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Abstract 

L-Dopa had been used to increase dopamine concentrations in the treatment of Parkinson's 

disease and dopamine-responsive dystonia. The binding interaction between L-dopa 

(phytochemical) and human serum albumin (HSA) in simulated physiological conditions was 

investigated by spectroscopic and molecular modeling methods. The results revealed that L-dopa 

caused the fluorescence emission quenching of HSA through a static quenching procedure and 

binding constant obtained was 2.3± 0.01 × 10 4 M-1 which is  corresponding to -5.9 kcal M-1 of 

free energy at 25 °C. Interestingly, L-dopa is not binding to the α-1-acidglycoprotein which is 

also a plasma protein, an acute phase protein. Further, circular dichroism results confirm that in 

the presence of L-dopa the secondary structure of HSA is altered due to partial unfolding of the 

protein. Importantly, the displacement experiment with site specific probes phenylbutazone (Site 

I) and ibuprofen (Site II) depicts that L-dopa binds particularly to site II on HSA. In addition, the 

molecular modeling results also confirmed that L-dopa is binding to subdomain IIIA of HSA and 

stabilized by hydrogen bonds and hydrophilic forces. Additionally, the molecular dynamics 

simulation studies showed that the HSA-L-dopa complex reaches an equilibration state at around 

2 ns which indicates that the HSA-L-dopa complexes are much stable. Apparently, these results 

provided valuable information for pharmacological mechanisms of L-dopa in vivo conditions and 

play a pivotal role in development of L-dopa-inspired drugs. 
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Introduction 

Human serum albumin (HSA) is most important and abundant extracellular protein present in the 

human blood plasma and it constitutes about 60% of the total plasma proteins. It is produced in 

the liver. Since HSA comprises multiple binding sites in turn have exceptional ability to bind 

with number of exogenous and endogenous compounds that helps in transporting the compounds 

in the blood system to the target site. 1, 2 HSA is a globular protein, consists of 585 amino acids 

residues, total molecular mass of 67 KDa and a serum half-life of 20 days. It is having a single 

polypeptide chain which is stabilized by 17 disulphide bridges. Moreover, HSA structure 

consists of three structurally similar domains (I-III) and each domain further divided into 

subdomain A and B. There are two major designated drug binding sites on HSA i:e IIA and IIIA 

known as sudlow’s site I and II, respectively, where in most of the heterocyclic and aromatic 

compounds bind with in these sites .3-6 Due to the globular domain structural organization of 

HSA provides a variety of binding sites for various ligands making it an important determinant 

of pharmacokinetic behavior of several drugs. In general, HSA interacts reversibly with a wide 

range of therapeutic agents. Drugs with excessively high affinity for HSA are distributed slowly 

to sites of action and may not be efficiently eliminated. Interesting fact about HSA has a high 

affinity to various metals such as Cu2+ and Zn2+, fatty acids, amino acids, metabolites 

(e.g.bilirubin) and many other drugs.7-9 Recently discovered report revealed that even subdomain 

IB also actively participated in drug binding and thus, this domain is one of the potential drug 

binding sites10. We also reported that trans-feruloyl maslinic acid and 7-hydroxy-4-methyl 
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coumarin derivatives strongly bind to IB domain. 11, 12 The drug that are explicitly binds to 

subdomain IB is lidocaine, subdomain IIA i:e site I are warfarin, phenylbutazone and 

Iodipamide whereas drugs that bind specifically to subdomain IIIA i:e site II are ibuprofen, 

diazepam and pirprofen .10, 13-15 Innumerable drugs would bound to these major binding sites 

with binding affinity range of 104–106 L mol-1. 6 

L-Dopa (C9H11NO4,) is a naturally occurring form of dihydroxyphenylalanine in some 

animals and humans. L-Dopa is found in: Mucuna pruriens, Tamarindus indica, Sesbania 

bispinosa, Acacia leucophloea, Canavalia gladiate. 
16 L-dopa is a precursor to the 

neurotransmitters of dopamine, norepinephrine (noradrenaline), and epinephrine (adrenaline) 

collectively known as catecholamines. Apparently, it crosses the protective blood–brain barrier, 

whereas dopamine could not do this function. Consequently, treatment of Parkinson’s disease the 

L-dopa is used to increase dopamine concentration 17 and dopamine-responsive dystonia. Once 

