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The nature of the interactions between human hemoglobin (HHb) and tannic acid (TA) has 

been studied using fluorescence spectroscopy. It has been shown that the quenching mechanism 

(dynamic or static) of HHb fluorescence in the presence of TA depends on structural changes of 

protein. Physicochemical characteristics of HHb-TA interactions (Stern-Volmer constant, the binding 

constant, thermodynamic parameters, Hill coefficient and distance between TA and HHb) have been 

determined. Thermodynamic analysis suggests that van der Waals forces and hydrogen bonds are 

the predominant forces in the binding of TA to HHb when the protein molecule has loosen structure, 

and hydrophobic association plays a major role when the protein molecule is in a nonseparated 

state.

Fig. 3, tables 2, ref. 14.

Introduction

Tannins are naturally occurring plant polyphenols. They are found in many fruits 
(e.g. grapes, persimmon, blueberry), in tea, in chocolate, in legume forages (trefoil) and 
also in grasses (e.g. sorghum, corn.). Tannins are responsible for the astringent taste 
of wine or unripe fruits [1]. Considerable amounts o f tannins can be extracted from 
grape seed powder [2]. Tannins are water-soluble polyphenols and can be classified into 
two categories: hydrolysable and non-hydrolysable (condensed) tannins. Tannic acid 
(TA) is an important gallotannin belonging to the hydrolysable class o f tannins [3]. 
Tannins, like many other polyphenols have received considerable attention because of 
their potential health benefits, especially because o f their antioxidant properties. 
Interestingly, these antioxidant properties on plants are joined by the fact that 
polyphenols inhibit the growth o f certain harmful micro-organisms. Here, tannins have
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been reported to be bacteriostatic or bactericidal against Staphylococcus aureus [4]. 
Tannins can reversibly be bound by blood proteins, such as human hemoglobin (HHb), 
human serum albumin (HSA). Recently, the interactions o f flavonoids with HHb have 
attracted considerable interest, as the distribution, metabolism and efficacy o f many 
drugs in vivo are related to their respective affinities towards HHb [5, 6 ]. The study 
presented herein examines the details of TA-HHb interactions using fluorescence 
spectroscopy.

Experimental Materials
HHb and TA were purchased from Sigma Aldrich (Steinheim, Germany). All 

materials and reagents were o f analytical grade. Solutions were prepared in 0.2 M  
phosphate buffer (pH = 7.2). Double distilled water was used for the preparation of 
solutions. Two samples o f HHb were used: 1. hemoglobin without desalting and
2.desalted (group separated) hemoglobin. Group separation was performed with a 
Sephadex G-25 desalting column.

M ethods

Fluorescence spectroscopy measurements
A Varian fluorescence spectrophotometer (Australia) equipped with a circulating 

water bath (Lauda 100) was used to record the fluorescence spectra at different 
temperatures (298.15, 303.15 and 309.75 K). The fluorescence spectra were scanned 
under the following conditions: entrance slit and exit slit widths at 10 nm, the excitation 
wavelength was adjusted at 280 nm and the emission spectra were recorded in the range 
290-400 nm. The quenching experiments were carried out by keeping the concentration 
of HHb constant (3.956 10-6 M) while varying the concentration o f TA (4.088 10-6­
1.635 10-5 M). Measurements were performed after achieving equilibrium state (~5 min). 
Each experiment was performed in triplicate and the average data were used for the 
analysis. Origin 8.0 software was used to construct the graphs.

R esu lts  an d  D iscussion

Fluorescence studies
Fluorescence quenching mechanism o f HHb by TA
HHb is an iron-containing protein, the main function o f which is the reversible 

binding and transfer o f dioxygen to different parts o f an organism. HHb has tetramer 
structure which is assembled from two symmetrical ap dimers. HHb contains three 
tryptophan (Trp) in each ap dimer, for a total six in the tetramer: two a-14  Trp, two թ- 
15 Trp and two թ-37 Trp. The intrinsic fluorescence o f HHb primarily originates from թ
-  37 Trp at the aiP2 interface, though it may contain some contribution by the surface 
Trp residues, a-14 and թ -15 Trp [7, 8]. Figure 1 shows the fluorescence spectra o f HHb 
in the presence o f TA at different concentrations. HHb has an emission peak at 334 nm 
with the excitation wavelength at 280 nm. TA causes concentration dependent quenching 
of the intrinsic fluorescence o f HHb, simultaneously shifting the emission peak by 23 nm
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to longer wavelengths. These results indicate that there are interactions between HHb 
and TA. To determine the mechanism of binding, the Stern-Volmer equation was used:

F 0 / F  =  1 +  K sv [Q \ (1)

where F 0 and F  are the fluorescence intensities o f HHb in the absence and presence of

quencher, respectively, [Q \  is the concentration o f quencher and K  Sv is the Stern-

Volmer quenching constant. The values o f KSV at different temperatures are given in 
Table 1. The linearity o f the F 0/F versus [Q] plots is shown in Fig. 2. As shown in Table
1, the quenching constant KSV decreases with increasing temperature which indicates that

Fig. 1. Fluorescence spectra of 
HHb in the presence of TA at 
298.15 K. Concentration of TA: 
(a) 0; (b) 4.08810-6; (c)
8.17610-6; (d) 12.264՝ 10-6; (e) 
16.35210-6 M.

