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ABSTRACT 

The interaction between Vitamin B1, thiamine hydrochloride (TAH), and bovine serum albumin (BSA) was 

studied by spectroscopic and computational methods. The native fluorescence of BSA was quenched by TAH. 

Stern-Volmer quenching constant was calculated at different temperatures which suggested a static mechanism. 

The association constant (Ka) was calculated from fluorescence quenching studies, which decreased with 

temperature rising. TAH competed well with warfarine for hydrophobic subdomain IIA (Sudlow’s site I) on the 

protein. Enthalpy and entropy changes during the interaction of TAH with BSA were obtained using van’t Hoff 

plot, which showed an entropy - driven process and involvement of hydrophobic forces (ΔHº > 0 and ΔSº > 0). 

Optimized docked model of BSA-TAH mixture confirmed the experimental results. 
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INTRODUCTION 

The vitamins are a disparate group of compounds; they have little in common either chemically or in their 

metabolic functions. Nutritionally, they form a cohesive group of organic compounds that are required in the 

diet in small amounts (micrograms or milligrams per day) for the maintenance of normal health and metabolic 

integrity [1]. Multivitamin pharmaceutical preparations containing mixtures of these substances are very 

interesting for analysis, and most of them include the water-soluble B-group. The term B-group vitamins usually 

refers to thiamine, riboflavin, pyridoxine, nicotinic acid, pantothenic acid, biotin, cyanocobalamine and folic 

acid [2]. Vitamins are reported to reduce the damage by free radicals and check degenerative disease [3]. The 

vitamin B1 family consists of the pyrimidyl-substituted thiazole, thiamine, and its phosphate esters. The 

principal biologically active form of thiamine, TDP, is a coenzyme in several enzyme complexes that play vital 

roles in the metabolism of carbohydrates, fats, and alcohol [4]. Thiamine Hydrochloride (Figure 1) chemically is 

3-[(4- amino-2-methylpyrimidin- 5-yl) methyl]-5-(2- hydroxyethyl)-4- methylthiazolium chloride 

hydrochloride, having molecular formula: C12H17ClN4OS. HCl [5].  
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Figure 1: Thiamine Hydrochloride (Vitamin B1) 
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Serum albumins are the major soluble protein constituents of the circulatory system, and include 50 - 60% of the 

total amount of plasma proteins [6]. They bind metabolites, endogenous molecules, hormones, drugs, and so on 

[7]. The most important property of this group of proteins is that they serve as transporters for a variety of 

compounds such as drugs, fatty acids, and so on [8]. Knowledge of interaction mechanism between drugs and 

plasma proteins is of crucial importance in the pharmacodynamics and pharmacokinetics of drugs [9,10]. 

Bovine serum albumin (BSA) is one of the most extensively studied of this group of proteins, particularly 

because of its structural homology with human serum albumin (HSA). BSA molecule is made up of three 

homologous domains (I, II, III) that are divided into nine loops (L1 - L9) by 17 disulfide bonds. Each domain in 

turn is the product of two subdomains (IA, IB, etc.). X-ray crystallographic data show that the albumin structure 

is predominantly α -helical, with the remaining polypeptide occurring in turns and in extended or flexible 

regions between subdomains [11]. In this work, interaction of TAH with BSA is investigated by spectroscopic 

and molecular modeling methods. 

EXPERIMENTAL SECTION 

Equipments and materials 

BSA (>96%, essentially free from fatty acid, lyophilized powder) was purchased from Sigma (USA). BSA 

solution was prepared in sodium phosphate buffer (PBS, 0.1 M, pH 7.4) and was kept in the dark at 4ºC and 

used soon after preparation. TAH powder was obtained from Global Calcium (Hosur, India). All other 

chemicals were of analytical reagent grade and millipore water (resistivity of millipore water is 20 MΩ) was 

used throughout the experiment. 

 

Fluorescence spectroscopy 

Fluorescence emission spectra of BSA were recorded from 290 to 500 nm (λex = 265 nm) on a Hitachi 

spectrofluorometer Model F- 2700 (Hitachi, Tokyo, Japan) with slit widths of 5 nm. A sample solution (2.0 mL) 

containing BSA (30.0 μM) and small aliquots of a stock solution (80.0 μM) of TAH was added into a 1cm 

quartz cuvette at intervals of 5 min.  

 

Absorption spectroscopy 

Absorption spectra were recorded on Ellico UV-visible spectrophotometer (India) using quartz cuvettes of 1 cm. 

The absorption spectra were recorded for free BSA and for its mixture with TAH. 