L-dopa has entered the central nervous system, it is converted into dopamine by the enzyme 

aromatic L-amino acid decarboxylase, also known as dopa decarboxylase. Pyridoxal phosphate 

(vitamin B6) is required cofactor in this reaction, and may occasionally be administered along 

with L-dopa in the form of pyridoxine. Besides the central nervous system, L-dopa is also 

converted into dopamine within the peripheral nervous system. The resulting hyperdopaminergia 

causes many of the adverse side effects seen with sole L-dopa administration. To bypass these 

effects, it is standard clinical practice to co-administer (with L-dopa) a peripheral dopa 

decarboxylase inhibitor such as carbidopa or with a benserazide to prevent the peripheral 

synthesis of dopamine from L-dopa. L-dopa can be directly metabolized by catechol-O-methyl 

transrerase to 3-O-methyldopa, and then further to vanillactic acid. This metabolic pathway is 

non-existent in healthy body, but becomes important after peripheral L-dopa administration in 
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patients with Parkinson's disease or in the rare cases of patients with aromatic L-amino acid 

decarboxylase enzyme deficiency. L-phenylalanine, L-tyrosine, and L-dopa, are all precursors to 

the biological pigment melanin.  

Apart from Parkinson’s disease, L-dopa shown to be having anti-oxidant properties.18 A 

dose of 1000 mg/kg bodyweight, L-dopa in rats (human dose equivalent 160mg/kg) is associated 

with an increased circulating testosterone after 7-14 days.19 Further, it also shown to interact with 

other hormones like growth and luteinizing hormone.20 Moreover, L-dopa exerted significant 

effects on glucose metabolism (causing marked hyperglycemia) and on arterial blood pressure. 

Interestingly, this compound used for improving attention deficit hyperactivity disorder (ADHD) 

by improving sleep disorder. 

However, most of the drugs consumed by humans are bound to HSA which significantly 

influence the distribution, absorption and efficacy. Since L-Dopa is having enormous 

pharmacological importance, and it’s binding to human serum proteins have not been well 

studied since it is an important drug carrier protein in the blood system. Therefore, the 

interaction of L-dopa, a phytochemical, with HSA is significantly important, as it can provide 

good information about the drug-protein complex stability and secondary structural changes 

which indeed would be of great pharmacological importance. Thus, for our study we have used a 

phytochemical, L-Dopa in order to understand the binding mechanism with HSA. To reach this 

we have used both biophysical and computational approach and emphasized the mode of binding 

of L-Dopa with HSA.  
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MATERIALS AND METHODS  

Pure fat-free HSA (all are from Sigma Aldrich) stock solution was prepared by dissolving at a 

concentration of 1.5mM in a physiological aqueous solution 0.1 M phosphate buffer of pH 7.2 

The stock prepared were according to the previous reports. 11, 21Purified L-dopa (Fig. 1 insert) 

from Mucuna pruriens was purchased from Natural remedies Pvt., Ltd, Bangalore, India, with 

purity of 95%. Through our previous reports a solution containing 20% ethanol has no effect on 

the secondary structure of protein. As HSA has maximum absorption at pH 7.2 so the optimum 

physiological is set at that point for HSA.11, 21 As result the optimal physiological conditions is 

maintained for all the experiments. All the chemical are purchased without further purification 

and are of high purity grade. The binding time of L-dopa with HSA was optimized by using 

fluorescence emission spectroscopy and found to be the incubation time was 5min and we have 

maintained the same incubation time for all further experiments. There is no protein precipitation 

upon titration of L-dopa with HSA which indicates that L-dopa and HSA mixture is transparent. 

Fluorescence spectroscopy measurements 

The steady state fluorescence emission spectra were collected on a Perkin Elmer LS-55 

Fluorescence spectrometer (PerkinElmer corporate, USA) with 1 cm path length cuvette. Here, 

the HSA is excited at 285nm in order to minimize the impact of emission of Tyr, spectra were 

recorded and maintained at 25 oC temperature with a wavelength range of 300–500 nm. The 

band width of 5.0 nm is set for both excitation and emission light. A fixed concentration of HSA 

was 1nM, and various concentrations of L-dopa were 1 to 9 µM in 0.1M phosphate buffer with 
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pH 7.2 (physiological pH). Three independent experiments were conducted and identical spectra 

were obtained at each time. 