Fig. 2. Stern-Volmer plots for 
the quenching of HHb 
fluorescence by TA at 
different temperatures: (1) 
298.15; (2) 303.15 and (3) 
309.75 K.

Table 1
Stern-Volmer quenching constants for HHb-TA interactions

T, K K SV,105 (Imol՜1) kq, 1 0 13 (lmol'l s՜1) R
298.15 2.34 2.34 0.97733
303.15 2.28 2.28 0.97984
309.75 1.70 1.70 0.99957

R is the correlation coefficient

the quenching mechanism of HHb is static [9].

л, nm
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Binding constants and number o f  binding sites
For the static quenching process the binding constant (Kb) and the number of 

binding sites (n) can be calculated using the following equation [10].

lg [ (F o -  F ) /  F \ =  lg K b +  n lg [Q \ , (2 )

where Kb and n are the binding constant and the number o f binding sites, respectively. 
Thus, a plot o f lg (F 0 -  F ) / F  versus lg[Q] has been used to determine K b and n. The 

values o f Kb and n at 298.15, 303.15 and 309.75K are given in Table 2. The fact that K b 
decreases with increasing temperature indicates that the stability o f the complex 
becomes weaker with increasing temperature.

In the case, when the HHb molecule is in the nonseparated state, with the increase of 
temperature the KSV increases, denoting that collisional mechanism (dynamic mechanism) 
prevails in HHb-TA complex formation. Increase o f temperature brings to group separation 
in protein structure and Kb increases. Thermodynamic analysis suggests that in this case 
hydrophobic association plays a major role in the binding o f TA to HHb [11].

Thermodynamic parameters o f  the HHb-TA interactions
The attractive forces between small molecules and macromolecules often include 

hydrogen bonds, van der Waals forces, hydrophobic and electrostatic interactions [12]. 
The thermodynamic parameters, enthalpy change (AH), entropy change (AS) and free 
energy change (AG), are the main parameters to determine the binding mode. If the 
temperature does not vary significantly, the enthalpy change can be regarded as a 
constant and the value o f enthalpy change and entropy change can be estimated from the 
van’t Hoff equation:

In K  = -AH /  R T +A S / R , (3)

where the associative binding constant K  is analogous to the effective quenching 
constant K a at the corresponding temperature. The free energy change ( AG) can be 
estimated from the following relationship:

AG = AH -  TAS. (4)

The thermodynamic parameters were calculated from the relevant van’t H off plot. 
The negative sign for AG indicates the spontaneity o f the TA binding process to HHb. 
Based on the characteristic signs o f the thermodynamic parameters at the various 
interactions, both negative AH and AS values (Table 2 ) generally represent van der 
Waals forces and hydrogen bonds are responsible for the binding between TA and HHb 
[12].

Table 2

Binding constant and thermodynamic param eters for HHb - TA interactions

T, K K b, 106
(l-mol՜1)

AH,
(kJmol՜1

AS,
( Jm o r l K l)

AG,
(kJmol՜1)

n,
(Hill coeff.)

298.15 4.57
-197.33 -532.20

-38.66 1.298
303.15 1.76 -36.00 1.20
309.75 0.21 -32.48 1.03
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Energy transfer from HHb to TA
According to the Foster’s non-radiation fluorescence energy transfer theory the 

distance between the donor and the acceptor can be calculated [13].The efficiency of 
energy transfer, E, is determined by using the equation:

E =  1 ֊  F  /  F0 =  Հ /  Հ  +  r 6 , (5)

where E  is the energy transfer efficiency, F 0 and F  are the fluorescence intensities of

HHb in the absence and presence o f TA, respectively, r is the distance between the 
donor and acceptor, and R0 is the critical distance when energy transfer efficiency is 50% 
and which can be calculated by the following equation:

R 6 =  8 .79  x1 0  25K 2n 4Փ մ , (6 )

where K2 is the space factor o f orientation, n is the refractive index o f the medium, Փ  is 
the fluorescence quantum yield o f the donor and J  is the overlap integral o f the
fluorescence emission spectrum of the donor and the absorption spectrum o f the
acceptor. Therefore,

J  = £ F(X) е(Л) Л4M )/ £ F (Л) ДЛ, (7 )

where F (Л) is the fluorescence intensity o f the donor at the wavelength Л and £(Л) 
is the molar absorption coefficient o f the acceptor at the wavelength Л . The overlap of 
the UV absorption spectrum of TA and fluorescence emission spectrum o f HHb is 
shown in Fig. 3.