 

Viscosity measurements 

The viscosity measurements of protein (1.0 x 10
–3

 mol L
−1

) in the presence and absence of TAH were made in a 

thermostatic water-bath at 25ºC. The data were presented as (η/η0)
1/3

 versus r [12], where η and η0 are the 

viscosities of BSA in the presence and absence of TAH respectively. Viscosity values were calculated from the 

observed flow time of BSA containing solutions (t) and corrected for buffer solution (t0), η = (t − t0)/t0. 

 

Molecular docking study 

For docking calculations, the crystal structure of BSA (PDB code 3V03) was downloaded from the protein data 

bank (PDB) (www.pdb.org). Atomic missed data of the protein was modeled by MODELLER version 9.10
12

 

using HSA (PDB code 1AO6) as a template. Atomic coordinates of TAH were built using Hyperchem program 

(version 8.0) in PDB format. The TAH structure built with this manner was geometrically optimized by Polak-

Ribiere’s conjugate gradient method implemented in Hyperchem program. The modeled protein was selected 

for docking process to study the interactions with TAH. The optimized structure of TAH was used as input of 

AutoDockTools (ADT) and the partial charges of atoms were calculated using Gasteiger–Marsili procedure. 

Using AutoGrid tools, the grid maps were generated adequately large to include regions of the BSA where, 

according to experimental data, estimated as binding sites. 

In all cases, a grid of 46 x 74 x 56 points in the Cartesian space (x, y, z) and a grid spacing of 0.375 A
o
 was 

used. The most suitable structure for TAH was optimized by rotation of all single bonds in the molecule. The 

grid parameter and the docking parameter files were set up by the AutoDock Tools program. Population size 

was 256 and a maximum number of 2,500,000 were used for energy evaluations. Default settings were used for 

all other parameters. Docking calculations were carried out with the rigid BSA and flexible TAH using a 

Lamarckian genetic algorithm implemented in AutoDock version 4.2.3(13). The most suitable conformations of 

BSA-TAH complexes, in terms of energy and cluster population, were selected for molecular dynamics studies. 

Molecular graphics were prepared by VMD version 1.8.9 [13]. 
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RESULTS AND DISCUSSION 

Fluorescence quenching of BSA in the presence of TAH 

Fluorescence spectrum of BSA contains a single peak with the maximum intensity at 340 nm (λmax) as was 

shown in Figure 2. The emission is due to the three amino acids in BSA: tryptophan (Trp), tyrosine (Tyr), and 

phenylalanine (Phe) [14]. TAH did not emit at the near-UV and visible wavelengths. Incubation of BSA 

solution with different concentrations of TAH (final volumes of 2 mL) causes a gradual reduction in 

fluorescence intensity of the mixture. The fluorescence data were introduced to Stern-Volmer equation 

(Equation 2):  

F0/F = 1 + Kqτ0 [Q] = 1 + KSV [Q]        (2) 

where F0 and F are the fluorescence intensities of BSA in the absence and presence of TAH. τ0 is the average 

fluorescence lifetime of the biomolecule and equals to 10
-8

 s; Kq is the apparent bimolecular quenching rate 

constant. KSV is the Stern – Volmer quenching constant and [Q] is the concentration of quencher (TAH). 
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Figure 2: Fluorescence spectra of BSA in the presence of increasing amounts of TAH (pH = 7.4, T = 298 K, λex = 265 nm). 

[TH] = 3.0 × 10−5 mol L−1 and [BSA] =01.8 × 10−4 mol L−1 

The plot of Stern – Volmer equation for BSA- TAH mixture at 25ºC is shown in Fig. 3A. Linear Stern – Volmer 

plot indicates a single quenching mechanism, either static (due to complex formation) or dynamic (due to 

collision). Moreover, as is shown in Table 1, KSV decreases with rising temperature, which indicates that the 

fluorescence quenching of BSA is static (in the case of dynamic quenching, an increase in KSV is observed with 

rising temperature) [15]. 