Molecular displacement experiment  

In displacement experiments, a solution of L-dopa was increasingly titrated with system of HSA 

and site markers (phenyl butazone and ibuprofen) where the concentration of HSA and site 

specific marker was 1:1. The concentrations of HSA and site specific markers were maintained 

at 1µM, the L-dopa concentrations were 0-9µM. The excitation and emission used for system 

(HSA-site specific marker) were 285nm and 360nm, respectively. The fluorescence emission 

quenching data were analyzed using modified Stern-Volmer equation .22, 23 

Circular dichroism spectroscopy 

 

Circular dichroism (CD) spectra were recorded with a JASCO J-815 spectropolorimeter and a 

quartz cell with a path length 0.02cm. Here the Far-UV spectra were measured over the wave 

length range of 195-260nm and were performed at temperature of 25 oC. Four scans were 

accumulated at a scan speed of 50 nm min-1. The concentration of HSA was 0.001mM and 

concentration of L-dopa was 0.001, 0.005 and 0.009 mM. To analysis the secondary structural 

changes in the protein CDNN 2.2 software is used. 

Molecular modeling and Docking 

Molecular docking is an important technique to understand the binding mode of ligand. Docking 

studies were performed by using Autodock 4.2.3. The aim is to predict the predominant binding 

site for ligand with a protein of known three dimensional structure. Here the crystal structure co-

ordinates for HSA (PDB ID : 1AO6 ) is downloaded from the RCSB Protein Data Bank. Chain A 

was selected, water molecules and ions were removed and all hydrogen atoms were added, to 
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functional groups with the appropriate geometry with in the protein in order to get proper 

protonation state of active site of the protein (which is reasonable at physiological pH of protein). 

The structure of HSA was protonated in InsightII (www.accelrys.com). Kollman united atom 

partial charges were assigned to HSA and then nonpolar hydrogen’s of HSA were merged using 

AutoDock Tools.   A 3D structure of L-dopa was built using Discovery Studio 3.5 software and 

whole geometry was optimized through Discovery Studio 3.5 software. Auto Dock uses a 

genetic algorithm (GA) and Lamarckian Genetic Algorithm (LGA) for internal conformational 

searches, and to generate conformations. 24-26 The parameters were at their default settings in the 

docking tab, the HSA and ligand are selected and GA parameters are set as the number of GA 

runs :30, population size:150 and number of generations for picking worst individual:10. To 

generate possible conformation LGA was implemented in Autodock to perform docking 

simulations. Among 30 conformations that are generated the lowest binding energy which is 

matching to the experimental values is taken for further simulation studies. 12, 27-29 

 

Molecular dynamics simulation 

Molecular docking studies determine the mode of binding of ligand to the protein. 

Molecular dynamics simulation (MD) simulation is important tools for understanding the 

function of biological molecules and physical basis of structure. It even provide an ultimate 

detail concerning individual particle motions as a function of time which in turn used to address 

specific queries about the properties of a model system. A 10000ps MD simulation was 

performed using GROMACS 4.0 package using the GROMOS96 43a l force field is used. 30, 31 

The complex is immersed in the cubic box and SPC water was assigned for the water molecule. 

30 The topology parameter of HSA was created by using the GROMAC’S program and topology 
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parameter of L-dopa were built by Prodrg. The entire solvated system was neutralized by adding 

sodium ions in the simulation and entire system was composed of 5843 atoms of HSA. L-dopa, 

15Na+ counter ions and 69491 solvent atoms. In order to release the conflicting contacts, energy 

minimization was performed using steepest descent method of 1000 steps which is followed by 

conjugate gradient method for 1000 steps. MD simulations studies consists of two phase 

equilibration and production phase. In the first phase of equilibration the solute ptn, counter ions 

and L-dopa was fixed and the position restrained dynamics simulation of the system in which 

atom position of HSA were restrained at 300k for 30ps. Finally the full system is subjected to 

10000ps, MD at 300k temperature and 1 bar pressure. Leaf frog algorithm with a time step of 2fs 

and atomic co-ordinates were recorded at every 0.5ps during the process of simulation. The MD 

simulation and analysis were performed OSCAR Linux cluster with 24 nodes (dual xeon 

processor) at BIF facility , University of Hyderabad. 

