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Thermal denaturing of human hemoglobin (HHb) in the presence of tannic
acid (TA) was studied by fluorescence and UV/vis spectroscopy in 30-66°C
temperature range. To study more detailed structural changes in HHb molecule
caused by temperature rise in the presence of TA, the excitation/emission fluores-
cence (3D spectra) matrix method has been used. It has been shown, that the
increase of temperature causes more pronounced structural changes in the flexible
areas of protein containing aromatic amino acids than in the rigid a, £ polypeptide
chains. It was revealed that the presence of TA causes structural changes in HHb.
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Introduction. Human hemoglobin (HHb) and human serum albumin (HSA)
are the two major blood protein components in human circulatory system and
erythrocytes. These proteins can reversibly bound several endogenous and exoge-
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nous agents and, hence, responsible for

distribution through the circulation [1].

HO_  OH HHD is a globular tetramer protein com-

OH prised of two a- and two S-subunits,

o bounded non-covalently. Each of a- and

0 [S-subunits is comprised of 141 and 146
o@w amino acid residues respectively. This
° - is denoted as a,f, in which a-Trp",
o S-Trp" and 5-Trp’” are located [2]. The

0 subunits are structurally similar and of

g OHJ_Q ' about the same size. Since the four
O chains are stabilized by weak non-

covalent interactions, the biologically

active tetramers can easily undergo
HO'  OH dissociation. Exposure to temperatures

OH

around 50°C, therefore, leads to rapid irreversible denaturation followed by
precipitation [3].
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Tannic acid (TA) is a natural gallotannin and is comprised of a
pentagalloylglucose core esterified at all functional hydroxyl groups with gallic
acid molecules (see Scheme) [4]. TA belongs to the class of hydrolysable tannins
and is found in numerous plants and foods. It generally can be extracted from grape
seeds. TA is known as an effective antioxidant, antimicrobial/antiviral agent, which
binds to blood proteins [5—8]. The binding of a ligand to HSA and HHb can
stabilize or destabilize the protein structure.

Fluorescence emission and UV/vis absorption spectroscopy are informative
and sensitive methods for the studies dealing with structural changes caused by
binding of ligands and external factors (temperature, pH, presence of additives).

In order to gain the effect of high temperatures on HHb structure in the
presence of TA, we have studied thermal denaturing of the protein in 30-66°C
temperature range using fluorescence and UV/vis spectroscopy.

Materials and Methods. HHb and TA were purchased from “Sigma
Aldrich Ltd”. All other materials and reagents were of analytical grade. HHb was
desalted by Sephadex-G25 column. Double distilled water was used for the
preparation of solutions. HHb and TA solutions were prepared in 0.2 M phosphate
buffer (pH=7.2).

UVis Spectroscopy Measurements. The UV/vis studies were perfomed
using a Specord 50 UV/vis spectrophotometer (Germany) equipped with a water
circulating thermostat LAUDA. The UV/vis spectra were recorded with a 1.0 cm
quarz cell in the range of 250—500 nm. Thermal denaturation of HHb in the presen-
ce of TA was studied in the 36.6-66.0°C temperature range. These experiments
were carried out by keeping the concentration of HHb constant (3.956:10° M),
while the concentration of TA was varied 4.08:10°-1.65-10° M. The thermal
denaturation curves of HHbD in the presence of TA were normalized (from 0 to 1).
Each sample of TA-HHb was measured after reaching the equilibrium state.
Temperature scanning rate: 1°C /min.

Fluorescence Spectroscopy Measurements. The fluorescence spectroscopy
measurements were performed using Cary Varian Eclipse fluorescence spectro-
photometer (Australia), which is also equipped with a water circulating thermostat.
The 3D spectra of HHb were recorded in the temperature range of 30—66°C.
Temperature scanning rate was 1°C/min. The 3D spectra were recorded under the
following conditions: A.,=200—400 nm, 1,=200 nm, Adi,e=10 nm, number of scans
26; entrance and exit slit width 10 nm. Concentration of HHb was 3.95-10°° M.

Each experiment was performed triply and the average data were used for
analysis. Origin 8.0 software was used to construct the graphs.

Results and Discussion.

Fluorescence Studies. Using the fluorescence approach, many authors have
reported movements of aromatic Tyr and Trp residues in various proteins and
focused on the dynamics of particular area within the protein [5—7]. Indeed, the
various regions of proteins cannot have the same dynamic behavior and should be
more or less sensitive to thermal energy. The present study introduces a new chance
of using 3D fluorescence spectra to compare the temperature dependence of particular
areas of proteins. We have used this method to study thermal denaturing of HSA in
the presence of potassium chloride in the temperature interval 36-90°C [8, 9].
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Fig. 1. 3D projections of the fluorescence spectra of HHD, CHHb=3.95~1076M: a—30;b-50;c—66°C.