 

Figure 3 (A): Stern-Volmer plot of quenching of BSA by TAH (Q) at 25ºC. (B) Plot of log [(F0-F)/F] versus log [Q]. pH = 7.4, 

λex = 265 nm,λem = 340 nm). [TAH] = 3.0 × 10−5 mol L−1 
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Table 1: Stern-Volmer quenching constant KSV and Kq values 

System Temperature (T) KSV (x 104) (L/mol) Kq (x1013) (L/mol s) 

BSA - TAH 

288 6.32 ± 0.07 9.92 ± 0.12 

298 5.91 ± 0.03 8.37 ± 0.05 

308 3.53 ± 0.05 5.64 ± 0.03 

 

Binding constant and binding sites 

The association constant (Ka) of BSA-TAH complex and the number of equivalent binding sites on 

macromolecule (n) can be calculated by using Eq. 3, using the fluorescence quenching data of Fig. 3B. 
log [(F0 – F)/F] = log Ka + n log [Q]        (3) 

The calculated Ka and n values at different temperatures are presented in Table 2. Decreasing association 

constant with temperature shows an endothermic interaction (positive enthalpy change during complex 

formation). The values of n at the experimental temperatures were approximately equal to 1, which indicated 

that there was one class of binding site to TAH with BSA. In BSA, the tryptophan residues involved in binding 

can be either Trp134 or Trp212 of both tryptophans in BSA, and Trp134 is more exposed to a hydrophilic 

environment, whereas Trp212 is deeply buried in the hydrophobic loop [16]. Therefore, from the value of n, it 

was proposed that TAH most likely bind to the hydrophobic pocket located in subdomain IIA. That is to say, 

Trp212 is near or within the binding site [17].  

Table 2: Thermodynamic parameters of TAH-BSA system 

System 
Temp 

(K) 
Binding constant (L/molx103) No. of binding sites (n) ∆Hº  (k J/mol) ∆Sº (J/Kmol) ∆Gº  (kJ/mol) 

BSA-

TAH 

288 6.32 ± 0.44 0.937 26.16 160.54 -21.68 

298 4.07± 0.21 0.917       

308 2.81± 0.25 0.911       

Binding mode 

Fluorescence spectroscopy is widely used in studying the kinds of forces acting in the interaction between a 

biosystem and drug molecules [15,18,19]. Therefore, the changes in enthalpy and entropy during the process 

(ΔHº and ΔSº) were calculated according to van’t Hoff equation: 

ln Ka = -ΔHº/RT + ΔSº/R         (4) 

Figure 4 represents a good linear relationship between ln Ka and 1/T, which means that ΔHº is constant in the 

range of temperatures discussed. The values of ΔHº and ΔSº could be calculated from the slope and intercept of 

the van’t Hoff plot, respectively. As is shown in Table 2, both ΔHº and ΔSº are positive, which shows that 

hydrophobic forces are the main acting forces in TAH-BSA interaction according to Ross and Subramanian 

[19].  

The Gibbs free energy change (ΔGº) can be calculated using Eq. 5: 

ΔGº = ΔHº - TΔSº = -RT lnKa         (5) 

The negative value of ΔGº (-21.68 kJ mol
-1

) shows the spontaneity of the entropy – driven interaction (ΔSº > 0, 

ΔHº > 0) between TAH and BSA. 
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Figure 4: Van’t Hoff plot of ln K vs. 1/T for TAH-BSA system 

Binding distance  

Fluorescence resonance energy transfer (FRET) [20] occurs whenever the emission spectrum of the fluorophore 

(donor) overlaps with the absorption spectrum of the acceptor. Basically, efficiency of the FRET mainly 
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depends on following three parameters (i) the distance between donor and acceptor (which must be within the 

specified Förster distance of 2 to 8 nm); (ii) appreciable overlap between the donor fluorescence and acceptor 

absorption band and (iii) proper orientation of the transition dipole of the donor and acceptor. The distance 

between the donor and acceptor could be calculated according to Förster’s theory [21]. The efficiency of energy 

transfer, E, was calculated using the equation (6): 

R6
0

+ r6

-------------- (6)

R6
0

F0

=
F

1 - 

 
where E is the efficiency of energy transfer, F and F0 are the fluorescence intensities of donor in the presence 

and absence of the acceptor, respectively. r represents the acceptor-donor distance and R0 is the critical distance 

when the transfer efficiency is 50 %. R0 can be expressed as 

R
6

0 = 8.8 x 10
-25

 k
2
N

-4
ΦJ -------------- (7) 

where k
2
 is the spatial orientation factor of the dipole, N is the refractive index of the medium, Φ is the 

fluorescence quantum yield of the donor and J is the overlap integral of the fluorescence emission spectrum of 

the donor and the absorption spectrum of the acceptor(22). J is given by Eq.(8) 
Ʃ F (λ) ε (λ) λ

4
 Δ λ 

J =  -------------- (8) 

Ʃ F (λ) Δ λ 

where F(λ) is the fluorescence intensity of the fluorescent donor at wavelength λ, ε(λ) is the molar absorption 

coefficient of the acceptor at wavelength λ. In the present case, k
2
 = 2/3, n = 0.93 and Ф = 0.16 [22,23]. From 

Equations (6) − (8), J = 1.875 x 10
-14

 (cm
3
 L/mol), Ro = 2.851 nm, E = 0.076 and r = 4.97 nm each other and 

hence they have strong binding between them [24]. Further, the observed donor-to-acceptor distance r < 8 nm 

revealed the presence of static quenching in the interaction [25]. 