 

Results and Discussion  

Binding analysis of L-Dopa with HSA using fluorescence emission data 

When a fixed concentration of HSA was titrated with various amounts of L-dopa, there is 

decrease in the fluorescence emission of HSA (Fig.1A). Here decrease in intensity is considered 

as quenching and quenching occurred in concentration dependent manner. The main emission of 

HSA is due to presence of single tryptophan (Trp) residue in subdomain IIA, however, there are 

other amino acids like tyrosine (Try) and phenylalanine residue but they have low quantum yield 

and thus, the major intrinsic fluorescence is due to presence of Trp which is located at 214 

position of subdomain IIA. 32-34 Thus, fluorescence quenching upon addition of L-dopa causes 

quenching of fluorescence emission may be due to formation of HSA-L-dopa complexes. 
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However, upon addition of L-dopa, there is no peak shift of the maximum fluorescence at 360 

nm indicating that no major structural alternations of HSA while binding with L-dopa. Aiding 

this information, there are numerous reports showed upon interaction of various ligand 

molecules with HSA showed quenching of the intrinsic fluorescence of HSA.12, 29, 35-37 The 

results indicate that L-dopa binds to HSA which is a major drug carrier protein in the human 

blood plasma. 

The HSA-L-dopa complex has increased absorbance at an excitation and emission 

wavelength of the measured fluorescence. In order to eliminate the inner filter effects and obtain 

accurate data absorbance, the measurements were done at excitation and emission fluorescence 

wavelengths. The fluorescence intensity was corrected by using the following equation. 

 

                                  Fcor	 = 	Fobs10	(A
�� + A
��)/2      -[1]               

 

Where, Fobs and Fcor are the fluorescence intensity corrected and observed, Aex and Aem represent 

the absorbance at the fluorescence excitation (285 nm) and emission wavelengths (360 nm) for 

HSA, respectively. 

Further to elucidate the quenching mechanism which is denoted as static or dynamic 

quenching in the L-dopa-HSA complex Fo/F plotted against Q, the results are shown in the 

Fig.1B. The obtained plot between Fo/F and Q has a good linear relationship for L-dopa-HSA 

complex, and marks that the quenching is mainly static in the complex of L-dopa+ HSA.38, 39 The 

Kq was calculated according to the Stern-Volmer equation: 
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                        F0/F= 1+ kqt0 [Q] = 1 + KD [Q]     -[2]  

 

where F and Fo are the fluorescence intensities in the presence and absence of quencher, [Q] is 

the quencher concentration, and KD is the Stern-Volmer quenching constant (Kq), which can be 

written as KD = kqt0; where kq is the bimolecular quenching rate constant and t0 is the lifetime of 

the fluorophore in the absence of quencher, lifetime of fluorophore for HSA is 5.6 ns. 40 The 

quenching constant (Kq) for L-dopa is calculated (Fig.2) to be 2.6 × 1013 M−1 s−1. As these value 

is much greater than the maximum collisional quenching constant 2.0 × 1010 M−1 s−1, thus the 

static quenching mechanism is ubiquitous in this complex of HSA-L-dopa.  

To analysis the binding constants and number bound L-dopa molecules to HSA, a modified 

Stern- Volmer equation is used. 22, 23, 36, 41 

                           ( ) [ ]0log  = log logsF F F K n Q − ÷ + ×        –[3] 

Where Q, n and Ks are the quencher concentration, number of binding sites and binding constant, 

respectively. The results indicate a good linear relationship. The number of binding ligands was 

calculated to be 0.9 for L-dopa implying that HSA interact with L-dopa in a one- to-one ratio 

(Fig.1B). Further, the binding constants of L-dopa were calculated from the intercept as 2.3± 

0.01 × 10 4 M-1 which indicates strong binding of L-dopa to HSA. Interestingly, there is a good 

correlation with the computationally calculated binding constant as 3.5 × 10 3 M-1. Thus, this 

result was in prudent agreement with the experimental data. All the natural compounds bind in 

similar manner to HSA were published recently from our group on betulinic acid, feruloyl 
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masalinic acid, trimethoxy flavone, coumaroyltyramine and asiatic acid and their binding 

constants were KBA = 1.685 ±0.01 × 106 M-1, KFMA =1.42±0.01 × 108 M-1,KTMF = 1.0±0.01 × 103 

M-1, and KCT = 4.5±0.01 × 105M-1 , KAsA= 3.86 ± 0.01×104 M-1 respectively.11, 21, 29, 36, 42 

Furthermore, the standard free energy is calculated by following equation. 