Spectral characteristics of fluorescence 3D spectra for thermal denaturating of HHb

Peak 1 Peak 2
t,°C A A
. , nm AL, nm F . , nm AL, nm F

30 230/333 103 369.64 280/333 53 320.1

34 230/332 102 364.9 280/335 55 322.65
38 230/332 102 367.16 280/336 56 328.75
42 230/334 104 362.82 280/336 56 329.31
46 230/334 104 358.11 280/337 57 328.08
50 230/335 105 338.78 280/339 59 314.01
54 230/335 105 324.16 280/339 59 295.00
58 230/335 105 301.2 280/339 59 268.77
62 230/335 105 276.12 280/339 59 238.35
66 230/335 105 229.51 280/339 59 219.03
70 230/335 105 245.04 280/339 59 213.63
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The fluorescence 3D spectra of HHb are described by two peaks: peak 1 at
Aex/Aem=230/335 (nm) characterizes the fluorescence behavior of polypeptide
chains of HHb and peak 2 at Ae/Aen,=280/339 (nm) characterizes the aromatic
amino acid residues Trp, Tyr and Phe (Fig. 1). Decrease in the values of
fluorescence intensities of these two peaks with temperature increase and a
pronounced shift in 6 nm for peak 2 is mentioned. On the bases of 3D spectra we
have constructed the fluorescent profiles of HHb thermal denaturation (Fig. 2),
using intensities of peak 1 (Aex/Aem=230/335 nm) and peak 2 (Aex/Aem=280/339 nm).
The curve 1 (Aex/Aem=230/335 nm) is shifted to higher temperature range compared
with curve 2 (Aex/Aem=280/339 nm). The analysis of these facts revealed that increase
of temperature causes more pronounced structural changes in the flexible areas of
protein containing aromatic amino acids than in the rigid a, § polypeptide chains.

F, au.
1
360
3201
280+
Fig. 2. Fluorescent profiles for thermal

2404 denaturation of HHb:

1 — Aex/Aem= 230/335 nm;
200 : : : : 2— icx Mcm =280/338 nm;

30 40 50 60 70 t,°C Cin = 3.95-10° M.

UV/vis Studies. UV/vis spectrum of HHb in the rage of 250-500 nm is
described by two peaks at around 1=280 and A=407 nm. The peak at 280 nm
corresponds to Trp residues and the . Foau
peak at 407 nm to heme group [3]. 129 =
Denaturation of HHb  causes ] 3 22
changes in light absorption in ]
UV/vis region. For HHb denatu- °°]
ration studies we have followed the |
optical density change at 280 nm.
With the increase of temperature |
(36.6-66.0°C) intensity of this peak o2+
increases, from which denotes the
protein denaturing. On the basis of

04

0,04

obtained data the UV/vis melting R R ®m R S
profiles of HHb in the presence of  Fig. 3. The melting curves of HHb at the présence of
TA have been constructed (Fig. 3). TA. Concentration of TA:

The curves 1-3 are characterized by 1-0; 2-4.0810°M; 3-8.17-10° M.

sigmoidal shape. T, values of HHb thermal denaturation have been determined
as a midpoint of curve to be 51.10 (£0.19), 50.02 (x£0.14) and 47.40°C (£0.06)
respectively.

At higher concentrations of TA (>10~° M) sigmoidal form of melting profiles
is collapsed as a result of protein aggregation and precipitation. As it follows from
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Fig. 3, in the presence of TA the melting curves shift to the region of low
temperatures with decreasing 7,,. It means that TA itself causes structural changes
in HHb.

Conclusion. Fluorescence and electronic absorption spectroscopy in the UV
region was used to study thermal denaturation (30-66°C) of HHb in the presence
of TA. Temperature rise and the presence of TA cause denaturation of HHD.
Excitation/emission fluorescence (3D spectra) matrix method can be used to
determine structural changes in various areas of protein especially in parts
containing aromatic amino acids and rigid a, S polypeptide chains.

Received 01.02.2014

REFERENCES

1. Lopes G.K.B., Schulman H.M., Hermes-Lima M. Polyphenol Tannic Acid Inhibits Hydroxyl
Radical Formation from Fenton Reaction by Complexing Ferrous lon. // Biochimica et
Biophysica Acta, 1999, v. 1472, p. 142-152.

2. Akiyama H., Fujii K., Yamasaki O., Oono T., Iwatsuki K. Antibacterial Action of Several
Tannins Against Staphylococcus Aureus. // J. Antimicrob. Chemother., 2001, v. 48, Ne 4,
p. 487-491.

3. Hedge A.H., Sandhya B. Investigations to Reveal the Nature of Interactions of Human
Hemoglobin with Curcumin Using Optical Techniques. // International Journal of Biological
Macromolecules, 2013, v. 52, p. 133-138.

4. Swati D., Agnishwar G. A Fluorimetric and Circular Dichroism Study of Hemoglobin — Effect
of pH and Anionic Amphiphiles. // J. Colloid Interface Sci., 2006, v. 296, p. 324-331.

5. Kasprzak A., Weber G. Fluorescence Depolarization and Rotational Modes of Thyrozine in
Bovine Pancreatic Trypsin Inhibitor. // Biochemistry, 1982, v. 21, p. 5924-5927.

6. Bismuto E., Gratton E., Sirangelo 1., Irace G. Structure and Dynamics of the Acidic Compact
State of Apomyoglobin by Frequency-Domain Fluorometry. // Eur. J. Biochem., 1993, v. 218,
p. 213-219.

7. Eftink ML.R., Ghiron C.A. Fluorescence Quenching Studies with Proteins. / Anal. Biochem.,
1981, v. 114, p. 199-227.

8. Grigoryan K.R., Shilajyan H.A. Study of Thermal Denaturating of Human Serum Albumin in
the Presence of Potassium Chloride by the Excitation/Emission Matrix Method. // Journal of
Applied Spectroscopy, 2013, v. 80, Ne 5, p. 786-789.

9. Grigoryan K.R., Shilajyan H.A. Influence of Dimethylsulfoxide on the Fluorescence Behavior
of Human Serum Albumin Studied by Excitation — Emission Matrix Fluorescence Spectroscopy
Method. // Proceedings of the YSU, Chemistry and Biology Sciences, 2013, Ne 1, p. 50-53.