 

UV-Vis absorption study 

UV-vis absorption spectroscopy is a very simple method and can be used to explore the complex formation. 

Figure 4 shows UV - vis absorption spectra of BSA in the absence and presence of TAH. BSA has two 

absorption peaks; the absorption peak at ~208 nm reflects the framework conformation of the protein [26], and 

the peak at ~279 nm appears to be due to the aromatic amino acids (Trp, Tyr, and Phe) [27]. On gradual addition 

of TAH to BSA solution, the intensity of the peak at 279 nm increases, which means the change in the 

environment around the mentioned amino acids. The drug (as is obvious from its structure in Figure 1) did not 

absorb at this wavelength range. 
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Figure 4: Absorption spectra of TAH in the absence and presence of increasing amounts of BSA, [TAH] = 8.0 x 10−5 mol L−1, 

[BSA] = 0.0-12.5 x 10−5 mol L−1. (T = 25 °C) 

Viscosity measurements 

Viscosity measurement is an effective tool to study the binding mode of small molecules to BSA. A classical 

intercalation binding demands the space adjacent base pairs to be large enough to accommodate the bound 

ligand and elongate the double helix, resulting in an increase of BSA viscosity. A non-classical intercalation or a 
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groove mode would reduce the BSA viscosity [28]. The viscosity measurements were taken by varying the 

concentration ratio of BSA and TAH. The values of relative specific viscosity (η/η0)
1/3

 vs. [TAH] / [BSA] were 

plotted in the absence and presence of BSA as shown in Figure 5.  
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Figure 5: Effect of increasing concentration of TAH on the relative viscosity of BSA 

As shown in figure, the relative specific viscosities of BSA depends on the concentration of TAH, which 

increases with the value of [TAH]/[BSA]. This indicates a non-classical intercalation mode of binding possibly 

a groove binding via hydrophobic interaction between TAH and BSA. 

 

Molecular docking analysis 

Molecular docking technique is an attractive scaffold for mechanistic studies. The study is performed by placing 

a small molecule into the binding site of the target- specific region of the protein, mainly in a non-covalent 

fashion. The docked model of BSA-TAH mixture was shown in Figure 6 (A), in which TAH is surrounded by 

hydrophobic side chains of amino acids such as Ile-202, Leu-213, Val-240, Lys-242, etc. The model confirms 

the predominance of hydrophobic interactions in the BSA-TAH complex. Moreover, two hydrogen bonds 

between hydrogen atoms of TAH and the adjacent oxygen atoms of Glu-243 (1.7 A) and Glu-251 (1.9 Aº) were 

found [Figure 6 (B)], considering the distance between donor and acceptor atoms [29]. Hydrogen bonding 

decreases the polarity of TAH, and increased tendency for hydrophobic interactions is the result. 

The association constant (Ka) and free energy change (ΔGº) for the binding of TAH to BSA were calculated at 

25ºC according to the docked model as 1.21 x 10
4
 M

-1
 and -6.6 kcal mol

-1
, respectively. The results closely 

matched the experimental data. 

 

Figure 6: (A) Molecular docked model of TAH (sphere representation) located within the hydrophobic pocket of BSA. (B) The 

hydrogen bond interaction (Red dotted line) between TAH (stick) and BSA (cartoon) 

CONCLUSIONS 

The interaction between thiamine hydrochloride, and BSA was studied by spectroscopic and molecular docking 

methods. Quenching of the native fluorescence of BSA was observed in the presence of the drug. Moreover, 
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TAH has a hyperchromic effect on BSA absorption centered at 279 nm. The results of synchronous fluorescence 

studies showed that TAH interacts mainly with Tyr-rich subdomains of BSA. The predominance of hydrophobic 

interactions was concluded from both experimental results and molecular docking model. Optimized docked 

structure of BSA-TAH with minimum energy showed that TAH is surrounded by hydrophobic amino acid 

residues. Theoretical calculations also revealed the formation of two hydrogen bonds between TAH and 

glutamic acid residues which led to increased hydrophobicity of the drug. Closely matched values for 

thermodynamic parameters (association constant and Gibbs free energy) were obtained from fluorescence 

quenching measurements on one hand, and molecular docking calculations on the other hand. 
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