 

                                           = lnG RT K∆ ° −                -[4]  

∆G is free energy, K is the binding constant at the corresponding temperature, which can be 

obtained from fluorescence data, and R is the gas constant. Thus, the free energy change is -5.9 

kcal M-1 at 25 °C. We have also calculated the free energy (-4.6 kcal M-1) from computation 

modeling and results are in agreement with the experimental data. However, the lower free 

energy is perhaps hydrophilic interactions formed between L-dopa and HSA complex. 

Furthermore,  the free energy calculated value of  -5.9Kcal/mol is directly associated with 

dissociation constant, Kd =4.3×10-5M).  In addition, similar types of interactions such as 

hydrophilic and hydrogen bonding were observed with our recent studies of natural compounds, 

feruloyl maslinic acid, trimethoxy flavone, coumaroyltyramine and asiatic acid with HSA. 11, 21, 

29, 36, 42
 

However we have even checked the fluorescence emission of L-dopa with another 

important plasma protein, i:e α-1-acid glycoprotein (AGP) which is an acute phase protein and it 

is also called as orosomucoid. There is no binding of L-dopa with AGP (data not shown). Hence 

this indicates that the binding of L-dopa is specific to HSA as all drugs won’t bind to AGP as it’s 

a positive acute-phase protein, whereas HSA is negative acute-phase protein, a major carrier 

protein for wide variety of drugs in the blood circulation. 
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Effect of Site Markers on L-dopa Binding to HSA 

The intrinsic fluorescence of HSA is due to presence of sole tryptophan residue (Trp214) in the 

hydrophobic cavity of subdomain IIA. In further, molecular displacement experiments were 

performed by using site specific markers of site I (phenylbutazone) and site II (ibuprofen), 

respectively. The fluorescence was measured for HSA along with site specific marker of 

ibuprofen or phenylbutazone with equal concentration (1 µM) of protein and site specific 

marker. To this complex (HSA+ ibuprofen) increasing concentration of L-dopa was titrated and 

resulted quenching of fluorescence emission was observed. The binding constant of L-dopa-HSA 

complex was found to be 2.3 ± 0.01× 10 4 M-1 whereas with phenylbutazone and ibuprofen site 

markers showed as 9± .02×102 M-1 and 2.1± .01×104 M-1 respectively. The binding constant in 

presence of ibuprofen is close to that of L-dopa-HSA complexes value which was 2.3 ± 0.01× 10 

4 M-1. The observed fluorescence emission decrease upon increase in the concentration of L-dopa 

with HSA-ibuprofen indicates that there is a competition between the L-dopa and HSA. Whereas 

the binding constant obtained for L-dopa titrated with HSA-phenylbutazone is negligible (data 

not shown). These results show that L-dopa displaced ibuprofen from which it has little effect on 

binding of ibuprofen to HSA (Fig.3). Thus, these results indicate that displacement experiment 

confirms that the L-dopa is bound to IIIA subdomain of HSA which is Sudlow’s site II of HSA. 

43, 44  

Conformational studies of HSA-L-dopa complexes 

In order to know the secondary structure HSA and its conformational changes upon binding of 

L-dopa, the CD could be one of the best techniques. CD is proven to be the ideal technique to 

monitor the changes in the protein ligand complex.15 At room temperature the CD spectroscopy 
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was measured to understand the secondary structure elements and structural stability of the HSA 

upon L-dopa binding to HSA. Two negative bands at 208 and 218nm are exhibited by CD 

spectra of HSA in the ultraviolet region.27, 29, 36, 42, 45 Various concentrations of L-dopa were 

titrated with free HSA depicts decreased in far-UV-CD without any changes in the peaks shift. 

