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4. Apoptosis
5. Isothermal titration calorimetry
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1. Bioactive
2. Bioavailability
3. Whey protein
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6. Aromatic cluster IT
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10. Benesi-Hildebrand

11. Association constant

12. Intercept

13. Slope

14. Molar extinction coefficient
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7. Titration
8. Quenching
9. Stern-Volmer
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15. Molar ellipticity
16. Protein databank
17. Lamarckian genetic algorithm
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Fig 1 Intrinsic fluorescence intensity of a-La in the presence of oleuropein in Trisbuffer, pH 7 at 25 °C (a), 50 °C (b)

and 72 °C (c). Oleuropein concentration was 0, 10, 20, 30, 40, 50, 60, 80 and 100 uM, respectively. The excitation

wavelength was 280 nm. The Stern—Volmer plot and Modified Stern-Volmer plot for quenching fluorescence

intensity of a-lactalbumin-oleuropein complex at 25 °C (a), 50 °C (b) and 72 °C (c). The excitation and emission
wavelengths were 280 nm and 338 nm, respectively.
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Fig 2 Absorption spectra of a-lactalbumin-oleuropein complex at different concentrations of oleuropein at 25 °C (a),
50 °C (b) and 72 °C (c).
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18. Red shift
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Table 1 Native a-lactalbumin and a-lactalbumin-oleuropein complex binding constants as obtained from
UV-Vis spectroscopy at different temperatures.

Compound T=25C T=50°C T=72°C
[ALA]/[OLE] —1:1 14.3x10° M 3.35x10° M’ 3.6x10° M
[ALA]/[OLE] —1:2 1.30x10° M 2.14x10° M 3.34x10° M’
[ALA]/[OLE] —1:3 1.31x10° M™! 1.91x10° M’ 3.2x10° M
[ALA]/[OLE] —1:4 12x10° M™! 1.07x10° M™! 2.31x10° M’
[ALA]/[OLE] —1:5 1.52x10° M! 24x10° M 3.0x10° MM
[ALA]/[OLE] —1:6 1.35x10° M™! 1.15x10° M 2.9x10° M
[ALA]/[OLE] —1:8 1.31x10° M! 1.12x10° M™! 2.83x10° M’
[ALA]/[OLE] —1:10 1.22x10° M! 1.35x10° M"! 2.96x10° M’
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Fig 3 Far-UVCD spectra of a-La-oleuropein complex with the molar ratios of 0, 1, 5 and 10 at pH 7 and 25 °C (a),
50 °C (b) and 72 °C (c).
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21. Random coil
22. Holo- alphalactalbumin
23. Transition state
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Table 2 The secondary structure composition of a-lactalbumin before and after interaction with different
ratios of oleuropein at different temperatures and pH of 7.0. Ala represents a-lactalbumin and OLE
indicates oleuropein.

p-sheet

p-sheet

complex a-helix Antiparallel Parallel B-turn Random coil

ALA (25°C) 42.6% 1+ 2% 12.1% 14.3% 208%
[ALA]g?oLCE)]_’I:I 38.2% 14.6% 102% 15.5% 215%
[ALAVOLE] —1:3 34.6% 162% 11.3% 16% 21.9%

(25°C)
[ALAY/ 5(2)51:](53])_)1:10 29.4% 18.8% 9.3% 18.2% 243%

ALA (50°C) 41.5% 10.8% 8.8% 14.1% 24.8%
[ALA]ggoLCE)]_’I:I 37.5% 14.8% 10.5% 15.1% 22.1%
[ALA]Q[S%%] —1s 33.7% 16.9% 11.8% 152% 22.4%
[ALAJIOLE] =1:10- ¢ (o, 19.1% 9.7% 17.8% 24.8%

(50°C)

ALA (72°C) 41.1% 1% 9.1% 13.8% 25%
[ALA]@?}CE)]_’I:I 36.1% 15.1% 10.7% 132% 24.9%
[ALA]éggoLg)] —1s 33.2% 15% 10.8% 14.9% 26.1%
[ALA]/E%:E])_’I:IO 27.4% 202% 10.1% 17.1% 252%
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26. Epigallocatechin gallate
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Fig 4 a) The molecular docking analysis represents close-up view of the high-affinity site for the binding of OLE
molecule to ALA (PDB ID 116s, chain A): Here, B -sheet structures are illustrated in blue, helix in orange and light
blue and loops in yellow and dark blue. b) LigPlot+ diagram of the interaction between ALA and OLE.
Hydrophobic interactions are dominant in the binding process. The hydrogen bonds are indicated by dashed green
line between Asp44, Asp56 (polar residues) and OLE.
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28. Resveratrol
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The application of carriers is a proper means of improving the transfer and increasing the bioavailability
of bioactive compounds. a-lactalbumin is the second major component of whey protein nutritionally
consisted of Trp, Lys and Cys residues which can be employed as nutraceutical carriers. Oleuropein is a
bioactive compound with pharmaceutical and antioxidant properties which is found abundantly in olive
leaves and at lower levels in olive oil. The current study was undertaken to explore the interaction of a-
lactalbumin-oleuropein complex at 25, 50 and 72 °C at pH 7 by using fluorescent, UV and circular
dichroism spectroscopy techniques together with molecular docking. The results from UV and fluorescent
studies demonstrate that site and binding constant are increased as the temperature increased due to the
change in conformation and rearrangement of protein structure. Moreover, circular dichroism results
depicted that a-helix and B-sheet structures are decreased and increased respectively as a result of
temperature increase up to 72 °C. Ultimately, the molecular docking findings revealed that the best
binding energy for complex formation was about -6.3 kCal/mol and the best binding site was between the
a-helix and B-sheet cleft. The findings give us useful information regarding the interaction of oleuropein
and a-lactalbumin which can be further used to produce functional foods.
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