyrins have made the
following conclusions:

1. Free base porphyrins and their zinc complexes exhibits high photosensitizing activity.

2. The nature of the aqueous solution has no effect on the high efficiency of singled
oxygen of studied porphyrins.

3. The most promising porphyrins for photodynamic investigations by criterion of ge-
nerating singlet oxygen are metalloporphyrins ZnTByt4PyP and ZnTAIlI4PyP.

4. It is shown that long-chain fatty acids (palmitate, stearate) can compete with the
porphyrins for binding sites on molecules of serum albumin and hemoglobin, significantly
reducing the level of binding of protein-porphyrin pair. This fact should be considered when
applied the method of PDT of tumor and photosensitizer dose calculations must consider the
level of fatty acids in blood.

5. Results testify that binding with porphyrins in the presence of fatty acids compared
with the BSA in the case of Hb in solution occur the more significant decrease of binding
constants. This testifies that the main carrier protein of porphyrins in blood is serum albumin.

This work was supported by grants from the State Committee of Science of the Ministry
of Education and Science of Armenia (Project 11RB-016) and the Foundation for Fundamental
Research of the Republic of Belarus (Project F11ARM-017).
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