This indicates that L-dopa induce a decrease in the α-helix content of the protein. Further, a 

slight change in the secondary structural elements of HSA with the highest concentration of L-

dopa (0.009mM) was observed at room temperature (Fig. 4). Secondary structural element were 

calculated by using the CDNN 2.2 software and the free HSA secondary structure consists of 

∼58% α-helix, ∼20% β-sheets and ∼22% random coils, which are in agreement with the earlier 

work. 29, 42, 45, 46 From the above mentioned method it was found that complexation of HSA with 

L-dopa (0.009 mM), the α-helical content of the protein decreased from 58±2.4 to 50.6±1.8 % 

with an increase in β -sheets from 20±0.73 to 24±0.1% and random coils 22±1.0 to 25.4±0.8 % 

respectively (Table 1). These results indicate that the partial unfolding of the secondary structure 

of protein upon complex formation. Also, the conformational change occurred due to 

microenvironment change around the Trp residue. 

Molecular Docking Studies 

HSA is a globular protein composed of 585 amino acids with three domains (I, II and III), and 

each domain is further subdivided into subdomains A and B. 2 The principal endogenous and 

exogenous ligands bind in the hydrophobic cavities in the subdomain IIA and IIIA, which refer 

to sites I and II of HSA. Here site I of HSA shows affinity for phenylbutazone, warfarin and 

various other ligands in the same way, site II shows affinity for ibuprofen, n-butyl p-

aminobenzonate and flufenamic acid and other drugs. 3 The site specific marker experiment 
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reveals that L-dopa binds to site II (subdomain IIIA) of HSA. To define the binding site, in 

further molecular docking was employed by using Autodock software. The crystal structure of 

HSA was taken from the Protein Data Bank (PDB: 1AO6) as an authentic structure. A sum of 30 

different conformations were generated through blind docking procedure, in which lowest free 

energy change ∆G
0 for L-dopa + HSA binding is -4.63 kcal.mol-1, and the binding constant is 

KL-dopa= 3.5 × 10 3 M-1. These results are nearly close to the experimentally measured values of 

∆G
0 = -5.9 kcal M-1 and KL-dopa =2.3 ± .01× 10 4 M-1. Apparently, there is a slight difference in 

the binding constant and free energy values from experimental to computational, however, this 

values may expect because the solution structure conformation may be different from the 

computational values since computational values would be closer to the X-ray crystal structure. 

The L-dopa and HSA complex is stabilized by hydrogen bonds between the compound and the 

Glu492, Arg410 and Lys414 amino acid residue of protein with bond lengths of 2.01 Å, 2.66 Å , 

1.82 Å and 2.00 Å, respectively. L-dopa interact specifically with different residues located on 

the subdomain IIIA of the HSA and whole complex is stabilized by hydrogen bonds (Fig.5). 

Therefore, the molecular docking and free energy calculation results suggested that L-dopa 

bound to HSA with both hydrophilic and hydrogen bond interactions. The docking results are in 

good agreement with the experimental results and revealed important interactions between Schiff 

base complex and HSA. The conformation with lowest docking energy is selected for following 

MD analysis. 

Analysis of Molecular Dynamic Simulations 

To evaluate the stability of lowest docked energy protein complex properties were examined by 

means of root mean square deviation (rmsd’s), root mean square fluctuation (rmsf’s) and radius 

Page 15 of 33 Molecular BioSystems

M
ol

ec
ul

ar
B

io
S

ys
te

m
s

A
cc

ep
te

d
M

an
us

cr
ip

t



15 

 

of gyration (Rg) of protein. In inclusion, the stability of the HSA-L-dopa complex justifies the 

valid docked conformer. The rmsd’s, Rg and rmsf’s values of atom in the unliganded and 

liganded protein with respect to initial structures were calculated along 10000ps trajectories 

(Fig.6A and Fig.6B;Fig.7A and 7B). The rmsd values of atoms in pure HSA and L-dopa-HSA 

complex was plotted from 0 to 10000 ps as shown in (Fig.6A). These results indicates that the 

rmsd of both systems of HSA and L-dopa-HSA complexes reaches equilibration and oscillates 

around in average value after 2000ps time and remained stable till end of the simulation 

indicating that the protein complex was stable thereafter. The rmsd values of atoms in HSA and 

L-dopa-HSA complexes were calculated from 3000-10000ps trajectory, where the data points 

were fluctuated for L-dopa-HSA complex, 0.4±0.056nm and pure HSA, 0.33±0.035nm. We 

resolve the radius of gyration (Rg) values of free HSA and HSA-L-dopa complex as shown in 

