Interactions of amino acids with aluminum octacarboxyphthalocyanine hydroxide. Experimental and DFT studies.
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SUPPLEMENTARY MATERIALS
 Experimental

Materials 

The phosphate buffer (pH 8.0) was prepared using grade sodium hydrogen phosphate dodecahydrate (Na2HPO4·12H2O) and sodium dihydrogen phosphate dihydrate, (NaH2PO4·2H2O), POCH Gliwice. Bovine serum albumin (BSA) – crystallized, freeze-dried, min. albumin content of 98%, was purchased from POCH Gliwice; glycine from Argon – Łódź; L-cysteine from Loba Chemie; L-histidine from Chemapol, L-serine from Reanal; L-tryptophan from Reanal. Pyromellitic dianhydride (benzene-1,2,4,5-tetracarboxylic dianhydride), DBU, Al2O3 a.p. Merck, urea, AlCl3, acetone, HCl,  H2SO4, NaOH a.p. grade were purchased from POCH Gliwice. The Britton–Robinson buffer was prepared from acetic acid, orthophosphoric acid, boric acid and sodium hydroxide, all a.p., POCh Gliwice.

Measurements

Ultraviolet–Visible (UV–Vis) spectra were recorded using Jasco V-650 spectrophotometer. The spectra were measured at 25(C or 37(C in 10 mm quartz cells. The exposition of the solutions on visible light was carried out using the LED lamp by OPTELOPOLE, λmax=685nm, intensity 6.4 mW/cm2 at 25(C or 37(C. For comparison, the solutions were also exposure to daylight (UV portion 2µW/cm2). All measurements were conducted in the phosphate buffer at a pH 8.0. Julabo F25 thermostat was used for temperature control. A CP-315M pH-meter from Elmetron Poland was used for pH measurements. The research was carried out for Al(OH)PcOC concentration 5·10-6mol/dm3 and 1·10-5 mol/dm3. In the sample amino acid concentration was 2·10-3mol/dm3 and albumin concentration was 0.27mg/ml. Albumin was dissolved in 0.9% NaCl solution. Steady-state luminescence spectra of solution samples were measured on the FLS-980 fluorescence spectrophotometer equipped with a 450 W Xe lamp and high-gain photomultiplier PMT + 500nm (Hamamatsu, R928P) detector. The emission spectra were measured in 10.00 mm quartz cells.  Fluorescence excitation spectra were recorded on Hitachi F-7000 Spectrofluorometer.