Л, nm

Fig. 3. Overlapping of fluorescence emission spectrum of HHb with UV/vis absorption 
spectrum of TA. c(TA) = 4.088.10՜6 M; c(HHb) = 4.08810՜6 M; pH = 7.2, T = 298.15 K.

In the present case, K2 = 2/3, n = 1.336, and Փ  = 0.062 [14]. According to eq. 7, it 
was found J  = 3.627 10-14 cm3-l-mol՜1, Ro = 2.69 nm, E  = 0.456, r = 2.76 nm. The donor 
acceptor distance r was less than 8 nm and 0.5 R 0 <  r <1.5 R0, which indicates that in this
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case, the energy transfer from HHb to TA is possible and a static quenching mechanism 
takes place [14].

Conclusions

The nature o f the interactions between HHb and TA has been studied using 
fluorescence spectroscopy. This detailed study reveals that the quenching mechanism 
(dynamic or static) o f HHb fluorescence in the presence o f TA depends on structural 
changes o f protein. The experimental results indicate that van der Waals forces, 
hydrogen bonds and hydrophobic association are responsible for the stability o f formed 
complexes.
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П рирода взаи м одей стви й  м еж ду гемоглобином человека (ГЧ) и д у­
бильной кислотой (ДК) при р азн ы х тем п ературах  (в тем п ературн ом  ин­
тервале 298.15-309.75K) изучена м етодом ф луоресцентной  сп ектроско­
пии. П оказано, что м ехан и зм  туш ения ф луоресценции ГЧ (динамиче­
ское или статическое) в присутствии ДК зави си т от структурны х и зм е­
нений белка. О пределены  ф и зико-хим ические характери сти ки  свя зы ва­
ния ГЧ с ДК (константа Ш терна-Ф ольм ера, констан та связы вания, тер ­
модинамические парам етры , коэф ф и ц и ен т Хилла, расстояни е м еж ду ГЧ 
и ДК). Терм одинам ический анализ п оказы вает, что Ван-дер-Ваальсовы е 
силы и водородны е связи  являю тся превалирую щ им и в связы ван и и  
ГЧ-ДК, когда молекула белка им еет разры хлен н ую  структуру, и гидро­
ф обны е взаим одействия, когда молекула белка находится в закрученной 
ф орм е.

ՄԱՐԴՈՒ ՀԵՄՈԳԼՈԲԻՆԻ ԴԱԲԱՂԱԹԹՎԻ ՀԵ Տ  ԿԱՊՄԱՆ 
ՖԼՈՒՈՐԵՍՑԵՆՏԱՑԻՆ ՀԵՏԱԶՈՏՈՒԹՑՈՒՆՐ

Լ. Ս. ՍԱՐԳՍՑԱՆ, Կ. Ռ. ԳՐԻԳՈՐՑԱՆ, Շ. Ա. ՄԱՐԳԱՐՑԱՆ,
Տ. ԲՈՒՐԿՀՈԼՑ k  Կ. ՑԱԿՈԲ

Մարդու Հեմռգչռբինի (ՍՀբ) և  դաբաղաթթվի (^ Թ ) մի^և փ ոխա զդեցությո^ների 
բնույթը ուսումնասիրվել է տարբեր ջերմաստիճաններում (2 9 8 .1 5 -3 0 9 .7 5 K  տիրույ­
թ ո ւմ )' օգտագործելով ֆլուորեսցենտային սպեկտրոսկոպիայի մեթոդր: Ցույց է տրվել, 
որ ՄՀբ-ի ֆլուորեսցենցիայի մարման մեխանիզմր *ՆԹ~ի ներկայությամբ (դինամիկ կամ
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ստատիկ) կախվաե է սպիտակուցի կառուցվածքային փոփոխություններից: ^ՐոշՎել են 
Մ Հ բ ֊ի  ԳԹ-ի Հե տ կապման ֆիպիկաքիմիական բնութագրերր (Շտերնի-Ֆոլմերի Հաստա- 
տունր, կապման Հաստատունր, Հ ի ի  գոր^ակիցր, կապման թերմոդինամիկական պարա- 
մետրերր և  ՄՀբ-ի ու Գ Թ ֊ի  միջև Հեռա վորութ յո^ր): Թերմոդինամիկական վերլուձու- 
թ յունր գույգ է ավել, որ Ս Հր -^Թ  կապման Համար էական նշանակություն ունի Վան­
դեր—Վաալսի ուժերր և  ջրաձնական կապերր, երր սպիաակուգի մոյեկոկր պյտնվույմ է 
փ խ րո^ վիճակում, և Հիգրֆոր փոխաղդեգությու^ներր, երր այն սեղմված վիճակում է :
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