(Fig.6B). In both systems, Rg values were stabilized at about 3000 ps, indicating that the MD 

simulation achieved equilibrium after 3000 ps. Initially, the Rg values of both free HSA and 

HSA-L-dopa complex was 2.64 nm. The free HSA, HSA-L-dopa were stabilized at 2.57±0.03 

nm, respectively (Fig.6B). The previous report showed the Rg value of HSA determined 

experimentally from neutron scattering in aqueous solution was 2.74 ± 0.035 nm, indicating that 

our MD simulations are identical to the experimental values. 47Also, the present result is in close 

agreement with our previous report that β-sitosterol and betulinic acid stabilizes from 2.59 ± 0.03 

to 2.40 ± 0.031nm and 2.59 ± 0.03 to 2.51 ± 0.01 nm for free HSA and the HSA complexes, 

respectively 28, 45. In case earlier reports on synthesized compound like 7-hydroxy coumarin 

derivative the free HSA where it was 2.7nm , HSA−7HC-1, HSA−7HC-2, and HSA−7HC-3 

complexes were stabilized  at 2.52 ± 0.03, 2.45 ± 0.031, and 2.45 ± 0.031 nm, respectively 

.15Thus the above present results of L-dopa suggest that the radius of gyration value decreased 
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upon L-dopa complexation with respect to free HSA. The radius gyration of both HSA and HSA-

L-dopa are approximately similar to each other which clearly indicate that there are mild 

conformational changes during the simulation. Our results clearly match the experimental 

evidence (CD data) that the protein conformational changes were observed while L-dopa is 

binding to the HSA. Local protein mobility was analyzed by calculating the time- averaged 

rmsf’s values of free HSA and L-dopa- HSA complexes were plotted against residue numbers 

based on the 10000ps trajectory data shown in (Fig.7A and 7B). The profiles of atomic 

fluctuations were found to be very similar to those of HSA and HSA-L-dopa complexes. Our 

result clearly indicates that sub-domains IA, IB, IIA, IIB and IIIB of HSA have highest 

fluctuations, while sub-domains IIIA presented lower fluctuations. In addition to this, atomic 

fluctuations of the residues Arg410, Lys413, Lys414, Ser480, Glu492 , Asp494,  Leu491, Ser489 

and Val493 that are involved in binding and the surrounding residues of subdomain IIIA were 

analyzed to ratify the binding and rigidity of the site (Fig.8). Overall the fluctuations of 

subdomain IIIA and the fluctuations of residues at the binding site clearly suggests that the L-

dopa specifically interacts with the drug-binding site 2 (subdomain IIIA) of HSA. Also, our 

experimental results proved by site specific marker showed that L-dopa specifically binds to site 

II (IIIA domain) of HSA (Fig.3). To determine the flexibility and stability of the lowest energy 

conformer we analyzed at various time periods with intervals of 2-10ns. Fig.8 depicts that at 2ns 

the mobility of L-dopa in the subdomain IIIA is slightly fluctuated up to 8ns and there are 

structural rearrangements of L-dopa along with the surrounding residues of IIIA sub domain of 

HSA and then it got stabilized at 10ns upon binding of L-dopa with HSA. Although there is not 

much variation on the rmsd’s observed as whole there not much variation in the rigidity in the 
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binding site (Fig.6A). Here Rg data is very well supported by the structural rearrangement and 

variation of L-dopa-HSA complex (Fig.6B). 

 

 

 

Conclusions 

The phytochemical, L-3,4-dihydroxyphenylalanine binding with HSA was studied and identified 

a strong binding. This molecule quenches the fluorescence emission of HSA at 360 nm, due to L-

dopa-HSA complexation. Using Stern-Volmer equation, the binding constant is determined to be 