Theoretical calculations 

Unconstrained geometry optimization of the molecular structures of Al(OH)PcOC complexes with selected amino acids (in the zwitterionic form) were performed using the Gaussian 09 program [26]. Density functional theory (DFT) method was applied using the hybrid functional B3LYP [27,28] and the 6-31G(d) basis set on all the atoms. This widely used and efficient B3LYP functional demonstrated high accuracy in many real-world problems [29,30] and has been recognized as probably the best compromise between computational cost and accuracy for relatively large systems, such as metalloporphyrins or metallophthalocyanines. This was also demonstrated in our recently published works [31,32]. To study the solvent effects on selected properties of Al(OH)PcOC complexes the polarized continuum model (PCM) [33,34] within the self-consistent reaction field (SCRF) was used to model the water phase. In all cases, fully optimized structures are characterized by computing second energy derivatives. The energy of interaction was evaluated from energy differences between complex and its individual components and was corrected using the counterpoise (CP) procedure of Boys and Bernardi [35]. The energies and intensities of electronic transitions were calculated employing TD-DFT methods at the CAM-B3LYP/6-31G(d) [36] level of theory. The spectra were calculated in water for 40 excited states by employing the polarizable continuum model (PCM method). 
Binding of aluminium octacarboxyphthalocyanine hydroxide complex with amino acid and albumin
Research of the fluorescence quenching of the amino acid (tryptophan) and albumin was conducted by the addition of increasing concentrations of aluminum octacarboxyphthalocyanine hydroxide (Al(OH)PcOC) at a fixed concentration of amino acid and albumin. The concentration of Al(OH)PcOC varied in the range of from 1.62(10-6 to 8.08(10-6 M, while that concentration of tryptophan was kept constant at 2(10-4 M. However, in the case of measuring the albumin, concentration of Al(OH)PcOC changed in the range of from 2.80(10-6 to 1.00(10-5 M, while that concentration of albumin was kept constant at 2 mg/ml.  The measurements were carried out in buffers (phosphate buffer) at constant pH = 8.00. A sample of tryptophan was excited at 290 nm, and the fluorescence spectra were measured in the range 295 to 500 nm. The fluorescence of tryptophan exhibits at (max=347 nm (Fig. 1). Fig. 1b shows the change in the fluorescence emission spectra of tryptophan after the addition of different concentrations of aluminum octacarboxyphthalocyanine hydroxide. Tryptophan and Al(OH)PcOC complex exhibits common fluorescence quenching (Fig. 1). Decreasing fluorescence intensity of tryptophan with increasing concentration of Al(OH)PcOC complex was used to determine the binding constants (Kb) and the number of binding sites (n) on tryptophan, according to Eq. 1 [23]
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where F0 and F are the fluorescence intensities of tryptophan in the absence and presence of Al(OH)PcOC complex; F∞, the fluorescence intensity of tryptophan saturated with Al(OH)PcOC complex; Kb, the binding constant; ‘n’, the number of binding sites on a tryptophan molecule; and [Pc] the concentration of Al(OH)PcOC complex. Plots of log[(F0-F)-(F-F∞)] against log [Pc]` provide the values of ‘n’ and Kb. A linear relationship was obtained by the equation y=1,6101+8,5228 (R2=0,9969). The value of Kb is 3.34(108 M-1 and it is higher than the Kb for interaction BSA-MPC, and the value of ‘n’ is 1.61 [48]. This suggests that the resulting complex Al(OH)PcOC strongly associated with tryptophan, further Al(OH)PcOC forms a tryptophan adduct 1: 1.6. The BSA exhibits the fluorescence at 334 nm and it can be attributed to tryptophan residues in the molecule. (Fig. 1b). The number of binding sites indicates the Al(OH)PcOC and BSA create adducts with 1:1.6 stoichiometry. The value of Kb is 1.06(108 M-1. 
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Fig. 1a Fluorescence emission spectral changes of tryptophan (c=2(10-4 M) on addition of varying concentrations of Al(OH)PcOC complex in phosphate buffered solution (pH=8,0). [Al(OH)PcOC]: 1) 2,0(10-6 M; 2) 4,0(10-6M 3) 6.0(10-6 M 4) 8.0(10-6M; 5)  1,0(10-5M; 6) saturated with Al(OH)PcOC
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Fig. 2a Determination of Al(OH)PcOC- tryptophan binding constant.  [tryp] c=2(10-4 M; [Al(OH)PcOC]: 2,0(10-6 M; 2) 4,0(10-6M 3) 6.0(10-6 M 4) 8.0(10-6M; 5)  1,0(10-5M;  in phosphate buffered solution (pH=8,0) 
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Fig. 1b Fluorescence emission spectral changes of albumin (c=2 mg/ml) on addition of varying concentrations of Al(OH)PcOC complex in phosphate buffered solution (pH=8,0). [Al(OH)PcOC]: 1) 2,8(10-6 M; 2) 4,0(10-6M 3) 4,8(10-6 M 4) 6,8(10-6M; 5) 8,0(10-6M; 6) 1,0(10-5M; 7) saturated with Al(OH)PcOC
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Fig. 2b Determination of Al(OH)PcOC- albumin binding constant.  [albumin] c=2 mg/ml; [Al(OH)PcOC]: 1) 2,8(10-6 M; 2) 4,0(10-6M 3) 4,8(10-6 M 4) 6,8(10-6M; 5) 8,0(10-6M; 6) 1,0(10-5M; in phosphate buffered solution (pH=8,0) 
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