2.3± .01×104 M-1 and the standard free energy change was found to be -5.92 kcalM-1. Further, 

the molecule causes conformational changes such that the α-helix content decreases with 

increase in its concentration. At lower concentrations of the drug, the complex shows less 

conformation change. But, at final concentration (0.009mM) of drug, partial destabilization of α-

helical content of HSA and HSA-L-dopa complexes are 58±2.4 to 50.6±1.8%. The 

conformational changes may cause the unfolding of HSA molecule upon binding of L-dopa, 

which is not significant enough to lose its stability and is further supported by molecular 

dynamics studies. Molecular docking studies show that the binding of L-dopa is at the sub-

domain IIIA, mostly by forming hydrogen bonds with hydrophilic amino acids. The free energy 

and binding constant values coincides for both experimental and in silico analysis. It clearly 

suggests that HSA-L-dopa complex is more stable which is clearly evident from the hydrophilic 

interactions. Molecular displacement studies with phenylbutazone and ibuprofen shows that L-

dopa binds to drug site II of subdomain IIIA which is in agreement with docking studies. 
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Furthermore, simulation data shows that the HSA-L-dopa complex reaches equilibration state at 

around 2 ns and RMSF which is not significantly altered from HSA. In the evidence provided 

here shows that HSA acts as a good carrier molecule for L-dopa which helps in development of 

L-dopa in designing pharmaceutical important drugs. 
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Figure legends: 

Fig. 1 Fluorescence emission spectra of HSA-L-dopa in 0.1 M phosphate buffer with pH 7.2, λex 

= 285 nm, and temperature at 25°C. Free HSA (0.001 mM) and free HSA with different 

concentrations L-dopa from 0.001 to 0.009 mM. (B) Modified Stern Volmer, Plot of log (dF/F) 

against log [Q]. λex = 285 nm and λem = 360 nm. Insert, the chemical structure of L-dopa 

(C9H11NO4, ). 

Fig. 2 To determine the static and dynamic quenching a modified Stern−Volmer plot was used 

for fluorescence quenching constants (Kq) HSA-L-dopa complex. 

Fig. 3 Fluorescence emission of HSA-L-dopa in the presence of site specific marker ibuprofen. 

The concentration of HSA and ibuprofen is kept constant at 1µM while the concentration of L-

dopa is varied from 1 to 9 µM. 

Fig. 4 Circular dichroism spectra of HSA+L-dopa complex in PBS, at pH 7.2 and were recorded 

with a JASCO J-815 CD spectropolorimeter. A quartz cell with a path length of 0.02 cm was 

used.  

Fig. 5 Schematic view of lowest binding energy docked conformation obtained from docking 

simulation (A) L-dopa bound to IIIA domain on HSA (protein and ligand colored blue, red, 

white  and green, respectively) (B) By using pymol stereo view of L-dopa binding site to HSA 

IIIA domain in which L-dopa is rendered as capped sticks and surrounding residues as lines 

(ARG410, LYS413, VAL 493, ASP494, GLU492, LEU491, SER489 and LYS414) (C) The 
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hydrophobic and hydrophilic amino acid residues surrounding the probe L-dopa (D) Ligplot is 

used to the show the hydrophobic interactions of HSA with L-dopa.  

Fig. 6 (A)The Root mean square deviation (nm) of unligand HSA and ligand HSA (HSA+L-

dopa). (B) The time dependence of the radius of gyration (Rg) for the backbone atoms of 

unligand HSA and ligand HSA (HSA+L-dopa). 

Fig. 7 (A) The RMSF values against residue numbers. The RMSF values of unligand HSA and 

HSA-L-dopa complex were plotted against residue numbers. (B) The profile of atomic 

fluctuations. Atomic fluctuations of unliganded HSA and HSA+L-dopa complex to the active 

site amino acid residues present in the IIIB subdomain of HSA which is Site II. 

Fig. 8 Ligplot shows hydrophobic interaction with subdomain IIIA at different nanoseconds, for 

HSA+L-dopa. 
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Figure 1. 
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Figure 2. 
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Figure 3. 
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Figure 4. 
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Figure 5. 
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Figure 6. 
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Figure 7. 
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Figure 8. 
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Table 1. Secondary structural analysis of HSA and HSA plus various concentrations (0.003, 

0.005 and 0.009 mM) of L-dopa. 

L-dopa HSA(mM) HSA+0.003(mM) HSA+0.005(mM) HSA+0.009(mM) 

α-Helix% 58±2.4 55.4±2.03 53.4±2.04 50.6±1.8 

β-Sheet% 20±0.73 21.8±0.6 22.3±0.8 24±0.1 

Random coils% 22±1.0 22.8±0.6 24.3±0.4 25.4±0.8 

On the basis of Figure 4, the data was analyzed by web-based software CDNN 2.2. 
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